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A b s t r a c t -  N e a t  t r e a t m e n t  of a p o r p h i n e  3 - o x i d e s  p r e p a r e d  b y  t h e  

m - c h l o r o p e r b e n z o i c  a c i d  (m-CPBA) o x i d a t i o n  of a p o r p h i n e s  a S I o r d c d  

1 - ( N - m e t h y l - N - h y d r o x y l a m i n o e t h y l p h e t h e n e  d e r i v a t i v e s  s h l c h  

w e r e  c h a r a c t e r i z e d  by  t h e  p h y s i c a l  a n d  c h e m i c a l  e v ~ d c n c e s .  The 

b i o g e n e t i c  p a t h w a y  f r o m  a p o r p h i n e s  t o  p h e n a n t h r e n e s  i s  a l s o  

d i s c u s s e d .  

B e f o r e t i m e ,  a s  a n  e x e c u t i o n  o f  t h e  s t r u c t u r a l  e l u c i d a t i o n  of  t h e  a l k a l o i d s ,  t h e  

Hofmann e l i m i n a t i o n  h a s  b e e n  investigated e x t e n s i v e l y .  I n  t h e  case  o f  a p o r p h l n e  

a l k a l o i d s ,  t h e  C6-C bond c l n a v a p e  i n  r i n g  B t a k e s  p l ace  a n d  I o r m s  phenan -  
Sa 

2 
t h r e n e s ,  m e t h l n e  b a s e s  . The r i n g  B c l e a v a g e  i n  a p o r p h i n e s  c a n  a l s o  be  a c h i e v e d  

? 

by r e f l u x  w i t h  a n  a c i d  c h l o r i d e  o r  w i t h  a n  a c i d  a n h y d r i d e u  o r  by  r e a c t i o n  w i r h  

4 
c y a n o g e n  b r o m i d e  i n  chloroform . On t h e  o t h e r  h a n d ,  it is well k n o w n  t h a t  t h e  

t e r t i a r y  a m i n e  N - o x i d e s  u n d e r g o  Cope c l i m i n a t i o n  by  h e a t i n g ,  a n d  r e c e n r l y  

shamma' a n d  Takao6  h a v e  r e p o r t e d  t h e  same e l i m i n a t i o n  by  t h e  p y r o l y s i s  o f  p r o t o -  

p i n e  N - o x i d e s .  B e c a u s c  of t h e  s i m l l a r l t y  of b o t h  Hofmann a n d  Cape  e l i m i n a t i o n s ,  

t h e  p o s s i b i l i t y  o f  t h e  t r a n s f o r m a t i o n  f r o m  t h e  a p o r p h i n e  X - o x i d e s  t o  t h e  phenan-  

t h r e n e s  was  p r e s u m e d .  I n  t h i s  p a p e r  we w i s h  co  r e p o r t  t h e  p r e p a r a t i o n  o f  

s p o r p h i n e  N - o x i d e s  a n d  t r a n s f o r m a t i o n  t o  p h e n a n t h r e n e s .  

Though r h e r e  a re  severa l  k i n d s  of o x i d i z i n ~  a g e n t s  u s e d  f o r  p r e p a r a t i o n  o f  

t e r t i a r y  a m i n e  N - o x i d e s ,  m - c h l o r o p c r b e n z o i c  a c l d  (m-CPBA) was u s e d  as a n  o x i d i z i n g  

a g e n t 7  because o f  t h e  c o n s i d e r a L i o n  o l  f a c i l i t y  of t r e a t m e n t ,  s t a b i l i t y  o l  

r e a g e n t s ,  a n d  goad  y i e l d s  o f  p r o d u c t .  T e n  a p ~ r p h i n e  a l k a l o i d s  !$a-jl, a s  shown i n  

Scheme I ,  were r r e a t e d  w i r h  m-CPBA by t h e  m e t h o d  d e s c r i b e d  i n  E x p e r i m e n t a l  sec- 

t i o n ,  r e s p e c t i v e l y .  The  a p o r p h i n e  N-oxliies ( Z a - j )  were o b t a i n e d  a n d  characterized 



a. R-(-)-N-methylxylopine K1 + R2 = 0CH20, R3 = OUe, 

R4 = R, = H. 

b. R-(-1-dicentrine R + I( = OCH 0 ,  H = R4 = Ohle, 
1 2  2 3 

R -  = H. 

c. R-(-)-nuciferine = H2 = O h ,  R, = R  - 
3 4 - K g  = i1. 

d. S-(+)-N-methylactinodaphnine I1 + Ra = 0CH20, R3 = OH, R = Ohle, 1 4 

H. = ti. 

e .  S-(+I-N-methglaandigerine R t K = OC!l.O, R = H, R = OH, 
I a L 3 4 

R  = O ? l r .  

f .  S-(+I-0-methylbulboc~pninc HI + Ha = OCII 0, H 3  = H, 2 

R4 = R. = O l le .  
a 

g. S-(+)-N-methyllaurutetanine R = R2 = R = O:!c,  K = OH, H = 11. 1 4  3 5 

h. S-(+)-holdine R  = H = OUe, R.  = B- = OH, Rr = 11. 
1 4  2 a 

i. S-(+)-isocorydine R  = K  = R  =O:le,R = I i , K r = O H .  
1 2  4 3 

j. S-(+)-glaucine R1 = R2 = R3 = Rq = O!le, R = il. 
a 

Scheme I 

by the physical and spectral data8, as shown i n  .Table 1. 

Transformation lrom aporphine ?I-oxides to 1-(X-methyl-S-h)droxylan~noethylIIlhenan- 

threnes was established by refluxing the h-oxides in suirable solvents, respec- 

tively. All products were optically inactlve and showed Lhe samc uv al~sorption 

maxima at ca 220, 260, 340 and 360 nm and mass fragments [\I+- .C:I ~*~'3] as 
2 'OH 

phenanthrenc alkaloidsD", respectively. A 1 1  oi these products a l s o  gave a dccg 

pink colour by triphenyltetrazolium chloride 10'll. Therefore, it aas  presumcd 

that these products are corresponding to 1-(N-methyl-N-hydruxylaminoethy1)phe- 

nanthrenes (>a-j). In order to prove Lhe s t r u c t u r e s  o i  these phenmthrenes, the 
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Table I. The physical and spectral data of aporphines and their N-ox ides  

Solvcnt system for tlc, chloroform : methanol = 6 : 1. 
* * 

In t h e  preparation 01 aporphine Goxides (see experimental section), 

thc chloroform solution should not be warmed and the methanol elucnt 

must be concentraLed under reduced pressure at room temperature. If 

not, it will be transrered into phenanthrenes. 

converted products ( 3 a - j )  were treated with zinc powder and sulphuric acid, and 
C 

then the reduction products, 1-(X-methylaminoethyllphenanthrenes (,$a-j), were 

trea~ed with formalin and sodium borohydride, respectively. The N-methylation 

products, 1-(X,K-dimethylamlnoerhy1)phenanthrenes (sa-j), were identified by  

cumparisons (mp, tlc, l~nmr', u v  and i r . 1  with authentic samples which were derived 

by the HoImann elimination of Lhe parent aporphine alkaloid methiodides ( $ a - j ) .  

These results were shown in Tnblc 11. 

The ring H cleavage of aporphinc K-oxides c n r r i c s  out without distinction of 

R or S- configurarion at C Ga ( 2 and 2 1 .  Yut it seems R- configuration aorphine 

X-oxidcs more easily transfer Lo phensnthrenes than 5- configuration. ?foreover, 

the reactivity of ilofrnann elimination of quaternary annoniun hydroxides were 

compared nlth that of Case elimination of tertiary amine ?I-oxides. In the case of 

dicentrlne (jbl, X-methyld~centrinium hydroxide (zb) easily affords diccntrinr 



i ? I t O a o m  
a L? U7 LC L, L? lp . . . . . . .  
N N N N N N N  
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methine, 1-(N,N-dimethglaminoethy1)-3,4-methy1enedioxy-6,7-dimethoxyphen~nthrene 

(zb) by reflux in methanol. The transformation from dicentrine N-oxide (zb) to 

l-(N-methyl-N-hydr0aylaminoethyl)-3,4-methylencdioxy-6,7-dimethoxyphenanthrene 

(Jbl is also carried out with facility by reflux in chloroform or in methanol. 

In the case of X-nethylnandigerine ( & e l ,  both N,N-dimethylnandigerinium ( 3 e l  and 

h-metbylnandigerine X-oxide ( 2 e )  do not change by reflux in methanol or in etha- 
nol for about 20 h , respectively. But when a nwter solution of the former was 

heated in the boiling water for 3 h , a small amount of 1-(N,N-dimethylaminoethyl) 
-3,4-~1ethylenedioxy-5-meth0~y-6-hydr0~yphennthrene ( > e )  was afforded. On the 

other hand, the latter easily gave l-(N-methyl-N-hydro~ylaminocthyl)-3~4-methyl- 

enedioxy-5-methoxy-6-hydroxyphcnanthrene (Je) with good yields by reflux in 

toluene i o r  3 h . 

Owing Lo the fact that the phenanthrene alkaloid, thaliglucine (thal~henine 

methine) ( s ) ,  and rhe quaternary aparphlne alkaloid, thalpheniae (kl), have been 
12 isolated from the same plant, l'hnlictrum polygamum , it is presumed that phenan- 

Chrene alkaloids probably are derived biogenetically from the Hofmann elimination 

9 tl of quaternary aporphine salts , In general, aofmann elimination of quaternary 

aporphine alkaloids always affords tertiary phenanthrene alkaloids as methine 

bases. On the other hand, both aporphine S-oxides and phenanthrene alkaloids 

have occurred in natural sources13, and the secondary phenanthrcne alkaloid, 

3-noratherosyermlnine (2~1, has been also isolated together with t h e  tertiary and 

quaternary phenanthrenc alkaloids, athemsperminine ( 2 ~ )  and N-methylatherosper- 

14 
minium ( 1 2 1  . 
From these facts it also may be able to presume that phenanthrene alkaloids are 

formed biogenetically by the pathway of aporphines- aporphine N-oxides - 
1-(X-methyl-3-hydroxylaminoethyllphenanthrenes ---t secondary-tertiary --r 

quaternary phenanthreno alkaloids. 

EXPERIUENTAL 

All mps were taken on a Yanaco micro-melting point apparatus and are uncorrected. 

[ d l D  were measured on a Jasco model Dip-181 3igital Polarimeter. Uv absorption 

spectra werc obtained on a aeckman model 34 Spectrophotomcter. I r  spectra wero 

taken on a Hitachi modcl 260-30 infrared Spectrophotometer. The '~nmr spectra 

were taken on a Varian EM 360 L 60 LIHz Spectrometer with tetramethylsilane as 

internal standard and chemical shifts were recorded in & units. Jfass  spectra were 



HETEROCYCLES, Vol 23, N o  12, 1985 

measured with a Jeol J1K-D-100 mass Spectromctcr at 12 e V  and the relativr inten- 

sities are reported in the parentheses. 8.11. Ilerck 7734 silica gel 6 0  was used 

for column chromatography and sllica gel GF-254 w a s  used for thin layer chromato 

graphy. All aporphine alkaloids are available in our laboratory except ( - ) - n u c i -  

ferine and (ti-boldine. m-Chloroporbcnzoic acid (m-CPBA) mas purchased from Vako 

Pure Chemical Industries, Ltd., Japan. 

General Procedure for the m-CPBA Oxidation of Aporphine Alkaloids (In-J) - The 
i 

chloroform solution of m-CPBA (0.75 gm, ca 0.45 mol.) was gradually added to the 

chloroform solution of the aporphine alkaloid (0.50 gm, ca  0.15 mol.) (la-,,) with 
stlrring at room temperature, respccrively. The stirrlng mas continued f o r  1 11 , 

and then the mixture was heated Lo do reflux on the waLer bath for 1 - 2  h . The 

conversion o f  the starting materials lnro S-oxides (Za-J) !,was revealed by tlc. 
? 

After cooling the reacllon mixturc was passed through a sillca g c l  colunn and 

eluted with chloroform i n  order io remove the unchanqed b a s e  and m-CPBA and 

m-chlorobenzoic acid. The methanol was used as further elucnt, the methanol 

eluent was concentrated to expel solvent under reduced pressure. The yiclds o f  

the aporphine I\'-oxides ( ? a - j j  were in the r n n ~ e  of 20-  65%. The physical and l h e  

spectroscopic data of the aporphine S-oxides are shown in Table I .  

General Procedure for the TransIornation from Aporphine N-Oxldes (?a-j j to - 
l-N-~lethyl-S-hydr0~y1amin0eihy1ph~n~nthrnes (3%-j) - Each o f  the aporphine 

m 

N-oxides (?a-j) (15 mg) was dissolved in a suitable iolrenr and heated to r c f l u a  

on a water bath or mantle heater for 2 - 3  h and concenrrated, respccrluel$. The 

c o n v e r s i o n  from the starling materials into products were revealed 114. tlc. I h e  

concentrated solution was put on a sillcn gel colunn and chromntographcd with 

chloroform-methanol (7:1, v/v) as eluent. Thc eluent was concentrated to leave 

l-(N-mcthyl-S-hydroxy1aminoeLh~~l)phenanthre (3a-jj whlch 1ver .e  in the range  01 e 

3 5 -  SO%, and all of them were optlcnlly inactive. Thcir physical and spcctrosco- 

pic data are shown in Table 11. 

Reactions of 1-(S-hiethyl-N-hydroxylaminoe~hyljphenanthrenes (3a-ji with Trlphenyl- .- 
tetrazolium Chloride - T r i p h e n y l t e ~ r a ~ ~ l i ~ ~  chloride (ca 1.0 mg) nas  dissolved 

in one drop of an ethanol solution of the s a n o i r s  (3a-J) which was p u t  on a aarch 
i 

glass, and o n e  drop of EN-sodium hydroxide was addcd, respectively. A dccn p l n k  



colour immediately developed 

General Procedure for the Reduction of 1-(N-Methyl-E-hydroxylaminoethy1)phenanth- 

r e n e s  (3a-j) and N-Methylation of the Reduction Products (4a-j) - (i) Reduction . - 
of 1-(N-methyl-N-hydroxylaminoethyl)phenanth iJa-j): 1-(N-methyl-N-hydroxy1- 

aminoethy1)phenanthrenes (6.0 mg) were dissolved in 20% sulphuric acid (10 ml). 

The excess of zinc powder (1.0 gm) was added in the solution with stirring. The 

stirring was continued for 3-4 h, respectively. The mixture was filtered, and the 

filtrate was basified with ammonia and extracted with chloroform. The chloroform 

solution was dried ( K  CO ) and concentrated to leave a lieht yellowish brown 
2 3 

viscous residue (kz-j) under reduced pressure. (ii) U-methylation of the reduc- 

tion products: The residues ( c a  6.0 mg) (4a-j) obtained from ( i )  were treated 
Z 

with formalin (1-2 drops) and excess sodium borohydride (200 mg) by ordinary 

method, respectively. The N-methylation products i5a-J) were characterized by 
C 

the physical and spectroscopic data, as shown in Table 11, and identified 

directly by comparisons (uv, tlc, mp, ir and l~nmr) with the authentic samples, 

methine bases, which were derived from the Hofmann elimination of the parent 

aporphine alkaloid methiodides (2a-j). 

General Procedure for the Hofmann Elimination of the Aporphine Alkaloid 

hlethiodides (6a-j) - A solution of aporphine methiodides ( 9 - j )  (each 1.0 g m ) ,  - 
potassium hydroxide (10 gm) and water (50 ml) was heated in a boiling water lor 3 

h, respectively. After cooling, the mixture was extracted with ether (100 ml x 3 ) .  

The ether solution was combined and shaken with 2% sulphuric acid. The acidic 

solution was basified with ammonia and extracted with chloroform. The chlorolorm 

solution was dried (K2C03) and evaporated to give a light yellowish residue. The 

reaction products, methine bases were optically inactive, [yields: 40-502 (except 

6 e ) ] ,  and characterized by the physical and spectroscopic data which were shown 
r- 

in Table 11. 

Hofmann Elimination of N-Methyldicentrinium Hydroxide (7b) - Excess silver oxide - 
[prepared from silver nitrate (2.0 gm) and 102 sodium hydroxide] was added to the 

solution of dicentrine methiodide (sb) (600 mg) in methanol with stirring at room 

temperature. The stirring was continued for 2 h, and then the mixrure was filtered 

The filtrate was heated to reflux on the water bath for 1 h. The methanol solution 
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was c o n c e n t r a t e d  a n d  c h r o m a t o g r a p h e d  on a s i l i c a  g e l  w i t h  c h l o r o f o r m - m e t h a n o l  ( 

7 I a s  e l u e n t .  T h e  e l u e n t  w a s  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  depo  

s i r  t h c  c r y s t a l s ,  d i c e n t r i n e  m e t h l n e  ( 5 b )  ( 2 0 0  m g ) ,  mp 155-158'C. 
F 

i iofmann E l l m i n a t i o n  o f  N , N - D i m e t h y l n a n d i g e r i n i u m  H y d r o x i d e  ( 7 c )  - A s o l u t i o n  of 
C 

N,S-dimethylnandige~ir~ium h y d r o x i d e  ($1 i n  m e t h a n o l  o r  e t h a n o l  was p r e p a r e d  b y  

t r e a t l n g  N - m e r h y l n a n d i g e r i n e  m e t h i o d l d e  ($1 ( 1 . 0  g m )  a n d  s i l v e r  o x i d e  . Each  

s o l u t i o n  was h e a t e d  t o  do  r e f l u x  o n  a w a t e r  b a t h  for 20  h ,  respectively. Though 

t h e  c o n v e r s i o n  f rom 7c i n t o  m e r h i n e  was c h e c k c d  h y  t l c ,  t h e r e  was n o  s p o t  corres-  
CI 

p o n d i n g  t o  m e t h i n e .  On t h e  o t h e r  h a n d ,  t h c  w a t e r  s o l u t i o n  of ze was p r e p a r e d  and 

h e a t e d  i n  b o i l i n g  $water f o r  3 h .  A f t e r  c o o l i n g ,  Lhe s o l u t i o n  was e x t r a c t e d  w i t h  

e t h e r  ( 1 0 0  ml x 4 ) .  T h e  c t h c r  s o l u t i o n  was combined  a n d  s h a k e n  w i t h  2;; s u l p h u r i c  

a c l d .  The  a c i d i c  s o l u t i o n  w a s  h a s i f i e d  w i t h  ammonia a n d  e x t r a c t e d  w i t h  c h l o r o -  

f o r m .  The c h l o r o f o r m  s n l u r i o n  w a s  d r i e d  ( t i  CO ) ,  c o n c e n t r a t e d  a n d  c h r o m a t o g r a -  2  3 

phed  o n  a s 1 l i i . n  ge l  co lumn  w i r h  c h l o r o f o r m - m e t h a n o l  ( 7 : 1 ,  " 1 " )  a s  e l u e n t .  The 

c l u c n t  m a s  c o n c e n r r n t e d  t o  g i v e  a l l g h t  g r c e n l s h  hrown r e s i d u e  ( 2 0  m g ) .  
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