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Abstrwt-In connection wth s~ructurc studies on dammaranc type tn~erpcncs and thctrglycosidc\. as\lgnmcnl\ of I’(’ 
SMR rlgnals of fifteen !O-hydror) dammaranc ckrwatives includmg Ginseng sapogcnint have heen achwcd by the 
aid of shirt reagents and deuteratcd compounds. II has been found that ~hc differences of the 17 C. !I C and !! (‘ 
chemical shifts between pair\ of (‘.!Ocpimcrs are remarkable erpccially in rhc case of I!,!?-hydrox) dcrl\alivcs. bcmg 
si@icant for the study of the (‘.!O \tcrcochcmrslry 

In continuation of the studies on chemical constituents of 

Ginseng and its related medicinal plants,’ “C NMR was 

expected IO offer excellent advantage over all other 

spectroscopic and chemical procedures for structural 
determination and identification of saponins which consist 
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of the acid unstable dammaranc-type sapogcnins,’ e.g. 

2O(S)_protopanaxadioI(I)’ and !O(S)-protopanaxatrioh2). 
In this connection, the present authors have explored the 

assignments of carbon signals of 1. 2. and their related 

triterpenes. 
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Resides the general techniques for “C NMR spec- 

troscopy, application of chemical shift rules for alicyclic 
compounds.‘S‘ and the reported data for some other type 
of triterpenes (oleanane, ursane.’ euphane and lanostane’) 

were useful for determination of the shift allocation. The 

spectra recorded in CDCI, solution were assigned as 
follows. 

Curbinyf carhans. A singlet peak in the range of signals 

S 65-80, must be due to NC because of its multiplicity. In 

comparison with spectra of l?&hvdroxy derivatives (1.2) 

betulafolicnetriol (3),” betulafohenediolone (4)” and 

betulafolianetriol (5)‘” with those of dammarencdiol-II 
(6)” and hydroxydamm~enone-11 (7)” the strong 
intramolecular H-bonding between 12#3- and W-OH 

groups exerts cu. I .4- I .7 ppm upfield shift in the position 

of the 2OC resonance. 

Referring to the data for oleanane and other triter- 
penes? a peak (doublet) near 6 79 in the spectra of 1. t,& 
2~~}-protopanaxadiol(81,’ and dam~re~d~~-i (9)” is 
obviously att~butable to 3C. which is absent in the 

spectra of 4. 7 and 10 and is displaced by cu. 2.R ppm 

upfield on going to the 3a-OH derivatives. 3. 5. 11” and 

12.’ 
It follows that a remaining carbinyl carbon signal 

(doublet) of I-5, 8 and I2 near 6 70.7 can be assigned to 

IZC, which is absent in the spectra of 6.7.9 and 10 and is 

shifted by 2.4ppm upfield on conversion into the 
l2u-hydroxyderivative (11). In the spectrum of 2. an 
additional signal (doublet) at 6 f&4 was thus unequivo- 

cally designated as 6C. 

Ol&nic carbons in the side chain and carbony carbons. 

Signals due to the side chain double bond were identified 

unambiguously on the hasir of their chemical shifts and 

multiplicit~s. 
Carbonyl carbon signals of 4.7 and 16 were also readily 

characterized from their chemical shifts. 

Quofemory carbons (singbs). Assignments of quater- 

nary carbon signals which can be easily observed as 

singlets even in the noise off-resonance decoupled spectra, 

were strai~~o~ard by analysis of the spectrum of 
2~-~ammaran-3~-01 (13)” with the aid of the shift 

reagent. Figure I demonstrates the relationship between 

the magnitude of an induced shift for each quaternary 
carbon signal of I3 and the amount of added Eu(fcxl),. 

From the result of this experiment, the four quatenary 
carbon signals of f3 can be designated to 4C (nearest to 
the 3@-OH group), MC. gC and MC (most remote from the 
3/3-OH group), respectively in the order of decreasing the 

rdtC of the induced shift. A comparison with this 
assignment under the consideration of the substituent 

effectsc’ led to the assignments of quaternary carbon 

resonances of all of other compounds. 
Methint c-othons (doublet). A mefhine peak which is 

shifted by co. 6ppm upfield on going from the 3#?-OH 
derivatives to their 3a-OH counterparts, can be assigned 
to K.’ This assignment is in good agreement with the 
reported data for o- and fi-amyrins’ and is further 
substantiated by the remarkable downfield shift caused by 
the introduction of the &OH group in the spectrum of 2. 

A methine signal of I which disappears in the spectrum 
of AS)-protopanaxadiol-2.2.1 I.1 l,l3-‘HI (1-d) must be 
attributable to l3C. being consistentiy ohserved at the 
almost same position in the SpeZtn of 2.3 and 5. The l3C 
signal of 8 and 12 (20(R)-series) was also identified by the 
mspctron of the spectrum of 20(R)-dihydroprotopanax. 
adiol-2.2.1 I.1 1.1%‘H,(Md,). 

The identification of the other two mcthine signals of 1 

+:* 

0 53 CO ICC 

Amow% of EJ(f3d)3, mg 
Fig. 1. Ianthanide induced rhiffs for quafernary carbons 

was permitted by the comparison of the spectrum of 1 
with that of its Hkpimer, 8. A signal which appears in the 

significantly different position between the SpcCfrd of this 
C-20epimetic pair should be due to 17C (B to the epimeric 

center) and not to 9C (remote from the epimeric center). 

The resonance of 9C of 1 thus assigned was found to be 
more shielded on going from 1 to 11, the latter of which 

has an axial OH group at C-12. 
In the case of the compounds having no OH function at 

C-12, differentiation of 17C from l3C was performed by 

the examination of the trichloroacetyl isocyanate (TAI) 
derivative.” A doublet which is deshielded by 2.9 ppm on 

conversion of 7 into its TAI derivative should be assigned 
to 17C. while a resonance which appears unchanged must 

be due to l3C. (being more remote from the C-BTAI 

group than 170. The distinction between the signals of 9C 
and l7C of 6 and 9 were also established by comparison of 

the spectrum of 9 with that of its 3, 2O-di-TAI-derivative. 
0n going from 6 to its IZ&OH derivative (1). the 17C 

resonance is expected to be displaced upheld by the 

y-effect of the 12#?-OH group. However, it appears at 
remarkably lower field in the spectrum of 1 than that of 6. 

This anomalous shift can be rationalized in terms of the 

conformational change around the C- 17-20 linkage due to 
the intramolecular H-bonding between the l2@- and 
2WH groups. 

The characterization of the 2SC resonance of the 
dihydro-derivative (5) was established by comparison 

with the spectrum of the parent compound (3). 
Merhylene carbons (fripla). The assignment data 

reported for us and @-amyrins’and 4.4.Wtrimethyl-trans- 
decalol” permitted the assignments of IC, 2C and MY 
signals of 3&OH derivatives. The 2C signal was further 
suhstantiated by comparison of the spectrum of I with 
that of its 2,2-:Hz derivative (i-d& COnVersiOn of the 
3&OH group into its epimer, caused the peaks due to IC 

and 2C to be displaced upfield hy a change of the 
magnitude of the & and yeffects of the OH substitution. 
Dow&Id shift of the 2C resonance also took place on 
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Table la. “C chemical shifts in CDCI, 

193-l 

1 ? 3 4 5 6 7 8 9 13 11 12 14 1s 

it.9 !5.9 1 *j ; 16.7 :i.‘; IL.5 15.2 iT.2 16.11 lC.i :9.; if.3 17.2 15.1 

3F.C 33.1 33.8 39.6 
27.4 26.7 25.2 3q.G 
73.8 78.4 76.3 217.7 
3i.3 3jla 37.6 47.3 
jc:! 6!.G 49.4 j5.2 
19.3 63.4 !8.2 19.6 
3.i.8 56.8 34.7 3v.O 
33.8 45.8 33.9 39.6 
5z.1 49.5 43.9 L3.3 
Si.1 33.2B 37.2 36.7 

?;.? 31.4 31.2: 3G.9 
iI.5 7c.5 73.7 73.4 
. ..‘.7 47.2 47.4 47.8 

51.6 51.3 jl.6 ji.5 
31.1 36.9 3i.C’ 31.5 
26.6 25.4 26.6 26.4 
5:.5 j3.j 53.6 53.j 
15.2’ 1?.2* lE.Zf ;5.8* 
:;.7A 17 2A ‘i 7” 

7k.C 7319 x7 
lj.4’ 
73.8 

25.8 26.7 25.6 26.5 
3...8 3~1.5 ?4.? 34.7 
jT.1. 22.3 22.3 22.3 

i;j:z . I;‘:;1 1: ;3;.3 :S:; 

25.9 25.7 ij:7 25.7 
i7.a il.7 17.7 :i.7 
23. : 3v.3 26.3 26.:; 
::,.:,’ 15.5” 2.7.1 21.: 

33.7 33.3 33.8 39.C 39.0 39.8 33.5 33.7 34.G 33.7 
25.2 27.4 34.3 27.4 27.3 34.0 25.3 25.5 27.4 25.4 

75.8 78.9 217.6 73.9 78.8 217.7 76.1 75.9 78.9 75.8 
37.5 39.C 17.3 33.9 3C.C 47.3 37.6 37.5 39.0 37.5 
49.4 5j.9 55.3 jj.9 55.8 55.3 49.5 49.5 55.9 49.4 
18.2 ;8.3 :9.6 13.3 13.3 19.G 18.2 18.2 19.3 lg.1 
34.7 35.3 3d.j !.1.8 3j 3 
39.8 GA.4 

6.7 
43.) 33.3 43:4 

34 6 
4C:2 

35.: 34.7 G.8 34.9 
49.5 33.9 33.8 43.0 

49.9 49.9 5c.13 53.5 49.9 45.3n 19.9 53.3 53.43 

37.1 37.1 35.7 37.1 37.: 36.7 35.9 37.2 37.1 37.3 

31.9 2:.5 21.C 31.2’ 2!.‘1 2:.9 29.3 3’ 3’ 73.7 25.4 2j.S 72.7 l5.3 25.? 68 J I 
4j:j3 

7”7 c V. 3’.3 7; 8 :“I ;. . 
47.4 Li.3 LY.3 G.5 42.2 47.2 48.4 4;:s 51.P 
51.6 jC.3 52.2 X.6 53.3 49.9 46.8 jl.7 51.6 51.2 

31.C 31.2 ?l.l 3i.l: 31.1 3!.G 3:.3 31.1’ 3!.G 32.2’ 
25.j 27.6 17.j 26.4 27.5 27.4 24.1 25.3 26.3 26.5 
53.5 49.9 Lg.7 L:.9j S9.j 49.L GE.93 49.9 5s.: 51.40 
1j.p 16.7* lj.9” lj.iA i5.2* lj.9* lj.9’ lE.1” lo.?* 17.2” 
15.i’ lc.i* , :i.Z* !5.?” lj.S* 15.P 
73.5 7j.j 75.1 7:1.s 75.8 7j.6 

26.7 I’.; 2.e.7 71.8 23.j 23.5 26.3 22.iIE 21.9 29.5 
35.3 ::.‘; 43.5 G.3 41.5 :.:.a 36.3 42.9 42.9 ---- 

?:.:I 22.6 li.5 ?1.3 72.3 22.2 22.4 73.8 20.7 ---- 
39.8 12:d.S :?...7 124.6 1?4.7 12L.S :?s.7 39.8 39.5 ---- 

28.2 131.5 i3!.3 131.9 III.4 131.3 131.9 28.3 18.3 ---. 
22.7 25.7 25.7 75.8 25.7 15.7 2j.7 22.7 22.7 ---- 
21.7 17.7 17.5 i?.a 17.7 17.5 17.7 22.7 22.7 -.-. 
16.3 ?S.C 2i.i X.1 28.G X.6 2a.3 28.; 73.0 23.? 
17.1 :5.1* 21.: 15.4* ij.4* il.C 22.2 2i.1’ 1i.h” 2X: 

Table lb. “C chemical shifts in C&h’ 

2 3 G :; b 7 R ) 12 1; 1: :s 15 ._ - 

1: j’s.5 ?Y3 I...: 31.9 34.C 3’i.j ?:.8 ! 1.:: 5’1.5 !:.S 3:r .? 3G.C !S.G ?:I. 3 

‘, ’ . : ..: 2d.i X.3 3h.7 15.3 28.3 3’..? :^;I; “.I 3.4.: ?‘.4 7t.J 28.3 ?:..i 
!. i:. ! 71.7 75.7 213.3 75.1 78.3 1le.7 *> 7s.c 2!5.? /:,.I 75.; 75.3 75.) 

1. 5:.5 b2.2 JY.0 bT.3 3a.: 13.5 k7.3 39.5 !C.:, 47.5 ra.: 33.c 39.5 33.1 
:,. :,; ,! il.7 43.i 5%) 4G.f 5C.5 55.3 j!z., 55.j 55.3 j’.: 49.6 j0.L Ids.3 

i . ;. :s./ 1 t.7.; :3.6 19.3 15.; 13.8 :?.a la.a 18.8 19.9 la.1 la.6 18.8 ;ri.c xi 31 ‘I : 35.1 34.1 35.: 3j.7 34.a 35.3 35.7 
3:..9 35.a 35.; 35.3 3s.7 

5,. ..?. : 41.1 LC.i IS.5 43.1 45.7 Li. 5 . ,^ . . . ..‘:.Y 46.5 41.3 43.i 4C.l 4.3 .I, 
:: ‘,“..a 52.1 jC.2 49.6 53.7 5!.1 53.7 52.: 5!.2 M.ZB G.8s 53.2 jr.5 51.7A 

l’.: 3?.? !G.? 3r.5 36.9 37.; 37.4 35.5 JT.4 37.;; 36.9 37.1. 37.j 37.4 37.7 

1:. ;:.: !!.C Il.8 32.3 ?:.9 ii.? ??.i 32.2 2:.‘: 11.3 33.6 31.3 32.2 3:.9 
1.‘. .-.:.; 71.9 1.1.9 73.7 7C.8 25.8 25.3 13.6 25.8 25.6 be.!, 75.7 7Z.Y 7!.3 
1 5: ..,.:; 44.1 4d. 3 La.7 LB.3 41.6 ;c?.h 43.2 L2.6 47.6 8.6.2’ ‘.9.0 49.2 5?.9” 
: .a : : (: 51.5 51.:. 51.6 j:,t 52.6 x.5 51.1 52.:. c:m-J. ; ..3.3 5!.7 5:.9 51.1: 

:.. i il.; !:. ?I.? 3:.? 31.2 31.7 31.5 ?:.s !l.S 3: .5 3P.J 3L.I 7’ ,.. 5 1; c 

1. .*s 1L.9 Ir.8 i’:J.I is.1 ?z.: 2L.f 2!.1 ?a.: 2;d.S 25.3 25.6 ?I:; 
.: : : 5.. .h ;!I 'j %.t 

.; -I\ .J :I.$& ;E:I” 11.9* 
54.1. 53.3 Y.2 jC.F 4:.? 4+.3A 45.48 SC.6 SC.8 5z.P 
::J.P 15.5’ l*,.<” 1(..?* 15.j” ii,:” !L,j* 15.3’ 16.j’ 1hs’ 

l. 1’. -,L ‘1.4 :5.aL 1j,;;* 1j.p Y.3’ Y.?* 1j.i" :C,.!' 15,;; 1j.j" lj,qA !j,'jA ij.gA 

. :,‘.:) ;::.q ,),j [i‘,‘) I!.? 7$..1 i3.Y 72.9 74.~ ?...? ?:I .2 73.C 11.2 213.3 
‘. ; . . j*, .; ii..; 2*:.8 Z?..) 25.5 ;-;.I 227 i.~.‘, 2’9.:; ‘l:..:. 2T.E 11.8 IO.6 
F’ : . 7 ‘8 7 ? 5 i I>.6 15 i I.:.3 vi.7 1.7 i I;?,? ir2.4 93.1 2: 3 i.J.4 ____ 

:‘: . ..I 12 ; 22.4 2.:,‘, i‘: ,T: i?.3 ??.? ??.i 23.1 i5.3 I!.? 21.2 2i.4 ---. 
. . ::c.’ :;:.I :?f.2 lZ.2 cn.: :;I..7 11:,.^ l?i.Z 116.: ::<.C. lit.1 Lz.1 !I:.! 

:I .I a1 . . ~ ..c 1?:.5 13t.i 22.5 iK.1 13’j.S 13i:.F :J’:.l. l3’1.6 !IC.f; 22.1 2s.: 
I, .: . ;.,.; I ,.ii 15.7 22.2 II.: i’..l :c ‘9 I’,:+ 15.h 15.3 i:,.I: 12.8 .--- 
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A. B. C. I). E: Values in any vertical column may be reversed although ~hwc given here arc preferred 
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oxidation of the 3/3-OH group to the ketone. The 6C signal 
was observed at the same position for all compounds 
except for the 6u-hydroxy derivative (2). 

The signal which appears consistently in the spectra of 
the compounds having the side chain double bond and is 

displaced by c4. I ppm upfield on hydrogenation. WS 

identified as 23C. 

The inspection of the a-carbon deuterium isotope effect 
of betulafolianetriol-22.22-‘H? (S-d3 and 2Oepibetulafol- 

ianetriol-22,22-‘H, (&II, 20 (H-series) provided the 

assignment of 22C signals of 2QS)- and 20(R)-I2&OH 

derivatives. In the case of the compounds having no OH 
function at C-12. characterization of the 22C resonance 

was achieved by comparison of the spectrum of 7 with 

that of its TAI derivative (TAI-7). Of all of the methylene 

signals, a peak which is displaced mostly upfield (by 
3.6 ppm)on conversion intoTAl-7). Of all of the methylene 
signals. a peak which is displaced mostly upfield (by 

3.6 ppm) on conversion into TAI-7 must be due IO 22C 

(adjacent to the C-2@TAI group). II should he noted that 
the intramolecular H-honding gives rise IO a remarkable 
upfield shift of the 22C resonance as in the case of 20C 

and 17C (ride supro). 

The IIC signal of the IZB-OH derivatives was 
unambiguously designated by the u-carbon deuterium 

isotope effect of l-d, and l&l,. This signal was displaced 

upheld by 2 ppm on conversion into the I!a-OH 

derivative (11) and by 9 ppm on going to compounds 
having no I?@-OH group. 

A signal which appears consistently near 6 31 in the 

spectra of all compounds except for ZOoxo-hexakis- 

nordammarane-3a,l2/3diol (15) was identified as ISC. 
This peak is displaced upheld by only 0.2 ppm on 

conversion of 7 into its TAI derivative (TAI-7). A peak 

near S 27.4 of 7 and 10 which is displaced upfield by 
0.9ppm in the spectrum of TAl-7 and by co. I ppm on 
going IO the l?B-OH derivatives, must be assigned IO l6C. 
The characterization of the 7C resonance was established 

by the &effect of the 6&OH group, i.e. comparison of the 
spectrum of 1 with that of 2. The I2C resonances of 6.7.9 

and 10 were assigned by comparison with the spectra of 

their corresponding l2/3-OH derivatives. The iden- 
tification of the 24C resonance of the dihydroderivativc 

(5) was furnished by CoInpriSon with the spectrum of the 

parent dehydrocompound (3). 
Methy/ carbons (quarlet). Since ‘H NMR signals due IO 

the ?I-methyl and methyls on the side chain double bond 

have been known to appear at lower field than those of 
other methyl proton signals, the proton selective 

decoupling technique revealed the chardcteri?alion of the 

signals due to ?lC, 26C and 27C. The effect associated 

with the intramolecular H-bonding was also observed as a 
remarkable downfield shift of the ZIG resonance on going 
from 8 and 12 to 1 and 5. respectively. Distinction of 26C 

and 27C signals was achieved on the basis of the general 
rule for allylic methyl carbon shift of an isopropylidene 

type double bond.’ 
The literature data for oleananc and ursane type 

triterpenes’ permitted the designation of the signals due IO 
the 4.4gem-dimethyl carbons. i.e. 2XC and 2%. The 
introduction of the 6u-OH group (in case of 2) gave rise to 
a downfield shift of the 2XC resonance by peri- 
diequatorial Me-OH interaction.“ while the conversion of 
3B-OH group into its epimer caused ~4. 6 ppm downfield 
shift in the position of the 2!X resonance. Comparison of 
the spectrd of the IZB-OH derivatives with that of the 
IZa-OH counterpart (11) (l,3-diaxial Me-OH intenc- 
tion”) allowed the assignment of the 3OC signal. 

The remaining two methyl carbon resonances which 
appeared in the range of 6 15-16 must be due to IgC or 

IX. and needed to be distinguished from each other. 
“C NMR ond srereochemiq of C-20 chiroliry. The 

chemical shift differences of the carbons around C-20 

between each pair of the C-2O-epimers are shown in Table 
2. In the case of the compounds having no It-OH 

function, the 2IC resonance of the 20(S)-series was found 

to be nmre deshielded than that of the corresponding 
compound of the 20(R)-series. while 22C of the 20(S)- 
series is more shielded than that of its counterpart. 

As mentioned, the introduction of the l!p-OH group 
results in the anomalous displacement of the WC. l7C. 

ZOC, 2IC and 22C resonances owing IO the formation of 

the intramolecular H-bonding. Similarly. differences of 
the l7C. 21C and 22C chemical shifts between both the 

series (2qS) and X(R)) were found IO be more 
remarkable in the case of the l28-OH derivatives than 

that of the compounds lacking this OH function. This can 

be explained in terms of the difference of the non-bonded 
interaction between both series associated with the 

conformation around C-17-20 linkage which is fixed by 

the strong H-bonding (Chart 2). 
Since each of the C-20 epimcric pairs of the dammardne 

type triterpenes exhibits similar H, values of TLC. optical 
rotation, IR. mass and ‘H NMR spectra. they were 

extremely difficult to distingtnsh from each other. The 

present finding in the “C NMR which is structurally 

Tabk 2. “C chemical shifts drtlerences hcween rhc pair of 
?Ckpimcrc (in CDCI,) 
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