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Abdract  - h e  ieotat ion md s t rmture  e t ~ i d a t i o n  o f  a novet a tkdo id  det tateina 
(BA1 from the m o t s  of Delphinium tats isnmee Fr-h i s  described. me ~ P U E ~ U F B  

m s  eatabtishod on the basis o f  spectroscopic data and a ahmicat corratation with daZ- 
cooine 111 1 .  

From the roo ts  of the  Chinese species DeZphiniun tatsiensnse ~ r a n c h l . 2  we have i s o l a t e d  a new 

a l k a l o i d  designated as det tateine.  The a lka lo id .  C25H41N07, i s  amorphous but homogeneous by 

t l c .  Tne 1% nmr spectrum of d e l t a t s i n e  showed 24 l ines  f o r  25 carbon atoms and off-resonance 

p a r t i a l  decoupl ing experiments gave the m u l t i p l i c i t y  o f  each s igna l  (Table 1, 2A). The s igna l  a t  

39.9 ppm was a t t r i b u t e d  t o  two carbon atoms as i t  corresponded t o  about tw i ce  the i n t e n s i t y  o f  

proton-bear ing carbon atoms. Four methoxyls and an ethyl  group i n  the  molecule ( 1 ~  nmr) i n d i c a t e  

t h a t  d e l t a t s i n e  belongs t o  the  Clg-di terpenoid a lka lo ids .  Almost a l l  the a l ka lo ids  of t h i s  c l a s s  

bear a hydroxyl  o r  a methoxyl group on C(1). C(8), C(14) and C(16). As no t e r t i a r y  C-methyl group 

i s  observed i n  t h e  IH nmr o r  nmr spectrum, C(18) bears an oxygen funct ion .  This conclusion i s  

a l so  supported by the  t r i p l e t  a t  78.6 ppn assigned t o  the C(18)-methylene carbon which bears a 

methoxyl group. I n  t h e  case o f  a CH20H group on C(18), the  s igna l  appears about 66.5-68.5 ppn.3 

The remaining th ree  oxygens o f  the seven present i n  the molecule could be located on any o f  t h e  

carbons, such as C(3), C(13). C(15) (on l y  i n  the  case of acon i t ine  type),  C(7) ( o n l y  i n  t h e  case o f  

l ycoc ton ine type) C(9) and/or C(10). Two of the s ing le ts  appearing a t  37.1 and 48.6 ppm can be 

assigned t o  the  quaternary carbon atoms C(4) and C(11). The o ther  two s i n g l e t s  a t  91.2 ppn and 

81.2 ppm due t o  carbons bear ing OH/OMe groups cou ld  be located on any o f  the  carbons C(7), C(8), 

C(9). C(10) o r  C(13). The C(10)-posi t ion can be excluded, as C(11) appears a t  48.6 ppn and no t  

around 55-56 Ppm as would be e ~ ~ e c t e d . 4  i n  the  case of acon i t ine- type Clg-d i te rpeno id  a l k a l o i d s  

bear ing  a hydroxy l  group a t  C(13). t h e  methylene t r i p l e t  a t  C(12) i s  observed i n  t h e  reg ion 33.5- 

38.0 p ~ . ~ , ~  As the re  a re  th ree methylene t r i p l e t s  i n  the u p f i e l d  reg ion a t  27.2, 28.5 and 29.3 

ppm, an OH group a t  C(13) can be r u l e d  out .  A l l  t h e  compounds having an OH group a t  C(9) are known 

t o  e x h i b i t  a s i n g l e t  about 77.5-78.5 ~ p m . ~  As no s ing le t  appears i n  t h i s  region, an oxygen func- 

t i o n  a t  C(9) can be excluded. De l t a t s i ne  should there fore  bear an oxygen funct ion  a t  C(7) and C(8) 

and these carbon resonances are observed a t  91.2 and 81.2 ppn, respec t i ve l y .  De l t a t s i ne  belongs t o  
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the lycocton ine type and hydroxyl  funct ions a t  C(3) and C(15) can there fore  be r u l e d  out .  On the 

basis o f  these data, d e l t a t s i n e  appears t o  bear oxygen funct ions a t  C(1). C(6), C(7). C(8), C(14). 

C(16) and C(18). A methoxyl group a t  C( l )  i s  u n l i k e l y  because of t h e  methylene t r i p l e t s  a t  27.2 

and 29.3 ppn assigned t o  C(2) and C(3). r espec t i ve l y .  A l l  the  C lg-d i te rpeno id  a l ka lo ids  bear a 

methoxyl group a t  C(16) and t h i s  carbon appears around 79.5-84 ppm. The downf ie ld doub le t  a t  82.4 

ppn should be assigned t o  C(16). 

Et- 

2: R = R ' = H  

4: R = H; R' =Me 

6: R = Ac; R' = M e  

8: R = R ' = M s  

The chemical s h i f t  of C(14) bear ing a methoxyl group appears about 83.5-85.0 ppm. Since the re  i s  

no s igna l  i n  t h i s  region, C(14) must be subs t i t u ted  by a hydroxy l  group and t h e  methine doublet  a t  

74.7 ppm i s  ascr ibed t o  t h i s  carbon atom. This evidence leads t o  the  p a r t i a l  s t r u c t u r e  1 f o r  

de l t a t s i ne .  The remaining two methoxyl groups can be located a t  6.7-, 6.8-, o r  7.8- pos i t i ons .  A 

methoxyl r a the r  than a hydroxyl  group should be placed a t  C(6). because the downf ie ld s i gna l  a t  

90.6 can on ly  be assigned t o  t h i s  carbon bear ing  a methoxyl group. These data  lead t o  two a l t e rna -  

t i v e  s t ruc tu res  2 and 3 f o r  t h e  a l ka lo id .  

When methylated w i th  methyl i od ide  and sodium hydr ide  d e l t a t s i n e  afforded t h e  monomethyl dnd d i -  

methyl e ther  as amorphous compounds. Ace ty la t i on  o f  the  monomethyl e ther  gave a monoacetate which 

showed a one-proton apparent t r i p l e t  a t  6 4.75 (J=8 Hz). The l a rge  coup l ing  constant i s  cons i s ten t  

w t h  t h e  C(1)-proton which makes a d ihedra l  angle o f  - 180' ( c h a i r  form) w i t h  one of t h e  C(2)meth-  

ylene protons. On t h e  bas is  o f  the  a l t e r n a t i v e  s t r C t u r e s  2 o r  3 f o r  de l t a t s i ne ,  t h e  mono- 

methyl ether can be formulated as 4 o r  5 and i t s  acetate as 6 o r  7. I n  t h e  1% nmr 

spectrum o f  the  monomethyl ether, t h e  disappearance of t h e  s i gna l  a t  74.7 ppm a t t r i b u t e d  t o  C(14). 

and the appearance of a new s igna l  a t  84.1 ppm support t h i s  conclusion. 

Oel ta ts ine  dimethyl  e ther  shows s i x  methoxyl groups ( I H  NMR) and i t s  13c NMR spectrum shows 26 

l i nes  f o r  27 carbon atoms of the  molecule. These data  are cons is tent  w i t h  e i t h e r  s t r u c t u r e  8 

or 9 f o r  the  dimethyl ether.  Compound 9 i s  an m r p h o u s  product occu r r i ng  n a t u r a l l y  i n  

BZphinim die tporn& and has a lso  been prepared by  methy la t ion  o f  lycoctonine.9 The 13c 
NMR spect ra l  values repor ted f o r  9 do not agrse w i t h  those observed f o r  d e l t a t s i n e  d i -  

methyl e ther .  Oelcosine-7methyl  e ther  (3). mp 206-208'C, was prepared by a c e t y l a t i o n  of 14- 

p c e t y l d e l ~ o s i n e ~ ~  t o  1.14-diacetyldelcosine ( l o ) ,  fo l lowed by methy la t ion  and hyd ro l ys i s .  As 
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the  TLC and the 1% spect ra  of 3 are ?wt identieat w i t h  those o f  d e l t a t i i n e ,  the l a t t e r  

must there fore  have s t r u c t u r e  2. 

With a  view t o  c o r r e l a t e  d e l t a t s i n e  w i t h  a  known compound, i t  was heated w i t h  3M s u l f u r i c  ac id  t o  

a f f o r d  a  c r y s t a l l i n e  compound, mp 203-204'C. This was shown t o  be i d e n t i c a l  i n  a l l  respects w i t h  

de lcos ine 11, es tab l i sh ing  s t r u c t u r e  2A fo r  de l ta ts ine .  This reac t i on  which probably pro- 

ceeds by the  fo rmat ion  of a  t e r t i a r y  carbonium ion, i s  useful f o r  dea l ky la t i on  a t  the  C(8)-posi-  

t i o n . l l  The hydroxyl  group a t  C ( l )  o f  d e l t a t s i n e  must be a - o r i e n t e d  as shown i n  2A since the 

s t r u c t u r e  o f  de lcos ine has been confirmed by an X-ray c rys ta l lograph ic  i nves t i ga t i on12  and a l so  by  

i t s  conversion t o  delsol ine13 which has been co r re la ted  wi th  ~ ~ c o c t o n i n e . ~ ~  It f o l l o w s  t h a t  com- 

pounds 4, 6 and 8 must a l so  have a  C(1)-oxygen funct ion  i n  the  a-conf igura t ion .  

3: R=R'=H 

5: R = H; R' =Me 

7: R = Ac; R' = Me 

9: R=R'=Me 

A c o r r e l a t i o n  of the  13c nmr spectrum of de l t a t s i ne  (2A) and i t s  methyl e thers  (4) and 

(8 )  w i t h  d e l s o l i n e  (12) ,15 d e l c o s i n e  (11)16,  de l cos ine -7 -me thy l  e t h e r  ( 3 ) .  7,18-d i -  

0 -me thy~ l~coc ton in ' e  (9)9, the  aminoalcohol (13) obtained by  hyd ro l ys i s  o f  septent r io -  

nine13 and 1.14-diacetyl de lcos ine (10) i s  shown i n  Table 1. 

/ 
OR' 

12: R = H; R' =Me 

13: R = Me; R' = H 

/ 
OMe 

2A 



Table 1. Carbon-13 Chemical S h i f t s  and Assignments f o r  Oe lso l ine  (12). Delcosine ( l l ) ,  

Delcosine-7methyl  e ther  (3).  Oe l t a t s i ne  (ZA), Oe l ta t s i ne  monomethyl e ther  (4).  Oe l ta t -  

s i ne  d i m e t h y l  e t h e r  ( 8 ) .  7-18-Oi-0-methy l lycoctonine ( 9 ) .  Aminoa lcoho l  o f  s e p t e n t r i o -  

nine (13). 1,14-Di acety lde lcos ine (10). 

Carbon 12 11 3 2A 4 8 9 10 13 - 

*The publ ished assignments f o r  C(10) and C(13) have been reversed. 
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EXPERIMENTAL 

IR spectra were taken on a Perkin-Elmer Model 1430 spectrophotometer. 1~ nmr spect ra  were taken on 
Perkin-Elmer EM-390, 90 MHz and b u c k e r  WM-300 MHz (Aspect 2000 data  system) spectrometers; 1% nmr 

spect ra  on JEOL FT model FX-60 and FX-90 P spectrometers i n  COC13 s o l u t i o n  w i t h  TMS as an i n t e r n a l  

reference. Mass spect ra  were determined on Finnegan puadrupole 4023 and H i tach i  RMU-7~ (SS 200 data  

system) instruments.  Mel t ing  po in t s  are corrected. 

l s o l a t i o n  of d e l t a t s i n e  (2A). The crude a l k a l o i d  f r ac t i on  E l  (15 g) i s o l a t e d  from the roo ts  o f  

D. tatsienense (10.9 k g ) l  a t  pH 8 was chromatographed on alumina (Act. 111; 700 g) and e lu ted  

w i t h  to luene con ta in ing  increas ing amounts of methanol (0.4-2.55). Frac t ions  (500 ml each) were 

c o l l e c t e d  and t h e  separat ion monitored by t.1.c. Frac t ions  32-36 cons is ted of pure d e l t a t s i n e  (1.03 

g) obtained as an anorphous powder, [ a ] ?  +28.6' (c, 2.4 E ~ O H ) ;  Found: C, 62.5; H, 8.7; 

C25H41N07.H20 requ i res :  C. 61.9; H. 8.9%. MS. mlz (Mt, 467, 5%). 452(15), 436(30), 420(30), 404(8), 

390(10), 376(15), 178 (10). 114(30), 91(25), 71(50), 58(100); HRMS, 467.2948; calc.  f o r  C25H41N07, 
467.2883. IH nmr Spectrum (300 MHz): 6 1.08 (3H, t, 5.7.3 Hz, N-CH2-Cb), 2.64 (ZH, A8 type, Jz8.9 

Hz, C(19)-H), - 3.14, 3.30 (2H. A8 type J 4 . 9  Hz, C(18) - l ) ,  3.36, 3.38, 3.39, 3.46 (each 3H, 2, OCE3), 
3.60 (1H. &, C(1)-6-!), 3.80 ( lH, 2, C(6)-a-!), 4.00 (lH, t, 5.4.5 Hz, C(14)-@). See Table 1 
f o r  1% nmr spectrum. 

Methy la t ion  of d e l t a t s i n e  (2A) t o  the  methyl ethers (4) and (8 ) .  De l t a t s i ne  (150 mg; 

0.3 m mole), methyl i o d i d e  (140 mg; 10 m mole), sodium hydride (0.36 g, 5 m mole) and dioxane ( 5  ml )  

were sealed i n  a g lass  tube and heated i n  an o i l  ba th  a t  115-120'C f o r  70 h. The residue (190 mg) 

obtained by evaporat ion of dioxane was chromatographed on alumina (14 g, kt. I l l )  and e lu ted  w i t h  

hexane con ta in ing  increas ing amounts of acetone t o  give t h e  dimethyl  e ther  8 (47 mg; t .1 .c .  

A1203, hexane:acetone 9:1, Rf 0.62) and the monomethyl ether 4 (62 mg; Rf 0.54). The monometh- 

y l e t h e r  4 showed i n  the  IH nmr (CgOgN): 6 1.02 (3H, t, +7.5 Hz, N-CH2-CH3), - 3.33, 3.41, 3.41, 
3.46, 3.51 (each 3H, s, OCi3). For 1% nmr spectrum see Table 1. 

To a So lu t ion  of 4, (35 mg) i n  CH2C12 (5  ml), ace t i c  anhydride (0.1 ml)  and p y r i d i n e  (0.1 ml)  

were added and kept a t  r.t. f o r  16 h. Usual work up gave t h e  amorphous acetate 6; IH nmr: 

61.06 ( 3 ,  t, J=7 Hz, N-CH2-C%), 2.03 (3H, 2, O k ) ,  3.40 (9H, 5,  3 x OC%), 3.50 (6H, 2, 2 x OCb),  

4.70 (1H. 5,  J=8 Hz, C(1) -!) . The dimethyl e ther  (8) showed i n  the  IH nmr: 6 1.05 (3H. t, 5-7.5 

HZ, N-CH2-Ctl3), 3.26, 3.38 (each 3H, 2, OCb), 3.39, 3.53 (each 6H, 2, 2 x OCb) .  For 1% nmr spec- 

trum see Table 1. 

1.14-Diacetyldelcosine (10). To a s o l u t i o n  o f  14-acetyl de lcos ine l0  (102 mg) i n  py r i d i ne  (1.4 

ml), ace t i c  anhydride (1.4 ml )  was added and the mix ture  was allowed t o  stand a t  r.t. fo r  8 h. The 

usual workup a f f o rded  a res idue (105 mg) t h a t  was chromatographed over alumina and c r y s t a l l i z e d  from 

ether-hexane t o  a f f o rd  10 (86 mg), mp 115-116'C. IH nmr: 6 1.02 (3H. t, N-CHZ-C!~), 2.00 (6H. 

- S, 2 O k ) ,  3.22, 3.25, 3.38 (each 3H, 2, OCl3). 3.85 (1H. 2,  C(6)-.-!), 4.63 (2H, t, C(1)-E; 

C(14)-y) . 

De lcos ine-7methy l  e the r  (3).  To a suspension o f  potassium hydr ide  (162 mg) i n  dimethylsul fox- 

i d e  (162 mg) taken i n  a three-neck f l ask  kept under argon, was added a s o l u t i o n  of 1.14-diacetyl- 

de lcos ine (200 mg) i n  d imethy lsu l fox ide (1.0 m l ) .  The react ion  m ix tu re  was s t i r r e d  a t  r.t. f o r  15 



min, methyl i o d ~ d e  (0.65 ml )  was added a t  0-5'C and the mix ture  was s t i r r e d  a t  r.t. f o r  2 h.  The 

usual workup af forded (3) which was r e c r y s t a l l i z e d  from benzene, mp 206-208'C. T.1 .c. ( ~ 1 2 0 3 ;  

toluene: 20% acetone). Rf 0.10; (Cf. 2A, Rf 0.14); M+ mlz 467. 1~ nmr: 61.04 (3H, t, N-CH2- 

C13), 3.28, 3.30, 3.32, 3.37 (each 3H, 2, OCy3). See Table 1 for  the  1% nmr spectrum. 

Preparat ion o f  ae lcos ine (11) from d e l t a t s i n e  (2) .  A s o l u t i o n  of d e l t a t s i n e  (45 mg) i n  3M 

aq s u l f u r i c  ac id  ( 4  ml)  was heated on a Steam bath  f o r  5 h.  The reac t i on  m ix tu re  was bas i f i ed  w i t h  

2N NaOH, ex t rac ted w i th  CHC13 (40 ml x 41, d r i e d  over anhyd. 'Na2S04 and the so lvent  evaporated t o  

give a res idue (45 mg). The l a t t e r  was chromatographed by PTLC(0.5 mn Al2O3; CHC13 + 1.5% MeOH) and 

the band corresponding t o  de lcos ine was c o l l e c t e d  (13 mg). This was then passed through a column o f  

A1203 (2  g) and e lu ted  w i t h  hexane, hexane:CHpC12 (8:2), CH2C12 and CHC13. The ch loro form f r a c t i o n  

on evaporat ion afforded a c r y s t a l l i n e  product (9  mg), mp 203-204'C. i d e n t i c a l  i n  i t s  t.1.c. behav- 

io r ,  mix ture  mp and i r  spectra w i t h  those of an authent ic  sample of delcosine (11).  
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