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Abstract-A new phenolic terpene aldehyde, alliodorin (la), has been isolated from Cordia alliodora and shown to be 
aderivativeof geranylhydroquinone.Alliodorindiacetatewassynthesiredbygeranylationof hydroquinonefollowed by 
acetylation and finally by oxidation with selenium dioxide, thus confirming the assigned structure. Several other 
compounds from the oxidation reaction were isolated and characterized. 

Cordia alliodora a Panamanian tree belonging to 
3oraginaceae, possesses considerable resistance to attack 
by marine boring organisms,’ termites’ and terrestial 
fungi.? Extraction of the dry heartwood yielded 0.8% of a 
crystalline quinol-terpenoid compound now shown to be 
la,’ for which the name alliodorin is proposed. This new 
compound belongs to a class of natural terpenoids, 
consisting of a terpenoid system joined to resorcinol, 
auinol or auinone units. many members of which, e..u. 
&folin.5 s&anin.6 Daniceins.’ have been shown b 
oossess biocidaI DroDerties. The isolation of alliodorin is 
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of particular interest, since it is probably the immediate 
precursor of the cordiachromes, e.g. 2, recently isolated 
by Thomson’ et al. from other species of Cordiu. 

la: R = H 
lb: R=Ac 
lc: R = Me 

Alliodorin (la, m.p. 87”) formed a diacetate (lb) upon 
treatment with acetic anhydride and pyridine, a mono- 
oxime (m.p. IOs”) a dimethyl ether (lc), and is readily 
oxidized by manganese dioxide to the quinone 3. The 
NMR data of these compounds are summarized in Table 
1. Irradiation of the doublet at S 3.21 in ahdorin 
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diacetate (lb) caused the triplet at S 5.25 to collapse to a 
singlet thus confirming the assignment of vinyl protons. 
The three aromatic protons of la, b, c and laoxime all show 
a typical ABC pattern (1,2,4+ubstituted aromatic) between 
6 64-6 7.0, the spectrum in this region being similar to 
prenylhydroquinone (4). 

In accord with its assigned structure, the quinone 3 

readily cyclized to form a 2,2-di-substituted chromene 5a 
in warm pyridine. 

f-+HCHO 

3zL Ho-rJqY%fHo 
5a 

The NMR spectrum of 5a showed a pair of doublets 
(J = IO.0 Hz) at S 6.31 and 6 5.55 (chromene protons), a 
vinyl Me group (S 168), a Me singlet at S 1.38, a vinyl 
proton triplet (J=7.0 Hz) at 6 657, and a one proton 
singlet at S 9.31 (aldehyde). These data rule out the 
alternative structure (Sb) which would have two vinyl Me 

Hoyi-Jy-f 
5b 

groups at S l-68. The terminal location of the aldehyde 
group was confirmed by a base-catalyzed reverse aldol 
condensation of alliodorin which yielded 2-methyl-2- 
pentenaI (isolated as its 2,4_DNP), the self condensation 
product of propionaldehyde, as well as propionaldehyde. 

The a,@-unsaturated aldehyde is confirmed by both IR 
and UV spectra of alliodorin (vti 1675, 2720, 3025, 
1645 cm-‘), A E” 227 nm (E 21,300). A prenylhydro- 
quinone chromophore is also substantiated by a A$:H at 
295 nm (e 41OO), which is identical with that of prenythyd- 
roquinone,’ AZ 295 nm (e 4100). 

The 70 eV mass spectrum of alliodorin is shown in Fig. 
1. 

The most abundant fragment is the benzyl ion (m/e 

665 



K. L. STEVENS and L. JURD 

Fig. I. Mass spectrum of alliodorin (la) at 70 eV. 

-co 
b m/e 109 

mle 137 

HO 

_HO 
m/e 163 

-2H m/e 161 

123) followed by a fragment having m/e 161 (CIoH,Or). 
This ion presumably arises from the 163 fragment 
(C,,H,,O,) by loss of 2H atoms. Another major fragment 
m le 109 (&HI,) results from loss of CO from the m le 137 
ion. These data are all consistent with the structure of 
alliodorin. 

The stereochemistry of the two ethylenic double bonds 
was established by comparison of the NMR spectra of 
alliodorin and its derivatives with those of several model 
compounds of known configuration, and has been shown 
to be truns Pans as previously reported. 

Synthesis. Condensation of hydroquinone with 
geraniol in refluxing 50% aqueous formic acid gave good 
yields of geranylhydroquinone (oil, 78%).” The NMR 
spectrum of the crude reaction product showed singlets at 
S I.57 (3H) and 8 1.67 (6H) (vinyl Me groups), a doublet 
at S 3.25 (2H, J = 7.0 benzylic methylene), and two 
triplets at S 546 and S 5.26 (J = 74, vinyl) confirming the 
expected product. Geranylhydroquinone was acetylated 
with acetic anhydridelpyridine to an oily diacetate (b.p. 
170"/70~ press). The NMR spectrum showed vinyl Me 

Table 1. NMR data(CDCI,) of alliodorin and derivatives (100 MHz) 

pJy--q+<; 

Compound 
Aromatic Vinyl 

R’ 
Benzylic Ally1 Quinone 

protons Methyls H1 H2 
c& 

‘H R 

pr0tolls methylene protona 

R=H 6.50- 1.73(s) 5. 34(L) 6. 50(t) 9. 34(s) 5. 2a(s) 3.29(d) 2.22(m) 
6.73 

R’=O 5 3H 
6H 1H 1H 1H 5.55(a) ZH 2.49(m) -- 

J-7.0 J-7.0 LH J = 7.0 4H 

R = % 6. 6- 1.72(s) 5. 34(t) 6.44(t) 9.34(e) 3.74(s) 3.30(d) LOS- 

R’= 0 _ 
6.8 bH IH 1H 1H 3H 2H Z.bO(m) -- 
3H J= 7.0 J I7.0 3.76(s) J = 7. 0 41.1 

3H 

R = Aclc 6.80- 1.68(s) 5.25w 6.4011) 9. 35(s) 2.25(01 3. 21(d) 2. o- 

II’-0 - 7,00 3H lH IH IH 6H 2H 2.6(m) 
3x 1.72(a) J = 7. 0 Js7.0 J = 7.0 4!-1 

R=H 

R’= NOH 

6.40- 1.70(s) 5.36(t) 5.69(t) 9.68(o) 3.09(B) 3. 26(d) 2.0- 
6.70 3H lH 1H 1H IH 2H 2. S(m) 

3H 1.76(s) J = 7.0 J .7.0 7.44(s) J = 7.0 4H 
3H IH 

1.69(s) 5. 25(t) 6. 47(t) 9.40(s) 3. 16(d) 2. .26(t) 6.78 

3H 1H 1H 1H LH ZH 

T 
1,76(s) J = 7.0 J = 7.0 J = 7.0 J =7.0 6% 

3H 2.48(t) 
ZH, J = 7.0 LH 
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groups at 6 I.58 (3H) and S l-65 (6H), two acetate Me 
singlets at 6 2.21 and S 2.24, a benzylic methylene doublet 
(J = 7.0 Hz) at S 3.20 (2H) and 2 vinyl triplets (J = 7.0 Hz) 
at 6 5.06 (1H) and 6 5.20 (lH), confirming the expected 
structure. 

Oxidation of geranylhydroquinone diacetate with 
selenium dioxide gave a mixture of products from which 
was isolated (chromatography on Sephadex (LH-20) and 
silica gel) a fraction (3%) identical in all respects to natural 
alliodorin diacetate (Table 1). Bhalerao and Rapoport14 
have studied the oxidation of a number of olefins with 
selenium dioxide and found that gemdimethyl olefins give 
exclusively trans-alcohols or -aldehydes. Hence, the 
oxidation of geranylhydroquinone diacetate would be 
expected to proceed with the formation of the trans 
aldehyde. 

In addition 10 alliodorin diacetate, a compound analyz- 
ing for CIWH2+,0J was isolated as an oil from the oxidation 
reaction. 

The NMR spectrum showed three Me singlets at S O-88, 
0.97 and l-19. one acetate Me group at 6 2.22, a 6H 
multiplet at 6 1*3&l +80, a IH multiplet at S I-80-2.05 
(methine), a 2H multiplet at 2.5-2.7 (benzylic), and a 3H 
multiplet at S 6.6CW80 (aromatic). From a comparison of 
these data with the spectra of the chromans 8a, b, c and d 
reported by Mechoulam” and Manners,” the compound 
may be considered to be the chroman 8e. 

8 
Pans a: R=C,H,,. R’=H, R”=OH 

CIS b: R = C,H,,. R’ = H, R” = OH 

tram c: R = Me, R’ = H. R” = OH 
trans d: R-OH, R’=H, R”=Me 
ttuns e: R = H, R’ = OAc. R” = H 

Chroman fle probably arises cia an acid catalyzed 
cyclization during the oxidation with selenium dioxide. A 
similar mechanism was suggested by Manners in the 
formation of & and 8d. Another product (m.p. 112”), 
isolated in a small amount from the reaction mixture has a 
molecular weight (70eV MS) of 330 corresponding to 
elemental composition C2,H2,0,. The NMR spectrum in 
ClXl, was as follows: S 092 (s. 6H, gem dimethyl group), 
6 1.50 (s, 3H, vinyl methyl), S 140-1~80 (m, 4H, 
methylene groups), S 2.08 (1, ZH, J ~7.0 Hz, vinyl 
methylene), S 2.29 (s, 3H. acetate), S 2.36 (s, 3H, acetate), 
6 3.27 (s, 2H, benzylic methylene), and 6 6-8-7.0 (3H, 
aromatic). These data are consistent with the cyclohexane 
derivative 9. The formation of 9 during the synthesis of 

AcO 

alliodorin may involve sequential protonation, cycliza- 

tion, and deprotonation of geranlyhydroquinone diace- 
tale: 

AcO 

w- 

AcO 

Ha,2?J-AAA 
AcO 

I 
AcO 

Once alliodorin is formed in the reaction mixture, 
oxidation continues to give an allylic alcohol (oil). The 
NMR data unequivocatly establish the structure as 10: 

S I.68 (s, 3H, vinyl Me), S l-72 (s, 3H, vinyl Me), S 2.25 
(s, 3H, acetate), S 2.27 (s, 3H, acetate), S 2.58 (t, 2H, 
J = 7.0 Hz, viny1 methylene), S 3.24 (d, 2H, J = 7.0 Hz, 
benzylic methylene), S 4.17 (t, IH, J = 6.5 Hz, carbinol 
proton), 6 5.50 (t, IH, J = 7.0 Hz, non-conjugated vinyl 
proton), S 6.47 (t, lH, J =7+0 Hz, conjugated vinyl 
proton), 6 6.85-7~00 (m, 4H, aromatic and hydroxyl 
protons) and 6 9.35 (s, IH, aIdehyde proton). 

EXPERIMENTAL 

NMR spectra were determined on a Varian HA-100 sr>ectrome- 
ter at lOt_MHz with TMS as an internal standard. Mass spectra 
were obtained on an EAI low resolution, quadrumle mass 
spectrometer and a CEC-I10 high resolution’ instriment. IR 
spectra were recorded on a Perkin-Elmer Model 237 
spectrometer. 

Isolation of alliodorin (la). The heartwood of Cordia alliodora 
was pulverized in a hammermill (l/3” screen) and extracted 
successively with skelly “F”. ether. acetone, and MeOH. The 
ether extract was chromatographed on Sephadex (LH-20) using 
CHCI,/MeOH (9: 1) as the elutmg solvent. Alliodorin crystallized 
from etherlskelly “F”, m.p. X7”, IR (nujol): 3350.2720, 1675, 16%. 
1602 cm ‘. MS m/e (rel. abundance): 260 (55), 163 (34), IO1 (70). 
137 (19). 123 (100). 1OY (41). 107 (26). 55 (44). 43 (32), 41 (30), 39 
(23). (Found: C. 73-8; H, 7.73; Calc for C,,H,O,: C, 73.8; H, 7.74). 
Oxime m.p. IOR” (efherlskelly “F”). (Found: C, 70.0; H. 7.67: Calc 
for ClhH2,01K: C, 6958; H. 7.6%). , 

Dimethyl ether (Ic) 
Method (II). To 100 rng CO.38 mmole) of alliodorin was added 

acetone (20 ml) dimethylsulfate (I00 mg) and a large excess of 
K,CO,. The mixture was stirred at room temp. for 45 min, 
evaporated to dryness on the steam bath, diluted with water, 
allowed to stand I hr, and extracted with ether. The ethereal 
extract was washed with water, dried, and evaporated to give 
dlmethylalliodorin as an oil. See text for NMR details. 

T!TRA ‘id. 32. No. bc 
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method (b). To fog of the crude acetone extract of C. 
~~~i~~o~u was added acetone (500 ml) I&CO, (i~g) and 
dimethylsulfate (50 g). Work-up in the usual manner gave a dark 
oil, which on distillation (70~, 195’) gave 6*3g (12.6%) of light 
colored oil which by NMR was alliodorin dimethyl ether. 

Base degradation of alliodotin. Alliodorin (100 mg) was placed 
in a 250 ml round bottom flask filled with a N, inlet and gas outlet, 
which was connected so that exiting gas passed through a soln of 
2,4-dinitrophenylhydrazine reagent. 10% NaOH aq (30ml) was 
added to the alliodorin and the mixture heated while being swept 
with N,. The ppt which formed in the 2,4-D reagent was collected, 
recrystallized (EtOH/H,O) to give m.p. 153”. Comparison Immp, 
NMR, IR) with authentic 2 - methyl - 2 - pentenal - 2.4 - DNPH 
confirmed its identity. 

Q&one (3). Alliodorin (100 mgf in benzene was stirred with an 
excess of activated MnO, for 1 hr at room temp. After filtration 
and removal of the solvent the yellow oil gave NMR @XC&): 
6 1.69 (s, 3H); 6 1.76 (s, 3H); 6 2.26 (m, 2H); S 2.48 (tn. 2H); 
6 3.16 (d, 2H, J = 7.0 Hz); 6 5.25 (t, lH, J = 7.0 Hz); 6 6.47 (t, IH, 
J = 7-O Hz); S 6.54 (s, IH); S 6.78 (s. 2H); S 9-40 (s, IH). 

Chroman (Ne). The previously prepared 3 (500 mg) was 
dissolved in 10 ml pyridine and heated on the steam bath for 6 hr 
then evaporated to dryness. Chromatography on Sephadex, 
LH-20, gave the desired chroman as an oil {see text for NMR 
details). Mol. wt. by MS required for C,sH&, 258.1256; obs. 
258*1260. 

Gerany~hyd~qai~o~e ~uce~a~e. Hy~~uinone f 1 mole), 
geraniol (I moie) and 5OOml of 511% aqueous formic acid was 
refluxed for 24 hr then cooled. After addition of water the oil was 
separated, dried, and dissolved in benzene, A& (2 mole) and 
IO ml pyridine were added and the soln allowed to stand at room 
temp. for 2 hr. Water was added and the benzene extract washed 
with water then dried over MgSO,. After filtration and removal of 
the solvent, the product was distilled at 70 p pressure (170’) NMR 
(CDCI,): 6 I.68 (s, 6H), S 2.23 (s, 3H). 62624 (s, 3H), 6 3.23 (d, 2H, 
J = 7.0 Hz), 6 5.10 (1. lH, .I = 7-O Hz), 6 5.21 (t, IH. J = 7.0 Hz), 
S 6@-7aOO (m, 3H). 

Oxidation of ~erunylhydruqu~n~ne diacerate with seienium 

d~a~jde. Geranylhy~oquinone palette (16.5 g, 0.05 mole), 
250 ml abs alcohol, and freshly sublime selenium dioxide (16-5 g, 
0.05 mole) were refluxed for 12 hr. cooled, and diluted with 500 ml 
water. The misture was stirred for I5 min then extracted with 
ether. The etheral extract was washed with water, 10% NaHCO, 
aq, water, then dried over MgSO,. After filtration the solvent was 
removed leaving a mixture which was refluxed with a large 
amount of skelly “F”. The insoluble portion (13.738) was 
chromatographed on 700g of silica gel using chloroform as 
solvent. The following compounds were eluted: Be, 9, lb (3%) 
and I&, (see text for NMR details). 
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