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The first to tal syn the sis of (±)-Celaphanol A was ac com plished start ing from -cyclocitral and 3,4-
 dimethoxy benzyl chlo ride in six steps. The intramolecular cyclization with BF3·Et2O and enolization in
t-BuOK/t-BuOH were the key steps. The pro cess of intramolecular cyclization af forded an all-cis iso mer in -
ter me di ate for syn the sis of ar o matic tricyclic diterpenes.

IN TRO DUC TION

Celaphanol A (Fig. 1) is a diterpene iso lated from the
stems of Celastrus stephanotifolius,1 which has been the sub -
ject of con tin ued and grow ing in ter est, due to the range of bi -
o log i cal ac tiv i ties shown by many mem bers of this fam ily.2

Some have been used in tra di tional med i cine3 or as a stim u -
lant4 from an cient times. In or der to study fur ther re la tion -
ships be tween the struc ture and bi o log i cal ac tiv ity of the
diterpene com pound and as an ex ten sion of diterpenoid syn -
the sis in our lab o ra tory,5,6 the syn the sis of the ti tle com pound
was achieved through the AC-ABC ring con struc tion syn -
thetic strat egy. We pres ent here the first to tal syn the sis of
(±)-Celaphanol A by a sim ple con ver gent route.

RE SULTS AND DIS CUS SION

As shown in Scheme I, -cyclocitral (1) and 3,4-
 dimethoxy benzyl chlo ride (2) were used as the start ing ma te -
ri als. The lat ter was pre pared from readily avail able vanillin
in three steps. The con den sa tion of 1 and the Grig nard re -
agent of 2 in dry di ethyl ether in a stream of ar gon af forded
the de sired al co hol (3), which was then ox i dized with pyr -
idinium chlorochromate in CH2Cl2 to yield ketone (4). The intramolecular cyclization of 4 with BF3·Et2O in CH2Cl2 at

room tem per a ture af forded all-cis iso mer (5) in over 93%
yield and no trans-iso mer was de tected from its 1H NMR
spec trum. The cis-con fig u ra tion of A/B ring junc tion in 5 was 
char ac ter ized spe cif i cally by an up field sig nal of the C4

methyl group at 0.37 ppm. Ac cord ing to the lit er a ture,7 when
A/B ring is a cis junc tion, the C4  methyl group re mains
within the sphere of mag netic in flu ence of ar o matic ring C,
the chem i cal shift of the C4  methyl group ap pears at about
0.40 ppm. When A/B ring is a trans junc tion, the C4  methyl
group is deshielded by ar o matic ring C, the chem i cal shift of
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Scheme  I

Re agents and con di tions: (i) Mg, Et2O, re flux, 2 h; (ii) PCC,
CH2Cl2, r.t., 2.5 h; (iii) BF3·Et2O, CH2Cl2, r.t.; (iv) CrO3/HOAc,
r.t., 0.5 h; (v) t-BuOK/t-BuOH, r.t., 2 h; (vi) BBr3, CH2Cl2, 0 C,
0.5 h.



C4  methyl group will ap pear at about 1.00 ppm.
Ox i da tion of com pound 5 with CrO3/HOAc af forded

di ket one (6) in good yield. Treat ment of 6 with t-BuOK/t-
 BuOH af forded com pound (7) in 80% yield. Finally, demeth -
ylation of 7 with BBr3 in CH2Cl2 fur nished the tar get mol e -
cule (±)-Celaphanol A in 85% yield.

In con clu sion, in the pres ent work, a sim ple con ver gent
syn thetic route has been de vel oped for the newly dis cov ered
diterpenoid.

EX PER I MEN TAL SEC TION

Melting points were mea sured on a Kofler ap pa ra tus
and are not cor rected. IR spec tra were re corded on a Nicolet
NEXUS 670 FT-IR spec trom e ter. Mass spec tra were re -
corded on a ZAB-HS spec trom e ter. El e men tal anal y ses were
per formed on a Carlo-Erba 1106 in stru ment. The 1H NMR
and 13C NMR data were re corded in CDCl3 with Bruker
AM-200 and AM-400 MHz spec trom e ters. The chem i cal
shifts are re ported in ppm and re fer CHCl3 and with TMS as
in ter nal stan dard. Di ethyl ether was freshly dis tilled over
Na/ben zo phe none and CH2Cl2 was dis tilled over CaH2 be fore 
use. Stan dard flash chro ma tog ra phy was em ployed to pu rify
the crude re ac tion mix ture us ing 200-300 mesh sil ica gel.

3,4-Dimethoxy- -(2,4,4-trimethyl-1-cyclohexen-3-yl)-
benzeneethanol (3)

To the Grig nard re agent pre pared from com pound 2
(9.3 g, 50 mmol) and mag ne sium pow der (1.32 g, 55 mmol)
in dry ether (30 mL) un der an ar gon at mo sphere, -cyclo -
citral 1 (7.0 g, 46 mmol) in ether (20 mL) was added. Af ter
refluxing for 2 h, the re ac tion mix ture was stirred at room
tem per a ture for 4 h and then quenched with sat u rated NH4Cl
aque ous so lu tion. The mix ture was ex tracted with ether and
washed with brine and dried over Na2SO4 and then evap o -
rated in vacuo. The res i due was pu ri fied by col umn chro ma -
tog ra phy us ing hex ane-ethyl ac e tate (6:1) as the eluent, to af -
ford 3 (11.1 g: 79%) as an oil. IR: 2930, 3579 cm-1. 1H NMR
(200 MHz, CDCl3):  ppm 0.79 (s, 3H), 0.85 (s, 3H), 1.83 (s,
3H), 3.78 (s, 3H), 3.82 (s, 3H), 4.05 (m, 1H), 5.65 (s, 1H),
6.70-6.79 (m, 3H). MS (EI): 304, 180, 151, 41.

2-(3,4-Dimethoxyphenyl)-1-(2,4,4-trimethyl-1-cyclohexen-
3-yl)ethanone (4)

Pyridinium chlorochromate (3.23 g, 15 mmol) was
added at 0-5 C to a stirred so lu tion of com pound 3 (3.04 g,
10 mmol) in CH2Cl2 (20 mL). The mix ture was stirred at
room tem per a ture for an ad di tional 2.5 h and then di luted

with ether. Af ter the ad di tion of wa ter, the mix ture was ex -
tracted with ether and washed with brine and dried over
Na2SO4 and then evap o rated in vacuo. The res i due was pu ri -
fied by col umn chro ma tog ra phy us ing hex ane-ethyl ac e tate
(15:1) as the eluent, to af ford 4 (2.57 g: 85%) as an oil. IR:
1688, 2956 cm-1. 1H NMR (200 MHz, CDCl3):  ppm 0.95 (s,
6H), 1.38 (s, 3H), 2.92 (s, 1H), 3.70 (d, 2H), 3.84 (s, 3H), 3.86 
(s, 3H), 5.57 (s, 1H), 6.73-6.85 (m, 3H). MS (EI): 302, 151,
123, 81.

(Cis)-4b,6,7,8,8a,10-Hexahydro-2,3-dimethoxy-4b,8,8-
trimethyl-9(5H)-phenanthrenone (5)

To a so lu tion of ketone 4 (302 mg, 1 mmol) in CH2Cl2

(20 mL) was added BF3·Et2O (0.6 mL) dropwise at room tem -
per a ture. The mix ture was al lowed to stand for 24 h at this
tem per a ture and then quenched with aque ous so dium bi car -
bon ate. Af ter the usual work-up, the prod uct was pu ri fied by
col umn chro ma tog ra phy on sil ica gel us ing hex ane-ethyl ac e -
tate (12:1) as the eluent, to give 5 (282 mg: 93%) as white
nee dles. Mp: 128-130 C. IR: 1690, 2924 cm-1. 1H NMR (200
MHz, CDCl3):  ppm 0.37 (s, 3H), 0.95 (s, 3H), 1.06 (s, 3H),
1.26-2.49 (m, 6H), 2.09 (s, 1H), 3.55 (dd, 2H), 3.86 (s, 3H),
3.91 (s, 3H), 6.57 (s, 1H), 6.85 (s, 1H). MS (EI): 302, 287,
217, 69.

(Cis)-1,2,3,4,4a,10a-Hexahydro-6,7-dimethoxy-1,1,4a-
trimethyl-9,10-phenanthrenedione (6)

To a so lu tion of 5 (302 mg, 1 mmol) in ace tic acid (5
mL) was added CrO3 (100 mg, 1 mmol) in ace tic acid (5 mL).
The mix ture was stirred at room tem per a ture for 0.5 h, and
then was quenched with wa ter. Af ter ex trac tion with ether,
the com bined or ganic layer was washed with 10% aque ous
NaHCO3 and brine, dried over Na2SO4 and then evap o rated in
vacuo. The crude prod uct was pu ri fied by col umn chro ma -
tog ra phy us ing hex ane-ethyl ac e tate (6:1) as the eluent, to
give 6 (285 mg: 90%) as yel low solid. Mp: 199-202 C. IR:
1655, 1711 cm-1. 1H NMR (200 MHz, CDCl3):  ppm 0.45 (s,
3H), 0.98 (s, 3H), 1.25 (s, 3H), 1.44-2.55 (m, 6H), 2.68 (s,
1H), 3.96 (s, 3H), 4.03 (s, 3H), 6.87 (s, 1H), 7.60 (s, 1H). MS
(EI): 316, 273, 206, 57.

(±)-2,3,4,4a-Tetrahydro-10-hydroxy-6,7-dimethoxy-1,1,4a-
trimethyl-9(1H)-phenanthrenone (7) (Celaphanol A
Dimethyl Ether)

To a so lu tion of t-BuOK (4.2 g) in t-BuOH (30 mL), di -
ket one 6 (190 mg, 0.6 mmol) was added slowly. The mix ture
was stirred at room tem per a ture for 2 h and poured into 10%
aque ous HCl, then ex tracted with ether. The com bined or -
ganic layer was washed with 10% aque ous NaHCO3 and
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brine, dried over Na2SO4 and then evap o rated to dry ness. The 
res i due was pu ri fied by flash col umn chro ma tog ra phy us ing
hex ane-ethyl ac e tate (10:1) as the eluent, to af ford 7 (153 mg: 
80%) as white nee dles. Mp: 119-121 C. IR: 1596, 1622,
3339 cm-1. 1H NMR (200 MHz, CDCl3):  ppm 1.43 (s, 3H),
1.44 (s, 3H), 1.52 (s, 3H), 1.75-2.35 (m, 6H), 3.94 (s, 3H),
3.96 (s, 3H), 6.90 (s, 1H), 7.12 (s, 1H), 7.56 (s, 1H). 13C NMR
(400 MHz, CDCl3): 17.52, 27.57, 28.02, 33.62, 34.69, 35.95,
37.63, 40.54, 56.06, 107.23, 107.28, 120.75, 141.29, 143.67,
147.99, 149.81, 153.56, 179.43. MS (EI): 316, 273, 247, 43.
(Found: C, 72.21; H, 7.59. C19H24O4 re quires C, 72.13; H,
7.65%).

(±)-Celaphanol A
A so lu tion of 7 (140 mg) and bo ron tribromide (0.2 mL) 

in CH2Cl2 (2 mL) was stirred at 0 C for 0.5 h, di luted with
ether, and then poured into ice wa ter. The mix ture was ex -
tracted with ether, washed with brine, dried over Na2SO4, and 
then evap o rated to dry ness. The res i due was pu ri fied by flash
col umn chro ma tog ra phy us ing hex ane-ethyl ac e tate (4:1) as
the eluent, to af ford (±)-Celaphanol A (108 mg: 85%) as red
solid. Mp: 186-188 C. IR: 1650, 1700, 3413 cm-1. 1H NMR
(200 MHz, CD3COCD3):  ppm 1.36 (m, 1H), 1.50 (s, 3H),
1.54 (s, 3H), 1.60 (s, 3H), 1.59 (m, 1H), 1.75 (m, 2H), 1.89
(m, 1H), 2.39 (m, 1H), 7.05 (s, 1H), 8.24 (s, 1H). 13C NMR
(400 MHz, CD3COCD3): 18.0, 27.9, 28.3, 33.9, 35.1, 36.3,

38.3, 40.8, 111.8, 112.4, 120.8, 140.6, 143.4, 144.9, 149.8,
151.8, 179.9. MS (EI): 288, 273, 245, 232, 218, 190. (Found:
C, 70.92, H, 6.93. C17H20O4 re quires C, 70.81; H, 6.99%).
The above data were con sis tent with the lit er a ture.1
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