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21.2 (c 1.0, 1 N HC1); HPLC (C-18, ODS hypersil, 5 
Rm, 4.6x 200 mm; gradient 0% to 100% of acetonitrile 
(0.1% TFA) in 45 min; 1 mL/min; 216 nm) RT 17.6 min; 
IR (KBr, cm *) 3123, 2379, 2306, 1739, 1636, 1416, 
1343, 1135, 730, 688; *H NMR (D2O, DC1) 8 7.10 (d, J= 
7.6 Hz, 2H), 7.03 (t, J=7.7 Hz, 2H), 6.95 (t, J=7.3 Hz, 
1H), 3.98-4.02 (m, 3H), 2.89 (t, J=6.2 Hz, 2H), 2.70 
(abq, Ji=18.2 Hz,丿2=5.5 Hz, 2H) H-Glu(OPte)-OH (2) 
yield 55%; mp 182-183 °C; [a]D20 +17.7 (c 1.0, 0.5 N 
HC1); HPLC (C-18, ODS hypersil, 5 gm, 4.6 X 200 mm; 
gradient 0% to 100% of acetonitrile (0.1% TFA) in 45 
min; 1 mL/min; 216 nm) RT 18.7 min; IR (KBr, cm ') 
2955, 1726, 1586, 1508, 1421, 1202, 733; 'H NMR 
(D2O, DC1) 8 7.10 (d, J=7.5 Hz, 2H), 7.03 (t, J=7.6 Hz, 
가I), 6.96 (t, 丿=7.3 Hz, 1H), 3.98 (t, J=6.3 Hz, 가I), 3.83 
(t,丿=6.8 Hz, 1H), 2.90 (t, J=6.3 Hz, 2H), 2.20-2.24 (m, 
2H), 1.89 (q, J=7.6 Hz, 2H) Boc-Asp(OPse)-OH - DCHA 
(3) yield 95%; mp 142-144 °C; [a]D20 - 5.4 (c 1.0, 10% 
AcOH); HPLC (C-18, ODS hypersil, 5 gm, 4.6 x 200 
mm; gradient 0% to 100% of acetonitrile (0.1% TFA) in 
45 min; 1 mL/min; 216 nm) RT 26.5 min; IR (KBr, cm1) 
3397, 2937, 2866, 1740, 1708, 1584, 1489, 1397, 1318, 
1149; ]H NMR (DMSO-d6) 8 7.90 (d, J=7.6 Hz, 2H), 

7.74 (t, J=7.4 Hz, 2H), 6.79 (t, J=7.3 Hz, 1H), 3.76 (t, J 
=6.2 Hz, 2H), 3.66 (t, J=7.6 Hz, 1H), 2.73 (t, J=6.2 Hz, 
2H), 2.58 (t, J=6.1 Hz, 2H), 1.46-1.58 (m, 2H), 0.92-1.07 
(m, 2H) Boc-Glu(OPse)-OH - DCHA (4) yield 92%; mp 
155-157 °C; [a]D20 -5.8 (c 1.0, 10% AcOH); HPLC (C- 
18, ODS hypersil, 5 gm, 4.6x200 mm; gradient 0% to 
100% of acetonitrile (0.1% TFA) in 45 min; 1 mL/rnin; 
216 nm) RT 21.5 min; IR (KBr, cm*1) 2938, 2857, 1733, 
1701, 1637, 1560, 1449, 1399, 1297, 1141, 1085, 727, 
686; *H NMR (DMSO-dQ 8 7.89 (d, J=7.4 Hz, 2H), 7.74 
(d, J=7.4 Hz, 1H), 7.66 (t, 丿 =7.6 Hz, 가I), 6.06 (d, J=5.8 
Hz, 1H), 4.24 (t, J=7.1 Hz, 2H), 3.69 (t, J=7.1 Hz, 가I), 
3-55 (m, 1H), 2.92 (m, 2H), 1.56-2.08 (m, 14H), 1.37 (s, 
9H), 1.06-1.27 (m, 10H).

4. 2-Phenylthioethanol was obtained quantitatively by the 
reaction of phenylsulfide with 2-chloroethanol and ap
propriate base.

5. Synthetic route will be discussed elsewhere.
6. The purified salmon calcitonin showed high hy

pocalcemic potency of about 4000 lU/mg measured in 
rats by MRC method. The other calcitonins (eel, chicken) 
are being synthesized.
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The development of versatile methods for synthesizing 
steroid side chains has been spurred by the significant de
pendence of the biological activities of various steroids such 
as insect hormones,1 corticosteroids,2 brassinosteroids3 and 
many important vitamin D metabolites4 on structural fea
tures of the side chains. Intense efforts have been made to- 
ward new methods for affording structural variations to the 
steroid side chain unit by many research groups.4,5 Among 
approaches developed in this area the synthetic route to con
struct side chains onto tetracyclic 17-ketosteroids has been 
one of the mo아 attractive and versatile paths. Conventional 
routes6 employing this strategy adopt a multi-step operation 
of sequential attachments of several fragments to the ex
isting functionality.

Herein we present a novel route to (E)-20(22)-dehydro- 
cholesterol systems7 via 16,20-diene steroid compound. 
Scheme 1 and 2 illustrate an efficient approach to a new 
(E)-20(22)-dehydrocholesterol compound 1 in 3 steps from 
17-ketosteroid utilizing this strategy. The diene intermediate 
2 was prepared by palladium-mediated coupling8 between 3 
and 4 in the presence of lithium chloride (5 eq) and tetrakis 
(triphenylphosphine)palladium (5 mol%) in HMPA at 60 °C 
for 4 hr in 70% yield (Scheme 2) and a high level of stereo
control at C-17 center was achieved as desired during sub

sequent regio- and stereoselective diimide reduction of the 
diene compound (Scheme 5).

Scheme 2
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The (E)-vinyl stannyl unit was prepared in 7 steps from t- 
crotyl alcohol (Scheme 3). Stereoselective dehydrobromi
nation of dibromo compound 5 obtained by addition of 
bromine to f-crotyl alcohol yielded 3-bromocrotyl alcohol9 
with (^-configuration in 40% overall yield. The hydroxy 
function of 6 was converted into the bromide 7 via a for
mation of the mesylate (75%). Four-carbon homologation to 
ethylacetate using 7 was made via en이ate chemistry10 to 
provide vinyl ester 8 (81%). Addition of excess amount of 
methylmagnesium bromide to 8 gave vinyl bromide 9 (73%) 
which was then converted into the vinyl stannyl derivative 4 
(71%) by the reaction of 9 with tributyltin lithium.11

Next, protected (+)-dehydroisoandrosterone was transform
ed into its enol triflate 3 (95%) by trapping the lithium eno
late of with N-phenyltrifluoromethanesulfonimide12 (Scheme 
4).

Regio- and stereoselective hydrogenation on the conjugat
ed steroid system 2 to give (E)-25-hydroxy-20(22)-dehy- 
drocholesterol (1) was achieved by diimide reduction13 at 
low temperature in 92% yield (Scheme 5). Its structure was 
determined from its high resolution NMR data which show
ed characteristic features of the (E)-20(22)-dehydrochole- 
sterol systems having singlet C-18 methyl proton with the

Scheme 3. aBr2, CC*, -20 °C. “LDA (2.3 eq.), HMPA (0.5 
eq.), THF, -78 °C. cMsCl, Et3N, 0 °C. rfLiBr, THF, 0 °C. 
eAcOEt; LHMDS (1.2 eq.), HMPA (0.5 eq.), THF, -78 °C. 
zMeMgBr (3.3 eq.), THF, -40 °C to r.t.. gBu3SnLi (2 eq.), THF, 
-20 °C to 0 °C.

chemical shift observed at the high field region (0.545 ppm)14 
in NMR spectrum along with 13C NMR data.15

In summary, we described a novel and concise synthetic 
pathway to (£)-25-hydroxy-20(22)-dehydrocholesterol from 
17-ketosteroid via stereoselective diimide reduction of 16,20- 
diene steroid obtained by palladium-mediated coupling of 
steroid enol triflate and vinyl stannyl moiety of side chain 
unit.
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(CDC，，75 MHz) 8 172.48, 129.98, 120.78, 60.48, 
33.39, 31.54, 23.27, 14.16; IR (neat, cm1): 2982, 1740. 
9: iH NMR (CDCI3, 300 MHz) 5 5.82 (t, J=7.45 Hz, 
1H), 2.12 (m, 2H), 1.55 (m, 2H), 1.23 (s, 6H); 13C 
NMR (CDCU, 75 MHz) 5 172.48, 129.98, 120.78, 
60.48, 33.39, 31.54, 23.27, 14.16; IR (neat, cm ) 
3386, 2971, 1653. 4:NMR (CDC，，300 MHz) 8 
5.51 (t, J=6.59 Hz, 1H), 2.19 (m, 2H), 1.85 (s, 3H) 1.24 
(s, 6H), 0.83-1.64 (series of m, 29H); IR (neat, cm'1): 
3385, 2965, 1653. 2: ]H NMR (CDCI3, 300 MHz) 6 
5.58 (m, 2H), 5.38 (d, J=4.17 Hz, 1H), 4.52 (m, 1H), 
2.33-1.23 (series of m, 21H), 1.79 (s, 3H), 1.25 (s, 6H), 
1.18 (s, 9H), 1.06 (s, 3H), 0.96 (s, 3H); 13C NMR 
(CDC，，75 MHz) 8 178.03, 156.22, 140.09, 131.00, 
126.21, 125.24, 122.29, 73.47, 71.07, 57.54, 50.19, 
46.69, 43.50, 38.60, 38.00, 36.84, 36.71, 36.03, 31.52, 
30.94, 30.27, 29.26, 27.62, 27.14, 23.44, 21.02, 19.26, 
16.28, 15.31; IR (KBr, cm1): 3366, 2967, 1724, 1684, 
1654, 1479, 1458. 1:NMR (CDC13, 300 MHz) 8 
5.37 (m, IH), 5.21 (m, 1H), 4.56 (m, IH), 2.31-1.18 
(series of m, 24H), 1.65 (s, 3H), 1.24 (s, 6H), 1.18 (s, 
9H), 1.02 (s, 3H), 0.545 (s, 3H); 13C NMR (CD% 75 
MHz) 5 178.04, 139.85, 134.89, 125.16, 122.41, 73.51, 
71.13, 58.80, 56.18, 50.22, 43.73, 43.47, 38.61, 38.00, 
37.00, 36.67, 32.14, 31.84, 29.24, 27.65, 27.15, 24.68, 
24.27, 23.11, 21.01, 19.39, 17.86, 12.91.
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Ginseng has long been used as a tonic, health promoter 
in Asian countries including Korea and China.1,2 Its phar
macological effect as an anti-cancer drug has been known 
to the general public since 1987? In recent years, many 
scientific studies have reported that the biological activities 
of ginseng are due to its active components, saponins.4,5 
Korean ginseng (Panax ginseng) contains a series of gin
seng saponins called ginsenosides containing a large quan
tity of 가eroid glycosides.6 Novel analytical techniques re
vealed the structures of major ginsenosides, Rb], Rb2, Rc, 
Rd, Re, Rf and Rg (Figure l).7,8 Fast-growing market of gin
seng products and their well-accepted pharmacological ef
fects have greatly prompted us to pursue research on the iso
lation and structure determination of ginsenosides.

There are several analytical methods applicable for the 
identification of ginsenosides in ginseng extracts.9 Fast atom 
bombardment mass spectrometry (FAB-MS) has been gen
erally used for structural analyst of steroid glycosides con

taining two or more sugar units.10 In addition, electrospray 
ionization mass spectrometry (ESLMS) has been rapidly be
come an alternative method for the analysis of biomolecul
es.11 Tandem mass spectrometric technique has especially 
been useful in the structure determination of biomolecules.12 
An important point of tandem mass spectrometry (MS/MS) 
is the ability to produce fragment ions from selected MS-1 
ions.13 Herein, we report our result on the first study of the 
fragmentation patterns of ginsenosides by tandem mass spec
trometry. These fragmentation patterns can help us explain 
not only the structure of the biomolecule, but also its ele
mental composition.14

Ginsenosides were extracted from commercially available 
Korean Ginseng by the Folch-Suzuki partition method.15,16 
The compositions and structures of ginsenosides in ginseng 
have been investigated by means of high performance thin 
layer chromatography (HPTLC), high performance liquid 
chromatography (HPLC), nuclear magnetic resonance


