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The s t ruc tu re  of sorphor id ine  was f i r s t  studied by F. Rulko and N. F. P roskurn ina  [2]. The "Bohl-  
mann"  absorp t ion  in the 2800-2700 cm -1 region in the IR spec t r a  of sophoridine and the re la t ive  r a t e s  of 
dehydrogenat ion of mat r ine ,  a l lomat r ine ,  and sophoridine over  pal ladized asbes tos  and m e r c u r i c  ace ta te  
enabled them to de te rmine  the spat ia l  s t ruc tu re  of sophoridine as A / B - ,  A / C - ,  B / C - t r a n s ,  and C / D - c i s .  
Subsequently, F. Rulko [3] es tab l i shed  that  sophoridine i s o m e r i z e s  over  Pt into isosophoridine,  which has 
the A / B -  and A / C - c i s ,  B / C -  and C / D - t r a n s  configuration.  A discuss ion  of the mechan i sm of the i s o m e r i z a -  
t ion of sophoridine over  P t / H  2 by other  w o r k e r s  [4] showed that the cis  addition of the ca ta lys t  with i ts  
subsequent  migra t ion  may  lead to the t r ans fo rma t ion  of the conformat ion  of the ma t r ine  s y s t e m  of the 
sophoridine type given by Rulko and Proskurn ina  [2] into the conformat ion  with A / B - ,  A / C - c i s  and B / C - ,  
C / D - t r a n s .  

,a  

17/N ~ 12 

II ! 

i l i a  ihb I I IC  

On the bas i s  of t r an s fo rma t ion  of sophoridinic acid [5] and also of the IR s p e c t r u m  of the methiodide 
of the reduced f o r m  of sophoridine [6], A. I. Begisheva,  Kh. A. Aslanov, and A. S. Sadykov es tab l i shed  that  
the C/D f r agmen t  of sophoridtne has the syn-c i s  form,  i.e.,  spat ia l  s t ruc tu re  I c o r r e s p o n d s  to this alkaloid.  
Thus, the conformat ion  of sophoridine (I) logical ly sa t i s i f ied  the phys icochemica l  r esu l t s  obtained in a 
study of sophoridine de r iva t ives .  

In addition, D. Dzh. Kamalitd[nov,  S. Iskanderov,  and S. Yu. Yunusov proposed  the spat ia l  s t ruc tu re  
II for  dex t ro ro ta to ry  sophoridine on the bas i s  of the fact  that on the dehydrat ion of sophoridine with m e r -  
cur ic  aceta te ,  like mat r ine  and a l lomat r ine  (C/D- t rans)  it f o r m s  5 -hydroxy-6 ,7 -dehydromat r ine  [7]. Fu r -  
t h e r m o r e ,  the same  w o r k e r s  [8] additionally substant ia ted s t ruc tu re  (1-I) by the fact  that in the PMR spec t r a  
of sophoridtne and its mono-  and dichloro der iva t ives  {at C 14) the s ignals  of the pro tons  at Cll and C17 in 
the weak-f ie ld  region are  absent .  However,  as will be shown below, the s ignals  of the H17 a and Hll protons  
a re  in actual  fact  located in the weak-f ie ld  region {2.92 and 3.33 ppm).  It must  be mentioned that s t ruc tu re  
(II) a lso  sa t i s f i es  the resu l t s  of those chemical  t r ans fo rmat ions  of sophoridine which led to the proof  of 
s t ruc tu re  (I). 

* For  Communica t ions  I-III ,  see [1]. 
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Fig. 1. PMR spect rum of sophoridine at a frequency of 
100 MHz in CS 2 (a-h - INDOR experiments  using the c o r -  
responding lines of the spectrum).  

It may be assumed that the uncertainty in our ideas of the conformation of sophoridine is due to the 
fact that in solutions its molecule exists in a spatial form (different f rom I and I[) which on interact ing with 
the appropriate reagent forms the derivative described in the previous papers .  This form must  apparently 
be conformationally labile, which is part ial ly ensured by the nitrogen atoms, which are capable of inversion. 
Consequently, the predominant conformation of sophoridine in solution must  be established by methods not 
affecting the position of the conformational  equilibrium. 

The successful  use of the INDOR method [9, 10] to interpret  the PMR spect ra  of the quinolizidine 
alkaloids [1, 11] permit ted us to hope that it would provide the possibli ty of obtaining unambiguous informa- 
tion on the conformation of sophoridine. In actual fact, f rom the PMR spect ra  of sophoridine we have de te r -  
mined the required s p i n - s p i n  coupling constants and chemical  shifts on the basis  of which we have recon-  
sidered the conformation of this compound. 

The PMR spec t rum of sophoridine (Fig. 1) differs f r o m  the spec t ra  of all the other alkaloids of the 
matr ine ser ies  by the absence of a resonance signal of the H17 e proton in the 4.0-4.5 ppm region. This 
means that the Hit e proton does not lie in the nodal plane of the lac tam carbonyl at C~5.* An analysis of 
molecular  models has shown that for  the two proposed spatial s t ruc tures  of sophoridine, I and II, the H17 e 
proton must be present  in the nodal plane of the lac tam carbonyl and because of this they can both be re -  
jected. In Fig. 1, a complex multiplet with an integral intensity corresponding to three protons is observed 
in the 2.85-3.35 ppm region. The INDOR experiments  a -c  (see Fig. 1) with the recording of the intensity of 
the lines of this multiplet permi t  the conclusion that two protons interact  with one another with J = 13.6 Hz. 
The minimum number  of s p i n - s p i n  interactions and the location of the signals in weak fields shows that the 
lines found belong to the Hit e and H17 a protons.  In o rder  to determine the pa rame te r s  of the signals accu- 
rately, we recorded the PMR spect ra  of sophoridine at a frequency of 300 MHz in CS 2, C6H 6, and CS 2 +CsH 6 

*A paramagnet ic  shift of the resonance signal of the equatorial  proton in the fl position to the carbonyl is 
observed both for  c i s -  and for t rans-quinolizidines if this proton is in the nodal plane of the carbonyl [1, 8, 
11, 12]. The question of the influence of the orientation of a lactam carbonyl  on the chemical  shifts of neigh- 
boring protons is discussed in detail by Cahill and Crabb [13]. 
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Fig. 2. PMR spec t rum of sophoridine at a frequency of 300 MHz 
in benzene ( a -  signals of the H17 e and H~7 a protons in the solvent 
sys tem CS 2 +C6H6). 

(1 : 1). The most  informative in the absence of experiments  on double resonance proved to be the spec t rum 
in benzene, which is given in Fig. 2. The increase in the resonance frequency and the effect of the solvent 
enabled the signals of the three protons located in weak fields to be separated.  In Fig. 2a (solution in CS 2 + 
C6H~) it can be seen that the H~7 e and H17 a signals fo rm the AB part  of a ABX spin sys tem with the follow- 
ing constants:  J17e,lm = 13.6 Hz, J17e,5 =4.9 Hz, and J17a,5 = 11.2 Hz. It follows f rom the values of the s p i n -  
spin coupling constants that the H 5 proton is axial with respect  to ring C. In benzene the signal of the t e r -  
t iary HI~ proton is shifted by 0.2 ppm upfield as compared with the corresponding signal in CS 2 [14] and is 
located at 2.92 ppm. The width of the signal (Sv =22.8 Hz) shows the t rans  linkage of rings C and D. For  
comparison,  we may mention that in the spec t ra  of matrine and allomatrine (C/D-trans)  the widths of the 
H~I signals are 23.3 and 24 Hz, respect ively [11, 12]. 

While in all matr ine alkaloids the difference in the chemical  shifts of H17 e and H17 a is between 1 and 
2 ppm, in sophoridine this difference is 0.17 ppm in carbon disulfide and less  than 0.1 ppm in benzene. 
This is possible only if the angles of the C 17-H17 e and C17-H17 a bonds with the nodal plane of the lac tam 
carbonyl are approximately equal. The position of the nodal plane of the carbonyl group between the geminal 
protons at C17 is possible only with a specific distort ion of ring C or  ring D.* Ring D is external  and is 
linked with ring C at two points, and therefore  it must adopt an energet ical ly  favorable conformation ("fiat 
chair") ,  which is the same for all the matr ine alkaloids. In the spect rum of sophoridine (see Fig. 2), in the 
2.1-2.33 ppm region there are the signals of H14 e and H14 a, identified through the geminal constant J = 17.0 
Hz, the value of which is due to a r contribution of the neighboring carbonyl group [15]. The presence  in 
the H14 e spec t rum of a long-range s p i n - s p i n  coupling constant, J = 1.1 Hz, with the H12 e proton ("W" rule) 
confirms that the conformation of ring D is the fiat chai r  conformation.  Ring C is linked with rings A, B, 
and D at five points out of six and it is just here that the distort ion of the chai r  conformation must be sought. 

The "boat" conformation posses ses  a lower o rder  of symmetry ,  and the presence  in ring C of a h e t e r o -  
atom and of the neighboring rings c rea tes  the possibili ty for  the existence of at least  three nonequivalent 
conformations of this ring in the boat form.  In a s t ructure  of the C/D fragment  of type (IIIa), which has 
been proposed previously for  the conformation of (II) [7], with the NI~ and C 6 atoms at the "bows" and "s tern",  
the H17 e proton ~s in the plane of the lactam and must resonate in the 4.0-4.5 ppm region, as is observed 
in the PMR spect rum of 15-oxospartein (IV), which has an analogous fragment [16]. The same can be said 
about s t ructure  (IIIc), which has the C17 and C 7 carbons at the bow and stern.  The a r rangement  of the angu- 
la r  plane of the carbonyl  group between the H17 e and H17 a protons is realized in conformation (IIIc), where 
the t e r t i a ry  carbons C 5 and Cll are at the bow and stern.  Thus, on the basis  of the s tereospecif ic  influence 
of the orientation of the carbonyl group and the close values of the chemical  shifts of the H17 e and H17 a s ig-  
nals, the conformation of the C/D fragment  of sophoridine can be represented by form (IIIc). 

In the spec t rum of sophoridine (see Fig. 2), there are the signals of two protons in the 2.43-2.66 ppm 
region. In the PMR spec t ra  of quinolizidine derivat ives equatorial  protons present  in the ~ position to the 

*The absence of a t empera ture  dependence of the pa rame te r s  of the spect ra  of matr ine  (trans-quinolizidone), 
17-oxospartein (cis-quinolizidone), and sophoridine in the range of t empera tures  f r o m - 9 0  to + 190°C wit- 
nesses  the presence  of one predominant conformation of these bases  in solution. 
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nitrogen genera l ly  resonate  in this region [17, 18]. The signal of one of them at 2.61 ppm is spli t  by the 
gemtnal  proton (J = 11.4 Hz) and by seve ra l  smal l  s p i n - s p i n  coupling constants ,  and f r o m  its mult ipl ici ty 
it co r r e sponds  to the signal of  an ordinary  equator ia l  proton.  The other  signal is located at 2.51 ppm and 
is spli t  by s p i n - s p i n  couplings with constants  of 11.2, 9.2, and 3.8 Hz, and in its mult ipl ici ty it is s i m i l a r  
to an axial ~ proton.  The INDOR exper imen t s  d-h with the recording of the intensi t ies  of the l ines of these 
protons (see Fig. 1) p e r m i t  the conclusion that these two protons  (H A and HC) are  not bound by a s p i n - s p i n  
in teract ion and, consequently,  a re  located on different  o~-carbon a toms  - C 2 and C10, 

It must  be mentioned that in the PMR spec t r a  of the mat r ine  alkaloids containing an A / B - t r a n s - q u i n o -  
lizidtne s y s t e m  the signals  of the Hze and Hi0 e protons  have the same mult ipl ici ty and prac t ica l ly  identical 
values of the chemical  shifts,  in spite of the different nature of the spat ia l  s t r uc tu r e s  of the C/D moie t ies  
[1, 11]. The stable "Bohlmann" band in the IR spec t rum of sophortdine [2] indicates the t r ans - l inkage  of 
rings A and B fa i r ly  rel iably;  never the less ,  the two o~ protons  in the 2.43-2.66 ppm region have not only 
different values of the chemical  shifts but also different mul t ip l ic i t ies .  This is apparent ly  connected with 

• a difference in the conformat ions  of r ings A and B. To invest igate this hypothesis,  it is n e c e s s a r y  to de t e r -  
mine the mul t ip l ic i t ies  of the s ignals  of the axial  o~ protons gemina] to the H2e and H10 e protons  found p r e -  
viously.  

The signals  of the H2a and Hi0 a protons  a re  located in the 1.8-2.04 ppm region (see Fig. 2). To a 
f i r s t - o r d e r  approximation,  the signal of one of them at 1,98 ppm is spli t  with constants  of 11.2, 7.4, and 7,4 
Hz, and the signal of the other  proton, at 1.89 ppm, with constants  of 11.4, 11.4, and 2.7 Hz. Since the smal l  
difference in the geminal  constants  (11,4 and 11,2 Hz) does not give confidence in the separa t ion  of the H2a 
and H10 a s ignals ,  we re turned once more  to double - resonance  exper imen t s .  The INDOR expe r imen t s  d-h 
with the record ing  of the intensity of the l ines of the H A signal (see Fig. 1), and also control  exper iment  g 
show that the geminal  p a r t n e r  of the H A pro ton  is located in a weaker  field than the other  axial o~ protons  
(see Fig. lh). The separa t ion  of the signals made on the bas i s  of the INDOR expe r imen t s  p e r m i t s  the con- 
clusion that the s ignals  at 2.61 and 1.89 ppm (see Fig. 2) fo rm a geminal  pa i r  of o~ protons  the mult ipl ici ty 
of which co r responds  to the mult ipl ici ty of the equator ia l  and axial o~ protons  in the "cha i r"  conformat ion  
of the ring. F r o m  the Karplus  dependence of the vicinal sp in- -spin  constants  on dihedral  angles [19], it 
follows that the mult ipl ici ty and the s imi l a r ly  la rge  (25-26 Hz) widths of the s ignals  of the other  geminal  
pa i r  of o~ protons  a re  cha rac t e r i s t i c  for  the "boat" conformat ion  (type V) of that r ing in which these protons  
are  located.  Since the b o a t - c h a i r  t r ans - l i nkage  of two rings is poss ib le  in two ways, the conformat ion  of 
the A/B f ragment  of the sophortdine molecule  can be r ep resen ted  as (Via) o r  (VIb). 

vra w b 

v!I 

The conformat ion  of the C/D f ragment  of the sophoridine molecule  was de te rmined  above as (IIlc). 
The combinat ion of the A/B and C/D f ragments  in conformat ions  (Via) and (life) is s t e r i ca ] ly  imposs ible ,  
and the fo rmat ion  of the sophortdine molecule  takes  place by the linkage of f r agmen t s  (VIb) and (IIIc) by 
equatorial  bonds at the C5, C 6, and C 7 ca rbon  a toms .  Thus, the conformat ion  of the sophoridine molecule  
(VII) has been de termined  as A /B- ,  A / C - ,  and C / D - t r a n s ,  B /C-ors ,  with the cha i r  conformat ion  for  r ings 
A and D and the boat conformat ion  for  rings B and C. 

The definitive ass ignment  of the s ignals  in the PMR spec t rum of sophortdine for  conformat ion  (VII) 
is shown in Fig. 2. It must  be mentioned that with the nondtstorted "boat" conformat ion  (V), the nature  of 
the spli t t ing of the s ignals  of the gemina] ~ pro tons  must  be the same .  The different  na tures  of the mul t i -  
p l ic i t ies  of the HI0 e and HI0 a s ignals  is apparent ly  explained by some dis tor t ion of r ings B f r o m  the c l a s s i -  
cal "boat" form,  and a lso  by different  degrees  of influence of the unshared pa i r  of e l ec t rons  of the N i n i t ro-  
gen on the vicinal s p i n - s p i n  in teract ions  [20] in which these protons  par t ic ipa te .  

The resu l t s  of a study of the 13C spec t rum of sophoridine conf i rm conformat ion  (VII). In all the spec -  
t r a  of the ma t r ine  alkaloids (A/B- t rans) ,  the chemical  shif ts  of C 2 and Ci0 dif fer  by not m o r e  than 0.3 ppm 
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[21]. A s i m i l a r  s i tuat ion should be obse rved  for  conformat ions  (I) and (rl). However,  in the spec t rum of 
sophoridine the di f ference in the chemica l  shif ts  of C 2 and C10 amounts  to 5.8 ppm, which is due to the dif-  
fe ren t  f o r m s  of r ings A and B.. 

Conformat ion  (VII) de te rmined  by the NMR method co r r e sponds  to resu l t s  obtained prev ious ly  on the 
chemica l  t r an s fo rma t ions  of sophoridine [2-8]. It is known that ma t r ine  i s o m e r s  containing a l a rge  number  
of c i s -hydrogen  a toms r eac t  f a s t e r  on dehydrogenat ion over  pal ladized asbes tos  or  m e r c u r i c  aceta te  [22, 
23]. It has been  es tab l i shed  [2] that  sophoridine dehydrogenates  f a s t e r  than a l lomat r ine  {VIII) but s lower  
than ma t r i ne  (IX). Since the re  a re  three c i s -hydrogens  in ma t r lne  (Ha, He, and HT), while in a l lomat r ine  
the re  a re  none, there  mus t  be two c i s -hydrogens  in the sophoridine molecule .  The c i s -o r i en t ed  H G and H 7 
hydrogens in the conformat ion  of {VII) sat isfy this condition. On dehydrogenat ion with m e r c u r i c  aceta te ,  
mat r ine ,  a l lomatr ine ,  and sophoridine f o r m  one and same  dehydro p r o d u c t -  5 -hydroxy-6 ,7 -dehydroma t r ine  
(X) [22, 23]. On the addition of a hydrexy group to C 5 and on the introduction of a double bond just in pos i -  
tion 6,7 the d i f fe rences  in the conformat ions  of the molecu les  {VII-IX) a re  e l iminated and, as a consequence,  
the same molecule  (X) is fo rmed .  

N N 
H 

VIH IX X 

CH~ xt. RFO; R~H.H 
~,E xJvR~H,H; R~0 

N~7 

x1 

x~  

On i somer iza t ion  over  Pt, sophoridine p a s s e s  into isosophoridine (XI), the molecule  of which con-  
tains a A/B-c i s -qu ino l iz id ine  s y s t e m  [3, 4]. In the conformat ion  of sophoridine {VII), two c i s -hydrogens  
(H e and HT) ensure  the d i rec t  fo rmat ion  of isosophoridine (XI) in a lmos t  100% yield.  

The reduct ion of sophoridine methiodide gives sophoridine monomethiodide (XII), the IR spec t rum of 
which lacks  absorpt ion  in the 2800-2700 cm -1 region [6]. This  has pe rmi t t ed  one of us to suggest  the c i s -  
l inkage of r ings C and D in the sophoridine molecule .  The absence  of a " t rans"  band in the spec t rum of 
(XII) can be explained by the poss ib le  i sorner iza t ion of the C/D f ragment  in the reduct ion react ion.  Fo r  
example ,  the reduction of aphylline (XIII) and of 17-oxospar te in  (XIV)forms sparteine(XV) [24], differing 
f r o m  (XIII) and (XIV) by the conformat ion  of ring C and by the type of l inkage of r ings C and D. In view 
of this, to continue this work  it is n e c e s s a r y  and of in te res t  to study the conformat ions  of sophoridine de-  
r iva t ives ,  

E X P E R I M E  NTAL 

The PMR spec t r a  were  recorded  on Var i an  HA-100D, XL-100, and HR-300 s p e c t r o m e t e r s .  * The 
samples  were  in the f o r m  of 15% solutions of sophoridine (by weight) in CS 2 and Cell 6, and in a mix ture  of 
these solvents .  The INDOR expe r imen t s  were  p e r f o r m e d  on the HA-100D ins t rument .  The chemica l  shifts  
a re  given in the 5 scale  re la t ive  to HMDS. The samples  of sophoridine were  kindly given to us by A. I. 
Begisheva.  

S U M M A R Y  

On the bas i s  of PMR s p e c t r a  at 100 and 300 MHz, the conformat ion  of the molecule  of the alkaloid 
sophoridine in solution has been de te rmined  as A / B - ,  A / C - ,  and C / D - t r a n s ,  B /C-c i s ,  with the "cha i r"  
conformat ion  of r ings A and D and the "boat" conformat ion  of r ings B and C. 
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