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The study of the s t e r e o c h e m i s t r y  of the ma t r ine  alkaloids was begun by K. Tsuda and F. Bohlmann, 
who drew valuable conclusions on the configurat ions of these alkaloids f rom the i r  exper imenta l  r e su l t s  
[1, 2]. 

We have studied the poss ib i l i ty  of using the methods of NMDR, ORD, and UV spec t roscopy  to e s t ab -  
l ish the configuration of the i s o m e r i c  ma t r ines .  For  this purpose ,  var ious  der iva t ives  have been synthe-  
sized.  

By the chlorinat ion of ma t r ine  (I), sophoridine (II), leontine (HI), and isosophoridine (IV) with a mix -  
ture  of  thionyl and sulfuryl  chlor ides  we obtained the cor responding  14, 14-dichloro der iva t ives  (V-VIII). 
The UV spec t r a  of these compounds showed a d isp lacement  of the absorpt ion m a x i m a  by 15-20 nm in the 
long-wave direct ion,  which conf i rmed the p re sence  of the halogen in the a posit ion with r e s p e c t  to the 
carbonyl  group. 

The m a s s  s pec t r a  of (V-VIII), unlike those of the s ta r t ing  m a t e r i a l s  (I-IV) (M + 248) exhibit peaks  in 
the f o r m  of doublets showing the p r e s ence  of the halogen in the molecule  and peaks corresponding to the 
molee~dar ion (M + 315 and 317), and also ions fo rmed  by the el imination of the other  r ings  (A, B, and C) 
but with the retent ion of r ing D eontaining the halogen a toms.  The f r agments  of the ions a r i s ing  as the 
r e su l t  of the decomposi t ion and el iminat ion of r ing D accura te ly  coincide with those fo r  the initial  bases  
[3]. 

In the chlorinat ion of (I-IV), in addition to dichloro der iva t ives  another  product,  giving a pos i t ive  
reac t ion  for chlorine and sulfur,  was fo rmed  in the reac t ion  mix ture  in each case .  By compar ing  their  
m a s s  and IR spec t r a  it has  been es tabl ished that the l a t t e r  a re  the products  of the condensation of (I-IV) 
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with a thionyl chlor ide res idue ,  O = C -- C--H-~O--C -- C -- S , and have tool. wt. 330. 
I h / \ 

H H Cl 

The pa r t i a l  hydrogenat ion of (v-viii) over  plat inum in ethanol led to the fo rmat ion  of the mono-  
chloro der iva t ives .  F r o m  dichloromatr ine ,  a - m o n o c h l o r o m a t r i n e  was isolated and cha rac t e r i zed  com-  
pletely;  this has been sythes ized prev ious ly  by  S. Okuda et al. [4]. In the case  of dichlorosophoridine,  
however ,  two i s o m e r i c  monochloro  der iva t ives  which pa s sed  into one another  under the action of heat,  
were  obtained. 

The saponif icat ion of the monochloro  der iva t ives  takes  p lace  with difficulty and only f r o m  mono-  
chlorosophoridine did we isola te  the 14-hydroxy der iva t ive  in an amount  sufficient for  r ecord ing  i ts  m a s s  
spec t rum.  

The t r ea tmen t  of monochloro isosophor id ine  with l i thium carbonate  and soium iodide gave dehydro-  
isosophoridine with mp 98-99 ° C, A compar i son  of the m a s s  spec t r a  of the la t ter  and of sophocarpine  [3] 
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showed that the double bond is in ring D, since all the fragments  differ only in intensities.  Their  absorp-  

O 

tion maxima in the UV spect ra  are  also identical and charac te r i s t ic  for  the chromophore -- N-- C-- C = C--  

(260 nm) [5]. 

In o rder  to establish the orientation of the substituents at the a - ca rbon  atom to the C = O group and 
unambiguously to identify the signals of the a -p ro tons  to the amide nitrogen atom, the NMR spect ra  of the 
alkaloids (I-IV) and also some of their monochloro and dichloro derivat ives were studied. 

Previously  [6], the assignment  of the signals of the protons at Cs, Cli,  and C17 in the N1VIR spec t ra  
of (I) and (III) was made on the basis  of a comparison with the spectrum of quinolizidone. In view of this, 
it appeared of in teres t  to identify the signals of the protons mentioned in the alkaloids themselves using 
the double-resonance method. 

In the NMR spectrum of (I) (Fig. 1)~ in the weak-field region there is a one-proton quartet  with ~- 
5.64 ppm, J1 = 12.5 and J2 = 4 . 0  Hz, a multiplet with a center  at ~" 6.26 ppm, and a triplet  at ~" 7.00 ppm, 
Ji = J2 = 12.5 Hz. 

Under double-resonance conditions, on i r radiat ion of the quartet  (~- 5.64 ppm) with v = 300 Hz a 
singlet is obtained and conversely,  the tr iplet  (~" 7.00 ppm) with v = 436 Hz is converted into a singlet. 

As a resul t  of i r radiat ion the quartet  (T 5.64 ppm) with v = 287 Hz is converted into a doublet and the 
region of the signal at T 7.13 ppm with ~ = 436 Hz changes. 

Thus, it follows f rom the double-resonance resul ts  that the quartet  at ~ 5.64 ppm is due to the Ci7 
- H proton. With a large geminal spin-spin coupling constant (SSCC) (12.5 Hz) and with a small vicinal 
equatorial-axial  constant (4.0 Hz), the lat ter  interacts with the C 5 - H a proton, the signal of which appears 
at ~" 7.13 ppm. This is also confirmed by the fact that in the spect rum of (XV) the signal in the weak 

gem 
field (C17 - H e) consists of a dofiblet at T 5.40 ppm with Jae =12,5 Hz. Consequently, the triplet  at 7.00 
ppm rela tes  to the C~7 - Ha proton the equivalence and magnitude of the SSCC of which shows that one 
of the constants is geminal and the other  is due to diaxial vicinal coupling with the C 5 - Ha proton. Con- 
sequently the C 5 - H a and the C17 - Ha protons are  t rans-diaxial .  

The one-proton multiplet in the spec t rum of (I) at ~- 6.26 ppm is due to the Cll - Ha proton. The 
half width of this proton, eqhal to the sum of the SSCCs with the neighboring a -e  protons is more  than 35 
Hz and shows that the proton at C ~ has the axial orientation. 

In the spec t ra  of (HI) and (IV) the SSCCs of C 5 - Ha and C17 - H e  are  smal le r  than in (I), being 3.0 
and 1.6 Hz, respect ively.  This fact, and also the absence of a signal f rom the proton at Ca in the weak 
field in the spec t ra  of (III) and (IV) can be explained by a distort ion of the conformation of ring C as com-  
pared with (I), which is reflected in the orientation of the C 5 - Ha proton and in the screening of Cll - Ha. 

cH#e~ 

.................. j . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ 8 7 8 9 tg ppm 

Fig. 1. N1VIR spectrum of matr ine  (I). 
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It  is  m o s t  in teres t ing  that in the NMR s p e c t r a  of (II), its monochloro der iva t ives  [(IX) oil and (X) 
crystal l ine] ,  and i ts  dichloro der iva t ive  (VI) the s ignals  of  the protons  at  C~7 and Cl i a r e  absent  in the 

weak-f ie ld  region.  

The appearance  of the C~7 - H  e s ignal  in the weak field in the s p e c t r a  of (I) and (III). a lso is ex-  
plained by the assumpt ion  that this proton is p r e sen t  in the plane of the l ac tam group in which descreening  
is a max imum [6]. The marked  upfield shift  of the CI?-H e signal in the spec t r a  of (II) and its de r iva t ives  
can be explained by the fact  that  in (11), as  compared  with (I), the conformat ion of r ing C is cons iderably  
dis tor ted ,  as a r e su l t  of which the C17-H e proton depar t s  f rom the plane of the lac tam ring and en te rs  the 
cone of screening  of the an iso t ropy  of the d iamagnet ic  suscept ib i l i ty  of the C = O group. 

The oxidation of (II) with hydrogen peroxide  gave  the N-oxide of (II), in the NMR spec t rum of which 
three  is a quar te t  at T 5.85 ppm with 51 = J 2  = 12.0 Hz. This  quar te t  obviously r e l a t e s  to the C G - H 
proton and the equal values of its SSCCs with the protons  at C 5 and C7 show that they a r e  mutual ly axial. 

In the s p e c t r a  of  the monochloro  der iva t ives  of (I) and (II), i .e. ,  in the spec t r a  of (IX), (X), and (XII), 
the s ignals  of  the pro tons  on the a - c a r b o n  a tom to the C = O group appear  in the weak field at  T 6.63, 6.64, 
and 6.68 ppm, r e spec t ive ly .  However,  it i s  imposs ib le  f r o m  the values of the chemica l  shif ts  of these 
pro tons  to deduce their  axial  o r  equator ia l  orientat ion.  Consequently, we have made  use  of an impor tan t  
c r i t e r ion  of de termining  the or ienta t ion of protons for  poor ly - re so lved  signals - t h e i r  half-width (AW~/2), 
which is equal to the sum of the SSCCs of the given proton with the neighboring ones.  Usually AWl/2 of 
the signal of an axial  p ro ton  is twice AW~/2 of the signal of an equator ia l  p ro ton  and amounts to 15-25 Hz 
[7]. 

In the s p e c t r a  of (IX) and (XII), the half-width of the signal  of the proton at Cl4 is approximate ly  7.0 
Hz, which shows its equator ia l  or ienta t ion and the axial na ture  of the chlorine a tom.  In the ca se  of (X), 
AW~/2 of the signal  of  the pro ton  at C14 amounts to 13.5 Hz. Consequently, the pro ton  is axia l  and the 
chlorine is equator ia l .  

In the IR s p e c t r a  of (V-VIII), as  com pa red  with (HID, the f requenc ies  of the C = O vibra t ions  a r e  
shifted in the h igh- f requency  di rec t ion by ~20-30 c m  -1 , and in the case  of the monochloro  der iva t ives ,  
depending on the or ienta t ion  of the chlorine,  by f rom -10  to +15 cm -1 (this is the opposi te  of the ~-  
halogeno ketones,  s ince in the la t te r  an equator ia l  halogen r a i s e s  the f requency of the C = O vibra t ions  
by 20 cm -~ , and an axial  halogen has  no effect). 

In the UV s pec t r a  of the dichloro der iva t ives  (V-VIII), the absorpt ion max ima  a r e  shifted in the long- 
wave d i rec t ion  by 18-25 nm. In the UV spec t rum of (X) the re  is a hypsochromic  shift and an inc rease  in 
the extinction coefficient.  In the other  cases  where the chlor ine  has the axial or ientat ion a ba thochromic  
shift  of +7-13 nm is found, and the extinction coefficient  is p r ac t i ca l l y  unchanged. 

After  the configuration of the s -ha logen  had been establ ished,  to de te rmine  the absolute  configuration 
of the ma t r ine  alkaloids we studied the ORD curves  both of the bases  and of their  dichloro and monochloro  
der iva t ives .  

(+)-Matrine and d ich lo romat r ine  give s imple  curves  with a pos i t ive  Cotton effect (Fig. 2, a). This 
conf i rms  the c o r r e c t n e s s  of the conclusions of S. Okuda et al. [8] concerning the absolute configuration 
of ma t r ine ,  i.e. the R configuration at C~ 1 and not S as was stated by Cervinka  [9]. In the spec t rum of ~ -  
monoch lo romat r ine  there  is  a ba thochromic  shift  (35 nm), which shows the possibi l i ty  of using the axial 
ru le  fo r  ~-halogeno ketones  in the case  of ~-halogeno amides ,  as well [10]. 

The ORD curve  of leontine (Fig. 2, c) d i f fers  in shape and sign f r o m  that of ma t r ine  and p o s s e s s e s  
a negat ive Cotton effect  consis t ing of t~vo ex t r emes .  On consider ing models  of  mat r ine  and leontine it can 
be seen that the g r e a t e r  contribution to the second ex t r eme  is made by r ings A and B, in consequence of 
which the ampli tude of the peak  is  f a r  g r e a t e r  than that of the trough. A s im i l a r  pa t t e rn  is  obse rved  in the 
s p e c t r a  of d ich lo ro-  and monochloroleont ine.  This shift conf i rms the axial  posi t ion of the halogen, and 
the sign of the Cotton effect  shows the S configuration at C11. Hence, leontine has  the 5R,6S,7S,11S con-  
f igurat ion,  which is  conf i rmed by the fo rmat ion  of ( - ) -5 -OH-A 6, 7_dehydromatr ine  f r o m  leontine. 

However,  the l i t e r a tu re  contains l i t t le  information on the ORD of amides  [11]. Consequently, it is 
difficult to deduce s t r i c t ly  the conformat ions  of subst i tuted amides  f r o m  their  ORD curves .  Never the less ,  
the r e su l t s  of our  study of the ORD curves  of amides  of the spar te ine  s e r i e s  show that the conclusions on 
the conformat ion of the spa r t e ines  ag ree  comple te ly  with chemica l  r e su l t s  [12]. At the s ame  t ime,  in the 
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Fig. 2. ORD curves  of compounds (I-XII). 

case of d-sophoridine (II) the ORD curves do not agree  with the chemical resul ts ,  namely: on dehydro-  
genation with mercu r i c  acetate d-sophoridine gives ( - ) -5-OH-A 6, 7 --dehydromatrine (XV) while (+)-matrine 
gives (+)-5-OH-A 6'7 -dehydromatr ine;  the signs of the ORD curves of d-sophoridine and (+)-matrine and 
their derivatives coincide (Fig. 2, a, b). 

Fur thermore ,  the chemical shifts (CS) of C17 - He and C17 - Ha of the protons in matr ine  are  found in 
the weak field and the relat ive chemical  shift a - e at C17 and C~ ~ in them is 0.5-0.6 ppm, while in the 
case of sophoridine the CSs of the protons mentioned are shifted s t rongly upfield. If we s ta r t  f rom a C /D,  
eis linkage [13], we should expect the CS of the C ~  - H e signal in the weak field, which is not the case  
for the NMR spectrum of sophoridine. At the same time, in the case of the oxosparteines with eis-l inked 

r ings the signals of O=C- -N- -C- -Hc  are  found in the weak field [14]. Consequently, the ORD and NMR 

charac te r i s t i cs  show that the conformation of ring C is considerably distorted as compared with the other  
i somers .  

EXPERIMENTAL 

The following systems of solvents were used for chromatography: i) butan-l-ol-conc. HCl- 
water (50 : 7.5 : 13.5, M-I paper); 2) benzene-methanol [5 : 2; TLC in silica gel-gypsum (9 : I)]; and 3) 
chloroform--methanol [2 : I;TLC in silica-gypsum (9 : I)]. 

The NMR spectra were obtained on a JNM-4H-100/100 MHz instrument in CDCI 3 with HMDS as 
internal standard, and the ORD curves on a Cary-60 instrument with methanol as the solvent. 

Diehlorosophoridine (VI). A solution of 4.9 g of (If) in a mixture of 6 ml of SOCI2 and SO2CI 2 was 
boiled in the water bath for 1 h. The dry residue after the distillation of the excess of the reagents was 
made alkaline with 5% ammonia solution and extracted with ether and chloroform. The ethereal fraction 
(3 g) was chromatographed on a column of silica gel. The chloroform-methanol (20 : 1) eluates yielded 
substance (VI). Yield 1.9 g. Mp. 128-130°C (ether) [~]D + 19° (c 0.37; ethanol). UV spectrum: Xma x 
222 nrn (log e 3.77). 

The chloroform eluate yielded a substance with R/0.95 (i), tool. wt. 330. 

Dichloroleontlne (VII) was obtained by the method described above from 0.5 g of (lID and 4 ml of a 
mixture of SOCI 2 and SO2CI 2. Yield 0.25 g. Mp 158-159 ° C (ether). UV spectrum: Xma x 220 nm (log 
3.7). 

Dichloromatr ine (V) was isolated f rom 3 g of (I) as descr ibed by Okuda et al. [8]. Yield 1.4 g. UV 
spectrum: Xmax 230 nm (log e 3.78). 

Dichloroisosophoridine (VIII) was formed by boiling 0.9 g of (IV) with a mixture of 5 ml of SOC12 and 
SO2C12 for  3 h. The res idue after evaporation was dissolved in 1% hydrochlor ic  acid, and the solution was 
made alkaline with 25% ammonia and extracted with ether. 
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The l igh t -co lored  oil (1.1 g) obtained af ter  the dist i l lat ion of the e ther  was c rys ta l l ized  (dry ether).  
Yield of (VIII) 0.5 g. Mp 152°C, [C~]D - 114.8 ° (c 0.48; ethanol), R f  0,21 (3), 0.95 (1). Mol. wt. 315 (from 
the m a s s  spect rum).  UV spec t rum:  223 nm (log s 3.76). 

Monoehlorosophoridines  (IX, X). A solution of 1.9 g of (VI) in 25 ml of ethanol was shaken in an 
a tmosphe re  of hydrogen with 0.4 g of PrO 2. After  5 h, 130 ml  of  hydrogen (0.96 mole) had been absorbed.  
The ca ta lys t  was s epa ra t ed  off, the solvent  was disti l led,  and the res idue  (1.8 g) was chromatographed  on 
s i l ica  gel. I t  was eluted with c h l o r o f o r m - m e t h a n o l  (30 : 1), (20 : 1). The f i r s t  f rac t ions  gave an oily 
ba se  (IX). Yield 0.23 g, [c~] D + 17 ° (c 0.6; ethanol), Rf 0.86 (1), 0.52 (2), Mol. wt. 282 ( f rom the m a s s  
spec t rum) .  UV spec t rum:  Xmax 201 nm (log e 3.9). 

The second f rac t ions  deposi ted the c rys ta l l ine  base  (X). Yield 0.9 g. Mp 140-141 ° C (ether), [c~] D + 
30 ° (c 1.34; ethanol), Rf 0.84 (1), 0.40 (2), mol.  wt. 282 (from the m a s s  spect rum).  UV spec t rum:  

Xma x 210 nm (log e 3.27). 

Monochloroleontine (XI) was obtained by shaking 0.2 g of (VII) in 10 ml  of ethanol with 0.05 g of 
PrO 2 in an a t m o s p h e r e  of hydrogen for  1 h, followed by chromatography  on s i l ica  gel and elution with 
c h l o r o f o r m - m e t h a n o l  (12 : 1) and also by c rys ta l l iza t ion  f r o m  ether .  Yield 0.12 g. Mp 139-140 ° C, [O~]D 
- 17 ¢ (c 0.1; ethanol), Rf 0,81 (1). Mol. wt. 282 (from the m a s s  spect rum).  UV spec t rum:  kma x 212 nm 
(log e 3.97). 

(~-Monochloromatr ine (XII). A solution of 1.4 g of (V) in 20 ml of ethanol was shaken in an 
a tmosphe re  of hydrogen with 0.5 g of PtO2 for  4 h. The res idue  af ter  the separa t ion  of the ca ta lys t  gave a 
pe r ch lo ra t e  with mp 240-241 ° C (ethanol). The b a s e  f rom the p e r c h l o r a t e  was c rys t a l l i zed  (ether). Yield 
0.64 g. Mp 106-107 ° C, [C~]D + 29 ° (c 0.9; ethanol). Mol. wt. 282 ( f rom the m a s s  spect rum).  UV spec t rum:  
Xmax 218 nm (log s 4.0). 

Monochloroisosophoridine (XIII) was obtained by shaking for 3 h 0.5 g of  (VIII), in the fo rm of the 
hydrochlor ide  with mp 272-275°C, in 15 ml  of ethanol in the p r e s e n c e  of the p la t inum f r o m  0.12 g of PrO 2 
in an a t m o s p h e r e  of hydrogen.  Yield 0.28 g. The b a s e  (XIII) was liquid, [~]D - 7 5 °  (c 0.64; ethanol), Rf 
0.24 (3), mol.  wt. 282 ( f rom the m a s s  spec t rum) .  

Dehydroisosophor id ine  (XIV). A mix tu re  of 0.2 g of (XIII), 0.3 g of sodium oidide, and 0.15 g of 
l i thium carbonate  in 20 ml  of d ime thy l fo rmamide  was heated in the wa te r  bath fo r  2 h. After  cooling, the 
reac t ion  mix tu re  was p a s s e d  through a column of alumina,  the solvent was disti l led off, and the res idue  
was chromatographed  on s i l ica  gel. Elution with c h l o r o f o r m - m e t h a n o l  (10 : 1) gave a base  R f  0.14 (3) 

c rys ta l l i z ing  f r o m  dry  ether .  Yield 0.1 g. mp 97-98°C, [o~] D + 50 ° (c 0.2; ethanol). Mol. wt. 246 (from 
the m a s s  spect rum).  UV spec t rum:  )~max 255 nm (log e 3.37). 

Hydroxysophor id ine  (XV). A m i x t u r e  of 0.14 g of (X) and 20 ml  of 5% caust ic  soda solution was 
heated in the wa te r  bath for  3 h. After  cooling, the b a s e  was ex t rac ted  with e ther .  The res idue  was 
ch romatographed  on s i l ica  gel, and the c h l o r o f o r m - m e t h a n o l  (100 : 8) f rac t ions  yielded subs tance  (XV) 
with R f  0.23; tool. wt. 264 (from the m a s s  spect rum).  

S U M M A R Y  

c~-Substituted de r iva t ives  of  the i s o m e r i c  ma t r ines  and a new i s o m e r  of sophoca rp ine -13 ,  14- 
d e h y d r o i s o s o p h o r i d i n e - h a v e  been  synthesized.  

The poss ib i l i ty  of using ro t a to ry  d i spers ion  to es tab l i sh  the absolute configuration of the ma t r i n e  
alkaloids has  been shown. 
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