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We have continued our  study of the influence of solvents  on the p a r a m e t e r s  of the NMR spec t r a  of 
some alkaloids of the genus Haplophyllum [1], in pa r t i cu l a r  foliosidine (I) [2, 3] and its diacetate  (II), 
dubinine fflI) [4, 5], and 3*-fagarine (IV) [6, 7] (the exper imenta l  conditions have been de sc r ibedp rev ious ly  
[1]). 
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Posi t ive  values of A mean  diamagnet ic  shifts re la t ive  to CC14 for  subs tances  0-I-W) and re la t ive  to 
CDCI~ for  foliosidine in view of its poor  solubility in CC14. 

Influence of Aromat ic  Solvents. Pyridine causes  pa ramagne t i c  shifts  of the s ignals  of all thepro tons  
in the spec t r a  of the alkaloids mentioned with the exception of the protons  in the 4-OCH 3 and 8-OCHsgroups  
of 3,-fagarine, which undergo diamagnet ic  shifts (Tables 1-4). On compar ing  the influence of CsDsN and 
C6D 6 on the change in the chemica l  shifts  (CSs) of the fl p ro ton  and of the 4-OCH 3 group in compounds (I-W) 
it can be seen  that the signal of the methoxy group in the furanoquinoline alkaloids in pyr idine solution 
shifts upfield and in the 2-quinolone alkaloids it shifts  downfield. The Hfl signal in foliosidine and its di- 
acetate  undergoes  a g r e a t e r  pa ramagne t i c  shift in CsDsN than the cor responding  signal in dubinine and 3,- 
fagar ine .  

In benzene,  the following facts  were  es tabl i shed for  these groups of protons:  in the alkaloids (III) 
and (IV) la rge  diamagnet ic  shifts  a re  observed,  and in (II) pa ramagne t i c  shifts  (foliosidine is insoluble in 
benzene);  the changes in the CSs of the protons  of the 4-OCH 3 groups and of Hfl a re  apparent ly  due to the 
fo rmat ion  of complexes  between the substance and molecules  of the solvents .  In these complexes  adec i s ive  
role is played by the p re sence  or  absence  of exocycl ic  oxygen [8]. 

Since, because  of its e lec t ron-donat ing  p rope r t i e s ,  benzene tends to be located as f a r  as poss ib le  
f rom the negatively charged  par t  of the molecule ,  its influence on the groups  adjacent  to the exocycl ic  oxy- 
gen upon which a high ~-e lec t ron tc  negative charge  is concentra ted  will be decreased ,  as is found in the 
NMR spec t rum of foliosidine diacetate .  Converse ly ,  the overwhelming action of the ni t rogen heteroatorn 
over  the r cu r r en t s  of the r ing leads to cons ide rab l epa ramagne t i c  shifts of the s ignals  of Hfl and 4-OCH 3 
in foliosidine and its diacetate .  Wil l iams [9], invest igat ing the influence of benzene in quinolines and r e -  
lated compounds,  came to the conclusion that a proton or  methyl  group in posi t ions  4, 5, and 6 to the n i t ro-  
gen undergoes g r e a t e r  (about 0.58 ppm) diamagnet ic  shifts because  of complex fo rma t ion  between the so l -  
vent and the substance.  We observed  s i m i l a r  upfield shifts  for  the 4-OCH 3 group in (III) and (IV) in deu te ro-  
benzene solutions.  F u r t h e r m o r e ,  our  resu l t s  (see Table 4) on the influence of C6D G on the signals  of the 
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S T R U C T U R E  O F  C A U L O S I D E  B - A G L Y C O S I D E  O F  A NEW 

T R I T E R P E N O I D  C A U L O P H Y L L O G E N I N  F R O M  C a u l o p h y l l u m  

L .  I .  S t r i g i n a ,  N. S. C h e t y r i n a ,  
V .  V.  I s a k o v ,  A .  K.  D z i z e n k o ,  
a n d  G. B° E l y a k o v  

r o b u s t u m  

UDC 547.918 +547.597 

We have previously reported the isolation f rom Caulophyllum robustum Maxim. of four glycosides of 
hederagenin (caulosides A, C, D, and E) and of cauloside B - the glycoside of an unidentified tr i terpenoid 
which we have called caulophyllogenin [1]. 

The IR spec t rum of caulophyllogenin obtained by the hydrolysis  of cauloside B with 2 N H2SO 4 in eth-  
anol contained the bands of a hydroxy group (3595 cm -1) and of a carboxy group (1705 cm-1). The presence  
of the la t ter  was confirmed by the prepara t ion  of the corresponding methyl e s t e r  (Ib). We obtained p re l im-  
inary information on the s t ructure  of caulophyllogenin by a considerat ion of its mass  spect rum.  In the 
mass  spec t rum of fla) (Table 1), in addition to the peak of the molecular  ion {M + 488) intense peaks of ions 
charac te r i s t i c  for  the r e t ro -Die l s - -Alde r  type of fragmentat ion of t r i terpenoids  of the olean-12-ene type 
with a carboxy and one of the hydroxy groups in rings D/E [2] were observed.  The t rea tment  of (Ia) with 
acetone and p-toluenesulfonic acid gave a monoacetonide (Ii), the mass  spec t rum of which (see Table 1) 
showed the presence  in it of an acetontde group and, consequently, the presence  of the corresponding two 
hydroxy groups in rings A/B.  The acetylation of (Ib) under the usual conditions gave (according to the r e -  
sults of th in- layer  chromatography) a mixture of two acetates (c and d). On reacetylat ion of the mixture 
with heating, the amorphous acetate (Ic) was formed, with an IR spec t rum in which the absorption of a hy- 
droxy group was absent. The NMR spect rum of (Ic) (Table 2) showed that the substance contained s i x t e r -  
t ia ry  methyls,  one methoxycarbonyl,  and three acetyl groups.  In the weak-field region the signals of one 
proton on a double bond and signals showing the presence  of one acetoxymethyl and two acetoxymethylene 
groups appeared. The acetylation of 0b) at 0°C gave an amorphous acetate {Id), in the IR spect rum of which 
the absorption band of a hydroxy group appeared (3630 cm-1). The NMR spect rum of (Id) (see Table 2) 
showed that the substance contains two acetyl groups; one of them forms par t  of an acetoxymethyl and the 
other  of an acetoxymethylene group. In the weak-field region was observed the signal of a proton attached 
to the same carbon atom as the hydroxy group. 

Consequently, in caulophyllogenin there are  one p r imary  and two secondary hydroxy groups, one of 
the la t ter  not being acetylated under the usual conditions. 

The hydrolysis  of cauloside B with a mixture of concentrated HC1 and MeOH (1 : 1) formed another 
aglycone which, according to its IR spect rum (1755 cm -1) was the 3~-lactone (II). The presence  in the mass  

spect rum of (IIa) of the peak M + 488, and increase  in the 
TABLE 1. Mass Spectra of (Ia), fie), and 
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intensity of the peaks with m/e  236 and 223, and the absence 
of the absorption band of a double bond in the IR spect rum 
of the ~/-lactone showed that the lactone group in it a rose  
as the result  of ring c losure  by the carboxy group with the 
/x12 double bond during acid hydrolysis .  In the acetylation 
of the lactone under ordinary conditions a mixture of ace-  
tates was obtained f rom which an amorphous t r iaceta te  fIIb) 
was isolated [NMR: 6 2.1, 2.15, 2.5 ( -3CO-CH3)  ]. Onthe 
basis  of these facts it was assumed that caulophyllogen is 
s t ructural ly  s imi lar  to hederagenin but bears  an additional 
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TABLE 3. Chemical  Shifts, The i r  Relat ive Differences  A = 6 CC14 - 
5solven t, and Sp in -Sp in  Coupling Constants  of the Signals of the P ro -  
tons of Dubinine in Var ious  Solvents 

Solvent 

Chemical shift= of the protons (6, ppm) 
and their relative differences (A) 

C-CH= I OCOCH= 4 - O C H a  C H s  H~ 

Spin-spin coupling 
constants (J, Hz) " 

fragment 

c/"~ CI%- \H~, 
H~ 

CCl( 1,25 2, 10 

2,15 c c,. I -0.05 

CDsCN I. 24[ 2.08 
o,01[ +0,02 

CD~OD 1.301 2.09 
0,05 +0,Ol 

(CD3)2CO 1,301 * 
0,05 I (CDg~.SO 1,201 2,08 
D,051 +0,02 

CF3COOH 1.611 2,35 
0,361 --0,25 

2,06 
+0,04 

CsD 6 t,31[ 2,08 
O,0B[ +0,02 

• The ass ignment  of the 
nals f rom the solvent.  

E 

I 1 
4.13 4,4~ 3,48 3,90] 4.91] 9.4 6,5 15,3 

I l 
4 , 1 6 4 , 5 £ 3 . 5 1 3 . 9 3 ' 4 . 9 4 , 9 , 5 6 , 6 1 5 , 5  

--0,03 --0,0~ ,0,03 --0,031--0 ,03f 
! 

3,69] 4,82] 4.23 4,2~ 3,69 +0,21[+0,09/ 8,2 8,2 0,0 --0,10 +0,17 0,21 
I 

4,30 4.22 3,75 3,73 4.86] 
--0,17 +0,1g 0,27 +0,13+0,05f 8,1 8,1 0,0 

4,30 4,341 3,81 3,81! 4,88] 
+o,o3f +0,09 -0,17 +0,08--0,3; 9,7 9,7 0,0 

4,27 4.10 3,7( 3.70 4,76" t 8,1 8,1 0,0 
--0,14 +0.321-0,2~ +0,20 +0,15{ 

l 
4,63 4.581 4,1~ 4,16 5,511 

--0,50 --0,16[--0,6~ --0 26-0,60f 8,7 8,7 0,0 
I 

4,68[ 3,61 4,00 4,961 
- o ,  10 -o,05f 4,09 - 0,26[--0~1~ 9,2 7,2 15,9 +0,04 

I 
4,93] 2,8( 4,75] 3,42 --0'511+0'6~ 3,71 J- 0,71 +0,21 -rO,16f 8,2 6,5 15,4 

CSs is difficult  because  of superpos i t ion  of s ig-  

ment of the NCH 3 and OCH3 signals  we studied the t e m p e r a t u r e  dependence of the change in the CSs of these 
groups in foliosidine diacetate  in benzene.  The chemical  shifts  of the s ignals  cons idered  in CGD 6 change 
with a r i se  in the t e m p e r a t u r e  because  of a d isp lacement  of the equi l ibr ium in the d i rec t ion  of the f o r m a -  
tion of f ree  molecules  of the subvtance [8]. If the signal in the 3.17 ppm region re la tes  to the OCH 3 group 
and that at 4.02 ppm to the NCH s, then with a r i se  in the t e m p e r a t u r e  cons iderable  changes in the CSs of 
both groups should be obse rved .  It can be seen  f r o m  Table 5 that with a change in the t empe ra tu r e  the s ig-  
nal at 3.17 ppm undergoes  a cons iderable  downfield shift, while the signal at 4.02 ppm rema ins  p rac t ica l ly  
constant.  Consequently,  the singlet  in the 3.17 ppm region re la tes  to the s ignals  of the protons  of the me th -  
yl of the NC H 3 group. 

The facts  p resen ted  may be cons idered  as a c r i t e r i on  of the difference and of the identification of 
these  groups in the NMR spec t r a  of the alkaloids of this s e r i e s .  

Influence of Po la r  Solvents. The s t rongly po la r  solvents CD3OD, (CD3)2CO, CD3CN, DMSO, and DMF 
(see Tables  1-4) shift the s ignals  of a lmos t  all  the protons  in {I), (II), and (IV) downfield, which ag rees  with 
the theory of the " reac t ion  field" [11, 12]. Except ions a re  fo rmed  by the CH 2 and H/~, pro tons  in dubinine. 

Tables  3 and 4 conf i rm the hypothesis  that in deuteroacetone solution the /3 protons  of the furan rings 
of the alkaloids (III-IV) a re  s t ronge r  accep to r s  than I ~  [1]. Thus in the NMR spec t rum of haplophyllidine 
[1], the g r e a t e s t  influence on the CSs of the protons  of the subs tances  invest igated is exer ted  by t r i f luo ro -  
acet ic  acid, the shif ts  being in the downfield d i rec t ion (see Tables  1-4). It has been found that the value of 
A for  the methoxy groups,  r e g a r d l e s s  of the subs tances  concerned,  is ~0.5 ppm, and the H/~ signals of the 
furan ring in the alkaloids {III) and (IV) a re  shifted by 0.63:~0.04 ppm. The cons iderable  shift of the s ig-  
nals of the /3 protons  (about 1 ppm) for  the 2-quinolone alkaloids in t r i f luoroace t i c  acid can be explained 
by the protonat ion of the carbonyl  group [13]. 

Influence of Feebly Po la r  Solvents.  On compar ing  the f igures  of Tables  1-4 for  po la r  and feebly po la r  
solvents  it can be seen  that the changes caused by CDC13 and CS 2 are  l ess  cons iderable  than for  po la r  so l -  
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TABLE 4. Chemical  Shifts, The i r  Relat ive  Differences  

A = 5CC14-Ssolvent,  and the Sp in -Sp in  Coupling Con- 
s tants  o f  the Pro tons  of 7 -Faga r ine  ia  Var ious  Solvents 

Solvent 

CCI~ 

CDCIs 

CS2 

CDsCN 

CD30D 

(CDs)~CO 

(CDa)2SO 

(CD3)2 NCOD 

CFzCOOH 

CsD~ 

C6D6 

Chemical shifts of the protom (5, ppm) 
and their relative difference (Zh) 

8-OCH= 

4,05 

4,03 
40,02 

3,96 
+0,09 

4,01 
40,04 

4,02 
40, 03 

4,04 
+0,01 

4,00 
+0,05 

4.07 
--0,02 

4,26 
--0,21 

4,00 
+0,05 

8,61 
40.44 

4-OCH3 

4,42 

4,41 
40,01 

4,39 
+0,03 

4,42 I 
0,00 

4,39 I 
40,03 

4,51 
--0,09 

4,45 
--0,03 

4,56 
--0,14 

4,84 
--0,42 

4,28 
+0,14 

3,66 
40,76 

H~ 

6,95 

7,03 
--0,08 

6,97 
--0,02 

7,22 
--0,27 

7,19 
--0,24 

7,37 
--0.42 

7,96 
--1,01 

7.49 
--0,54 

7,57 
--0,62 

7,16 
--0,21 

6,22 
+0,73 

H= 

Spin -spin 
coupling 
conltants 
(J. l.-tz ) 

JCH= - CH 3 

7,56 2,7 

7,61 
--0,05 } 2,9 

7,52 
40,04 } 2,8 

7,74 
--0,18 } 3,0 

7,72 
--0,16 } 3,3 

7,88 
--0,32 } 3,1 

8,06 
--0,50 } 3,0 

8.04 
--0,48 } 2,7 

7,90 
--0,34 } 2,6 

7,85 
--0,29 } 3,0 

6,98 
+0,54 } 2,7 

TABLE 5. Change in 
the CSs of the NC H 3 
and OC H 3 Groups as a 
Function of the T e m -  
pe r a tu r e  in (/I) 

Chemical 
T.: C shifts, ppm 

NCHa OCH.3 

21 3.17 " 4,02 
35 3,20 4,01 
49 3 .70 4,00 
54 3123 3,99 
60 3,26 3,99 
69 3,27 3,99 
80 3,29 3,98 

vents .  Deute roch loroform shifts the s ignals  of the protons  of the compounds 
studied downfield, and carbon disulfide shifts them upfield. 

It is known [14] that CS 2 should cause pa ramagne t i c  shif ts  because  of the 
magnet ic  anisotropy of the C = S bond. The diamagnet ic  shifts  of the s ignals  in 
foliosidine diacetate  a re  apparent ly  connected with the s t e r i c  factor ,  which ex-  
plains these anomal ies .  

Influence of Solvents on the Sp in-Sp in  Coupling Constants .  As in the NMR 
spec t rum of haplophyllidine [1], different  solvents  lead to some changes in the 
s p i n - s p i n  coupling constants  of the protons  in the alkaloids {I-W). It can be 
seen  f rom Table 3 that in alkaloid (iII), J g e m  of the CH 2 protons  of the dihydro-  
furan ring is 0 in strongly po la r  solvents ,  i.e., these protons  become a lmos t  
equivalent.  Thus, the three  protons  of the d ihydrofuran ring give a s y s t e m  of 
the ABX type in the NMR spec t rum in the case  of feebly po la r  and a romat i c  so l -  
vents and one of the A2X type in s trongly po la r  solvents .  

SUMMARY 

In a study of the influence of solvents on the parameters of the NMR spectra of the alkaloids (I-IV) it 
has been established that: 

a) benzene shifts the signals of the 4-OCH 3 and H/9 protons of the furanoquinoline alkaloids by +0.75 
0.02 and +0.68 +0.04 ppm, respectively; 

b) in T-fagarine, the signal of the 4-OCH 3 protons is shifted upfield under the influence of benzene to 
a greater degree (almost twofold) than the signal of the 8-OCH 3 protons; 

c) in foliosidine diacetate, benzene affects the signal of the protons in the NCH 3 group considerably 
more strongly than in the OCH 3 group; 

d) trifluoroacetie acid shifts the signal of the /3 protons by-0.63 ~-0.04 ppm in the furanoquinoline alka- 
loids and by approximately 1 ppm in the 2-quinolone alkaloids; and 
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e) in all the alkaloids investigated, the shift in the signal of the 4-OCH 3 group under the influence of 
CFsCOOH is ~ 0.5 ppm. 
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