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Abstract Unambiguous proton and carbon-13 nmr assignments for the nordlterpenold alkaloids 
(l), 8,9-methylenedioxylappaconltlne (2) and dlctyzme (3) were accomplished through detailed 
analysis of the DEPT, COSY, fixed evolution HETCOR, NOESY and selective INEPT techniques 
This work corrects previous assignments for 13 

Introduction 

A variety of nordlterpenoid alkaloids have been isolated from Acomtum and Delphrnrum 

species 1 During the past five years, more than one hundred and fifty new alkaloids of this class 

have been Isolated, and this trend continues unabated In contrast to earlier degradation methods 

employed for the structure determination of these complex alkaloids,* during the past 15 years, 

most of the structures have been derived from proton and carbon-13 nmr studies On the basis of 

the 1% nmr data for a large number of norditerpenoid alkaloids, we have tabulated the 1% nmr 

chemical shift ranges of vanous functional groups In this class of compounds 1 Although correct 

structures have been deduced In most of the cases of known or newly isolated alkaloids making 

use of the values cited In these tables, It IS likely that errors have been made in the chemical shift 

assignments for the individual carbon atoms We had pointed out such errors in the chemical shift 

assignments for C-l 0 and C-13 of some C-9 oxygenated alkaloids 3 Since determination of sub- 

stitution sites (usually due to oxygenated substltuents) relies heavily on the 1% chemical shift 

analyses, It IS Imperative that these assignments be made unambiguously 

With the help of proton decoupling techniques, addltlvlty relationships and effects owing to 

specific structural changes in a number of closely related lycoctonme-type alkaloids, Junes and 

Benn published In 1973, the general pattern of 1% shifts in norditerpenoid alkaloids 4 At that 

time, the C-i 0 and C-i 3 resonances were distinguished by assigning the lower field signal around 

4346 ppm to C-10 and the higher field signal around 37-43 ppm to C-13 for the lycoctonme-type 

alkaloids bearing no hydroxyl group at C-9 A later study, however, reversed the previously as- 

signed values for brownline and lycoctonine 5 Consequently, the C-10 and C-13 chemical shifts 

for lCacetylbrowmme, delphatme, delcosine, lCacetyldelcosme, delsolme, tncornme, anthra- 

noyllycoctonine, ajacine, methyllycaconitme and delsemlne were assigned the values -37 6-39 4 
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and -43 6-46 1 ppm, respectively In a 1% nmr study of aconltme-type alkaloids, chasmanme, 

1,8,14-tn-O-methylneoline, neolme, 1-epr-neolme, 8-acetylneolme, delphisine, 1-epr-delphisine, 

1 -acetyldelphlsme, 1 -acetyl-1 -epr-delphisine, condelphme and isotalatizidme were also assigned 

slmllar values s No explanation was given for changing the previously assigned chemical shifts 4 

These new assignments, however, still denved from chemical shift rationales and not from dl- 

rectly observed scalar or dipolar spin interactions Nevertheless, they were subsequently ac- 

cepted and many newly isolated alkaloids were assigned closely similar shifts for C-10 and C-13 

These assignments, however, showed inconsistency of the p- and reffects for C-10 and C-13 In 

alkaloids bearing a hydroxyl group at C-9, as in montlcollne3 and similarly C-9 substituted alka- 

loids 7 

We now report the complete and unambiguous assignments of the 1% nmr spectra of 

delphelme (l), 8,9-methylenedioxylappaconltme (2) and dictyzme (3) Delphelme was first lso- 

lated from D e/&urn L s and Its structure 1s was established by formal interconversion with lycoc- 

tonme lo.11 Tatslensme, a nordlterpenold alkaloid isolated from D. tat.s!enense Franch was 

transformed into delphelme and the carbon-13 nmr slgnal assignments (for 1) published In 1983 

were based upon chemical shift rationale 12 Dictyzme was first isolated from D dctyocarpum DC 

in 197813 and Its structure (3) was based on an X-ray crystal structure determmatlon I4 The alka- 

loid (3) was also isolated from D. brunonranum Roylel5 and D tatsrenense Franch 3,‘s The l3C 

chemical shift assignments were again based on chemical shift rationales 3 The alkaloid 2 was 

prepared from lappaconltlne In order to study the 13C methylene chemical shifts of the 

dioxymethylene group in 2 and tatsidine 17 The chemical shift assignments of 1 and 2 agree with 

our revised general assignments for C-10 and C-13 3 As a result of these studies, several as- 

signments for the 1% chemical shifts of 1-3 have been corrected 

P Me 

1 Delphelme 

4” 

2 8,9-Methylenedloxylappaconltlne 
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For the convemence of depiction In 
diagrams 1 and 2, H-19a and H-19B 
mdlcate the pseudo-axial and 
pseudo-equatonal protons, respec- 
tively, in the chair conformatlon of the 
E ring formed by C-4, C-5, C-l 1, C-l 7, 
N and C-19 Similarly in 3 these pro- 
tons in nng E are formed by C-4, C-5, 
C-10, C-20, N and C-19 Also, In 3, H- 
a and H-p In nng C are designated for 
the pseudo-axial and pseudo-equato- 
nal protons of the twist boat conforma- 
tion of the nng formed by C-8, C-9, C- 
11, C-12, C-13 and C-14 

3 Dictyzme 

Table 1 13C and 1H nmr chemical shnt assignments of delphellne (1) 
(In CDCl3) 

Carbon 6@pm) Proton Mw I J (Hz) 
1 82 9 18 299” dd,JlA2a=9 9. Jip,2g==7 3 

26 9 2P 2 02 m, J@,1~=7 3, J2a,2B=l2 4 
36 9 J2p,3p=4 6, J2p,sa=2 4 
33 9 2a’ 2 13 m 

2 
3 
4” 
5 
6 
7” 
6*’ 
9 

10 
11” 
12 
13 
14 
15 
16 
17 
16 
19 
NCH2 
NCH2CH3 
l -OCH3 
14-OCH3 
16 -0CH3 
-OCH20- 

56 7 
79 2 
92 7 
84 1 
40 4 
47 8 
50 4 
28 1 
37 7 
83 0 
33 4 
81 8 
63 6 
25 4 
57 3 
50 6 
14 0 
56 3 
57 8 
55 6 
92 9 

3P* 1 21 
3a 1 56 

5 
6 
9 

l 

::p* 
12a* 
13 

$1 
15a 
16’ 
17 
18 

f9B 
19a* 
-OCHgO- 
-OCHaO- 
-NC@ 
-NCH2CH3 
lCOCH3 
16-0CH3 
l -0CH3 3 23 S 

6-OH 3 34 S 

1 19 
417 
3 62 
2 10 
1 81 
2 50 
2 35 
3 67 
1 83 
2 47 
3 21 
3 04 
0 90 
2 21 
2 64 
5 02 
5 10 
2 76,2 64 
1 02 
3 40 
3 33 

m 
br d, J3a,3+13 4, Jsa,zfi=z 4 

J3a,2a-5 1 

S, Wj/2=7 0 

s, Wl/2=3 0 
m, J9,14=4 9 
m 

dm, Jl2a 12 ~14 5, J12a 10’49 
dd, Jl3,14= 9, Jl3,12p=i 5 I 1 
m, Jg,14=4 9 
m, J em=14 9, Jl5p,l6’73 
dd. 15a,l6’9 0, Jgem=l4 9 ? 
m 
s. Wl/2=6 2 

:B Jgem=ll 6 

:” Jgem=ll 6 
S 

mm 

1, 70 
S 

S 

l The chemtcal shin was obtalned from cross sectton of PD-nmr Spectra 
l * The asslgnmenf was done by selecbve INEPT 
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4 35 3 1 43’ m, J2p,2a=l2 7”, J2a,lp=8 8” 
5 54 0 1 20 m, J38,2a=7 5” 
8 24 0 3a 1 54’ m, J3a,3B=l2 0, J3a,2a=4 1 

J3a,2p=2 2 
7 44 0 5 1 10 br d, J5,6~=7 8 
8 43 0 6l3 2 88 dd, J6p,6a=l3 2, J8p,5=7 8 
9 42 5 8a 1 18’ 

10 48 9 7 2 10 cd, J7,6a=5 4 
11 24 7 9 1 82’ m 
12 385 1lP 1 80’ m 
13 23 0 lla 1 23’ m 
14 29 0 
15 87 1 

:32p 1 81’ m 
1 27’ m 

18 81 1 13a 1 98’ m 
17 87 9 14P 1 13’ m 
18 27 0 l4a 1 98’ m 
19 80 8 15 3 88 
20 74 7 17-pro R 3 98 i, Jgem=ll 7 
-NCH3 44 5 17-pro s 3 58 d, Jgem=ll 7 

::p 0 2 70 29 :B, Jgem=ll 2 
19a 2 42 AB, Jgem=ll 2 
20 3 30’ s 
21(NCH3) 2 28 S 

l The chemical shift was obtamed from the cross-se&on of fwd evolutron HETCOB 
l * The J value was read from the cross-section of HOMO 2D-J 

Table 4 IH-1H correlattons and nOe’s of delphellne (I) 
Observed H nOe’s (NOESY) 
-OCHpO- 6-OH, -OCHaO- 
-OCHaO- -0CHjD 
H8 8-OH, Hl9/3, HI8 
H14 14-0CH3, HI3 
H9 H6-OH, HI0 
HI6 H13, Hl2a, H17, Hl5a 
HI7 NCH2, H16, HI 5a 
HI HlO, H2P, I-OCH3 
NCH2 HI7 
Hl9a Hl9P, CbCH2N 
H12a Hl2& H16, I-0CH3 
H15a Hl5p, H16, HI7 
H13 Hl2j3, H16, l6-0CH3, Hl4.14-OCH3 
Hl9J-f H19a, H8 
HlO H5, H9, HI 
H2a H2P 
H2P H2a, HI, I-OCH3 
Hl5$ Hl5a 
Hl2P Hl2a. HI3 
H3a H3B 
H3P H3a 
H5 Hl8, HI0 
HI6 H5, H6 
6-OH H8, H9, -0CHgO 
C&CH2N H19a 
14-0CH3 H13, Hi4 
16-OCH3 H13, H16 
l -OCH3 Hl, H2p, Hl2a 

Correiattons (COSY) 
-OCHaO- 
-OCHj30- 
H5(w), HI8 
H13, H9 
H14, HI0 
Hl5a. Hl5j3 
H5 
H2a, H2P 
C&jCH2N 
Hl9p 
HlO(w), Hl2P(s) 
H15P, HI6 
Hl2p, H14 
Hl9a 
H12a, Hl2p, H9 
H2f$ H3P, H3a, HI 
H2a, H3p, Hl 
Hl5a, H18 
HlO, H13, Hl2a 
H3P, H2a 
H3a. H28, H2a 
H6, H17 
H6 

CH3CbN 
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Table 5a nOe’s and correlshons of 8,9-methylenedloxylappacomtine (2) (In CDCl3) 
Observed H nOe’s (NOESY) 
-OCHaO- 

Correlations (COSY) 
-0CHOO 

-OCH/30- 

-* 

H14 

rlfw 

Hl9a 
H18 
Hl 
H17 
H8a 

H5” 

H3a 
H19P 
-CH2N- 
H15P 
H5 
Hi3 
HlO 
H15a 

L&3 
H12a 

Lzp 
C&CH2N 
H3” 

w 
H13, HlPa, 14-0CH3 
HlSfi, CI+JCH~N 
H17 
H5, H2a 
H18, H15a, CI-&X+N 

H8i3 
H3i3 
H19a 
CkkjCH2N 
Hl5a 
Hl , HEP, H3p 
H14,18-OCH3,14-CH3 
H12p 
Hl8, H15P 

I 

:3”’ H5” 
H4”: HE” 

H5, H8a 
H14, H12P 
H3a, H5 
HlPa, HlO 
-CH2N, H17, H19a 
H4” 

-&Hbro- 
H13 
H19p 
H15B, H15 
H2a, H2j3 

* 

HEB, H7 

& H5” 

H3P 
H19a 
C/-@H2N 

H4”: HE” 

HiSa, H18 
H8I3 
H14. Hi26 
Hl2b ’ 
Hl8, H15/3 
H8B 
H5, H8a 
Hi 2/3 
H3a. H26 
HIP&, til3, Hi0 
-CH2N 
H4” 

Table 5b Me’s and correlations of 8,9-methylenedloxylspppaconltlne (2) (in C8D8) 

‘H nOe’s (NOESY) Correfatlons (COSY) 
-OCHaO- 14-0CH3 -0CHBO 
-OCHpO- 
H19a 
H14 
H18 
14-0CH3 
H17 
18-0CH3 
l -OCH3 
H15fl 
Hl 
Hl2a 
H3a 
H19p 

:gI 
CH2N 
H2a 
H7 
H15a 
Hi3 
Hi0 
H2B 
H3B 
H&-l 
H12P 
C&jCH2N 
H3” 

I 

EM 
H5” 

H8P - 
HlSP, C/+$&N 
14-0CH3, H13, HlO, H12j3 
H17, HlPa, Hl5a, H13 
H14. H13, -OCHaO- 
H18. H12a, C/-&Z&N 
H18, H13 

H2i3 
H15a 
Hl 0, H2P, H3p 
H12p, H18, H17 
H3i3 

-OCHaO- 
H19p 
H13 
H15a, H15j3 

HiSa, H7, H8a 
HlO, H3j3 
H8a. -OCHpO- 
CbCH2N 

H2P 
H198 
Hl$, H18 
H12P, H14,14-0CH3. HlE. lE-OCH3 
H14, Hl, H5, H12/3 
H2a, Hl, 1-OCH3 

HiSa, H18 
H2P 
H12P, HlO 
H3P 
H19a 

H8a 
C&jCH2N 

H2P 

H15P, Hi8 
H14 
H12a, H12p 
H2a, Hl 
H3a 
H8P 
H12a, HlO 
CH2N 
H4” 
H5” 
H3”, H5” 
H4”, HE 

- H3a, Hi, H5 
H6j3, H19P 
H12a, HlO, H13, H14 
CH2N. H17. H19a 
H4” 
H5” 
H3”, H5” 
H4”, HE 
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Results and Discussion 

The 1H and 1% nmr assignments for l-3 are summanzed m Tables 1,2 and 3, with Impor- 

tant homonuclear scalar and drpolar coupkngs comprled In Tables 4 through 6 The 1% signal 

assrgnments rely upon the mrtral delineation of the mdrvrdual proton spm systems within each 

molecule using COSY, and when necessary, relayed coherence transfer (RCT),ls and NOESY 

spectra In order to optimize spectral dispersion, studres on 2 were performed In both CDCls and 

CeDs which gave complementary signal resolution, CsDs as the solvent gave the spectrum wrth 

the minimum overlap Discussion of the nmr data for 2 refer to spectra run usmg CDCls as the 

solvent unless stated otherwise Overlap in the 1H nmr of 1 In CDCls was sufflcrently minimal for 

all assignments, while the limited solubllrty of 3 WI CDCls and CD&Is requrred the use of CDsOD 

as a solvent With the proton spin systems mapped, the protonated carbons were unambiguously 

assigned using the HETCOR and fixed evolution HETCOR spectra 1s Assignments of the quater- 

nary carbon resonances (multrplrcltres were determined by DEPT spectra) relied upon detectton of 

long range (two and three bond) heteronuclear couplings (lH/lsC) Srnce InsuffIcient sample was 

available to employ either the FLOCK20 or COLOCsl techmques, and hardware lrmrtations ex- 

cluded the use of inverse detection ,22 these assignments were accomplished using selective 

INEPT (SINEPT) expenments 2s For all three alkaloids, the carbon assignments were completed 

without reliance upon chemical shift ratronales with the exception of those carbons beanng hetero- 

substrtuents (nitrogen and oxygen) The only skeletal conformatlonal freedom In alkalords (1) and 

(2) exists in the A- and D-rings The results of the nmr studies revealed that the A-nng adopts a 

chair conformation and the D-nng a boat conformation for all three alkaloids Molecular mechan- 

ICS modelkng (QUANTA/CHARMm) studies were In agreement with these results 

Table 8 nOe’s and correlsttons of dctyzine (3) (in CD30D) 
Observed H nOe’s (NOESY) 
Hl7-txo R H17-Dro S. H9 

Correlattons (COSY) 
Hl7mvS 

H15 
Hl7-pro S 
H20 

H8P 
Hl9a 
Hl9p 
NCH3 
H2a 
H7 
Hl3a 
Hl4a 
Hla 
H9 
Hi2 
Hll$ 
H3a 
H2P 
H’P 
H13fi 
Hlla 
H3P 
H8a 
Hl48 

;:8 

Hl4fi 
Hlir-pro R, H9, Hllj3 
H7, H14a, NCH3 
H8a, H5 
Hl9P 
Hl9a, H8a, H18 
H20, H7 

H2i3 
H8a, NCH3, H20 
Hl3p 
Hl4$. H20 
HIS 
Hll$, H5, Hl7-pro R,S 

Hlla, H9, Hl7-pros 
H3f$ H18 
H2a 
Hla 
Hl3a 
HllP 
H3a, H18 
H8fi, H7, Hi 9fj 
H15. Hl4a 

Hl7-pm R 

H8a. H5 
Hl9j3 
Hl9a 

Hl a, H3a, H2j3 
H8a 
H13j3, Hl4B 

H9, Hlla, Hi2 
H3B, H2a 
H2a, Hl/3 
Hla, H2B 
Hl3a, Hl4a. Hl4f3 
Hllp, H9 

H9, ii8p, H18 
H5, H3a, H3b, Hl98 
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Assignment of the quaternary carbon signals 

The 1% nmr spectrum of 1 showed four quaternary carbon signals at 33 9, 50 4, 84 1 and 

92 7 ppm, which were assigned to C-4, C-l 1, C-8 and C-7, respectively, on the basis of selective 

INEPT studies Thus, polanzation transfer from the methyl singlet (H-l 8, 6 0 90) to the quaternary 

carbon at 6 33.9 confirmed this carbon as C-4 (two-bond polarization transfer) The signal at 6 50 4 

must therefore belong to C-l 1 as the only remammg non-oxygenated quaternaty carbon The C-8 

and C-7 resonances were distinguished on the basis of a polarization transfer from H-5 (S 1 19, bs, 

assignment as H-5 discussed below) to the quaternary carbon at 6 92 7, which must therefore by 

C-7 (three bond polanzatlon transfer) In this latter expenment, polanzatlon transfers from H-5 to 

C-8 (6 79 2), C-l 1, C-4 and C-18 (6 25 4) were also observed The remsning oxygenated quater- 

nary carbon, C-8, can therefore be assigned to the signal at 6 84 1 

Four quaternary carbons were observed in the 1% nmr spectrum of 2 at 51 0,82 9,84 8 and 

86 1 ppm, apart from the resonances of the anthranoyl group discussed later Polanzation trans- 

fers from H-17 and H-3j3 were the key to distinguish these carbons The broad singlet at 2 98 ppm 

(WI/~ = 4 2 Hz) IS typlcal for H-17 and was assrgned as such The multiplet at 1 84 ppm (ddd, J = 

13 3, 11 3, 4 9 Hz) showed coupling in the COSY spectrum to an overlapped multiplet at 2 56 

ppm, which the fixed evolution HETCOR revealed to be its gem partner of a methylene pair This 

signal at 1 84 ppm was also coupled to overlapped multiplets at 6 2 13 and 2 24, also shown by 

the HETCOR and DEPT spectra to be a methylene pair Both protons of this second methylene 

pair were in turn coupled to a methme at 3 17 ppm (CM, J = 6 8, 9 9 Hz), typical for the relatively 

shielded C-l oxygenated carbinol proton This sequence, CH(O-)-CH2-CH2-, must therefore be 

the C-l through C-3 spin system The signal at 1 84 ppm was assigned to H-3p based upon the 

size of the coupling constants (J = 13 3 Hz, trans dlaxial coupling with H-2a) and an nOe with H-l 

observed in the difference nOe spectrum A similar analysis was even easier in CsD6 where the 

protons of this spin system were more cleanly resolved, with the exception of H-2a In thts solvent, 

nOe’s between H-l and H-5 with H-3P were observed in the 2D-nOe spectrum 

In the selective INEPT experiments, polarization transfers from H-17 to the quaternaty car- 

bons at 82 9 and 51 0 ppm were observed, which therefore can be assigned to C-8 (via three 

bond polarization transfer) and C-l 1 (via two bond polarization transfer), respectively Enhance- 

ments were also observed In this expenment for the methme carbons at 84 4 and 47 5 ppm The 

former resonance must therefore correspond to C-l which correlated with the proton resonance at 

3 17 ppm In the fixed evolution HETCOR spectrum, confirming this assignment as H-l Enhance- 

ment of the signal at 47 5 ppm was also observed upon polarization transfer from H-313 optimized 

for heteronuclear coupling of 3 Hz, so this methane must be C-5 Another enhancement upon satu- 

ration of H-3p was observed for the quaternary carbon at 84 6 ppm optimized for heteronuclear 

coupling of 6 Hz, so this resonance can be assigned to C-4 The remaining quaternaty carbon 

signal at 86 1 ppm must therefore by C-9 

Dictyzine (3) has four quaternary carbons, C-4, C-8, C-10 and C-16 with resonances for non- 

protonated carbons found at s 35 3, 43 0, 46 9 and 81 1 The low field signal could unamblgu- 

ously be assigned to C-16 due to Its chemical shift since C-16 IS the only oxygenated quaternary 

carbon in 3 In selective INEPT studies, saturation of the H-18 methyl singlet led to an enhance- 
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ment of the quaternary carbon at 6 35 3, which could therefore be assigned to C-4, two bonds re- 

moved from H-18 In addition to the enhancement of C-4, a methme (S 54 0) and two methylene 

carbons were also enhanced The methme can therefore be assigned to C-5, while the 

methylenes can be assigned to C-3 (6 41 2) and C-19 (6 80 8), all three bonds removed from H-18 

The two methylenes were easily dlstmgulshed on the basis of their chemical shifts smce C-19 IS 

nitrogen substituted 

Both H-7 (6 2 10, bcf, J = 5 4 Hz) and H-68 (6 2 68, dd, J = 13 2, 7 8 Hz) were well resolved in 

the 1H nmr spectrum Assignment of these resonances are discussed In detail below Polanza- 

tion transfer from H-7 to a quaternaty carbon at 6 46 9 enabled assignment of this signal as C-10 

(three bonds removed from H-7) In addition, enhancements were also observed for two methmes 

at 6 54 0 and 42 5 The former methme carbon was assigned to C-5 based on the polanzatlon 

transfer from H-18, thus the methme at 6 42 5 must be C-9 Both C-5 and C-9 are three bonds re- 

moved from H-7 Enhancements upon saturation of H-~P m a selective INEPT experiment were 

observed to quaternaty carbons at 6 35 3 (previously assigned to C-4 based upon polanzatlon 

transfer from H-18) and 43 0 This latter signal must therefore be the remaining quaternary car- 

bon, C-8 (three bonds removed from H-6P) Also enhanced In this experiment were methmes at 6 

74 7 and 44 0 The methme resonance at 6 74 7 was assigned to C-20 (three bonds removed from 

H-se) and the resonance at 44 0 to C-7 (two bonds removed from H-6~) This latter carbon also 

showed the expected one bond correlation with H-7 In the HETCOR spectrum 

Assignment of the secondary carbinol signals 

Delphelme (1) showed four methmes with directly bonded oxygens at 6 79 2, 81 8, 82 9 and 

83 0 which were one bond coupled to protons at 6 4 17 (bs, WI/~ = 3 Hz), 3 21 (m), 2 99 (dd, J = 

9 9, 7 3 Hz) and 3 67 (m), respectively The two higher field methmes (6 3 21 and 2 99) were both 

adjacent to methylene groups as mdlcated by the COSY and HETCOR spectra, and thus must be 

C-l and C-16 The proton spm system which Included the highest field carbmol proton was shown 

to be -CH(O-)CHzCHz-, with two methylene groups in sequence adjacent to the secondary 

carbmol proton The S 2 99 and 82 9 resonances must therefore belong to H-l and C-l The 

carbmol methme at 6 3 21 showed couplmg only to an isolated methylene pair, which Itself 

showed no further couplmg, and therefore can be assigned to H-16 with the C-16 resonance as- 

signed to the signal at S 81 8 It IS of Interest to note that H-16 did not show coupling to H-13 In the 

COSY spectrum as would be expected If the D-nng was In a boat conformatlon, which would result 

in a 90’ dihedral angle between H-16 and H-13 The calculated dihedral angle between H-16 

and H-13 from molecular modellmg studies was 92 8” for the D-nng boat conformatlon The two 

remaining carbmol methme protons were easily dlstmgulshed from the COSY spectrum Thus, H- 

14 (6 3 67, m, Js,14 = 4 9 Hz) was readily identified as a member of the C-nng cyclopentane spin 

system which showed all the expected couplmgs in the COSY spectrum with the exception of cou- 

pling between H-13 and H-12a due to a dihedral angle of 90” (calculated from molecular mod- 

ellmg 83 7O) The HETCOR spectrum enabled the assignment of the C-14 resonance at 6 83 0, 

with the remainmg C-6 methme assigned to the signal at 6 79 2, correlating to the prOtOn Singlet at 

6 4 17 (s, W112 = 3 Hz) In the HETCOR spectrum The H-6 proton showed weak coupling with H-5 
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In the COSY spectrum, and selective INEPT expenments had revealed a two bond polanzatlon 

transfer from H-5 to the methme carbon at 6 79 2, supportmg this assignment 

Alkaloid 2 showed three signals due to oxygenated methme carbons 83 0, 84 4 and 88 4 

ppm, with the second resonance already asslgned to C-l, leaving only C-14 and C-16 to be as- 

signed The signal at 88 4 ppm correlated with a proton doublet (6 3 56, J = 4 5 Hz) in the fixed 

evolution HETCOR spectrum Thus this proton must be H-14 (coupled only to H-13) and the lower 

field carbon signal was asslgned to C-14 The resonance at 83 0 showed one-bond coupling with 

a multiplet at 3 32 which was overlapped by a methoxyl singlet Nevertheless, this multiplet 
showed coupling to the two H-15 methylene protons In the COSY spectrum and can be assigned 

to C-16 [The dihedral angle between H-16 and H-13 being -90” - (calculated from molecular 

modellmg 95 8O) - H-16 shows no coupling with H-131 This was confirmed in C6De, H-16 was a 

well resolved triplet (6 3 33, J16.15~ = 8 3, Jls,l5g = 8 8 Hz) coupled only to the C-15 methylene 

protons 

Dlctyzme (3) has only a single, secondary carbmol, C-15, but two low field methmes ap- 

peared in the 1% nmr spectrum at 6 87 1 and 74 7, one bond coupled to proton singlets at S 3 88 

and 3 30, respectively The lower field proton and carbon resonances were assigned to H-l 5 and 

C-15 The higher field carbon signal was ultimately assigned to C-20 as the COSY revealed that 

the 6 3 30 singlet was part of the H-5 through H-20 spin system (-CH-CHrCH-CH- system) and 

could be assigned to H-20 as discussed below 

Assignment of the methine carbons 

The three methme carbons of the cyclopentane C-nng of 1, C-9, C-10 and C-13, were rou- 

tinely assigned at 6 40 4, 47 8, and 37 7 from the HETCOR spectrum, once the C-ring proton spin 

system was detailed in the COSY spectrum (Table 1) The broad singlet at 6 1 19 (W11p = 7 0 Hz) 

showed weak coupling with H-6 in the COSY spectrum and was assigned to H-5, supported by the 

observations of nOe’s with the H-l 8 methyl protons and H-10 (1,3-diaxlal-type dipolar coupling) 

These observations and W-coupling between H-5 and H-17 (6 3 04 bs, WI/~ = 6 2 Hz) enabled 

assignment of C-5 and C-17 to the resonances at 56 7 and 63 6, respectively, from the HETCOR 

spectrum 

In the 1% nmr spectrum of 2, five non-oxygenated methmes appeared at 35 6, 45 8, 47 5, 

48 1 and 60 1 ppm As previously described, C-5 was assigned the signal at 47 5 based upon 

selective INEPT experiments, while the signal at 60 1 was assigned to C-17 due to its low field 

shift and one bond correlation with H-17 in the fixed evolution HETCOR spectrum Polanzation 

transfers upon saturation of H-17 were also observed to the signals at 45 8 and 48 1, which 

therefore must be C-7 and C-10 The H-7 methme (6 2 17, m) was distinguished by coupling to 

both C-6 methylene protons (6 1 99 and 2 60, H-6p and H-6a, respectively, both m), which were In 

turn identified by the coupling of the upper field proton to H-5 No coupling was observed between 
H-5 and H-6a In the COSY spectrum due to the 90” dihedral angle (calculated 104 4”) between 

these protons The C-5 methane (6 2 30, m) was Itself unambiguously located from the HETCOR 

spectrum one bond coupled with C-5 The HETCOR spectrum thus enabled identification of the 

45 8 ppm resonance as C-7, and the 48 1 ppm resonance must therefore belong to C-10 The re- 
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mammg methme carbon, 6 35 6, must consequently be assrgned to C-13 This assignment was 

confirmed by the couplmg of H-14 to H-13 (6 2 29) with the fixed evolutron HETCOR expenment 

revealing the one bond couplmg from H-13 to C-13 

In C&s, H-5 was a well separated broadened doublet (6 2 45, J = 7 6 Hz) again showing 

coupling only to H-66 (6 2 36, m) It IS mterestmg to note that in CsDs, the relative positions of H-6a 

and H-6p are reversed in comparison to the chemical shafts recorded in CDCls (Table 2) Presum- 

ably this large solvent effect IS due to a reonentatron of the anthranoyl group In CsDs relative to 

that In CDCls 

The five nonoxygenated methmes of 3,6 74 7,54 0,44 0, 42 5 and 36 5 were assigned to C- 

20, C-5, C-7, C-9 and C-l 2, respectively, from the HETCOR spectrum after deflnrng the proton spin 

systems In the COSY spectrum Thus, C-l 2 (6 36 5, H-l 2 6 1 61) was easily assigned as the cen- 

tral methme carbon member of the -CH-CHs-CH-CH~CHs- spin system identrfred In the COSY 

spectrum belonging to C-9 through C-14 The termmal methane member of this spin system corre- 

lated with the methane carbon resonance at 6 42 5 In the HETCOR spectrum, enablmg assrgnment 

of this signal as C-9 This was confirmed by selectrve INEPT expenments previously described 

upon polanzatron transfer from H-7 The three remarnmg methmes were all members of the same 

spin system -CH-CH-CHs-CH-, wrth one of the three methane protons appeanng as a smglet (6 

3 30) wrth only weak couplmg to a second methme proton (6 2 10, bd, J = 5 4 Hz) The remaining 

methane proton also appeared as a broad doublet (s 1 10 bd, J = 7 6 Hz), and these latter two pro- 

tons must therefore be the methmes which flank the methylene carbon (C-6) with the methane sin- 

glet assignable to H-20 The low field methme carbon (6 74 7) was thus assigned to C-20 from the 

HETCOR spectrum Selective INEPT experiments (prevrously described)) confirmed the assrgn- 

ments of C-5, C-7 and C-20 upon polanzatron transfers from H-16 (to C-5), H-7 (to C-5 and C-9), 

and H-66 (to C-7 and C-20) 

While an all vlclnal couplmg pattern would predict this spm system to be C-20/C-7/C-6/C-5, 

potential W-couplmg between H-5 and H-20 with no observable coupling between H-20 and H-7 

(analogous W-couplmg between H-5 and H-17 was observed In 1) means the C-20/C-5/C-6/C-7 

alternative must also be considered These two posslbllrtles were resolved by asslgnmg H-7 and 

H-5 on the basis of the 2D-nOe spectrum (Table 6) The lower field methme doublet showed an 

nOe with the N-methyl singlet and H-20 (as well as with H-6a) and thus can be asslgned to H-7 

The higher field methme doublet had nOe’s with the C-16 methyl singlet and H-6p as well as with 

the proton ultimately asslgned as H-9, and thus must be H-5 The corresponding carbon reso- 

nances were therefore assigned from the HETCOR spectrum These nOe’s as well as the cou- 

pling constants also distInguished H-6a and H-6p Thus the couplings between H-5 and H-6a and 

between H-6P and H-7 were very small due to dihedral angles approaching 90” (calculated for H- 

5/H-6a 114 7’, calculated for H-6p/H-7 88 0’) 

Assignment of methylene carbons 

With the assignment of the C-2, C-3, C-12 and C-15 methylene protons In the COSY spec- 

trum of 1 completed as described above, the carbon resonances for these methylene groups were 

easily assigned from the fixed evolution HETCOR spectrum as 6 26 9, 36 9, 28 1 and 33 4, respec- 
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tlvely The three remammg methylenes C-19, the N-ethyl methylene and the droxymethylene 

were similarly assigned to 6 57 3, 50 6 and 92 9, respectrvely, from the HETCOR spectrum as their 

drrectly bonded protons were quite distinct In the 1H nmr spectrum 

Eight methylene carbons are present m 2 6 24 7, 26 7, 27 1, 31 8, 38 6, 49 0, 55 8 and 96 6 

The low field resonance IS routrnely assigned to the methylenedroxy carbon The N-ethyl methy- 

lene carbon was easrly located at 6 49 0 from the fixed evolution HETCOR spectrum The 55 8 

ppm resonance can be easily assigned to C-19 due to the directly attached nitrogen, selecttve 

INEPT experiments also showed a polarization transfer from H-17 to this carbon Location of the 

C-2, C-3, C-6 and C-15 methylene protons in the COSY spectrum as discussed above enabled 

easy assignment of the corresponding carbons from the fixed evolution HETCOR spectrum at 26 7, 

31 8, 27 1 and 38 6 ppm, respectively The remamrng resonance at 24 7 ppm must therefore be 

C-12 Coupling from H-13 to one of the C-12 methylene protons (6 1 98, dd, J = 15 7, 8 4 Hz, H- 

12p) enabled location of the C-12 methylene protons and confirmed the C-12 assrgnment Cou- 

pling was not observed between H-13 and H-12a in the COSY spectrum due to a dihedral angle 

of -90’ (calculated 88 4O) between these two protons A similar analysis followed for the assign- 

ments in CeDs 

The methylene carbons of 3 were easily assigned from the fixed evolution HETCOR spec- 

trum once the separate proton spm systems were mapped from the COSY spectrum the C-l 

through C-3 system as well as the C-5 through C-20 and the C-9 through C-14 systems The C-l 

and C-3 termmr of the C-l through C-3 adjacent methylene system were drstmgurshed on the ba- 

sis of nOe’s between both H-3a and H-3l3 and the C-18 methyl protons Selective INEPT expen- 

ments previously described,, confirmed the assignment of C-3 upon a polarization transfer via 

three bonds from H-18 The C-17 (s 67 9) and C-l 9 (6 60 8) methylene carbons were assigned 

from the fixed evolution HETCOR spectrum as well, based on the lower field signal for the protons 

on the oxygenated carbon (6 3 98 and 3 58 for H-17, 6 2 42 and 2 29 for H-19) Polanzatlon 

transfer from H-l 8 to C-l 9 via three bonds in a selective INEPT expenment confirmed the assign- 

ment of C-l 9 The assignments of C-l 9 and C-l 7 were reversed in the original work 3 

Assignment of the methyl carbons 

The high field 1% methyl resonance of 1 was assigned to the methyl group of the N-ethyl 

chain, correlating with the methyl tnplet (6 1 02, t, J = 7 0 Hz) in the HETCOR spectrum The C-18 

methyl singlet correlated with the methyl carbon at 6 25 4 in the HETCOR spectrum, and was thus 

assigned The remammg methyl resonances belong to methoxyl groups, and these were drstm- 

gurshed on the basis of nOe studies (Table 4) Thus, each methyl of the methoxy group showed 

an nOe with the correspondmg carbmol methme proton m the 2D-nOe spectrum The lowest 

methoxyl singlet (6 3 40, nOe’s with H-14 and H-13) was assigned to the C-14 methoxyl group, the 

highest field methoxyl singlet (6 3 23, nOe’s with H-l, H-2a, and H-12a) to the C-l methoxyl group, 

and the intermediate methoxyl resonance (6 3 33, nOe’s wrth H-13 and H-16) to the C-16 group 

The corresponding carbon resonances were then routinely determined by the HETCOR spectrum 

(Table 1) 



Proton and carbon-13 NMR m&es 
431 

In 2, the acetyl (8 25 6) and Methyl methyl (S 13 5) groups were easily asslgned on the basis 

of their chemlcai shifts with the expected one bond correlations in the HETCOR spectrum as well 

The three methoxyl groups at C-l, C-l 4 and C-l 6 were dlstmgulshed by nOe’s An nOe between 

H-14 and the low field methoxy singlet (a 3 33) ldentlfles this as the C-14 methoxyl group, correlat- 

ing with the methoxyl carbon at 57 4 ppm in the HETCOR spectrum The high field methoxy singlet 

(6 3 28) showed an nOe vvlth H-2a, identifying thrs as the C-l methoxyl group, correlating with the 

methoxyl carbon at S 56 7 The remaining methoxy singlet (6 3 30) must therefore be the C-16 

methoxyi group, which showed an nOe with H-13 This last methoxy resonance correlates wth the 

carbon at 6 56 3 

The assignment of the two methyl group carbons of 3 was routine based upon the expected 

chemical shift differences (a 27 0 for C-18,6 44 5 for the N-methyl group, C-21) 

Assignment of aromatic resonances of 2 

The 1H nmr spectrum showed a clear 1 ,Pdisubstltuted aromatrc ring pattern 6 8 65 (dd J = 

7 2,1 4 Hz), 7 89 (dd, J = 8 2,1 7 Hz), 7 49 (d&Y, 7 7,7 2,1 7 Hz) and 7 02 (CM, J = 8 2,7 7,1 4 

Hz) Polarization transfers In the selective INEPT expenments upon saturation of the low fleid res- 

onance showed enhancements of the 115 7 ppm nonprotonated carbon assigned to C-l” and 

122 3 ppm protonated carbon asslgned to C-5” The low field proton resonance (6 8 65) also 

showed meta coupling to H-5” (6 7 02), and can therefore be asslgned to H-3”, the rematnmg pro- 

ton assignments follow from the COSY spectrum, and the protonated carbon assignments from the 

HETCOR spectrum Saturatlon of the resonance at 7 89 led to enhancements of the carbonyl car- 

bon at 6 167 4, and the nonprotonated carbon at 6 141 7, asslgned to C-2” Thus the anthranoyl 

carbonyi carbon could be assigned to the resonance at 6 167 4, and the IV-acetyl carbonyi carbon 

must be the remaining carbonyl resonance at s 169 0 

Assignment of dlastereotopic methylene protons 

The dlastereotoplc C-2 and C-3 protons were assigned on the basis of coupling constants 

(when dlscernlbie) and nOe’s Thus In 1, H-2a showed trans-dlaxlal couplmg with H-l (J = 9 9 

Hz), while H-2i3 had nOe’s with both H-l and the C-l methoxyl group One H-3 proton was 

severely overlapped by the H-5 broad singlet, but the other H-3 proton was asslgned to the equa- 

torial a-position on the basis of the relatively small coupimgs with the C-2 methylene protons 

(J2p,3a = 2 4 Hz, Jza,sa = 5 1 Hz), giving H-3a the appearance of a broadened doublet in the 1H 

nmr spectrum The A-nng of 1 therefore exists rn a chair conformatlon, which was also predicted 

to be the lowest energy conformatlon In molecular modelimg expenments using the 

QUANTAKHARMm program 

The C-12 protons were easily asslgned as previously discussed H-12a (6 2 50) showed no 

couplmg with H-13 due to a 90’ dihedral angle, couplmg between H-12p and H-13 was 4 5 Hz 

Furthermore, H-12a showed nOe’s with H-16 and the C-l methoxyl group and must lie on the a- 

face of the molecule The C-l 5 methylene protons were ldentlfled by the nOe between H-l 5a and 

H-17 The C-19 and methyienedloxy protons were also assigned on the basts of nOe’s H-198 

showed an nOe with H-6 while H-19a had nOe’s only with H-19p and the N-ethyl methyl protons 

The a-proton of the methylenedloxy group had an nOe with the C-6 hydroxyl proton while the p- 
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proton of thus methylene pair showed an nOe only with Its gem-partner, thereby drstmguishing the 

remaining drastereotoprc methylene protons of 1 
In alkaloid 2, the stereochemical assignment of the dlastereotopic methylene protons was 

made on the basis of observed couplings as discussed previously for the C-3, C-6 and C-12 

methylene groups The C-2 methylene proton resonances in CDCls were too overlapped with 

near identical chemical shifts to Identify unambrguously on the basis of coupling constants Never- 
theless, these protons were distinguished on the basis of an nOe between the H-16 (axial) and H- 

28 (equatorial) protons, with no nOe detected between H-l and H-2a protons (trans diaxial rela- 

tionship) In CsDs, H-2f3 was a cleanly resolved multrplet and was easily assigned as the equato- 

rial proton based upon the coupling constants (Table 2) The methylenedloxy and C-19 methy- 

lene protons were drstmgurshed on the basis of nOe’s from either the 2D-nOe spectrum or differ- 

ence nOe spectra (Table 5) Thus, the high field proton of the methylenedroxy pair (S 5 12) 

showed an nOe to H-66, dlstmgurshmg the methylenedioxy pair 

In CDCls, only one H-19 proton was resolved (6 3 50, JA8 = 11 2 Hz) The remaining H-19 

proton was in a heavily overlapped region of the spectrum (6 2 5-2 6) which included H-6a, pre- 

cluding the possibility of observing an unambiguous nOe between these two protons (as well as 

the posslbrlrty of observing an nOe with H-7 since this resonance could not be defmitrvely as- 

signed to H-19 or H-6a The resolved H-19 proton did show an nOe with the methyl triplet of the 

N-ethyl chain Since this methyl group should adopt a conformation oriented away from the B- 

ring, the low field resonance (6 3 50) was tentatively assigned to the H-19 proton onented away 

from the B-ring and the higher field resonance (6 2 50) was assigned to the H-19 proton directed 

under the B-ring These assignments were supported by the nmr studies in CsDs in whrch both H- 

19 protons were well resolved (6 3 64 and 2 56, both d, J = 11 2 Hz) In the 2D-nOe spectrum, the 

lower field resonance again showed an nOe with the methyl group of the N-ethyl chain (as well as 

an nOe with the methylene protons of this chain), while the higher field resonance showed nOe’s 

with H-6a and H-7 

An nOe between H-17 and H-15a (6 2 21) identified the C-l 5 diastereotoprc methylene pair 

This nOe was observed In both solvents (CDCls and CsDs) The large coupling between H-156 
and H-16 (J = 8 7 Hz) as well as H-15a and H-16 (J = 8 3 Hz) indicates that this ring exists in the 

boat conformation 

Assignment of the diastereotoplc methylene protons on the C-l through C-3 fragment of 3 

was complicated by the severe overlap in the 1H nmr spectrum Nevertheless, a difference nOe 

expenment upon saturation of H-19a, which was well resolved, revealed an nOe to one of the C-3 

protons which therefore must be H-3a (6 1 54, m) Furthermore, this proton (H-3a) showed W- 

coupling to one of the C-l dlastereotopic protons, suggesting that both of these protons are In an 

equatorial orientation Conflrmmg this assignment, the gem/partner H-3f& located at 6 1 20 (m) 

from the fixed evolution HETCOR experiment, showed trans-diaxial coupling (Jza,sp = 7 5 HZ) with 

one of the C-2 methylene protons at 6 1 43, which therefore must be the axial H-2a The gem Pan- 
ner of H-2a was located from the fixed evolution HETCOR spectrum at 6 2 23 (H-213) The f-f-2a 
proton In turn showed trans-dlaxlal coupling with one of the C-l methylene protons (Jlp,sa = 8 8 

Hz), which must therefore be H-16 The gem partner of H-16 was again located from the fixed 
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evolution HETCOR expenment at 6 1 88 (H-la) While all the couplmg constants of this spin sys- 

tem composed of three methylenes were not completely resolved due to overlap, these sequential 

trans-diaxial couplings indicate that the A-nng of 3 exists In a chair conformation Molecular me- 

chanlcs calculations discussed below showed that the boat conformatlon of the A-nng IS 6 4 

kcaWmol higher in energy than the chair conformation In the absence of solvent interactions 

The C-6 methylene protons were distinguished on the basis of their couplings with H-5 and 

nOe’s One of the H-6 protons was only very weakly coupled to H-5 (J < 1 Hz), though coupled 

with H-7 (J = 5 4 Hz) This proton was assigned to H-6a since a 90’ dihedral angle exists between 

H-5 and H-6a The H-68 proton showed only very weak coupling with H-7 (J c 1 Hz), but strong 

coupling with H-5 (J = 7 8 Hz) This proton was asslgned to H-6p which has a 90’ dihedral angle 

with H-7 (calculated 88 O”), but IS nearly eclipsed with H-5 (8 2” dihedral angle from molecular 

mechanics calculations) ConfIrmIng these assignments was the observation of an nOe between 

one of the H-19 protons and H-6a This In turn enabled assignment of the H-19 protons that 

which showed the nOe with H-6a must be H-19P while that which had the previously mentloned 

nOe with H-3a must be H-19a 

Only one H-l 1 proton showed coupling with H-12, and this proton was assigned to H-l ll3, H- 

11 a has a 90” dihedral angle with H-12 Furthermore, H-l 1 B showed an nOe with H-9 and one of 

the H-17 protons Similarly, only one of the H-13 protons showed couplmg with both H-14 pro- 

tons, and this was assigned as H-l 38 The remalnlng H-l 3 proton, H-l 3a, has a 90’ dihedral an- 

gle with H-14@ and shows couplmg only with H-14a The assignment of the H-14 protons were 

further confirmed by nOe’s H-l 4a has an nOe with H-20, while H-l 4p shows an nOe with H-l 5 

The signlflcant chemical shift difference between the pro-R and pro-S H-17 protons sug- 

gested that a dominant rotamer about the C-16X-17 bond may exist This rotamenc dominance 

could easily be enforced by hydrogen bonding between the C-17 hydroxyl and either the C-15 or 

C-l 6 hydroxyl groups The 2D-nOe spectrum showed a clear dlstlnctlon In their onentations, thus, 

one of the H-17 protons showed nOe’s with both H-9 and H-l 1 j3, while the other H-17 proton 

showed an nOe only with H-9 This nOe pattern can be easily explalned If the dominant confor- 

mation IS controlled by hydrogen bonding with the C-l 6 hydroxyl group Under this constraint, the 

H17-pro-S/H9 and H17-pro-S/H11 p distances were calculated to be 1 96 A and 2 30 A, respec- 

tively, while the H17-pro-R/H9 and H17-pro-R/H11 p distances were calculated to be 3 14 A and 

3 94 A, In accord with the nOe results with the latter distance being too large to observe an nOe 

under these conditions24 If hydrogen bonding between the C-15 and C-17 hydroxyl groups was 

dominant, the anticipated nOe results would be that both H-17 protons would show nOe’s with H- 

11 p, while only the pro-R proton would show an nOe with H-9 For this rotamer the H17-pro-S/H9 

and H17-pro-S/H11 p distances were calculated to be 3 76 A and 3 71 A, respectively, while the 

H17-pro-R/H9 and H17-pro-R/H1 lp distances were calculated to be 2 54 A and 2 18 A These 

distances are not In accord with the observed nOe’s, and the H-17 protons were therefore as- 

signed as shown in Table 3, albeit somewhat tentatively 
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Ftgure 1 Perspective drawrngs from molecular mechanics calculations (A) Delphelme (1) with 
the A-nng In a chair and the D-nng In the boat conformatlon, (8) 1 vvlth the Pnng In the 
half chair conformation predicted to be 3 3 kcalimol higher In energy than the confor- 
mation shown In Figure 1A (D-nng In boat) (C) Mmlmum energy conformatlon of 2 
with the A-nng In a chair and the D-nng In a boat conformation (D) Mmlmum energy 
conformatlon of 3 with the A-nng m a chair conformatlon and hydrogen bonding be- 
tween the C-l 7 and C-l 6 hydroxyl groups 
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Conformational analyaes 

As a result of these nmr studies, the A-nng of all three alkaloids was mdlcated to exist pre- 

dommantly in a chair conformatlon as was previously suggested for these dlterpene alkaloids in 

the absence of a C-la hydroxyl group In this latter case, hydrogen bonding between the C-l hy- 

droxyl proton and the nitrogen WIII favor the boat conformation for the A-nng s,*5 While the re- 

maining nngs of 3 are qurte ngrd, the D-nng of 1 and 2 can adopt a chair (more accurately, a flat- 

tened or half-chair) or a boat conformatlon As has been previously established for tatsldme 24, 

the boat conformatron IS preferred for the D-nng of both 1 and 2 Rnally, the nOe’s between the 

methyl of the N-ethyl group and H-19a In 1 and 2 mdlcate that this ethyl chain IS onented away 

from the a-face of the B-nng, as expected on the basis of stenc conslderatlons 

Molecular modellmg studies usmg the QUANTAEHARMm program*6 supported these con- 

clusions The dommant conformatlons of the A-nngs of all three alkalords were predicted to be the 

chair forms, while the D-rings of 1 and 2 In the boat conformahons were clear energy minIma 

(Figure 1) For delphelme (l), the conformation In whrch the D-nng adopts a half-chair form was 

also found as a global mintmum and was predicted to be 3 3 kcal/mol higher In energy (In the ab- 

sence of solvent Interactions) than the conformation with the D-nng In the boat form as found by 

nmr (Figure 1) In the higher energy D-nng/chalr conformation, the H-15B/H-16 dihedral angle was 

predicted to be 67 8”, while the H-l&/H-16 dihedral angle was predicted to be 21 53” Clearly 

this former dihedral angle IS IncompatIble with the observed couplmg between these two protons, 

Jl5fj.16 = 7 3 Hz The dihedral angles predicted for the lower energy D-nng/boat conformatlon 

were more In accord with the observed couplings H-156/H-16 dihedral angle of 152 85”, H-15a/H- 

16 dihedral angle of 39 74O, Jtsa,ls = 9 0 Hz A chair or half-chair D-nng conformatlon was not 

found for 2 It IS also of interest to note that In both 1 and 2, the mmrmum energy conformation 

shows an onentation of the methyl termmus of the N-ethyl chain pomtlng away from the B-nng, as 

expected from the nmr studies 

General Procedures 
Experimental 

DelDhellne 1 Tatsrensme, isolated from D tafslenense, was hydrolysed to afford 6-deacetyl 
tatsiensine which when hydrogenated gave delpheline, m p 217-219O, as described earlier ‘2 
Delpheline has been also Isolated In our laboratory from D occrdentale, 27 and D elatum 2s 8.&- 
MethvlenedloxvlaoDaconltlne 2 was prepared from lappaconltlne as described earlier l7 & 
-3 was obtained from the polar alkaloldal fractions of D tatslenense as previously de- 
scribed ‘6 The lH and 1% nmr spectra were recorded on a Vanan XL-400 (93 94 kG, 400 MHz 
for 1 H, 100 MHz for 1%) Spectra recorded in CDCls used the 7 24 ppm resonance of residual 
CHCl3 and the 770 ppm resonance of 
tively 

tsCDCl3 as Internal references of 1H and tsC, respec- 
Spectra recorded in CsDe used the 7 15 ppm resonance of residual CsHDs and the 128 0 

ppm resonance of l-[i3C]-CsDe as internal references for 1H and 13C, respechvely Spectra 
recorded In CDsOD used the 3 30 ppm resonance of residual CHDzOD and the 49 0 ppm reso- 
nance of 13CDs0D as internal references for 1 H and 13C, respectively 

Nmr multipulse sequences 
All nmr studres on 1 were run usmg 12 mg, on 2 using 12 mg, and on 3 using 5 mg of sam- 

ple, (spherical 125pL nmr tube) All 1 D and 2D pulse sequences were run usmg standard Vanan 
software, version 6 lc, except the fixed evolution HETCOR experiment which was added to the 
sequence library according to Reynolds’ program 1s The fixed evolution HETCOR expenment was 
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utlllzed to enhance the sensltlvlty for detecting correlations between methylene carbons and their 
one bond coupled, magnetically nonequivalent protons 1%Multiplicities were assigned with the 
DEPT experiment and 1% assignments were completed using the fixed evolution HETCOR 

experiment for one bond heteronuclear couplings (lH, ‘SC), and the FLOCK and selective INEPT 

sequences for two and three bond heteronuclear couplings (‘H, 1%) The evolution time in the 
fixed evolution HETCOR experiment was set at 19 ms wrth a refocusing interval of 23 8 ms ‘9 Se- 
lective INEPT expenments were recorded with the excitation and refocusing delays optimized for 
different coupling constants according to the formulae ~1 = 1/2J and a2 = 1/3J, respectively 23 

Molecular mechanics 
Molecular modellmg studies were performed using the QUANTAlCHARMfII program on a 

Silicon Graphics work station The Boltzmann jump technique (to 3000%) with subsequent min- 
imization was applied to each conformation to confirm that the structure was in a global minimum 
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