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Abstract - Aostytation of hetisine 111 tmder draetia conditions affonled 2-acetyz 

181, 11-aostyt 181, 13-acstyt 151, 2,II-diaoetyt 171, II,13-diaoetyz 

(21 md 2,1I,l3-triacetyt (0) hetieinen. Smett ozidation of the. ccmpounds 

(91, 151, 171 and 181 gave 11-acetyt-2,13-didehydro 1111, 13-aoetyt- 

2,11-didehydro 1121, 13-dehydm-2,II-diosstyt 1141 md 2-dehydro-11,13-diocetyz 

1101 hetieinae, reepectivsty. AZkaZine hydrozysis of 1121 and (81 gave 

2,Il-didehydrohetisine (IS1 md 2-dehydmhetieine lhetieinonel 131, respectivs- 

Zy. Sarett midation of hetieine 111 offonled 1131 as the major produot besides 

11-dahylrohetieine 1161. AZZ the canpunds hove been chnractmiaad by their ir, ma, 

m r  md nmr data. The Zmation of keto groupe in the hetisine derivatives 

1 3 1 ,  ( 1 0 1 ,  1111, 1 8  1151, 1 1 4 1  and 1151 hae been a o n -  

firmed by CD and ORD meaeurmsnt~. 

The C20-diterpenoid a l k a l o i d  h e t i s i n e  (1) i s  a minor cons t i t uen t  of a number o f  Aconitwn 

and DeZpkinium spec ies .1  A c e t y l a t i o n  o f  1 i s  known t o  g i v e  1 1 , 1 3 - d i a c e t y l h e t i s i n e  

( z ) ~ ,  which on ox ida t i on  w i t h  chromium t r i o x i d e - a c e t i c  ac id  and subsequent hyd ro l ys i s  a f f o rds  

do., 
,I--- 7, 

0 ; : do., ,r-- 4, 
I '  p-- .* 1G--. 

: '\ 
1 ,  

Y H, :: ' H3 

1 R l  = H; R 2  = .-OH 3 R - H  2 ill = H; ~2 = A c  
7 R 1  = Ac;  R 2  = a - O A c  4 R = A c  5 K ~ = R ~ = H  
8 R 1  = A c ;  R 2  = .-OH 6 ~1 = R 2  = A c  
9 R 1  = H; R 2  = a - O A C  

16 R l  = H; R 2  = B - O H  



2-dehydrohetisine3 (het is inone) (3 ) .  a n a t u r a l l y  occurr ing a l ka lo id  of A. heterophyttm 
W a l l  .4, D .  o a r d i n a t e  Hook.5, D .  o a r d i o p e t a t u m  D C ~ ,  D .  denudatum w a l l  .7, D .  

g-ite 0 ~ 8 ,  D .  nudicauts Torr. and ~ r a ~ g  and D .  tateienenee ~ranch. lO 

Gonzdlez et  a2 have recen t l y  reported the i s o l a t i o n  of the a lka lo ids het is inone (3) and 

1 3 - a c e t y l h e t i s i n o n e  ( 4 )  f rom Detphinium a a r d i o d e t a t u m  0c.6 and D .  g r a o i t e  D C . ~  

Benn and coworkers iso la ted a new diterpenoid alkaloid, 13-acetylhet is ine (5) from D .  nut- 
t a t Z a m  ~ r i t z 1 1 .  In  view of the i s o l a t i o n  o f  these a lka lo ids re la ted  t o  het is ine,  we wish t o  

describe herein our work on the synthesis of some he t i s ine  der ivat ives.  

Acetylat ion of he t i s ine  (1) i n  chloroform w i t h A c 2 0  under r e f l u x  gave a mixture of acetylated 

products which were separated by chromatography on alumina. The f u l l y  acetylated 2,11,13-triace- 

t y l h e t i s i n e  (6) was leas t  polar and was obtained as a resin. 11,13-Diacetylhetisine (2). 

mp 225-227'C, was obtained as the major product o f  acetylat ion. 2.11-Diacetylhetisine (7 ) .  mp 

270-272'C, eluted faster than (2) (A1203, toluene:2.5% MeOH). A l l  three possible monoacetyl- 

hetisines, v iz :  2-acetyl (8) .  mp 245-247'C; 11-acetyl (9),  mp 264-266'C; and 13-acetyl 
( 5 ) .  mp 241-243'C, were iso la ted by chromatography. 

Acetylat ion of (1) i n  acet ic  anhydride-pyridine at -6'C afforded a mixture o f  (Z), (5) 
and (9) which was separated on a " ~ h r o m a t o t r o n " . l ~  

Oxidation o f  2 wi th  chromium t r i ox ide -py r id ine  (Sare t t ' s  reagent) gave 2-dehydro-11,13-diace- 
t y l h e t i s i n e  (10) as an amorphous compound. A lka l ine hydro lys is  o f  10 gave het is inone 

(3 ) .  S i m i l a r l y ,  S a r e t t  o x i d a t i o n  o f  1 1 - a c e t y l h e t i s i n e  ( 9 )  and 1 3 - a c e t y l h e t i s i n e  ( 5 )  

afforded the corresponding dehydroderivatives (11) and (12). respect ively.  A lka l ine hydro- 

l y s i s  of 13-Acetyl-2.11-didehydrohetisine (12) gave 2.11-didehydrohetisine (13). mp 237- 

240'C. 13-Dehydro-2.11-diacetylhetisine (14) was obtained by s im i la r  ox idat ion o f  2.11-diace- 

t y l h e t i s i n e  ( 7 ) .  

AcO 
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Sarett  ox idat ion o f  he t i s ine  (1) afforded 2,l l-didehydro he t i s ine  (13) as the major pro- 

duct. Acety la t ion of 13 gave 12, iden t i ca l  w i th  the cmpound obtained e a r l i e r  by the ox i -  

dat ion of 13-acetylhet is ine (5).  By chromatographic separation o f  the ox idat ion product, 11- 

dehydrohetisine (15) was also isolated. Reduction of 11-dehydrohetisine (15) wi th  sodium 

borohydride gave the C(11)-B-epimer (16) of he t i s ine .  Compound (16) was used i h  the su l -  

f u r i c  acid rearrangement products studied ear l i e r13 .  

13c nmr spectra were determined f o r  a l l  the he t i s ine  der i va t i ves  and are recorded i n  Table 1. The 

assignments were made by chemical s h i f t  comparison o f  published spectral  data14 tak ing i n t o  account 

known subst i tuent e f fec ts l s .  

- 
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Figure 1. 



We have shown ear l ier16 t h a t  the appl icat ion of the octant r u l e  (CO measurements) i s  a useful meth- 

od f o r  deducing the loca t ion  o f  the keto group i n  na tu ra l l y  occurr ing Cpo-diterpenoid a lka lo ids.  

Thus, deacetylheterophylloidine (deacetylpanicutine) and 13-dehydro-2,ll-diacetylhetisine (14). 

exh ib i t  a strong negative Cotton e f fec t ,  whereas het is ines having a carbonyl group a t  C(11), e.g. 

spiradine A acetate (17) whose s t ructure has been established by X-ray crystallography17 and 

11-dehydrohetisine (15), show a strong p o s i t i v e  Cotton e f fec t .  The CD curve of 2-dehydroheti- 

sine (3) as expected from the octant rule, makes a very small con t r ibu t ion  t o  a negative Cotton 
effect.  Thus 2, l l -didehydrohet is ine (13) shows a strong pos i t i ve  Cotton e f fec t .  The CO curves 

for  the compounds 3, 13, 14, and 15 are depicted i n  Fig. 1. 

EXPERIMENTRL 

Melt ing po in ts  were determined on a Thomas-Kofler hot stage equipped w i th  a microscope and polar -  

i z e r  and are corrected. 1~ nmr spectra were determined i n  COC13 solut ions wi th  TMS as an in te rna l  

reference on a Varian EM-390 spectrometer. nmr spectra were run i n  COC13 so lu t ions wi th  TMS as 
in te rna l  standard a t  15.03 MHz i n  the Fourier mode w i t h  a JEOL FX-60 or FX-909 spectrometer. Mass 

spectra were recorded on a Finnegan Quadrupole 4023 mass spectrometer a t  an ion iz ing  voltage of 70 

eV. ORD, CO measurements were made on a Jasco 5-20 spectropolarimeter. Analy t ica l  t h i n  layer  

chromatography ( t l c )  was ca r r ied  out on Merck aluminium oxide PF-254 ( type E ) .  Two solvent sys- 

tems: toluene w i th  10-251 methanol and ethermethylene ch lor ide (1:1), w i th  3-10% methanol were 

used for analy t ica l  t l c .  Merck aluminium oxide (96 act ive, 70-230 mesh ASTM) was used f o r  column 

chromatography. 

Het is ine (1) - This was iso la ted from A. hete~ophyZZwn2, mp 256-259'C; C20H27N03, mS: 

m/z 329 (M+, loo%), 312(50), 300(10), 283(20); IH mr (COCl3 + CO3OO): 8 0.99 (3H, 2, C(4)-CH3), 
3.80 (lH, b r  2, C(20)-H), 4.00-4.15 (3H, m, C(2), C(11), C(13)-H), 4.65, 4.90 (each lH, b r  2, 
C(17)-H). 

Acety la t ion of Het is ine - (A) A so lu t ion  o f  he t i s ine  (1, 900 mg) i n  chloroform (10 ml) was 

heated under r e f l u x  wi th  acet ic  anhydride (3 ml) for 15 h. Evaporation under vacuum afforded a gum 

(1170 mg) which was chromatographed on alumina ( a c t i v i t y  111; 40 g) and e lu ted w i th  toluene con- 

t a i n i n g  increasing amounts o f  (0.7-3.7%) methanol. The chromatographic separation was monitored by 

t l c  and the fo l l ow ing  f ract ions were co l lec ted i n  t h e i r  order o f  e lu t ion :  

a) 2,11,13-Triacetylhetisine (6) - (70 mg), amorphous; C Z ~ H ~ ~ N O ~ ,  ms: m/z 455 (M+, 12%), 412 
( 6 ) ,  396(27), 43(100); IH nmr: 6 1.00 (3H, 2, C(4)-CH3), 2.06, 2.10, 2.12 (each 3H, 5,  OAc), 3.55 

(lH, 2, C(20)-H), 4.85, 5.00 (each lH, b r  2, C(17)-H), 5.14, 5.25, 5.25 (each lH, b r  - s, C(2)-B-H, 

C(11)-B-H, C(13)-a-HI; ir (nu jo l )  v max 1740, 1730, 1650, 1450, 1370, 1240, 1220, 1180, 1150, 1110, 

1020, 960, 905 cm-1 

b) - (70 mg), mp 270-?72'c; C24H31N05, ms: m/z 413 (Mf, 20%). 370 

(13). 354(461, 43(100); 1~ nmr: 6 1.01 (3H, s, C(4)-CH3), 2.12 (6H, 2, OAc), 3.80 (lH, 2, C(20)-H), 

4.20 (lH, b r  g,  J = 8 Hz, C(13)-a-H), 4.80, 4.91 (each lH, b r  2, C(17)-H), 5.15, 5.25 (each lH, b r  

s, C(2)-B-H, ~ (11) -0 -H) ;  i r  (nu jo l )  v max 1730, 1650, 1460, 1370, 1352, 1330, 1310, 1240, 1220, - 
1182, 1165, 1150, 1125, 1110, 1085, 1060, 1035, 1020, 1000, 980, 960, 930, 902, 880, 860 cm-1. 
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c )  11.13-Diacetylhetisine (2) - (480 mg), mp 225-227'C; [ale +26.1 (CHCI~); 'was obtained as 

the major acety la t ion product; Found: C, 69.50; H, 7.62; Ac, 20.19. C24H31N05 requires: C, 69.73; 
H, 7.50; Ac, 20.82%. MS: mlz 413 (MI, 19%). 396(13), 370(6), 354(7), 310(3), 294(8). 276(3), 43- 

(100); IH nmr: 61.00 (3H, 2, C(4)-CH3). 2.12, 2.23 (each 3H, 2, OAc), 3.62 ( lH, 2, C(20)-H), 4.20 

(1H, b r  2, C(Z)-P-H), 4.82, 5.00 (each lH, b r  2, C(17)-H); ir (nu jo l )  v max 3250, 1735, 1660, 1460, 

1430, 1360, 1340, 1312, 1280, 1250, 1225, 1165, 1140, 1130, 1110, 1090, 1060. 1030, 1000. 980, 970, 

948, 930, 900, 890, 860, 850 cm-1. 

d) 2-Acetylhet is ine (8) - (35 mg), mp 245-247'C (from acetone-hexane); C22H2gN04, ms: mlz 371 
(M', I%) ,  354(0.2), 325(0.9), 312(2), 43(100); IH nmr: 6 0.98 (3H. 2, C(4)-CH3), 2.03 (3H, 2, OAc), 

3.68 (lH, 2, C(20)-HI, 4.17 (2H. g, J = 8 Hz, C(11)-P-H, C(13)-a-H), 4.64, 4.80 (each l H ,  b r  5, 
C(17)-H), 5.11 (lH, b r  2, C(2)-B-H); i r  (nu jo l )  v max 3460, 3420, 1730, 1710, 1655, 1450, 1380, 

1365, 1330, 1260, 1250, 1220, 1195, 1180, 1150, 1140, 1115, 1100, 1070, 1040, 1020, 990, 960, 930, 

920, 900, 880, 860, 830 cm-l. 

e) 13-Acetylhet is ine (5) - (140 mg), mp 241-243-C; C~zHzgN04; ms: mlz 371 (Mt,  10%). 354(3), 

312(18), 282(5), 43(100); IH nmr:6 0.97 (3H, 2, C(4)-CH3), 2.17 (3H, 2, OAc), 3.23 ( lH, b r  5,  C(6)- 

P-H), 3.49 ( l ~ ,  2, C(20)-HI, 4.19 ( lH, b r  2, w 112 10 Hz, C(Z)-P-H), 4.24 (lH, b r  - d, J = 8.5 Hz, 
C ( l l ) - p - ~ ) ,  4.72, 4.88 (each lH, b r  2, C(17)-H), 5.13 ( lH, b r  4, J = 9 Hz, C(13)-a-H); ir (nu jo l )  

v max 3410, 3070, 1730, 1650, 1460, 1435, 1420, 1375, 1360, 1340, 1300, 1250, 1215, 1180, 1155, 

1140. 1115, 1085, 1070, 1055, 1030, 990, 980, 960, 940, 910, 880, 850, 820 cm-1. 

f )  11-Acetylhet is ine (9) - (95 mg), mp 264-266'C (from acetone-hexane); C22H2gN04, ms: mlz 

371 (M*, 2021, 354(18), 328(15), 294(6), 282(5), 43(100); IH nmr: 6 1.00 (3H, s, C(4)-CH3), 2.10 

(3H, 2, OAc), 3.82 ( lH, b r  5,  C(20)-HI, 4.19 (lH, b r  d, J = 8 Hz, C(13)-a-H), 4,71, 4.91 (each lH, 

b r  2, C(17)-H), 5.13 (lH, d, "J=9Hz, c ( l l ) - P - ~ ) ;  ir (nu jo l )  v max 3420, 3090, 1730, 1650, 1460, 
1435, 1420, 1375, 1310, 1340, 1300, 1250, 1215, 1180, 1152, 1140, 1115, 1085, 1070, 1055, 1030, 

990, 975, 960, 940, 910, 880, 850, 815 cm-1. 

(8) A so lu t ion  of he t i s ine  (1 ,  510 mg) i n  chloroform (7 ml) was t reated wi th  acet ic  anhydride 
( 1  ml), py r id ine  (2 ml) and kept a t  -6'C f o r  53 h. The so lu t ion  was poured on crushed ice, basi-  
f ied wi th  amnonia (pH 8-91 andext racted w i th  chloroform. This gave a crude product (460 mg). The 
aqueous laye r  on b a s i f i c a t i o n  wi th  20% sodium hydroxide and ex t rac t ion  wi th  chloroform gave (1, 
87 mg). The above mixture (261 mg) was separated on a "Chromatotron" on a 1 mn aluminium oxide 
r o t o r  (60 PF 254+366) and e lu ted wi th  ether-hexane (1 : l )  200 ml, ether-hexane (7:3) 200 m l ,  ether 

50 ml, ether-methanol (9 : l )  200 ml, ether-methanol (4: l )  100 m l  and methanol 60 ml. A t o t a l  of 43 
f ract ions (19 ml each) were co l lec ted from which f rac t ions  10-19 gave (2, 30 mg), 23-26 gave 

( 5 ,  49 mg), 29-36 gave (9, 66 mg) and 37-43 gave (1, 72 mg). 

13-Acetyl-2,ll-didehydrohetisine (12) - a) 13-Acetylhet is ine (5, 120 mg) was dissolved i n  

methylene ch lor ide (20 ml) and a f resh ly  prepared so lu t ion  of Sare t t ' s  reagent ( 1  nil) was added. 
Usual work-up and p u r i f i c a t i o n  on a short  column of alumina gave (12, 54 mg) as an amorphous 

compound; Cz2Hz5N04. ms: m/z 367 (MI, 11%). 339(15), 325(38), 280(75), 252(11), 43(100); 1~ nmr: 

61.17 (3H, 2, c(4)-cH3), 2.15 (3H, 2, OAc), 3.03 (lH, d, J = 3 Hz C(6)-B-H), 3.44 (lH, b r  5,  C(20)- 

H), 5.07, 5.27 (each lH, b r  2, C(17)-H), 5.30 ( lH, g,  J = 9 Hz, 3 Hz, C(13)-a-H); ir (nu jo l )  
v max 1730, 1650, 1460, 1375, 1335, 1300, 1280, 1230, 1170, 1130, 1090, 1050, 1030, 1015, 970, 905, 



b) Compound 12 was a lso  obtained by  ace ty la t i on  o f  2.11-didehydrohetisine (13) obtained by  

the  ox ida t i on  o f  h e t i s i n e  ( v i d e  in f ra) .  

L l l - D i d e h y d r o h e t i s i n e  (13) - 13-Acetyl-2,ll-didehydrohetisine (20 mg) was heated w i t h  aq. 

methanol (5  ml)  con ta in ing  potassium carbonate (10 mg) f o r  2 h. The hydrolysed product, mp 237- 

240.C (from acetone-hexane), was shown t o  be i d e n t i c a l  w i t h  13 prepared by  t h e  CrO3 ox ida t i on  

of h e t i s i n e  ( v i de  i n f r a ) .  

11-Acetyl-2,13-didehydrohetisine (11) - A s o l u t i o n  of 11-acety lhet is ine  (9,  87 mg) i n  - 
methylene ch lo r i de  (20 ml )  was t rea ted  w i t h  a f r esh l y  prepared s o l u t i o n  o f  Sa re t t ' s  reagent ( 1  ml)  
( l g  C r O j  i n  10 ml p y r i d i n e ) .  P u r i f i c a t i o n  of the reac t i on  product on a shor t  alumina column af- 

forded (11, 43 mg), mp 285-287'12: 1~ nmr: 6 1.16 (3H, 2, C(4)-CH3), 2.08 (3H, 2, OAC), 3.00 (lH, 

s, C(6)-p-H), 3.36 ( lH, b r  2, C(20)-H), 4.98, 5.10 (each lH, b r  2, ~ ( 1 7 ) - H ) ,  5.25 ( lH, 3, J = 9 Hz, - 
C(111-B-HI; CD (c, 0.018, MeOH), [el330 -1427, [el320 -9787, [@I308 -17,738, [e l304 -17.331, r01300 
-17,738, [e l280 -6524, [el260 -1631, [01240 -816, [e l220 -6117. 

13-Oehydro-2,ll-diacetylhetisine (14) - A s o l u t i o n  o f  2.11-diacetylhet is ine (7,  391 mg) i n  - 
methylene c h l o r i d e  was t rea ted  w i t h  an excess of f r e s h l y  prepared S a r e t t ' s  reagent and kept a t  room, 

temperature f o r  16 h. A small amount o f  saturated aq. potassium carbonate was added, t h e  mix ture  

ex t rac ted w i t h  methylene ch lo r i de ,  and t h e  organic l aye r  was d r i e d  and evaporated. The crude pro- 

duct was p u r i f i e d  on a shor t  column o f  alumina t o  a f f o r d  14 (228 mg), mp 222-223'C; C24H2gN05, 
ms: m/z 411 (M*, 12%). 369(5), 352(25), 340(2), 324(8), 309(20), 264(101, 43(100); IH nmr: 6 1.00 
(3H, b r  s, C(4)-CH3), 2.04, 2.07 (each 3H, 2, OAc), 3.22 ( lH, b r  2, C(6)-@-H), 4.81, 4.92 (each lH, 

b r  2, C(17)-H), 5.15, 5.22 (each lH, 2, C(2)-B-H, C(11)-8-H); ORD (c, 0.0348, MeOH), [@I589 -82', 

-12,042'. CB1316 -8960', -9083". [0]280 +12,535'. [@I235 +7932', + 32,469'; CD 

(C. 0.0348. MeOH) [el330 0, -1315, -14,426, [8Izg8 -14,179, [e l240 0, [81218 -4027, 
[elzo5 +17,015. 

2-Dehydro-11,13-diacetylhetisine (10) - A s o l u t i o n  o f  11.13-diacetylhet is ine (2, 80 mg) i n  

methylene c h l o r i d e  (10 ml )  was t r e a t e d  w i t h  a f resh, ly  prepared s o l u t i o n  of S a r e t t ' s  reagent (1.5 

m l )  and kept f o r  a shor t  t ime. The solvent was evaporated under vacuum, a saturated s o l u t i o n  o f  

potassiu~n carbonate added and the mix ture  ex t rac ted w i t h  methylene ch lo r i de .  This process gave a 

gum which was p u r i f i e d  on a shor t  column o f  alumina t o  af ford 10 (50 mg); C24H2gN05, ms: mlz 

411 (M+, 23%). 383(4), 368(7), 352(12), 43(100); IH nmr: 6 1.13 (3H, 2, C ( ~ ) - C H ~ ) ,  2.06, 2.25 (each 

3H, 2, OAc), 3.30 ( lH,  br  2, C(6)-p-H), 4.82, 5.00 (each lH, b r  2, C(17)-H), 5.10, 5.19 (each lH, 

b r  5,  C(11)-P-H, C(13)-a-HI; CD (c,  0.019, MeOH), [e l326 +324, [@I320 +216, [ e l 298  +541, [e l290 

+541, -433, [@I260 -541, [e l240 -433, [ e l 220  -3245. 

2-Dehldrohet is ine (He t l s i none )  ( 3 1  - -- -- 11,13-~iacetyl-2-dehydrohetisine (10) (150 mg) was 
heated w i t h  aq. methanol and potassium carbonate f o r  20 min. Usual work-up gave a res idue (145 mg) 
which was chromatographed on a shor t  column of grade 111 alumina. 24ehyd rohe t i s i ne  (3) (130 

mg), mp 195-197'C, was obtained by  c r y s t a l l i z a t i o n  from methanol; IH nmr:61.17 (3H, s, C(4 ) -CH~) ,  

3.29 (2H, b r  2, OH), 4.21 (2H, d, J = 8.6 Hz, ~ (11 ) -p -H ,  C(13)-a-H), 4.70, 4.88 (each lH, 2, C(17)- 



TABLE 1. 1% Chemical S h i f t s  and Assignments f o r  Het is ine and i t s  Derivat ives 1-3 and 5-15*. 

Carbon 1 8 9 5 7 2 6 12 13 11 14 10 3 1 5  

21.5 21.2 21.1 21.3 21.1 5 * Chemical s h i f t s  i n  ppm downfield from TMS; solvent deuterochlorofon,  except f o r  (15) taken i n  H2SOqcD20. N 
.u 

a These assignments may be interchanged i n  any v e r t i c a l  column. z 
? 



Oxidat ion o f  H e t i s i n e  w i t h  S a r e t t ' s  Reagent - A  s o l u t i o n  o f  h e t i s i n e  ( 2  g) i n  methylene c h l o r i d e  

(300 ml )  was cooled t o  -5'C and S a r e t t ' s  reagent (5.5 ml )  was g radua l l y  added. The mix ture  was 

placed i n  the  r e f r i g e r a t o r  and two add i t iona l  po r t i ons  (7.5 ml each) o f  the  reagent were added 

dur ing  3 h. Usual work-up gave a crude product (1.6 g) which was chromatographed on alumina and 

e lu ted  w i t h  to luene conta in ing 0.5-4% methanol. The chromatographic separat ion was monitored by  

t l c  and the f o l l o w i n g  compounds were i so la ted  i n  t h e i r  order o f  e l u t i o n :  

a) 2, l l -Didehydrohet is ine 13 - (420 mg), mp 237-240'C  it.^ mp 236-238'C); C20H23N03, ms: 

m/z 325 ( M ~ ,  76%), 297(15), 280(85), 157(37), 144(67); l H  nmr: 6 1.18 (3H, 2, c(4)-CH3), 3.42 ( 1 ~ .  

b r  2, ~ ( 2 0 ) - H ) ,  4.23 ( I H ,  $, J = 9.2, 1.2 HZ, C(13)-o-H), 4.89, 5.03 (each lH, 2, ~ ( 1 7 ) - H ) ;  ir 

( n u j o l )  v max 3100, 1720, 1705, 1460, 1375, 1330, 1305, 1280, 1250, 1215, 1190, 1150, 1130, 1090, 

1070, 1050, 1030, 1000, 970, 950, 925, 910, 900, 890, 858, 835 cm-1; ORD (c, 0.0936, M ~ O H ) ,  
+260e, [@ ]325 +721Se, [O 1318 +5980°, C@ 1315 +6O45', [8 I285 -5557'. [@I257 -4290°, [@I235 -7215'. 

[@I205 +14,300; CO (c,  0.0936, MeOH), [ e l 340  0, [@I330 +98, [e l310 +6955, [e l306 +6955, [e l300 

+6955, [@Izl3 -11,472, [@Izo5 -8482. 

l l - D e h y d r o h e t i s i n a  - (740 mg), mp 292-298'C; C20H25N03, ms: m/z 327 (M+, b) 100%). 310 

(7 ) .  299(28), 282(62), 157(30), 144(20), 131(20), 91(30); 1~ nmr: 6 1.01 (3H, r, C(4)-CH3), 4.20 
(2H, b y ,  C(2)-P-H, C(13)-a-H), 4.98 (ZH, b r  2, C(17)-H); i r  ( n u j o l )  v max 3300, 1720, 1640, 1460, 

1370, 1340, 1300, 1280, 1260, 1220, 1200, 1170, 1142, 1120, 1110, 1090, 1080, 1040, 990, 960, 940, 

880, 860 cm-l; ORD (c, 0.0225, MeOH), f131e, +5101e, -6017', -5363'. 

[@1260 -5363'. [@Iz37 -7619', [@I215 -294'. [@]209 -523Z0, [@]205 +1177'; CD (c, 0.0225, MeOH), 

0. + l a ,  +595i, +sass, +m, -7260, [elzl3 -6671, 
[@]205 -8730. 
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