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Abstract 0 The seven metabolites of (+)-dehydroabietic acid (DHA) 
were newly isolated from rabbit urine by liquid chromatography. On the 
basis of chemical and spectral data their structures were established to 
be (15S)-8,11,13-abietatrien-l6,18-dioic acid, 2a-hydroxy-8,11,13,15- 
abietatetraen-1Soic acid, (1 5R)-15,16-dihydroxy-8,11,13-abietatrien- 
18-oic acid, 2p,l5-dihydroxy-8,11,13-abietatrien-18-oic acid, (15s)- 
2p,l&dihydroxy-8,11 ,13-abietatrien-l8-oic acid, 2a,l5-dihydroxy- 
8,11,13-abietatrien-lB-oic acid, and (15S)-2a,l6-dihydroxy-8,11,13- 
abietatrien-18-oic acid. The possible hydroxylation routes of DHA in 
rabbits and the difference between the metabolism of DHA in micro- 
organisms and that in rabbits are discussed. 

We have systematically studied the biotransformation of 
mono- and sesquiterpenoids in rabbits and reported their 
hydroxylation routes and isolation of insect pheromones, 
mushroom component, and flavorous compounds from their 
metabolites.1" Diterpene resin acids, arising from softwoods 
used in the pulping industry, have been shown to be the major 
toxicants in kraft pulp mill effluent.sl1 Among the toxic resin 
acids identified are dehydroabietic acid (DHA) and abietic 
acid. Recently, Mattsoff et a1.12 reported that DHA causes red 
cell breakdown to bring out jaundice in rainbow trout. Kutney 
et al.,13 Kieslich,14 and Ekman et a1.16 reported the biotrans- 
formation of DHA in various micro-organisms. On the other 
hand, the glycerin ester of DHA is now widely used as the base 
of chewing gum with vinyl acetate resin, and is taken into our 
bodies.16 In order to assess the potential toxicity of such food 
additives, it is important to establish the biotransformation of 
DHA and its related Compounds. However, little attention has 
been paid to biotransformation of such diterpenoids in mam- 
mals. Previously, we isolated three metabolites (as methyl 
esters), methyl 8,11,13,15-abietatetraen-18-oate (11, methyl 
15-hydroxy-8,11,13-abietatrien-18-oate (21, and methyl 16- 
hydroxy-8,11,13-abietatrien-18-oate (8) after administration 
of (+)-sodium dehydroabietate.6 Recently, we carried out the 
synthesis of methyl (15S)-16-hydroxy-8,11,13-abietatrien- 
18-oate (18a) and its (15R) epimer (18b) and confirmed that 
the absolute configuration at  (2-15 in metabolite 8 possesses 
an S-configuration.17 

As an extension of the previous work, we further studied 
the metabolites of DHA and isolated seven additional com- 
pounds and characterized their structures by chemical and 
spectral evidence. We report here the structures of the new 
metabolites, and discuss the possible hydroxylation routes of 
DHA in rabbits and the difference between the metabolism of 
DHA in micro-organisms and that in rabbits. 

Results and Discussion 
Commercial sodium dehydroabietic acid (DHA) was admin- 

istered orally to rabbits and the metabolites (after the urine 
was enzymatically degraded by p-g1ucuronidase:arylsulfa- 
tase and extracted with ether) were methylated with diazo- 
methane to give a pale brown oil (40% recovery). The absence 

of any metabolites possessing the DHA skeleton in the ethyl 
ether non-extract aqueous solution was confirmed by the 'H 
NMR spectrum of the ether extract after acidification of the 
aqueous layer. The methylated product was chromatographed 
on silica gel to  give seven compounds, A (=7), B (=6), C (=5), 
D (=3), E (=9), F (=4), and G (=lo), in addition to the 
previously known compounds methyl 8,11,13,15-abietatet- 
raen-18-oate (I), methyl 15-hydroxy-8,11,13-abietatrien- 
18-oate (21, and methyl 16-hydroxy-8,11,13-abietatrien- 
18-oate (€9.6 The yield of each isolated metabolite for the 
administered DHA is shown in Table I. The recovery of the 
metabolites of DHA is estimated to be 14%. This value is 
considered to be extremely small, but the same phenomenon 
has been found in the metabolites of limonene21 and /3- 
ionone23 in rabbits, as shown in Table 11. 

Compound A (= 7)-A combination of elemental analysis 
and the mass spectrum (M' at mlz 358) established the 
molecular formula C22H3,04. The 'H NMR spectrum (Tables 
111-VI) suggested that one of isopropyl methyl groups of 
methyl dehydroabietate (11) was replaced by a methoxycar- 
bony1 group. Reduction of 7 with LiAlH, gave a diol(12a); this 
was followed by benzoylation with 4-nitrobenzoyl chloride to 
afford a bis (4-nitrobenzoate) whose physical and spectral data 
were identical with those of (15S)-16,18-bis(4-nitrobenzoyl- 
oxy)-8,11,13-abietatrien (13a) prepared from authentic 
methyl (15S)-16-hydroxy-8,11,13-abietatrien-18-oate (8a).17 
For direct comparison with the (15S)-isomer (13a), (1523)- 
16,18-bis(4-nitrobenzoyloxy)- 8,11,13-abietatrien ( 1 3b)17 was 
also prepared from authentic 8b via (15R)-16,18-diol (12b). 
The synthetic (15R)-isomer (13b) was not identical with the 
natural derivative (13a). Thus, the structure of compound A 
was established to be dimethyl (15S)-8,11,13-abietatrien- 
16,18-dioate (7) and the corresponding (15S)-8,11,13- 
abietatrien-16,18-dioic acid (7') was obtained as a metabolite 
of DHA. 

Compound B (=6&The molecular formula CzlH2,03+was 
established by a combination of the mass spectrum (M , at  
m/z 328) and elemental analysis. The 'H NMR spectrum 
(Tables 111-VI) suggested the presence of a secondary hy- 
droxyl group and an isopropyl group. Catalytic hydrogenation 
of 6 afforded a dihydro derivative (14) which was acetylated 

Table I-Yields of Isolated Metabolltes, Methyl Esters, and 
Solvents 

Isolated Compound Yield, mg (Recovery, YO) Solvent 
1 
A( =7) 
2 
8a 
B( =6) 
C(=5) 
D( =3) 
E( =9) 
F( =4) 
G(=10) 

273 (2.28) 
290 (2.42) 
179 (1.49) 
307 (2.56) 
74 (0.62) 
388 (3.23) 
54 (0.45) 
24 (0.20) 
65 (0.54) 
32 (0.27) 

Hexane:benzene (1 :1) 
Benzene 
6enzene:ether (9:l) 
6enzene:ether (9:l) 
Benzene:ether (9: 1 ) 
Benzene:ether (4:i) 
Benzene:ether (73) 
Benzene:ether (7:3) 
6enzene:ether (3:2) 
6enzene:ether (1:l) 
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Table ICRecovery of Metabolites of Terpenolds and Flavone In a Few Mammals 

Sample Animal Dose, g Metabolite, g Recovery, YO Reference 

DHA Rabbit 12 
Cedrol Rabbit 1 
pCymene Rat 0.075 

Guinea pig 0.0904.1 05 
Flavone Rat 0.0924.108 
Limonene Rabbit 25 
plonone Rabbit 23 

1.686 
0.52 

a 

a 
- - 

a - 
4.35 
1.72 

14.0 
52 
80 
71 
28b 
17.4 
7.5 

18 
19 
19 
20 
21 
22 

~ 

a No metabolite recovered data are given. Excretion of radioactivity in the urine. 

Table IiCProton Nuclear Magnetic Resonance Spectral Data of Compounds A-G 

Proton A (=7) 0 (=6)  c (=5) D (=3) E (=9) F (=4) G (=lo) 

- - H-2a - - - 4.37 qi 4.38 qi 

H-28 - 3.8S.25 - - - 3.9W.20 3.80-4.30 
H-7 - - - 2.90 dd 2.75-3.00 2.91 dd 2.75-3.05 

H-11 7.18 d (J = 8) 7.12 bs 7.08 bs 7.12 bs 7.20 d 7.12 bs 7.20 d (J =8) 

H-12 7.00 dd (J = 8.2) 7.21 bs (2H)" 7.18 (2H)" 7.20 (2H)' 6.98 dd 7.20 (2H)C 6.98 dd 

C C C - C 6.88 bs H-14 6.92 bs - - - 6.85 bs 
H-15 3.62 q (J = 7) - - - 2.75-3.00 - 2.75-3.05 

I1 H) 

(J= 4) (J = 4) 

(J = 8,4) (2H) (2H, J = 8.4) (2H) 

( J =  8) 

(J = 8.2) (J = 8.2) 

H-16 3.65 (C,,-CO,Me) 5.00 q 3.65 s (2H) 1.52 s (3H) 3.67 (2H) 1.52 s (3H) 3.67 d 
(2H, J = 7) 

H-1 7(C15-Me) 1.43 d (J = 7) 2.10 s 1.47 s 1.52 s 1.21 d 1.52 s 1.21d(J=7) 

(lH, J =  1.5) 
5.30 bs (1 H) 

(J= 7) 
H-18(C4-C0,Me) 3.65 s 
H-19(C4-Me) 1.25 S 
H-20Cn-Me1 1.18 s 

3.68 s 3.65 s 3.68 s 3.67 s 3.66 s 3.67 s 
1.28 sa 1.25 s 1.45 s 1.45 s 1.28 sa 1.28' 
1.22 sa 1.18 s 1.45 s 1.45 S 1.21 sa 1.21 a 

Assignments may be changeable, respectively (Tables Ill-Vl). This signal is superposed into another aromatic proton signal. 

Table IV-Proton Nuclear Magnetic Resonance Spectral Data of Compounds 12-15 
Proton 12a 12b 13a 13b 14 15 

2.05 s (3H, OAc) 

7.13 d (J = 8) 
6.98 dd (J = 8.2) 

- - - - H-2a - 
H-28 
H-7 2.70-3.00 2.70-3.00 - - 2.75-3.00 
H-1 1 7.22 d (J = 8) 
H-12 7.02 bd (J = 8) 
H-14 6.85 bs 6.85 bs 6.94 bs 6.92 s 6.88 bs 6.87 bs 
H-15 2.70-3.00 2.70-3.00 3.19 m 3.18 m 2.75-3.00 
H-16 4.40 dd (2H, J = 7.2) 4.40 dd (2H, J = 7.2) 

H-17 (C,,-Me) 1.37 d (J = 7) 

H-18(C4-C0,Me)3.16d(lH,J= 11)C3.16d(1H,J= 11)C4.04d(1H.J= 11)' 4.04d(J= l l ) c  3.67 s 3.67 s 

- - - - 4.00-4.30 5.00-5.45 
- 

7.18 d (J = 8) 
6.92 bd (J = 8) 

7.18 d (J = 8) 
6.93 dd (J = 8.2) 

7.23 d (J = 8) 
7.03 bd (J = 8 )  

7.17 d (J = 9) 
6.97 bd (J = 9) 

- 
3.62 d (2H, J = 7) 
1.67 s (OH) 
1.21 d (J = 7) 

3.62 d (2H, J = 7) 

1.21 d (J = 7) 

1.21 d (3H, J = 7) 1.20 d (3H, J = 7) 

1.21 d (J = 7) 1.38 d (J = 7) 1.20 d (J = 7) 

3.44 d (1 H, J = 11)'3.44 d (1 H, J = 11)'4.29 d (1 H, J = 11)' 
1.67 s (OH) 8.02-8.30d 8.05-8.35d 

4.29 d (J = 11)' 

H-19(C4-Me) 0.85 s 0.85 s 1.05 s 1.06 s 1.28 sa 1.33 sa 
H-20(Cl,-Me) 1.18 s 1.18 s 1.23 s 1.24 s 1.21 sa 1.27 sa 

a+b Assignments may be changeable, respectively (Tables Ill-VI). C,-CH,O--. C,H4N02. 

to give an  acetate (15). Compound 14 was identical with 
methyl 2a-hydroxy-8,11,13-abietatrien-18-oate,~3 which is 
described later. Thus, the structure of compound B was 
established to be methyl 2a-hydroxy-8,11,13,15-abietatet- 
raen-18-oate (6) and the corresponding 2a-hydroxy- 
8,11,13,15-abietatetraen-18-oic acid (6') was obtained as a 
metabolite of DHA. 

Compound C (=5)-The mass spectrum (M+, m/z 346) 
established the molecular formula C,,H3,0,. The 'H NMR 
spectrum (Tables 111-VI) suggested an  introduction of two 
hydroxyl groups (primary and tertiary) on the isopropyl 

group. The other signals were similar to those of 2. To 
determine the absolute configuration of 5, the following 
correlation was carried out. Mesylation of 5 gave a monome- 
sylate (17) which when treated with sodium iodide in the 
presence of potassium carbonate afforded a n  epoxide (18). 
This epoxide was then submitted to catalytic hydrogenolysis 
using Pd-C and NaOH to give the known methyl (15R)- 
16-hydroxy-8,11,13-abietatrien-18-oate (18b1.17 Mitsui et  
a1.m have reported that the hydrogenolysis of a-alkylstyrene 
oxides proceeded with predominant inversion of the config- 
uration using a Pd-C catalyst in the presence of a base. 
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Table V-Proton Nuclear Magnetic Resonance Spectral Data of Compounds 18, 19, 20, 22, 23, and 27 

Proton 18 19 20 22 23 27 

H-2a 
H-2P 
H-7 
H-1 1 
H-12 
H-14 
H-15 
H-16 

- 
- 

2.70-3.10 (2H) 
7.00 bs 
7.16 bs (2H)' 

2.70-3.10 (2H) 

C - 
- 

5.21 qi (J = 4) 
2.00 s (3H, OAc) 

7.00 bs 
7.06 bs (2H)' 

1.42 s (3H) 

- 

C - 
- 

H-17(Cl,-Me) 1.69 s 1.42 s 
H-18(C4-C0,Me) 3.67 s 3.62 s 
H-19(C4-Me) 1.28 sa 1.36 sa 

Benzoyl 
H-20(Clo-Me) 1.20 sa 1.33 sa 

- 
7.00-7.35 (3H)' 

C 

C 

- 
- 
- 

1.53 s (3H) 

1.53 s (3H) 
3.72 s 
1.28 sa 
1.22 sa 

5.31 qi (J = 4) 5.31 qi (J = 4) 5.26 m 
2.04 s (3H, OAc) 
2.80-3.00 (2H) 2.80-3.20 (2H) - 
7.10 d (J = 8) 7.12 d (J = 8) 
6.95 dd (J = 8.2) 6.92 dd (J = 8.2) - 
6.86 bs 6.87 bs - 

2.80-3.20 - 2.80-3.00 
1.18 d (3H, J = 7) 4.09 dd (2H, J = 7.2) 4.34 d (2H, J = 7) 

2.01 s (3H, OAC)~  
1.18 d (J = 7) 1.23 d (J = 7) 1.35 d (J = 7) 
3.67 s 3.67 s 3.69 s 
1.41 sa 1.41 sa 1.46 sa 
1.36 sa 1.37 sa 1.43 sa 

2.06 s (3H, OAC)~ 3.03 s (3H, OMS) 

6.8H.20 (3H)' 
C 

C 

6.85-8.20 (5H) 

Assignments may be changeable, respectively (Tables Ill-Vl). This signal is superposed into another aromatic proton signal. 

Table VCProton Nuclear Magnetic Resonance Spectral Data of Compounds 29a, 29b, 31, 32, and 36 

Proton 29a 29b 31 32 36 
~~ ~ ~~~ ~~ ~~ ~ ~ 

H-2a - - 2.06 s (3H, OAc) 2.01 s (3H, OAC)~ 3.08 s (3H, OMS) 
H-2p - - 5.00-5.40 5.00-5.40 - 
H-7 - - 2.92 dd (2H, J = 8.4) 2.80-3.20 (2H) - 
H-1 1 7.18 d (J = 8) 7.18 d (J = 8) 7.18 bs (3H)" 7.12 d (J = 8) 6.85-8.20 (3H)" 
H-12 7.00 dd (J = 8.2) 7.00 dd (J = 8.2) - 6.92 bd (J = 8) - 
H-14 6.86 bs 6.92 bs - 6.88 bs - 
H-15 3.14 m 3.14 rn - 2.80-3.20 - 
H-16 4.28 dd (lH, J = 11.7) 4.28 dd (lH, J = 11.7) 1.53 s (3H) 4.10 dd (2H, J = 7.2) 4.35 d (2H, J = 7) 

H-l7(C,,-Me) 1.36 d (J = 7) 1.36 d (J = 7) 1.53 s 1.23 d (J = 7) 1.38 d (J = 7) 
H-18(C4-C0,Me) 3.65 s 3.65 s 3.68 s 3.68 s 3.70 s 
H-19(C4-Me) 1.26 s 1.26 s 1.33 sa 1.32 sa 1.38 sa 
H-20(Clo-Me) 1.19 s 1.19 s 1.28 sa 1.27 sa 1.32 sa 
Benzoyl 7.25-7.60 (3H) 7.25-7.60 (3H) - - 6.85-8.20 (5H) 

C C 

C C 

4.43 dd (lH, J = 11.7) 4.43 dd (lH, J = 11.7) 2.04 s (3H, OAC)~ 

7.98 dd (2H, J = 8.2) 7.98 dd (2H, J = 8.2) 
~ ~ ~~ 

Assignments may be changeable, respectively (Tables Ill-Vl). This signal is superposed into another aromatic proton signal. 

Application of Mitsui's rule to the epoxide 18 suggested that 
the stereochemistry of C-15 in 18 was the R configuration. 
Thus, the structure of compound C was characterized to be 
methyl (15R)-15,16-dihydroxy-8,11,13-abietatrien-l8-oate 
( 5 )  and the corresponding ~15R)-15,16-dihydroxy-8,11,13- 
abietatrien-18-oic acid ( 5 ' )  was obtained as  a metabolite of 
DHA. 

Compound D (=3)-The mass spectrum (M' at mlz 346) 
established a molecular formula of Cz1H3004. The 'H NMR 
spectrum (Tables 111-VI) indicated the presence of secondary 
and tertiary hydroxyl groups. The secondary hydroxyl group 
of 3 was confirmed by acetylation and oxidation to give a 
monoacetate (19) and a carbonyl compound (20), respectively. 
In the 'H NMR spectrum of 3, the appearance of the six proton 
singlets in  very low field (6 1.45) suggested a 1,3- 
diaxial-&relationship between the hydroxyl group and the 
methyl groups at C-4 and C-10. The splitting pattern of the 
methine proton signal at 6 4.37 also suggested the nresence of 
a 2phydroxyl group at C-2. Catalytic hydrogenation of 3 over 
Pd-C in ethyl acetate in the presence of perchloric acid gave 
a hydrogenolyzed hydroxyester (21) which afforded an acetate 
(22) by acetylation with acetic anhydride in pyridine. Thus, 
the structure of compound D was established to be 2p,15- 
dihydroxy-8,11,13-abietatrien-18-oate (3) and the corre- 
sponding 2~,15-dihydroxy-8,11,13-abietatrien-18-oic acid (3') 
was obtained as a metabolite of DHA. 

Compound E (=9)-A molecular formula of C,,H3,O, was 
established by the mass spectrum (M+, a t  m/z 346). The 'H 
NMR spectrum (Tables 111-VI) indicated that two hydroxyl 
groups must be placed a t  C-2p and C-16. In order to determine 

DHA R=H 
1 1  R=Me 

1 2 R=R'=H 
3 R=OH.R':H 
4 R=H. R'=OH 

5 6 7 

80 R=R'=H Bb 
9 R=OH. R-=H 
10 R=H.RLOH 
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the absolute configuration at C-15, the following correlation 
was carried out. Compound 9 was converted into a diacetate 
(23) which was partially hydrolyzed into a 16-hydroxy com- 
pound (24). After a series of reactions on 24 [preparation of 
benzoate (251, partially hydrolyzed product (261, mesylate 
(271, demesylated product (28), and catalytic hydrogenation 
product (29811, 298 was further converted into a 4- 
nitrobenzoate (30) by alkaline hydrolysis and 4-nitrobenzoy- 
lation. The physical and spectral data of 30 were identical to 
those of authentic methyl (15S)-16-(4-nitrobenzoyloxy)- 
8,11,13-abietatrien-18-oate.17 Thus, the structure of com- 
pound E was characterized to be methyl (15S)-2p,16- 
dihydroxy-8,11,13-abietatrien-18-oate (9) and the corre- 
sponding (15S)-2~,16-dihydroxy-8,11,13-abietatrien-18-oic 
acid (9') was obtained as a metabolite of DHA. 

Compound F (=4)-The mass spectrum (M' a t  mlz 346) 
established a molecular formula of C2,H3,04. The 'H NMR 
spectrum (Tables III-VI) showed the presence of secondary 
and tertiary hydroxyl groups. Oxidation of 4 afforded a 
carbonyl compound whose spectral data were identical with 
those of 20. Compound 4 afforded a monoacetate (31) whose 'H 
NMR spectral data was slightly different from that of 19, 
suggesting that the configuration of the C-2 hydroxyl group 
was different from that of 19. Catalytic hydrogenolysis of 4 in 
the presence of perchloric acid gave methyl 2a-hydroxy- 
8,11,13-abietatrien-18-oate (14). Thus, the structure of com- 
pound F was established to be methyl 2a,l5-dihydroxy- 
8,11,13-abietatrien-18-oate (4) and the corresponding 2a,15- 
dihydroxy-8,11,13-abietatrien-18-oic acid (4') was obtained 
as a metabolite of DHA. 

Compound G (= 10)-The mass spectrum (M' a t  mlz 346) 
established a molecular formula of C21H3,04. The presence of 
a primary hydroxyl group a t  C-16 and a secondary hydroxyl 
group a t  C-2 was suggested by the 'H NMR spectrum. To 
determine the absolute configuration of C-15, the diacetate 
(32) was transformed into a benzoate (298) via 33,34,35,36, 
and 28. The physical and spectral data of 298 were identical 
with those of methyl (15S)-16-benzoyloxy-8,11,13-abieta- 
trien-18-oate which was prepared from authentic methyl 

@ OR @ HzORRo,.& 

*. A ** k 
C H O R  'CHZOR 'C02Me 

120 R=H 12b R=H 14 R=H 
130 R=COCeHdKW) 13b R-COCeH.lNOz(p) ?5 R=Ac 

16 R=COCeHsN02(p) 18 
17 R=Ms 

19 

20 21 R=H 28 R=COCeH8 
22 R=Ac 

CHzOR 

w 
COzMe COzMe 

31 28b R = COCsHs 290 R COCeHs 
30 R = COCeH4NOz(p) 

U H 

23 R = R ~ A C  32 R=R'=AC 
2 4  R=Ac.RLH 33 R=AC, R'=H 
25 R=Ac. RhCOCsHa 
26 R=H. R k X X h k b  

34 R=Ac. R'=COCeHs 
35 R=H. R~COCsHe 

27 R=Ms. RLCOCeHs 36 R=Ms. RGCOC6Hs 

(15S)-16-hydroxy-8,11,13-abietatrien-18- (881.17 For the 
direct comparison with (15S)-benzoate (29a), the (15R)- 
isomer, methyl (1 5R)- 16-hydroxy-8,11,13-abietatrien- 
18-oate (19b), was also prepared from authentic methyl 
(15R)-16-hydroxy-8,11,13-abietatrien-18-oate (8b1.17 The 
synthetic (15R)-benzoate (19b) was not identical with the 
natural derivative 298. Thus, the structure of compound G 
was assigned to be methyl (15S)-2a,16-dihydroxy-8,11,13- 
abietatrien-18-oate (10) and the corresponding (15s)- 
Za-dihydroxy-8,11,13-abietatrien- 18-oic acid (1 0') was o b  
tained as a metabolite of DHA. 

Biotrasformation of aromatic hydrocarbons has been stud- 
ied extensively in relation to carcinogenic activity. In the 
metabolism of pcymene.3JS-24 cumene,2626 or isopropyl- 
biphenyl,27.28 having a common isopropyl group on the ben- 
zene ring, crt and crt l  oxidations were reported without 
stereochemistry. (+I-Dehydroabietic acid (DHA) also has an 
isopropyl group on the benzene ring and it W ~ L I  metabolized 
into 10 compounds in rabbits. The stereochemistry of seven 
compounds was established (Scheme I). This study establishes 
the metabolic end products. It is suggested that the oxidation 
of DHA in rabbits occurred first in C-15 and (3-16 to give the 
metabolites 2' and 88'. New data are presented which indi- 
cate that 5' is formed directly from DHA; alternatives from 
2' and 8' are possible. The hydroxymethyl group a t  C-15 in 88' 
was then oxidized to afford the carboxylic acid (7'). Further 
oxidation of 2' and 88' occurred a t  C-2 to give the metabolites 
3', 4', 9', and lo', respectively. The isolation of 7', Ba', 9', and 
lo', possessing the same S-configuration at C-15 indicated 
that w-hydroxylation of the isopropyl group in DHA occurred 
stereoselectively in the pro-R methyl group. The tetraene 
compounds, 1' and 6', are probably artifacts which might be 
produced by the dehydration of tertiary hydroxyl group at 
(3-15 in 2' and 4' during the extraction of the crude metabo- 
lites under acidic conditions. 

The metabolism of DHA in micro-organisms has been 
reported, and some examples are shown in Scheme II'3*16s2s 
In micro-organisms, each ring of DHA was oxidized to give the 
major metabolites. The same metabolites (2', 4', 5' or I', 10' 
or its epimer) as those isolated from rabbit urine have been 
found in Mortierelh isabellim13 and Fomes anrwsw.16 On the 
other hand, in rabbits, the isopropyl group on the benzene 
ring of DHA was preferentially oxidized to give the major 
metabolites. 
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Experimental Section 
Melting points were taken on a Yanagimoto apparatus and are 

uncorrected. Mass spectra were measured at an ionization potential 
of 70 eV. The IR spectra and optical rotation were measured in CHCl,. 
The 'H NMR spectra were recorded on a Hitachi R-22 spectrometer 
using CDC13 at 90 MHz with TMS as an internal standard, unless 
otherwise stated. .." .. n. . . x .... . -- .I  1.  l-, .L.. I T  

easy handling and simple dosing. Commercial sodium abietate 
(Arakawa Chemical Industry, total 12 g) suspended in sodium 
sorbitate (Tween 80) solution (0.1 g/mL of 0.02% aq. sodium sorbitate) 
was administered orally at a dose of 2 gkabbit to six rabbits aRer 1 
day of starvation. After administration, food (Oriental Rabbits Foods, 
CR-2) and water were given to rabbits freely. For isolation of the 
metabolites, each rabbit was kept in a urinefeces separated metab- 
1. - - T, * 1. 1 > , . ,  I n .  I 1 .  1 Appiicacion-mmom wapanese wniw Dcrain, SIX male raoom, 

each 2.5-3.0 kg) were used as experimental animals because of their 
ousm cage. urine was coiieccea aaiiy ror a aays unaer a muene layer 
at mom temperature, mixed together (24-72 h), centrifuged to 
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remove contaminants (hairs and feces), and stored a t  0 "C before 
analysis. 

Metabolite Extraction-The urine was a4justed to pH 4.0 with 
phosphate buffer, enzymatically degraded by pg1ucuronidase:aryl- 
sulfatase (/3-glucuronidase activity: -300,000 Fishman Unitdl  mL of 
urine; arylsulfatase activity: -2,400,000 Roy uni tdl  mL of urine; 
Boehringer-Mannheim, West Germany; 3 mL of mixed enzyme/l L of 
fresh urine) for 48 h to avoid vigorous hydrolysis conditions, and 
extracted at pH 2.0 in a liquid-liquid extraction apparatus (Mita- 
mura, Tokyo) with diethyl ether for 48 h. The extract was washed 
successively with dilute HCl and water and dried over Na2S0,. Then, 
the metabolites were methylated with CH,N, in the usual manner. 

Chromatography-The mixture of methylated metabolites (5.030 
g, 40% recovery) was purified by repeated column chromatography on 
silica gel (Merck Silica Gel G particle size: 0.063 mm; -100 times of 
sample weight in each case) using hexane:benzene (l:l),  benzene, and 
benzene:ether (9:1,4:1,7:3,3:2, 1:l) as eluants to give the following 
10 compounds in  the order of elution: 1, A (=7), 2 , 8 4  B (=6) ,  C (=5), 
D (=3), E (=9), F (=4), and G (=lo). 

Elemental Analysidat isfactory analytical data (?0.4% C,H,N) 
were obtained for all new metabolites and their related compounds 
(1-7.8a. 8b, 9,10,12b, 13a, 13b, 14-17,19,20-23,29a, 29b, 3132) .  

Spectral Data-The 'H NMR spectra of all new metabolites and 
their related compounds are shown in Tables 111-VI. 

Identification and Characterization of Isolated Compounds- 
Methyl 8,11,13,14,I5-abietatetmen-18-oate (I)-The melting point 
was 72-73.5 "C (from methanol); [a]D +63.8" (c 0.69); IR1720 cm-'; 

Dimethyl (15S)-8,11,13-abietatrien-l6,18-diwte [Compound A 
(=7)1-The melting point was 105-106 "C (from methanol); [alD 
+20.9" (c 2.45); IR1723 cm-'; MS:m/z 358 (M? 

'H NMR: (60 MHz1.67'7 

Anal.-Calc. for C22H3004: C, H. 
Conversion of Compound 7 and Methyl (15S)-16-hydroxy- 

8,11,13-abietatrien-18-wte (8a) into (15s) -1 6,18-bis(4-Nitrobenzuyl- 
oxy)-8,11,13-abietntriene (13a)-(a) A mixture of 7 (150 mg) and 
LiAlH, (32 mg) in dry ether (5.0 mL) was stirred a t  room temperature 
for 1 h. The mixture was poured into ice-dilute HCl and extracted 
with ether. After the usual work-up, the crude product was chro- 
matographed on silica gel (10 g), using benzene:ether (4:l) to give 
(15S)-8,11,13-abietatrien-16,18-diol (12a; 109 mg; 86.1%); mp 123- 
126 "c (amorphous solid from acetone:hexane); [a]D -54.9" (c 2.39); 
IR:3625 cm-'. A mixture of the diol 12a (74 mg) and 4-nitrobenzoyl 
chloride (136 mg) in pyridine (2.0 mL) was heated a t  70-80 "C for 2.5 
h. The mixture was cooled and diluted with ether. The ether solution 
was washed successively with dilute HCl, aqueous NaHCO,, and 
brine. The solvent was evaporated under reduced pressure to give the 
residue which was chromatographed on silica gel (6 g), usingbenzene, 
to afford 13a (128 mg: 86.9%); mp 151-152 "C (from acetone:hexane); 
[a], - 13.1" (c 1.22); IR1720,1608,1528, and 1350 cm-'. The physical 
and spectral data of 13a were identical with those of the authentic 
sample prepared as described below in (b) .  

Anal.-Calc. for C3,H3608N2: C, H, N. 
(b)  A mixture of 8al7 (34 mg) and LiAlH, (10 mg) in dry ether (2.0 

mL) was stirred at room temperature for 1 h to give a crude 12a (30 
mg), which was treated with 4-nitrobenzoyl chloride (57 mg) in 
pyridine (2 mL) at 7040°C for 2.5 h. The crude product was 
chromatographed on silica gel (6g), usingbenzene, to give 13a (55 mg: 
89%); mp 151-152 "C (from acetone:hexane); [a]D -13.3" (c 1.35). 

Anal.-Calc. for C34H3608N2: C, H, N. 
Methyl I5-hydroxy-8,11,13-abietatrien-18-oate (2) and Methyl 

f15S)-l6-hydroxy-8,11,13-abietatrien-18-oate (8a)-Benzene:ether 
(9:l; Table I) eluate afforded a mixture of 2 and 8a (941 mg) which was 
acetylated with acetic anhydride (5 mL) and pyridine (5 mL) at room 
temperature for 20 h. After the usual work-up, the crude acetate was 
chromatographed on silica gel (40 g) using benzene:ether (98:2) to 
give methyl l6-acetoxy-8,11,13-abietatrien-l8-oate (432 mg). Fur- 
ther elution with benzene:ether (9:l) afforded 2 (179 mg): mp 
7740°C (from hexane); [a]D +51.9" (c 2.68). The physical and 
spectral data of 2 were identical with reported va1ues.m The above 
16-acetoxylated compound (432 mg) was reflwed with dilute HCl 
(15%, 1.5 mL) in methanol (15 mL) for 1 h. The crude product was 
chromatographed on silica gel (30 g), using benzene:ether (9:1), to 
give Baa (307 mg); [aID +48.6" (c 1.11). The IR and 'H NMR spectra 
of 8a were identical with those of authentic methyl (15s)- 
16-hydroxy-8,11,13-abietatrien-18-oate.~7 

Anal.-Calc. for CZ1H3,O3: C, H. 

Methyl (15S)-I6-benzoyloxy-8,11,13-abietatrien-l8-oate (29a) and 
its (15R)-Epimer (296)-(a) A mixture of methyl (15Sb16- 
hydroxy-8,11,13-abietatrien-18-oate (8a; 26 mg) and benzoyl chloride 
(0.02 mL) in pyridine (1.0 mL) was heated at 70-80 "C for 1.5 h. The 
crude product was chromatographed on silica gel (6 g), using benzene, 
to give oily 29a (31.4 m g  91.8%); [a]D +29.5" (c 1.39); IR:1718 cm-'. 

Anal.-Calc for C,,H,,O,: C, H. 
(b)  A mixture of methyl (15R)-16-hydroxy-8,11,13-abietatrien- 

18-oak (8b; 45 mg) and benzoyl chloride (0.03 mL) in pyridine was 
heated a t  70-80 "C for 1.5 h. The crude product was treated in the 
same manner as described above to afford oily 29b (56.4 mg: 95.3%); 
[a],, +48.2" (c 1.54); IR1716 cm-'. 

Anal.-Calc. for C2,H,,0,: C, H. 
Conversion of Methyl (I5R)-l6-hydroxy-8,l l  ,I3-abietatrien- 

18-oate (86) into (15R) -1 6,18-bis(4-nitrobenroyloxy)-8,1 I ,13- 
abietatriene (136)-A mixture of 8bI7 (64 mg) and LiAlH, (25 mg) in 
dry ether (4.0 mL) was stirred at room temperature for 1 h. The crude 
product was chromatographed on silica gel (6 g), using benzene:ether 
(4:l) to give (15R)-8,11,13-abietatrien-16,18-diol (12b; 56.5 mg: 
96.5%); mp 137.5-139 "C (from acetone:hexane); [a],, +51.3" (c 2.65); 
IR:3625, and 3440 cm-'. 

Anal.-Calc. for C,JIH,,0,: C, H. 
The diol12b (37 mg) was treated with 4-nitrobenzoyl chloride (68.1 

mg) in pyridine (2.0 mL) at 70-80 "C for 2.5 h. The crude product was 
chromatographed on silica gel, using benzene to give 13b (71.9 mg: 
97.8%); mp 155-157 and 175-177 "C (from acetone:hexane); [a], 
+13.2" (c 2.73); IR1720, 1610, 1530, and 1352 cm-'. 

Anal.-Calc. for C3,H3,OSN2: C, H, N. 
Methyl 2a-hydroxy-8,ll,l3,15-abietatetraen-l8-oate [Compound B 

(=6)I-The melting point was 107.5-108.5 "c  (from hexane); [a]D 
+62.5" (c 0.56); IR3500, 3430, and 1725 cm-'; MS: m/z 328 (M9.  

Anal.-Calc. for CzIHz8O3: C, H. 
Catalytic Hydrogenation of 6-A mixture of 6 (30.0 mg) and 10% 

W - C  (15 mg) in ethyl acetate (5.0 mL) was hydrogenated at room 
temperature under an atmosphere ofhydrogen for 4 h. After the usual 
work-up, the reaction mixture was chromatographed on silica gel (6 
g), using benzene:ether (9:1), to give methyl 2a-hydroxy- 
8,11,13-abietatrien-18-oate (14; 24.4 mg: 80.8%); mp 152-154 "C 
(from hexane); [a],, +53.6 (c 1.10); IR3600, 3440, and 1725 cm-'. 

Anal.-Calc. for C,,H,,O,: C, H. 
A mixture of 14 (10.0 mg) and acetic anhydride-pyridine (each 0.5 

mL) was allowed to stand at room temperature for 18 h. After the 
usual work-up, the crude acetate was chromatographed on silica gel 
(5 g), using benzene, to give an acetate (15; 10.1 mg: 89.6%): m 
82-83 "C (from petroleum ether); [a]D + 16.0" (c 1.25); IR1725 cm- P . 

Anal.-Calc. for C23H3204: C, H. 
Methyl (15R)-15,16-dihydroxy-8,11,13-abietatrien-18-oate [Com- 

pound C (=5)]-The melting point was 106-107 "C (from acetone: 
hexane); [alD +48.8" (c 5.23); IR:3575,3425, and 1717 cm-'; MSmIz 
346 (M+). 

Anal.-Calc. for C,,H,,O,: C, H. 
Conversion of 5 into Methyl (15R)-15-hydroxy-1644-nitrobenzoyl- 

oxy)-8,11,13-abietatrien-I8-oate (16) and Methyl (15R)-16-  
hydroxy-8,11,13-abietatrien-l8-oate (8b)-(a) A mixture of 5 (58.0 
mg) and 4-nitrobenzoyl chloride (78.0 mg) in pyridine (2.0 mL) was 
allowed to stand at room temperature for 5 h. After the usual 
work-up, the crude product was chromatographed on silica gel (6 g), 
using benzene:ether (9:1), to give 16 (77.0 mg: 92.8%); mp 113121 "C 
(from acetone:hexane); [aJD +38.3" (c 1.41); IR3600, 1720, 1530, and 
1350 cm-'. 

AnaLCalc.  for CmH3,07N: C, H, N. 
(b)  A mixture of 5 (115 mg) and methanesulfonyl chloride (0.04 mL) 

in pyridine (2.0 mL) was stirred a t  room temperature for 3 h. The 
mixture was poured into ice-dilute HCI and extracted with ether. The 
ether extract was washed successively with brine, aqueous NaHCO,, 
and brine. The solvent was evaporated under reduced pressure. The 
residue was chromatographed on silica gel (12 g), using benzene:ether 
@:I), to give mesylate (17); 138 mg: 98.0%) as  an oil; [ a I D  +33.0 (c 
1.49); IR3600, 1700, 1360, and 1178 cm-'. 

Anal.-Calc. for C,,H3,06S: C, H. 
A mixture of 17 (125 mg), KI (94 mg), and anhydrous K&O3 (204 

mg) in ethyl methyl ketone (6.0 mL) was refluxed with stirring for 4 
h. The mixture was cooled, diluted with water, and extracted with 
ether. The ether extract was washed with brine and dried, and the 
solvent was evaporated to give a crude epoxide (18; 96.0 mg); IR1720 
cm '; 'H NMR (60 MHz): see Tables 111-VI. 
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A mixture of the crude 18 (96.0 mg), 10% Pd-C (50 mg), and 
alcoholic NaOH (2%, 0.5 mL) in ethanol (10 mL) was hydrogenated 
at  mom temperature under an atmosphere of hydrogen for 3 h. The 
mixture was filtered and the filtrate was acidified with acetic acid 
(0.06 mL). The acidic solution was evaporated under reduced pressure 
and the residue was extracted with ether. After the usual work-up, 
the crude product was chromatographed on silica gel (6 g), using 
benzene:ether (93:7), to give 8b (80.0 mg; 82.2% from 17); mp 
71-72°C (from hexane); [a], + 64.4" (c 1.80). The physical and 
spectral data of 8b were identical with those of authentic sample.17 
Methyl 2~,15-dihydroxy-8,11.13-abietntrien-18-ote [Compound D 

(=3)]-The melting point was 131-132 "C (from acetone:hexane); [a], 
t 77.7" (c 1.84); IR3600,3450, and 1720 cm-'; MS: mlz 346 (M+). 

Anal.-Calc. for C2,H3,04: C, H. 
Acetylntion, Oxidation and Hydrogenolysis of 3-(a) A mixture of 3 

(42.0 mg) and acetic anhydride and pyridine (each 0.5 mL) was 
allowed to stand at mom temperature for 16 h. After the usual 
work-up, the crude product was chromatographed on silica gel (8 g), 
using benzene:ether (85:15), to give methyl 2B-acetoxy-15- 
hydroxy-8,11,13-abietatrien-18-oate (19; 41.0 mg: 87.1%); mp 117- 
118.5 " c  (from hexane); [a], +70.8" (c 0.96); IR.3600,3475, and 1725 
cm-'; MSrnlz 388 (M+); 'H NMR (CCl,): see Table 111. 

Anal.-Calc. for CDH3,06: C, H. 
(b) A mixture of 3 (23.0 mg) and pyridinium chlorochromate (21.0 

mg) in dichloromethane (2.0 mL) was stirred at  mom temperature for 
1.5 h. The mixture was poured into aqueous NaHCO, and extracted 
with ether. The ether extract was washed with brine, dried, and 
evaporated under reduced pressure. The residue was chromato- 
graphed on silica gel (5 g), using benzene:ether (4:1), to give methyl 
15-hydroxy-2-oxo-8,11,13-abietatrien-l8-oate (20; 17.0 mg: 74.3%); 
mp 87-88 "C (from acetone:hexane); [(I], +33.1" (c 0.82); IR:3600, 
1725, and 1715 cm-'. 

Anal.-Calc. for C21H2801: C, H. 
(c) A mixture of 3 (58.0 mg) and 10% Pd-C (120 mg) in ethyl acetate 

(7 mL) containing three drop of 60% perchloric acid was hydroge- 
nated a t  mom temperature under an atmosphere of hydrogen for 5 h. 
After the usual work-up, the crude product was chromatographed on 
silica gel (7 g), using benzene:ether (9:U to give 2ghydroxy- 
8,11,13-abietatrien-18-oate (21; 39.5 mg: 71.4%) as an oil; [a], +81.0" 
(c 1.66); IR3610,3450, and 1723 cm-'. 

Anal.-Calc. for C21H3003: C, H. 
A mixture of 21 (30.0 mg) and acetic anhydride and pyridine (each 

0.5 mL) was allowed to stand a t  room temperature for 18 h. ARer the 
ueual work-up, the crude acetate was purified by column chromatog 
raphy on silica gel (5 g), using benzene:ether (95:5), to give methyl 
2gacetoxy-8,11,13-abietatrien-l8-oate (22; 33.3 mg: 98.5%); mp 110- 
111 "C (from hexane): [a], +80.5" (c 0.80); Uk1725 cm-'. 

Anul.-Calc. for C23H9204: C, H. 
Methyl (15S)-Zp,l 6-dahydrary-8,11,13-abi~tatrien-l8-wte [Com- 

pound E (=9)]-The melting point was 95-98 "C (amorphous solid 
from acetone:hexane); [a], +72.7" (c 0.83); IR:3600, 3450, and 1720 
cm-'; MS:m/z 346 (M+). 

AnaLCalc.  for C21H3004: C, H. 
In another experiment, a mixture of 3 and 9 was acetylated with 

acetic anhydride and pyridine at morn temperature for 16 h. The 
crude acetate was purified by column chromatography on silica gel to 
afford methyl 2gacebxy-15-hydroxy-8,11,13-abietatrien-18-oate 
(19) and methyl (15s)-2B, 16diacetoxy-8,llI 13-abietatrien- 18-oate 
(23), which were hydrolyzed with dilute HCl in methanol under reflux 
for 1 h to give 3 and 9, respectively. 
Conversion of 9 into Methyl (15S)-16-(4-nitrobenzoyloxy)- 

8,11,13-abietatrien-l8ate (30)-A mixture of 9 (20.0 mg) and acetic 
anhydride and pyridine (each 0.5 mL) was allowed to stand at room 
temperature for 17 h. After the usual work-up, the crude product was 
chromatographed on silica gel (7 g), using benzene:ether (95:5), to 
give methyl (15S)-2~,16-diacetoxy-8,11,13-abietatrien-18-oate (23; 
22.6 mg: 90.8%) as an oil; [a], +70.2 (c 1.13); Uk1725 cm-'; M S d z  
430 (M+). 

Anal.-Calc. for CZ5H3,Og: C, H. 
A mixture of23 (31.7 mg) and dilute HCl(15%, 0.1 mL) in methanol 

(1.0 mL) was stirred at 23-25 "C for 4 h. The mixture was diluted with 
ether, washed with brine, dried, and evaporated under reduced 
pressure. The residue was chromatographed on silica gel (5 g )  using 
benzene:ether (9:l) to give the 2gacetoxy-16-hydroxy compound (24; 
23.0 mg: 80.4%). 

A mixture of 24 (23.0 mg) and benzoyl chloride (0.01 mL) in 

pyridine (1.0 mL) was heated at 50-60 "C for 1 h. ARer the usual 
work-up, the crude product was chromatographed on silica gel (5 g) 
using benzene to give the 2gacetoxy-16-benzoyloxy compound (25; 
20.0 mg: 89.2%). 

A mixture of 25 (20.0 mg) and dilute HCl(15%, 0.1 mL) in methanol 
(1.0 mL) was refluxed for 2 h. The reaction mixture was diluted with 
ether and, afler the usual work-up, the product gave the crude 
16-benzoyloxy-2&hydroxy compound (26; 15.1 mg); Uk3600, and 
1715 cm-'. 

A mixture of 26 (15.1 mg) and methanesulfonyl chloride (0.1 mL) 
in pyridine (1.0 mL) was allowed to stand a t  room temperature for 17 
h to give a crude mesylate (27; 18.0 mg); 'H NMR (60 M H z  see Table 
II-VI). 

The mesylate (27; 18.0 mg) in 2,41utidine (1.0 mL) was refluxed for 
2.5 h under a stream of N,. The mixture was cooled, poured into dilute 
HCl, and extracted with ether. The ether extract was washed 
successively with dilute HCl, aqueous NaHC03, and brine. The 
solvent was evaporated and the residue was chromatographed on 
silica gel (5 g) using benzene to give a mixture of tetraenes (28; 9.0 
mg) which was dissolved in methanol (5.0 mL) and hydrogenated in 
the presence of 10% Pd-C (15 mg) at room temperature under an 
atmosphere of hydrogen for 4 h to give the crude methyl 16- 
benzoyloxy-8,11,13-abietatrien-18-oate (29a; 9.0 mg). This ester was 
hydrolyzed with aqueous NaOH (208,O.l mL) in methanol (1.0 mL) 
under reflux for 1 h. The mixture was diluted with ether and the ether 
eolution was washed successively with dilute HC1, aqueous NaHCO,, 
and brine. The solvent was evaporated under reduced pressure to give 
the 16-hydroxy compound which was treated with 4-nitrobenzoyl 
chloride (10.0 mg) in pyridine (1.0 mL) at 70-80 "C for 2 h. The crude 
product was chromatographed on silica gel (6 g)  using benzene to give 
a 4-nitrobenzoate (7.0 mg); [a], + 15" (c 0.29). This was identical with 
authentic methyl (15S)-16-(4-nitrobenoyloxy)-8,11,13-abietatnen- 
18-oate (30).17 
Methyl 2a,15-dihydroxy-8,11,13-abiehtrien-18-ote [Compound F 

(=4)]-The melting point was 157-158.5 a (from acetone:hexane); 
[aID +48.1 (c 3.29); IR:3600,3430, and 1722 cm-'; M S d z  346 (M+). 

Anal.-Calc. for C21H3004: C, H. 
Acetyktion, Oxidation and Hydrogenolysis of 4 4 2 )  A mixture of 4 

(23.0 mg) and acetic anhydride and pyridine (each 0.5 d) was 
allowed to stand at room temperature for 17 h. The crude product was 
chromatographed on silica gel (5 g),  using benzene:ether (4:1), to give 
methyl 2a-acetoxy-15-hydroxy-8,11,13-abietatrien-18-oate (31; 24.4 
mg: 94.6%); mp 142-143 "C (from acetone:hexane); [alD +15.8" (c 
1.14); IR:3600, 3475, and 1725 cm-'. 

Anal.-Calc. for CZ3H3,O6: C, H. 
(b) A mixture of 4 (68.0 mg) and pyridinium chlorochromate (63.0 

mg) in dichloromethane (5.0 mL) was stirred a t  room temperature for 
1.5 h. The crude product was chromatographed on silica gel (5 g) using 
benzene:ether (4:l) to give a hydroxy keto ester (46.0 mg: 68.0%); mp 
87-88 "C (from acetone:hexane); [a], +33.4" (c 2.12). The physical 
and spectral data of the hydroxy keto ester were identical with those 
of 20 prepared from compound D (=3). 

(c) A mixture of 4 (28.0 mg) and 10% Pd-C (50 mg) in  ethyl acetate 
(5.0 mL) containing three drops of 60% perchloric acid was hydroge- 
nated at room temperature under an atmosphere of hydrogen for 4 h. 
The crude product was chromatographed on silica gel (5 g) ueing 
benzene:ether (4:l) to give methyl 2a-hydroxy-b,l1,13-abietatrien- 
l8-0ate (19.1 mg: 71.5%), which was identical with authentic sample 
(14) prepared from compound B (=6). 
Methyl (15S)-2a,l6-dihydroqy-8,11,13-abietatrien-l8-wte [Corn- 

pound G (=IO)]-The melting point was 147-148 "C (from acetone: 
hexane); [a], +53.9" (c 0.58); IR3600,3430, and 1722 cm-'; MS:m/z 
346 @I+). 

Anal.-Calc. for C,lH,o04: C, H. 
In another experiment, a mixture of 4 and 10 was acetylated with 

acetic anhydride in pyridine at room temperature for 16 h. The crude 
product was purified by column chromatography on silica gel to @ve 
methyl 2a-acetoxy1-5-hydroxy-8,11,13-abieta~en-18-oate (31) and 
methyl (15S)-2a,l6diacetoxy-8,11,13-abietatrien-18-oate (32) which 
were hydrolyzed with dilute HCl in methanol under reflex for 1 h to 
give 4 and 10, respectively. 
Conversion of 10 into Methyl (15S)-16-benzoyloxy-8,11,13- 

abietatrien-18-wte (29a)-A mixture of 10 (61.0 mg) and acetic 
anhydride (0.5 mL) in  pyridine (0.5 mL) was allowed to stand at room 
temperature for 17 h. The crude product was chromatographed on 
silica gel (7 g) using benzene:ether (95:5) to afford methyl (15s)- 
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2a,l6diacetoxy-8,11,13-abietatrien-l8-oate (32; 69.0 mg: 91.0%) as 
an oil; [alD +13.8 (c 1.45); IR1725 cm-'; MS:m/z 430 (M+). 

Anal.-Calc. for C,,H,,O,: C, H. 
A mixture of 32 (58.9 mg) and dilute HCl(15%, 0.7 mL) in methanol 

(2.0 mL) was stirred at  23-25°C for 2 h. The crude product was  
chromatographed on silica gel (10 g) using benzene:ether (95:5) to 
give the starting diacetate 32 (19.1 mg). Subsequent elution with 
benzene:ether (4:l) afforded the 2a-acetoxy-16-hydroxy compound 
(33; 25.9 mg; 48.7%); IR:3600,3450, and 1725 cm-'. Further elution 
with ether afforded the 2a,l6-dihydroxy compound (10; 6.5 mg: 14%). 

A mixture of 33 (27.0 mg) and benzoyl chloride (0.01 mL) in 
pyridine (1.0 mL) was heated a t  50-60 "C for 2 h. The crude product 
was chromatographed on silica gel (6 g) using benzene:ether (9:l) to 
give the 2a-acetoxy-16-benzoyloxy compound (34; 33.2 mg: 97.0%). 

A mixture of 34 (41.0 mg) and dilute HCl (15%, 0.15 mL) in 
methanol (1.5 mL) was refluxed for 1 h to give the crude 16- 
benzoylox~-2-hydroxy compound (35; 37.0 mg); IR3600, 3440, and 
1720 cm- . 

A mixture of 35 (37.0 mg) and methanesulfonyl chloride (0.04 mL) 
in pyridine (1.0 mL) was heated at  50-60 "C for 1 h to give a crude 
mesylate (36; 45.0 mg); 'H NMR (60 MHz: see Tables 111-VI). 

A solution of 36 (45.0 mg) in 2,4-lutidine (1.0 mL) was refluxed for 
7 h under a stream of N,. The crude product was chromatographed on 
silica gel (5 g) using benzene to give a mixture of tetraenes (28; 18.7 
mg) which was hydrogenated in methanol (5.0 mL) in the presence of 
10% P d 4  (25 mg) at  room temperature for 4 h. The crude product was 
chromatographed on silica gel (7 g) using benzene to give an oily 
benzoate (10.7 mg); [aID +30.5" (c 0.41). This benzoate was  identical 
with authentic methyl (15S)-16-benzoyloxy-8,11,13-abietatrien- 
18-oate (29a).17 
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