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Abstract - Five new CZO-diterpenoid alkaloids, 12-acetyldehydro- 
Iucidusculine, 12-acetyllucidusculine. 15-benzoylpseudakobu8ine. 

15-veratroyipseodokob~~ine, and Yesoxine and 14 known alkaloids 

were isolated from A. yesoense var .  macravesoense (Nakai) Tanura. 

Structures of those compounds were determined on the basis of their 

spectral and chemical data. Structure of an unusual epoxide, yes- 

oxine, was determined by X-ray analysis and was a first example 

having an epoxy group at C(16 and 17). 

The isolation and structure elucidation of six alkaloids, dehYdrolucidusculine (1). 

N - d e e t h y i d e h y d r ~ i ~ c i d u s c u l i n e  (2), kabusine (3). pseudokobusine (4). delcosine (5). 

and 14-acetyldelcosine ( 6 )  from A. yesoense var. macroyesoense (Nakai) Tamura were 

reported in our prev ious  paper.' We have continued to Investigate the constituents 

of this plant and isolated five new diterpenoid alkaloids, 12-acetyldehydroiucidu- 

Scuiine (T), 12-aeetyllucidusculine ( 8 ) .  15-benzoyl~seudokobusine ( 9 ) .  15-veratroyl- 

Pseudokabusine (10). and a novel epoxide (11) named as yesaxine, together with 

eight known alkaloids, iucidueculine ( 1 2 ) ~ ~ ~ .  lucicuiine ( 1 3 ) ~ .  1-acetylluciculine 

(14)5, 14-acetylbrovniine ( 1 5 ) ~ ~  brawniine (16)~. virescenine ~ 1 7 ) ~ ,  isotalatiridine 

- 

I Present address: Faculty of Education. Shinshu Universtty. Nishinagano, Nagano 

380, Japan. 





HETEROCYCLES, Yo1 ,26, No 10, 1987 

( 1 8 ) ~ ~  and karakoline (19)~. 

Compound (13)-(19) have not previously been found in this plant. Identification o f  

12, 13, and 19 was carried out by comparison of their melting paints and spectral 

data with those of their authentic samples. The structure of 14-18 was determined 

by  omp par is on of spectral data with those in Literature value5s6 and transformation 

o f  12 into 14 according to the manner reported by S. Sake,, &d5. 

Compound (7) showed the fol lowlng properties; amorphous, [ a  ID+9.3., C26H35N06 (M+ 

441.2532. csicd 441.2514). The '~-nmr spectrum of 7 showed four methyl groups of 8 

0.81 ( s ,  C4-CH3), 1.01 (1, J = 7.0 Hz. N-CH2CH3). 2.06 and 2.14 (each 8 ,  0COCH3), 

two methines at 6 4.59 (m. C12P -H) and 5.48 ( 8 .  C15u -H). and the ir spectrum 

showed absorptions at 1670 and 890 cm-' and 'H-nrnr signals at 6 4.98 and 5.29 (each 

lH, s, C=CH2) suggested the presence of an exomethylene moiety. The molecular for- 

mula together with these spectral data suggested that the compound was e CZ0- 

di terpenoid type. The ms spectrum showed following fragment Peaks at m/z 382 (M* 

-0Ac) 8 8  a base peak, and m/r 385 (H'-C~H~O). The loss of molecule of acrolein in 

the ms spectrum4, ir absorption at 1115 cm-l, and '~-nmr signals at S 3.68 (lH, e .  

C19-H) and 4.02 (lH, d, J = 5.0 Hz. C1-H) suggested the presence of C(l)-C(19) in- 

ner ether2 i n  this new base. These spectra of 7 were very similar to those of 

d e h y d r ~ l u C i d u s ~ ~ l i n e  (1)' and the  structure was assigned to be 12-acetyldehydro- 

iucidusculine, which was confirmed by acetylstion of 1 to give 7 in 85% yield. 

The 13c-nmr spectrum of a series of dehydroluciculine type alkaloids led to the 

confirmation of whole assignment in 1. 2, 7, and dehydroluciculine (20) obtained 

from 1 by hydrolysis (Table 11). The acetoxy group at C(12) shifted the C(12) 

resonance downfield (1.2 ppm). the ~ 1 1 1 )  and C ( 1 3 )  resonances upfield (4.0 and 3.3 

ppm, respectively), and the C(9) and C(14) resonances downfield (1.2 and 0.9 PPm. 

respectively) as the result of acylatian effect. The acetoxy group at C(15) shift- 

ed the C(15) resonance downfieid (0.3-0.5 ppm), the C(8) and C(16) resonances UP- 

field (0.9-1.0 and 5.9-6.8 ppm. respectively) as the result of effect, and C(9) 

and C(14) resonances downfield (1.2-1.6 and 0.4-0.9 ppm, respectively) as the 

result of r effect. In the another 7 posltion. C(7) resonance was slightly shifted 

upfield (0.4-0.6 ppm) due to the stericelly compressed effect thet the ester group 

was close to C(7). 

Compound (8) was obtained as colorless crystal, mp 144-147'C. [ a  ID-19.2'. C26H37N05 

(M* 443.2659, calcd 443.2671). The '~-nmr spectrum showed two acetoxy groups at 6 

2.02 and 2.12 (each 3H, s) and two acetoxy methines at S 4.60 (IH, m, C12P -H) and 



Table I. Isolated Alkaloids from Crude Base 

Alkaloids rnp (''2) Yield (mg)a Yield (mg)b 

D e h y d r ~ l ~ ~ i d ~ ~ ~ ~ i i n e  (1) 186-189 8 8  7 7  

N - D e e t h y l d e h y d r o l u c i d u s c u l i n e  (2) amorphous 12 -- 
Kabusine ( 3 )  262-263 201 74 

Pseudokobusine (4) 273-274(decomp) 396 .- 

Delconlne (5) 205-207 8 4 3  902 

14-Acetyldelcosine ( 6 )  192-193 1422 2094 

1 2 - A c e t y l d e h y d r 0 i u c i d ~ s ~ ~ 1 i n e  (7) amorphous , 8  -- 5 

12-Acetyllucidusculine (8) 144-147 -. 4 

15-Benzoylpseudokobusine (9) amorphous 3 -- 
15-Veratr0ylpneudokobusine (10) amorphous 5 -- 
Yesaxine (11) 1 8 4 ( d e c o m ~ )  3 3 16 

Luciduscuiine (12) 175-177 877 723 

Luciculine (13) 112-116 15 - - 
1-Acetyllucieuline (14) amorphous 2 9  -- 
14-Acetylbrowniine ( 1 5 )  119-122 . . 22 

Browniine (16) 216-218(perchiorate) 72 - - 
Virescenine (17) amorphous 5 5  -- 
Isotaletizidine (18) arnorpho~s 15 -- 
Karakoline (19) 180-184 11 -- 

In a and b column, alkaloids were obtained from their crude bases by isolation 

procedure-1 and 2 ,  respectively. 

Table 11. 13c-chemical Shifts and Assignments for 12-Acetyldehydrolucidusculine 

(7). D e h y d r ~ l ~ ~ i d U s C U l i n e  (1). N - D e e t h Y l d e h ~ d r o l u c i d u s c u l i n e  (21, and 

Dehydroluciculine (20). 

Carbon 7 1 2 2 0  Carbon 7 1 2 2 0  

I 
Previous assignments2 o f  C(5). C(7). C(11). C(13), and C(14) In 1 and 2 were 

revised. 
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5.51 (lH, s. C16-H). The other nmr signals and ir absorptions were very slrnilar ta 

those of iucidusculine (12). The ms spectrum, furthermore, suggested the Presence 

of two acetoxy groups by indicating fragment peaks, m/z 384 (MI-OAC) and 324 (384- 

AcOH). On the basis of those spectral date, compound 8 was assigned to be 12- 

a ~ e t y l l ~ ~ i d n s ~ ~ i i n e .  The acetyiation of 12 gave 12-acetyllucidusculine ( 8 )  and 

triacetyilociculine (21) in 10% and 46% yield, respectively. The melting point, ir 

absorptions and nmr signals of the former one (8) were identical vith those of the 

natural compound, and the structure was established. 

Compound (9) showed the following properties: amorphous, to ID-6.9'. C27H31N04 (M* 

433.2244, calcd 433.2252). The nnr signals at 6 7.34-7.63 (3H, m )  and 7.91-8.03 

(2H. m) and ir absorptions at 1715 and 1265 cm-I, and uv absorption at 229 nn (log 

c = 3.87) suggested the presence of benzoyloxy group. Remaining carbon number of 

the molecule led the compound to CZO-diterpenoid alkaloid vith an exomethylene 

group. The nmr spectrum of 9 was very similar to that of pseudokobusine ( 4 )  except 

for the ester group, which was assigned to be at C-16 on the basis o f  the '~-nmr 

spe~tral data that a signal at 8 3.85 (s) in 4 was shifted at S 5.82 (s) in 9. The 

structure was also comfirmed by the transformation of 4 into 15-benroyl-deriva- 

tive. Benzoylation of 4 gave 6-benzoate (22). 11-benzoate (23), 15-benzoate ( 9 ) .  

6,ll-dibenzoete (24). and 6.15-dibenzoate (25). in 21%. 3%. 1%. 49%. and 19% yteld, 

respectively. I t  was found that this benzoylatian was advantage for C-6 hydroxyi 

group and was not good to give 15-benzoate. Therefore. 15-benzoate was derived 

through the following way. Pseudokobusine (4) was treated with p-nltrobenzoyi 

chloride to give 6-(p-nitroben2oyi)-derivative (26) as a major product (40% yield). 

Benzoyiation of 26 gave 11-benzoate (27. 33X), 15-benzoate (28. 30%). and 11.15- 

dibenzoate (29. 22%). Hydrolysis of 28 vith a mixture of 28% ammonia water, 

methanol, and chloroform (2:2.6:1, in volume ratio) gave 15-benzoyipseudokabusine 

(9) in 48% yield. The compound (9) derived from 4 was identical vith the natural 

product in terms of nnr and ir spectra and Rf value on tlc. 

Compound (10) showed the following properties: amorphous, t u  ID-6.7.. C2gH35N06 (MI 

493.2464. calcd 493.2463). The nmr spectrum of 10 shoved two methoxy groups at S 

3.92 and 3.94 ppn and typical 1.2.4-trisubstituted benzene pattern at S 6.82 (d. J 

= 8.3 Hz), 7.63 (d, J = 2.0 H z ) ,  and 7.62 ppm (dd, J = 8.3, 2.0 Hz). The nmr sig- 

nals suggested the presence of veratroyl group. Ir absorptions at 1710 end 1270 

cm-l and a ms fragment peak at m/z 312 (MI-181, loss of verstroyioxy) also suggest- 

ed the presence of  veratrayloxy as an ester group. The remaining carbon number of 



the molecule led 10 to e C20-diterpenoid type. The nmr spectrum of 10 except for 

the ester group was very similar to that of 9. on the basis of the spectral date, 

structure of 10 was determined as 15-veratroylpseudokobusine. 

Compound (11) shoved the following properties: mp 184 .C  (decamp). La ID-37.5'. 

C25H35N06 (M* 445.2444, celed 445.2463). The nmr spectrum of 11 showed four methyl 

groups at 8 0.71 ( s ,  angular methyl), 2.08 (6H, s ,  two overlapping acetoxy), and 

2.30 (s, N-methyl). end three oxygenated methines at S 4.21(s), 4.85 (dd. J = 8.3. 

4.3 Hz), and 5.05 (dd, .I = 10.9, 6.3 H z ) .  Thiscompound seemed to be a Cz0-diter- 

penold type in view of the carbon number without ester groups of the molecule. But 

the ir, 'H and 13c-nmr spectra did not suggested the presence of the characteristic 

examethylene moiety. Five oxygen atoms in the molecule vere located to be at two 

acetoxy and one hydroxy groups. A remaining oxgen atom was deduced to be located 

at an epoxy group in place of the exomethylene group. The 13c-nmr Bpectrum also 

Suggested the presence of the epoxy group of which carbon slgnais exhibited at 64.0 

(s) and 45.5 (t) ppm. We could not determine the configuration of the epoxy group 

and also could not confirm exactly the type of skeleton in Cz0-diterpenoid alkaloid 

on the basis of the spectral data. We, therefore, turned to a single crystal X-ray 

analysis, which finaly confirmed the structure illustrated as 11. 

X-ray crystal structure determination of yeaoxine (11) 

Single crystals vere obtained by recrystallization from AcOEt-Hexane. A colorless 

crystal. 0.5 x 0.4 x 0.2 mm, was used for the X-ray study. The crystal belongs to 

a monoclinic system, space group PZ1, with a unbt cell dimensions a = 18.544(4). b 

= 8.763(3), c = 14.469(5)i, /I = 96.99(2)', U = 2334(1)i3, Z = 4, Dx = 1.268(1)Mg. 

K 3 ,  T = 293.8, 'l l; 0.084 mm'l, F(000) = 960, Mr = 445.5. X-ray diffraction data 

were collected on a Rigaku automated four-circle diffractometer with graphite- 

monochromatized MoKa ( A  = 0.71073A) radiation. Within the range of 2 8  5 5 5 ' .  4420 

reflections with P)3u (F) were obtained. 4141 unique reflections were used for the 

structure determination and refinement. The intensities were corrected for Lorene- 

polarization effects and for deterioration, b u t n o  absorption correction was 

appi led. 

The structure was salved by the direct phasing method using MULTAN 7e7 and the 

Monte Carlo method8. Among 70 H atoms. 6 8  vere located from difference fourier 

synthesis. 2 atoms were calculated from standard bond lengths and angles. The 

structure was refined by the black-diagonal least-squares method. Unit weight was 
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given to all reflections, and anisotropic temperature factors were used for all 

non-hydrogen atoms. The final R and Rw values vere 5.3 and 4.8%. respectively. In 

the final refinement the maxlmum ratio of parameter shlft to error was 0.58 for 

H(23)I atom of molecule A. The final difference Fourier map shoved no peaks higher 

than 0.24 e ~ - ~ .  Atomic scattering factors and anomalous scattering corrections 

vere taken from International Tables for X-ray ~rystallography~. Crystallographic 

CalCUlationS performed o n  a PACOH M-780.coaputer of the Institute using UNICS-I11 

program systemlo. 

The drawing o f  the molecules is shown in Pig.ll'. The final positional parameters 

of the non-hydrogen atoms are given in Table I l l .  There are two crystal- 

lographically independent moieculee in the unit cell. Both of then have essen- 

tially the same structure. The two molecules from a dimer by two hydrogen bonds 

between the hydroxyl group and epoxide. The hydrogen bond distances, O(5) of 

moiecule A and O(5)' of molecule B, O ( 6 )  of molecule A and O(5)' of molecule 8 ,  are 

2.793(5) and 2.834(5)A, respectively. The list of the bond lengths and angles are 

given in Table IV and V. All the observed bond lengths and angles are normal. The 

torsion angles within the slx-membered ring and the five-memberea ring are given 

Table VI. 

Fig. I .  Perspective View of 11 @C(23 )  



Table 111. Atomic Parameters. 

P o s l  tional parameters are mu1 tiplied by lo4 with e s t ~ m a t e d  standard deviations In 
parentheses. The numbering scheme of atoms i s  shown in Fig. 1. The equivalent 
isotropic temperature factor Is deflned by Beq = 4 /3 .1 :  1 Z  jP ij(u i . a  J ) .  

Molecule A 
x Y z B., t i 2 )  

Molecule B 



HETEROCYCLES, Vol. 26, No. 10, 1987 

Table 1 1 1  continued. 

(A) With e.8.d.'~ in parentheses. Table IV. Intramolecular bond distances 

Table V. Intramolecular bond angles(') with e.e.d.'s in parentheses. 



Table V continued. 

Table '41. Torsion angle(') with e.e.d.'s in parentheses. 
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Table VI continued. 
C(6) -C(5) -C(IO)-C(20) 48.1(4) 47.8(4) 
C(IO)-C(5) -C(6) -C(7) -14.0(4) -14.0(4) 

EXPERIMENTAL 

All melting points are uncorrected. Ir spectra in KBr disks uere taken vith a 

JASCO IRA-2 spectrometer, and uv spectra were measured in EtOH eolutlan with a 

Shimazu D-300 spectrometer. Nmr spectra vere measured in CDC13 solution with JEOL 

FX-100 and JEOL OX-270 spectrometers using TMS as an internal standard. Ms spectra 

were measured with a Shimazu LKB-90008 spectrometer, and HR-rns spectra were 

measured with JMS-D3OO mass spectrometer, HPLC was performed with Shtrnazu LC-3A 

BPPBTBtUB 

lsolatlon Procedure -- 1) The rhizona of the title plant were collected at Jozan- 

kei. Sapporo city. in august 1984. Dried ground rhizoma (1.5 kg) were extracted 

with EtOH (14 1 )  at room temperature and the solution was evaporated in vaccuo ta 

give the extract, which was partitioned between 5% HCI (500 ml) and hexane (250 mi 

x 3). The water layer was made alkailne (PH 10) vith 28% ammonia water and ex- 

tracted vith CHC13 (300 ml x 7) followed by evaporation to give the crude alkaioid- 

1. The hexane layer was evaporated to give hexane extract, which was partitioned 

again between 5% HC1 (100 ml) and hexane (90 mi x 2). The water layer was made 

alkaline (PH 10) with 28% ammonia water and extracted with CHC13 (100 ml x 7) fol- 

Loved by evaporation to give the crude alkaloid-2. Combined crude alkaloid-l and 2 

(9.4 g) was chromatographed repeatedly on silica gel. A mixture of hexane and 

ether saturated with 28% ammonia water and another mixture of hexane and chloroform 

saturated 28% ammonia water uere used as eluting solvent systems: the content of 

ether and chloroform vere gradually increased monitoring each fraction with tlc. 

Purification of compound ( 9 )  and (10) was performed by HPLC. The condition was 

follows; retention time (mi"): 17.9 (10) and 21.3 (91, column; nucleosil 10-C18 (8 

x 300 mm), mobile phase: CH3CN:H20:MeOH:AcOH:28X ammonia water (12:30:3:2:1 in 

Volume ratio), flow rate: 3.0 ml/min, detector: ""(254 nm). Seventeen alkaloids 

were isolated and listed in Table 1. 2 )  The rhizoma of the title plant were col- 

lected at the same area in august 1985 and 1986. Dried ground rhizoma (2.1 kg) 

vere treated by the same procedure as above to give a combined crude alkaloid (13.9 

8). The crude alkaloid was separated as the same manner as above. Purified com- 

ounds were listed in Table I and unidentified compound are remained to investigate. 

12-Acetyldehydrolucldusculine ( 7 )  -- amorphous, [ a  lD+9.3'tc = 0.43. EtOH). HR-ms 



: Cslcd for C26H35N05 441.2514. Found 441.2532. ms (m/z): 441 M 385 (M+- 

C3H40). 382 (MI-OAC, base peak). ir v (max): 1750. 1670. 1240, 1115. 890. l~-nrnr 

( 8  ) :  0.81 (3H, s), 1.01(3H, t, J = 7.0 Hz), 2.06 (3H, s), 2.14 (3H, s), 3.68 (IH, 

s ) ,  4.2 (lH, d, J = 5.0 Hz), 4.59 (IH, m ) ,  4.98 (IH, s), 5.29 (lH, s), 5.48 (IH, 

S ) .  

12-Acetylludduaculine (8) -- mp 144-147.C. [a ID-19.2.(c = 0.5. EtOH). HR-ns: 

Calcd far CZ6H3?NO5 443.2671, Found 443.2659. n$ ( m / r ) :  443 (H*. base peak), 384 

(Mi-OAC), 324 (384-AcOH). ir v (max): 3450. 1750. 1670, 1240, 895. 'H-nmr ( 6  ) :  

0.77 (3H, s), 1.08 (3H, t, J = 7.0 Hz), 2.02 ( 3 ~ 1  s), 2.12 (3H, s ) ,  3.89 (lH, t, J 

= 7.0 Hz), 4.60 (IH, m ) ,  4.98 (lH, s), 5.25 (IH, s), 5.51 (lH, s). 

15-Benz~ylpsendokobusine (9) -- amorphous, [ a  ID-6.9'(c = 0.13, EtOH). HR-ns: 

Calcd far  C27H31N04 433.2252. Found 433.2244. ms ( m / z ) :  433 (M', base peak). 312 

(M'-c~H~co~). ir V (CHCI3, max): 3550, 1715, 1580, 1265. uv(h , nm): 229 (log c = 

3.87). '~-nnr ( 6  ) :  1.33 (3H, s), 4.07 (1H. d, J = 4.6 Hz), 5.27 (IH, s), 5.48 

(lH, s ) ,  5.82 (lH, s ) ,  7.34-7.63 (3H, n ) ,  7.91-8.03 (2H, m). 

15-Veratroylpseudokobusine (10) -- amorphous, [a ID-6.7'(c = 0.18. EtOH). HR-ms: 

c a ~ c d  for c ~ ~ H ~ ~ N o ~  493.2463, ~ o u n d  493.2464. rns (m/z): 493 (M+), 312 (M+-veretr- 

oyloxy). 165 (base peak). u v t h  , nm): 260 (log E = 3.91). 290 (log e = 3.62). ir 

Y (.ax): 3550, 1710, 1605, 1270. l~-nrnr ( 8  ) :  1.35 (3H, s), 3.92 (3H, 8 1 ,  3.94 

(3H, s ) ,  4.06 (IH. d, J = 4.6 Hz), 5.27 (1H. s), 5.45 (IH, s), 5.86 (IH, s), 6.82 

(lH, d, J = 8.3 Hz), 7.53 (lH, d, J = 2.0 Hz), 7.62 (lH, dd, J = 8.3, 2.0 Hz). 

Yesoxine (11)  -- mp 184'C(decomp). [a lD-37.5.(c = 0.32, EtOH). HR-as: Calcd for 

C25H35N06 445.2463, Found 445.2444. ma ( m / z ) :  445.(~*), 386 (M+-OAC, base peak). 

ir Y (msx) 3400, 1730, 1720, 1240, 910. l~-nmr (8 ) :  0.71 (3H, a ) ,  2.06 (6H, s ) ,  

2.30 (3H, s), 2.42 (lH, d. J = 4.9 Hz), 3.10 (1H, d, J = 4.9 Hz), 4.21 (lH, s). 

4.85 (IH, dd, J = 8.3, 4.3Hr). 5.05 (lH, dd, J = 10.9, 6.3 Hz). 13c-nmr (ppm): 

170.7 (s), 170.6 (s), 76.3 (dl, 74.0 (d), 71.4 (d), 69.0 (d), 64.0 (s), 59.1 ( t ) ,  

52.4 (d), 48.2 (s), 45.5 (1). 43.8 (d), 43.3 ( s ) ,  41.4 (d), 41.0 (9). 38.5 (d), 

37.9 (t), 36.0 (t), 33.5 ( s ) ,  26.4 (t), 25.6 (q), 23.4 (t), 22.9 (t), 21.9 (q), 

21.3 (q). 

AEetylation of 1 -- A mixture of 1 (10 mg), pyridine (1 nl), and acetic anhydride 
(0.5 m1) was left for 3 h at room temperature. Usual work up and purification af- 

forded 12-acetyldehydrolucidu8culine (9.4 mg) in 85% yield. Rf value on tlc and ir 

and nnr spectra o f  the acetate were identical wlth those o f  the natural compound 

( 7 ) .  
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Dehydroluciculine (20) --  Dehydrolucidusculine (1, 50 mg) was dissolved i n  5% 

KOH/MeOH (5 ml) for 3.6 h at roam temperature. Usual work up gave 20 quantitative- 

ly. rnp 92-92.5-C. ms (m/z): 357 (M*). 301 ( M + - c ~ H ~ o ) .  I r  v (max): 3350, 1640. 

1110, 890. l ~ - n m r  tS ) :  0.82, (3H, s), 1.02 (3H, t, J = 7.1 Hz), 3.64 (lH, t, J = 

7.0 Hz), 3.69 (IH, s ) ,  4.06 (IH, d, J = 4.4 Hz), 4.22 (lH, s ) ,  5.17 (2H, bs). 13c- 

nmr spectrum was shown in Table 1 1 .  

Acetylation of 12 -- A mixture of 12 (300 mg), pyridine (3 ml), and acetic an- 

hydride (3 ml) was left aver  night at r o o m  temperature. Usual work up and 

purification by column chromatography on silica gel afforded 12-acetyliucidusculine 

(8. 32 mg) and 1.12,15-triacetylluciculine (21. 167 ng) in 10 and 46% yield. 

respectively. Mp and ir and nmr spectra of 8 were identical with those of the 

natural product. 

1,12.1S-Tr1acetyllu~1~~IIne (21) -- mp 152-156.C. ms ( m / z ) :  485 (MI), 426 (M*-OAC, 

base peak). ir v (max):  1720, 1650, 1230, 895. l ~ - n m r  ( 6  ) :  0.73 (3H, s ) ,  1.08 

(3H, t, J = 7.0 Hz), 2.02 (3H, s), 2.06 (3H, s), 2.12 (3H, 3 1 ,  4.48 (IH, In), 5.00 

(lH, s), 5.03 (1H. dd. J = 11.0, 7.0 Hz), 5.27 (IH, s), 5.49 (IH, s). 

Benzoyiatian of 4 -- A mixture of 4 (300 mg), pyridine ( 8  nl), and benzoyl chloride 

(0.16 ml) was refluxed for 5 h. After cooling. usual work up and purification by 

column chromatography o n  silica gel afforded 6-benzoate (22, 82 ngl, 11-benzoate 

(23, 10 mg), 15-benzoate ( 9 ,  4 mgl, 6.11-dibenzoate ( 2 4 ,  239 mg), and 6.15-dibenzo- 

ate (26, 93 ng) in 21. 3. 1. 49, and 19% yield, respectively. Rf value on tic and 

ir and nmr spectra of the 15-benzoate ( 9 )  were identical with those of the natural 

P T O ~ U C  t . 
6-Benz~ylpse~dokobusine (22) -- mp 238-239eC. HR-ms: Calcd for C27H31NOq 433.2252. 
Found 433.2254. ms ( m / z ) :  433 (Mf), 328 ( M + - c ~ H ~ c o ,  base peak). 105. ir v (max): 

3400, 1715, 1600, 1285. '13-nmr ( 6  1: 0.99 (3H, s), 3.96 (IH, s ) ,  4.06 (lH, d, J = 

4.6 Hz). 5.12 (1H. s ) ,  5.22 (IH, 5 ) .  7.31-7.63 (3H. In). 7.94-8.12 (2H, In).  

11-Ben~~ylpseudokobusine (23) -- amorphous. HR-ms: Calcd for C27H31N04 433.2252. 

Found 433.2234. ms ( d z ) :  433 (MI, base pek). 328 ( M + - c ~ H ~ c o ) ,  105. ir v (mex): 

3350, )705, 1595, 1270. l ~ - n m r  ( 6  ) :  1.38 (3H, s ) ,  4.02 (lH, s ) ,  5.37 (lH, d, J = 

4.6 Hz), 5.15 (lH, s), 5.32 (lH, sl, 7.31-7.61 (3H, m), 7.87-8.01 (2H, m ) .  

6.11-Dibenzoylpseudokobusine (24) -- mp 211-213.C. HR-ms: Caicd for C34H35N05 

537.2514. Found 537.2510. ms ( m / z ) :  537 (M+). 432 ( M + - c ~ H ~ c o ) ,  105 (base peak). ir 

v (maxl: 3400, 1715, 1705, 1595, 1280, 1270. ' ~ - n m r  ( S  ) :  1.00 (3H, s), 4.04 (lH, 

d. 5 = 8.5 Hz, changed into s after additlon of D20), 5.40 (1H, d. J = 4.6 Hz). 



5.11 (lH, s ) ,  5.29 (lH, B I ,  7.32-7.59 (6H, m), 7:89-8.10 (4H, m). 

6.16-Dibenz~ylpseudokobusine (26) --  mp 249-251.C. HR-ma: Calcd for C34H36N05 

537.2514, Found 537.2497. ms (m/z): 537 (MI), 432 (M'-c~H~co), 105 (base peak). i r  

v (max): 3375, 1715, 1705, 1695. 1285, 1260. l~-nmr (S ) :  0.99 (3H, s), 4.07 (IH, 

d, J = 4.6 Hz), 5.26 (IH, B ) .  5.45 (IH, s ) ,  5.75 (1H. s ) ,  7.29-7.66 (6H, m), 7.90- 

8.12 (4H. n) .  

6-p-Nitr0ben~0ylpseudokobus1ne (26) -- A mixture of 4 (100 mg), pyridine (2 ml), 
and p-nitrobenzoylchloride (170 mg) was stirred for 5 mi" at room temperature. 

Usual work up and purificstion by column chromatography on silica gel afforded 26 

(58 mg) in 40% yield. mp 216-217.C. HR-ms: Calcd for C27H30N206 478.2103, Found 

478.2127. ms ( m / z ) :  478 (M'), 3 2 8 ( ~ ' - ~ 0 ~ ~ ~ ~ ~ 0 ~ , b a s e  peak). ir v (ma): 3400, 

1720, 1500, 1520, 1340, 1270. '~-nnr tS ) :  0.98 (3H, s ) ,  3.97 (lH, s), 4.09 (IH, 

d, J = 5.0 Hz), 5.15 (lH, s), 5.25 (lH, s), 8.21'(2H, d, J = 8.9 Hz), 8.29 (2H, d, 

J = 8.9 Hz). 

Benzaylation of 26 -- A mixture of 26 (22 mg), pyridine (0.6 ml), and benzoyl 

chloride (16 !J I )  was stirred for 40 min at room temperature. Usual work up and 

purification by column chromatography on silica gel afforded 11-benzoate (27. 9 

g 15-benzoate (28, 8 mg), 11.15-dibenzoate (29. 7 ng) in 33. 30. and 22% yield, 

respectively. 

ll-Ben~0yl-6-(p-nitr0bene0yl)-p~e~d0k0busine (27) -- mp 211-214.C. HR-ms: Celcd 

far C34H34N207 582.2365. Found 582.2351. ms ("I/;): 582 (M*). 432 ( H + - C O C ~ H ~ N O ~ ) ,  

105 (base peak). ir v (ma*): 3400, 1705, 1590, 1520, 1340, 1270. '~-nmr ( S  ) :  

0.98 (3H, s ) ,  4.04 (lH, bs), 5.14 (IH, s ) ,  5.31 (lH, s ) ,  5.40 (lH, d, J = 4.9 Hz), 

7.45 (2H, 1 ,  J = 7.0 HZ), 7.58 (1H. t, J = 7.0 HZ). 7.96 (2H. d. J = 7.0 N z ) ,  8.20 

(ZH, d, J = 8.9 Hz), 8.28 (2H, d, J = 8.9 Hz). 

15-Benzoyl-6-(p-nitr0ben~oyl)-pse~d0k0busine (28) -- mp 218-221.C. HR-ms: Celcd 

for C34H34N207 582.2365, Found 582.2377. mr (In/;): 582 (M'). 432 (M'-COC~H~NO~), 

105 (base peak). ir v (.ax): 3350, 1705, 1590, 1520. 1340, 1260. '~-nmr ( 8  ) :  

0.96 (3H, s), 4.12 (lH, dd, J = 9.2, 4.0 Hz), 5.24 (1H, s ) ,  5.45 (IH, s ) ,  5.76 (IH, 

s), 7.47 (ZH, t, J = 7.0 Hz), 7.60 (lH, t, 1 = 7.0 Hz), 8.03 (2H, d, J = 7.0 Hz), 

8.13 (2H, d. J = 8.9 Hz), 8.24 (2H, d. J = 8.9 Hz). 

11.16-Diben~0yl-6-(p-nitroben~0yl)-pseudokobusie (29) -- amorphous. HR-ms: Calcd 

for C41H38N208 686.2627, Pound 686.2651. ms (m/e): 686 (MI). 536 ( M + - C O C ~ H ~ N O ~ ) .  

105 (base peak). ir Y (nax ) :  1705, 1590, 1520, 1340, 1275, 1260. '~-nmr (6 ) :  

0.96 (3H, s), 5.16 (IH, s ) ,  5.39 (lH, s ) ,  5.48 (lH, d J = 4.9 Hz), 5.83 (IH, s ) ,  
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7.18 (4H, m), 7.45 (2H, m ) ,  7.95 (4H, m ) ,  8.13 (IH, d, J = 8.9 Hz), 8.23 (2H, d, J 

= 8.9 Hz). 

Hydr~lysis Of 28 --  Compound (28. 10.6 mg) was dissolved in a mixture of 28% am- 

monia water, MeOH. and CHC13 (2, 2.5, and 1 ml. respectively) and stirred at 40.C 

for 2 d. After evaporation of the solution, the residue was purified by column 

Chrnm~tography on silica gel to afford 15-benzaylpseudokobusine ( 9 ,  3.8 mg) in 48% 

Yield. Rf value o n  tlc and ir and nmr spectra of the product were identical with 

those of the natural Product. 
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