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Synthesis of l l-hydroxydrim-8(9)-en-7-one and 
l l,12-dihydroxydrim-8(9)-en-7-one from drim-8(9)-en-7-one 
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A synthetic route to l l-hydroxydrim-8(9)-en-7-one and 11,12-hydroxydrim-8(9)-en-7- 
one, valuable key intermediates for the preparation of naturally occurring biologically active 
drimanic sesquiterpenoids, starting from easily available drim-8(9)-en-7-one was developed. 
1 l-Hydroxydrim-8~,9)-en-7-one was obtained by peracidic oxidation of the enol acetate of 
drim-8(9)-en-7-one. I 1.12-Dihydroxydrim-8(9)-en-7-one was synthesized from drim-8(9)- 
eI~-7-one by two routes, namely, by a five-step procedure via I l-hydroxydrim-8(9)-en-7-one 
and by bromination of drim-8t.9)-en-7-one with N BS to give I I, 12-dibromodrim-8(9)-en-7- 
one followed by its acetoxylation and deacetylation. 

�9 Key w o r d s :  drimanic sesquiterpenoids, synthesis, drim-8(%-en-7-one. I I-hydroxydrim- 
8(9)-en-7-one, I 1,12-dihydroxydrim-8(9)-en-7-one. 

(+)-  I l -Hydroxydrim-8(9)-en-7-one (1) t,z and 1 I, 12- 
dihydroxydrim-8(%-en-7-one (2) 3.-t are valuable synthons 
for the synthesis  o f  natural  biological ly act ive 
polyfunctional drimane sesquiterpenoids. In particular, 
dihydroxy ketone 2 se~'es as the intermediate com-  
pound in the synthesis of  highly reactive antifeedant 
warburganal (3). 5.6 

R.ecently, 7 we developed a convenient method for 
the synthesis o f  d r i m - 8 ( 9 ) - e n - 7 - o n e  (4) from 
norambreinolide (5) and thus it became a relatively 
easily available compound.  In view of this fact, we 
at tempted to prepare compounds  1 and 2 from ketone 4, 
this was the purpose of  the present study. 
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Our approach to the directed introduction of  a lly- 
droxy group into the C ( I I )  position of dr im-8(9)-en-7-  
one (4) was based on the results obtained in a study of  
its enol acetylation. According to spectral data. the enol 
acetate of ketone 4 has a structure of 7-acetoxydrim- 
7,9( 1 I)-diene (6), i.e., the system of conjugated double 
bonds in this molecule is not homoannular but occupies 

t Deceased. 

the C(7)- -C(8)  and C(9) - -C(1  I) positions. This is indi- 
cated by the maximum at 870 cm -I  in its IR spectrum, 
typical of  a semicyclic double bond, and a two-proton 
signal in the vinylic region of  the IH N M R  spectrum. 

It should be noted that enol acetylation o f  ketone 4 
with Ac20 catalyzed by 72% HCIO 4 or  T sOH and 
carried out under standard condit ions gives enol  acetate 
6 in a yield not higher than 20--25%, while unreacted 
dr imenone 4 is recovered almost quantitatively. Numer- 
ous attempts to increase the yield of enol acetate 6 by 
varying the amount of  the catalyst, the reaction tem- 
perature and time, or the order  of mixing the reactants 
or by conducting the reaction in the pt:esence of  SiO 2 or 
molecular  sieves failed. However, it was found that 
kinetically controlled enol acetylation of  ketone 4 by 
isopropenyl acetate in the presence of TsOH (Scheme I) 
is much more effective. The reaction was carried out in 
excess isopropenyl acetate or  in dry, benzene. In both 
cases, the yield of  enol acetate  6 was higher than 80%: 
when isopropenyl acetate was used as the solvent, the 
reaction time was much shorter  and the product  yield 
was higher than in benzene. 

In order to introduce a hydroxy group to the C(I I) 
a tom,  enol  ace ta te  6 was oxid ized  by excess 
monoperphthal ic  acid under  mild condi t ions  (4 ~ 
Although this afforded a mixture of four products,  the 
reaction was highly selective and the yield of  the major 
substance reached 79.5%. According to IR, ZH NMR,  
and 13C NMR spectroscopy and elemental analysis, this 
substance was not the expected epoxy acetate 7 but 
the product of its further acid-catalyzed isomerization, 
I I - hyd roxyd r im-8 (9 ) - e n -7 -one  (1) (see Scheme I). 
(Hereinafter,  the signals in the 13C N M R spectrum were 
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Scheme 1 
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Reagents and conditions: a. ~ ' -OAc /TsOH, A, 4 h. b. o-C6H4(CO2H)CO3H (4.2 equiv), ErgO, 4 ~ 48 h. c. Ac20/Py, 

20 ~ 24 h. d. NBS/CaCO 3. CCI 4, ~. e. AcOK/DMSO. 20 ~ I h.f. AcOK/DMF, 20 ~ I h. g. K.,CO 3, MeOH, 25 ~ 3 h. 

assigned using a DEPT experiment and by comparison 
with published data for related drimane sesquiter- 
penesS-tl . )  

The attempts to perform further functionalization of 
hydroxy ketone 1 at the C(12) atom by treatment with 
SeO 2 or NBS were unsuccessful; the reactions gave 
complex mixtures of products having no predominant 
components. Oxidation of the corresponding acetate, 
I I-acetoxydrim-8(9)-en-7-one (8), on treatment with 
SeO 2 led to similar results. Bromination of compound 8 
with NBS occurs more unambiguously to give the ex- 
pected I I-acetoxy- 12-bromodrim-g(9)-en-7-one (9) as 

_the.major_ re=action product~ as follows from~spectral data 
(see Experimental). The minor reaction products have 
not been studied but, judging from spectral data, they 
are unstable epimeric dibromides 10 and bromodiene 
I1. Thus, there is full analogy between bromination of 
acetoxy ketone 8 and drim-8(9)-en-7-one 4. Compound 
9 is smoothly acetoxytated on treatment with AcOK in 
DMSO to give the known I 1,12-diacetoxydrim-8(9)- 
en-7-one (12), which serves as an intermediate 4 in the 
synthesis of warburganal 3. The total yield of diacetoxy 
ketone 12 based on drimenone 4 (over five steps) was 
28%. Diacetoxy ketone 12 can also be prepared from 

drimenone 4 using a shorter and more efficient two-step 
procedure in a total yield of 59% via a known product of 
bromination of drimenone 4 by NBS, l l .12-dibromo- 
drim-8(9)-en-7-one (13). 7 Treatment of dibromide 13 
with a solution of AcOK in D M F  affords diacetoxy 
ketone 12, whose deacctytation gives the previously 
unknown optically active crystalline 11,12-dihydroxy- 
drim-8(9)-en-7-one (2) (see Scheme I). The spectral 
characteristics of this product coincide with those re- 
ported 3 for its racemic form. 

it should be noted that diacetoxy ketone 12 had been 
described as a crystalline compound.  4 However, our 

...... attempts-to induce ~;rystal~ization of  this product failed. 
Therefore, to identify ketone 12 unambiguously, the 
deacetylation product, dihydroxy ketone 2, was charac- 
terized not only by spectroscopy but also by X-ray 
diffraction analysis.12 

Experimental 

Melting points were determined on a Boetius hot stage. 
Specific rotation was determined on a JASCO DIP 370 instru- 
ment in CHCI 3. IR spectra were recorded on a Specord-74 
spectrophotometer in CCI 4. )H and 13C NMR spectra were 
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run in CDCI_~ on Varian-200 (200.13 and 50.32 MHz5 and 
Bruker AM-400 spectrometers (400.13 and 100.13 M Hz) using 
Me4Si as the internal standard. Partial NMR spectra are 
presented; the signals of the protons of ring A are omitted. 
Column chromatography was performed using silica gel L 
(40/100 and 100/160 tam) and Across (60/200 p.m). Plates with 
a fixed layer of SiO 2 LS (5/40 .urn) containing 13% gypsum 
were used lbr TLC.  

Eno! acetylation of drim-8(9)-en-7-one (4). A. A mixture 
consisting of  40 mL o f  AcOEt, 4.1 mL of freshly distilled 
Ac.~O. and 8.5 mL of 72% HCIOa was added with simulta- 
neous bubbling of argon to a solution of drimenone 4 (0.5 ,, 
~ "  2.5 ~._z mmol) in mL of  AcOEt. The resulting mixture was 
kept at 17 ~ for I h with stirring by' bubbling argon and 
poured into a saturated solution of NaHCO 3 (50 mL). C~stal- 
line NaHCO~ was added in small portions over a period of I h 
until evolution of CO 2 ceased (~6 g NaHCO3). The aqueous 
layer was separated and extracted with AcOEt (5x3 mL). The 
combined ethyl acetate extracts were washed twice with water 
and dried with NaiSO,~ and the solvent was evaporated in 
vacuo. ,According to TLC, the liquid residue (0.52 g) consisted 
of the initial drimenone, a less polar product, and traces of two 
other compounds. This mixture was chromatographed on a 
column with 13 g of SiO~. Elution with benzene gave 143 nag 
(24%) of 7-acetoxydrim-7.9( I l)-diene (6) as a colorless liquid. 
Found (%): C, 77.92; H, 10.12. Cl;H2602. Calculated (%): C, 
77.81; H, 9.99. IR (film), v/era-l :  870, 3090 (>C=CH2); 1600, 
1660 (conjugated C=C bonds); 1210, 1744 (OAc). IH NMR 
(200.13 MHz). 8:I).81 (s, 3 H, C(15)H3); 0.86 (s, 3 H, 
C(13)H3): 0.95 (s. 3 H. C1141H3); 1.53 (s, 3 H, C{12)H3); 
2.03 (s, 3 H, OAc); 4.73 (s, 2 H, C(]I)H2). Further elution 
with the same solvent  gave 0.34 g (68%) of the starting 
drimenone 4. 

When enol acetylation was carried out in the presence of 
an equimolar amount of HCIO4 or when the reactants were 
mixed in reversed order, the yield of enol acetate 6 did not 
change. 

B. Drimenone 4 (220 nag. I retool) was dissolved in 10 mL 
of anhydrous ether: Ac_,O (0.3 mL, 312 rag, 3 mmol) and 
TsOH �9 H20 ( 10 rag) were added and the mixture was reflux- 
ed for 30 h. washed with a saturated solution of NaHCO~ 
(3x 30 mL) and water, dried with Na2SO 4, and concentrated m 
vacuo. The residue (240 rag) was chromatographed on a 
column with 8 g of SiO~. Elution with a 3 : I petroleum 
ether--benzene mixture gave 50 mg (19%) of enol acetate 6, 
and elution with a 3 : I benzene--AcOEt mixture aflbrded 180 
mg {81%5 of the initial drimenone 4. 

C. Drimenone 4 (110 rag, 0,5 retool) was dissolved in 
I nal.. of isopropenyl acetate (Aldrich), TsOH �9 H-2_O (4 rag) was 
added, and the solution was relluxed for 4 h until the reaction 
was completed ( T L C  monitoring). After cooling, 15 mL of 
ether was added, the solution was washed with 2 mL of a 
saturated solution of NaHCO~ and water, and the o~anic 
layer was dried with Na2SOa and Concentrated in vacuO; The 
residue (150 rag) was chromatographed on a column with 5 g 
of SiO 2. Elution with a 3 : 1 petroleum ether--benzene mixture 
gave 110 mg (84...%) of  enol acetate 6. 

D. lsopropenyl acetate (1 mL) and TsOH-H20  (8 nag) 
were added to a solution of  drimenone 4 (350 rag) in 5 mL of 
anhydrous benzene and the solution was refluxed tbr 13 It. 
Then isopropenyl acetate (0.1 naL) and TsOH" H~O (2 rag) 
were added and the naix*ure was refluxed for an additional 4 h. 
The solvent was evaporated in vaeuo and the residue was 
di~olved in 15 naL of ether. The subsequent workup (see 
above) gave 310 mg (yield 82%) of enol acetate 6 and b0 mg 
(17%) of the initial drimenone 4. 

Oxidation of enol acetate 6 by monoperoxophthalic acid. A 
solution of monoperoxophthalic acid 13 (0.77 g. 4.25 mnaol) in 
10 mL of Et20 cooled to 4 oC was added to enol acetate 6 
(0.48 g, 1.83 mmol). The solution was kept at 4 ~ for 48 h: 
the course of the reaction was monitored by TLC. The preci- 
pitate of phthalic acid was separated and washed with ether 
(3• mL). The combined ethereal extract was washed with a 
solution of NaHCO 3 and water, dried with Na_,SO 4, and 
concentrated in vacuo. The cH, stalline precipitate (0.56 g) 
(according to TLC, a mixture of four substances, in which the 
most polar product substantially predominated) was chronaato- 
graphed on a column with 16 g of SiO2. Elution with benzene 
gave 7.5 mg of a nonpolar fraction, and etution with a 9 : 1 
benzene--AcOEt mixture gave two more small tractions (50 
and 37 rag), which have not been studied. Elution with a 4 : I 
benzene--AcOEt mixture yielded 343 mg (79.5%) of 
I I-hydroxydrim-8(9)-en-7-one (!), re.p. 82--83 ~ (from hex- 
ane), [(z]D -'~ +41 ~ (c 0.55). Found (%): C, 76.76; H, 10.56. 
C!5H2402. Calculated I%): C, 76.23; H, 10.24. IR (mineral 
oil). v/era-I: 983, 3427 (br. OH); 1608 (conjugated C=C); 
165 I, 1670 (conjugated C=O). I H N M R (400.13 M Hz), ;5:0.88 
Is, 3 H, C(151H3); 0.92 (s, 3 H, C(131H3); 0.94 (s. 3 H, 
C(I4)H3); 1.86 (s. 3 H, C(12)H3); 2.39 (dd, 1 H, C(6)Ha, J =  
14.3, 17.6 Hz); 2.52 (dr, I H, C(6)H e. J =  3.7, 17.6 Hz); 4.31, 
4.37 (each I H. AB system, C(II)H2, J =  11.6 Hz). 13C NMR 
(I00.13 MHz), & 11.29 (C(121); 18.37 (C(15)); 18.48 (C(211; 
21.16 (C(1411; 32.48 (C(13)); 33.03 (C(4)); 35.27 (C{I) or 
C(6)); 35.52 (C(6) or C(1)); 39.95 (C(10)); 41.17 (C(3)); 50.23 
{C(5)); 58.51 (C(ll));  132.40 (C(815; 162.86 (C(9)); 201.13 
(C(711. 

Acetylation of l l-hydroxydrim-8(9)-en-7-one (1). Acetic 
anhydride (2.5 mL, 26.52 retool) was added to a solution of 
hydroxy ketone 1 (343 rag, 1.45 retool) in 2.5 naL of anhy- 
drous pyridine. The mixture was kept for 24 h at 20 ~ until 
the reaction was complete (TLC monitoring), poured into 
water, and extracted three times with ether. The combined 
ethereal extract was washed with 10% H2SO4,, water, a satu- 
rated solution of NaHCO,~, and water, dried with anhydrous 
Na2SOa, and filtered. The ether was evaporated in vacuo to 
give 400 mg (97%) of I I-acetoxydrim-8(9)-en-7-one (8), m.p. 
63--64 ~C (from hexane). [eqD "-~ +86.2 ~ (c 0.07). Lit. data: 
m.p. 61--62~ 2 [c*]o 20 *60.6 ~ (c 0.3). I IR (mineral oilL 
v/era-I :  1223, 1740 (AcO): 1672 (conjugated >C=O). 
IH NMR (400.13 MHz). 8:0.88 (s, 3 H, C(15)H3); 0.91 (s, 
3 H, C(131H3); 0.95 is, 3 H, C(14)H3); 1.79 is. 3 H. 
C(12)H3): 2.08 (s, 3 H. OAc); 2.40 (dd. 1 H, C(6)H a, J =  14.0 
and 17.6 Hz); 2.53 (dd. I H, C(6)H e, J =  3.7 and 17.6 Hz); 
4.70, 4.78 teach 1 H, AB system. C(I I )H 2, J =  11.9 Hz). 
~3C NMR (100.13 MHz), 6 :11.44 (C(12)); 18.27 (C(15)): 
18.44 (C(25)" 20.84 (Me from OAc~; 21_16 (C(1451; 32.46 
(C(131); 33.02 (C(451; 35.27 (C(I)  or C(6)); 35.33 (C(61 or 
C( 155:39.40 (C( 10)); 41.08 (C(31)" 50.10 (C(5)); 60.01 (C(I I)); 
134.53 (C(851; 158.19 {COD; 170,65 (CH3CO); 200.40 (C(7)). 

Bromination of 1 l-acetoxydrim-8(9)oen-7-one (8). Freshly 
recrystallized NBS (114 rag. 0.b4 nanaol), CaCO 3 (70 rag. 
0.7 retool), and freshly precipitated benzoyl peroxide (6 rag) 
were added to a solution of acetoxy ketone 8 (0.15 g, 0.54 
retool) in 7 mL of anhydrous Gel 4. The mixture was re0uxed 
for 30 rain with irradiation by a incandescent lamp (100 ~ )  
and cooled. The precipitated suecinimide was filtered off and 
washed with CCI.t, the filtrate was concentrated in vacuo, and 
the residue (0.24 g, a thick brown liquid) was chromatographer 
on a column with 6 g of SiO 2. Elution with benzene gave 52 
mg of an unstable product; judging from spectral data. this was 
a mixture of two products. Subsequent etution gave 116 mg 
(yield 60%) of I I-acetoxy-12-bromodrina-8(9)-en-7-one {9), 
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m.p. 74.5--75.5 =C (from hexane). {aiD 20 +49.6 ~ (c 0.28). 
Found (%): C. 57.23: H, 6.86; Br, 23.33. C:H25BrO 3. 
Calculated (%): C. 57.15; H, 7.00: Br. 22.38. IR. v/cm-L: 597, 
1030 (Br): 1240, 1760 (OAt): t608 (conjugated C=C): 1600 
(conjugated >C=O). IH NMR (400.13 MHz), i~,: 0.90 (s, 3 H, 
C(13)H~): 0.93 (s, 3 H. C(14tH?); 1.15 (s, 3 H, C(15)H3): 
2.11 {s, 3 H, OAt): 2.44 (dd, I H, C(6)H a. J =  14.3 and 
17.6 Hz); 2.60 (dd. I H, C(6)H e. J =  3.7 and 17.6 Hz);4.18. 
4.29 (each I H, AB system. C(12)H 2, J =  9.9 Hz); 4.83, 4.89 
(each I H, AB system, C(II)H 2, J =  12.5 Hz). 13C NMR 
(100.13 MHz). 6:18.13 (C(2)); 18.29 (C(15)); 20.90 (OAc); 
21.19 (C(14)); 22.88 (CI12)); 32.37 (C(13)); 32.48 (C(4)); 
34.70 (C(6) or C(I)); 35.1.6 (C(I) or C(6)); 40.50 (C(10)); 
40.84 (C(3)): 49.63 (CI5)): 59.00 (C(II));  135.21 (C(8)): 
162.56 (C(9)); 170.29 (MeC_O)" 197.48 (C(7)). Further elution 
from the column by the same solvent yielded 16 mg of an 
unidentified substance. 

Acetoxylation of 1 l-aeetoxy- 12-bromodrim-8(9)-en-7-one 
19). Potassium acetate (110 rag, 1.12 mmol) was added to a 
solution of bromide 9 (200 rag, 0.56 mmot) in 3.5 mL of 
DMSO and the mixture was stirred for I h at 20 oC. Water 
(20 ink) was added and the product was extracted with ether 
(3x5 mL). The extract was washed twice with water, dried with 
Na2SO 4. and concentrated in vacuo. The residue (210 rag) was 
chromatographed on a column with 8.4 g of SiO 2. Elution with 
a 98 : 2 benzene--AcOEt mixture afforded t0 mg of starting 
bromide 9 and then 150 mg (84%) of 11.12-diacetoxydrim- 
8(9)-en-7-one (12) as a colorless liquid, lCt]D 2~ +66.6 ~ 
(c 1.38). IR. v/era-I: 1240, 1750 (OAr): 1615 (conjugated 
C=C); 1670 (conjugated >C=O). IH NMR (200.13 MHz), 6: 
0.90 (s. 3 H, C(13)H3); 0.93 (s, 3 H, C(14)1t3); 1.17 (s, 3 H, 
C(15)H3); 2.01 (s, 3 H. OAr); 2.05 (s, 3 H, OAc): 2.42 (dd, 
I H, C(6)H,, J =  13.7 and 17.6 Hz): 2.59 (dd, 1 H, C(6)H,,, 
J =  4,3 and 17.6 Hz): 4.77, 4.87 (tioth d, each 2 H. two 
overlapping AB systems. C(II)I-t 2 and C(12)H 2. . /= 12.5 Hz). 
Lit. data4: m.p. 87--88 '~C, [c.tlo 2~ +62.3 ~ 

Aeetoxylation of i l,12-dibromodrim-8(9)-en-7-one (13). 
Potassium acetate (150 rag, 1,58 retool) was added to a 
solution of ketone 13 (300 mg. 0.79 mmol) in 5 mL of DMF. 
The mixture was stirred for I h at 20 ~ diluted with 20 mk of 
water, and extracted with ether (3xl5  mL). The ethereal 
extracts were combined, washed with water, dried with Na2SO4, 
and concentrated in vacuo. The residue (290 rag) contained 
[TLC) Four components; the most polar component, whose Rf 
value coincided with that of  diacetate 12, substantially pre- 
dominated. The mixture of products was chromatographed on 
a column with 5.8 g of SiO 2 using gradient elution with a 
benzene--AcOEt mixture (95 : 5 -~ 90 : 10). This gave initially 
a mixture of the minor components ~77 rag), which was not 
studied, and then 173 mg (65%) of diacetate 12.. whose 
chromatographic and spectral characteristics were identical to 
those of the product prepared previously from acetoxy bromide 9. 

Deacylation of I 1,17,-diacetoxydrim-8(9)-en-7-one (t2). A 
-I~--solution -of-K~CO 3 (2 m-L) in  M e O H  was added TO a 
solution of diacetate 12 (50 rag, 0.15 retool) in 0.5 mk of 
MeOH and the mixture was kept for 3 h at 25--30 ~C under Ar 

(TLC monitoring), diluted with 15 mE of H20, and extracted 
with ether (3• mL). The combined ethereal extract was 
washed with 10% H2SO ~ and water, dried with Na2SO4, and 
concentrated in vacuo. The crystalline residue (39 rag), con- 
taining, according to TLC. two less polar substances in addi- 
tion to the major product, was chromatographed on a column 
with I g of SiO 2. Elution with a 6 : 4 hexane--ether mixture 
gave the minor products and elution with a 4 : 6 mixture of the 
same solvents gave 27 mg (72%) of I I, 12-dihydroxydrim-8(9)- 
en-7-one (2), m.p. 94.5--95.5 ~ (from hexane), let]D2~ +63.7 ~ 
(c 0.6). Found (%): C, 71.46; H, 9,45. CzsH240 3. Calculated 
(%): C, 71.42; H, 9.52. IR, v/era-I: 1065. 3400 (br, OH); 
1645 ( C = C - C = O ) .  IH NMR (200.13 MHz), F,: 0.90 (s, 3 H, 
C(13)H3); 0.94 is, 3 H, C(14"JH3); 1.17 (s, 3 H, C(15)H3); 
4.36. 4.44 (both s, each 2 H. C(II)H 2, C(12)H2). 
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