
J. CHEM. SOC. PERKIN TRANS. 11 1986 175 

Conformational Analyses of Hydrobenzo[c]phenanthridine Alkaloids based on 
'H Relaxation Times and Nuclear Overhauser Effects 

Makiko Sugiura," Kinuko Iwasa, and Narao Takao 
Kobe Women's College of Pharmacy, 4- 19- 1, Motoyamakita-machi, Higashinada-ku, Kobe 658, Japan 
H ideaki Fu jiwata 
Faculty of Pharmaceutical Sciences, Osaka University, 1-6, Yamada- oka, Suita, Osaka 565, Japan 
Helmut Beierbeck and George Kotovych 
Department of Chemistry, The University of Alberta, Edmonton, Alberta, Canada T6G 2G2 

Conformational analyses based on H relaxation times (T,) and nuclear Overhauser effects (n.0.e.s) have 
been carried out for several hydrobenzo[c] phenanthridine alkaloids. Calculated and observed values of 
T, and n.0.e.s have been compared for several possible conformations, and optimum conformations are 
proposed. These are in reasonable agreement with previous data with the exception of ring B and the 
N-methyl group. The correlation times for molecular motion have also been evaluated, and are 
discussed in connection with molecular structures and conformations. 

Many conformational analyses in solution have been carried 
out on bioactive compounds and natural products by means of 
'H and I3C n.m.r. spectroscopy. In addition to chemical shift 
and coupling constant studies nuclear Overhauser effects 
(n.0.e.s) and spin-lattice relaxation times (T , )  have been 
applied extensively.' In this paper, we report a computer- 
assisted method for conformational analysis using 'H T ,  and 
n.O.e., and investigate its utility in the study of some alkaloids as 
compared with the conventional method of chemical shifts and 
coupling constants. Four hydrobenzoCclphenanthridine-type 
alkaloids, chelidonine (l), corynoline (3), and their acetates (2) 
and (4), have been studied in this manner. 

Many experiments' have been carried out on the preferred 
conformations of these alkaloids using i.r. and 'H and I3C 
n.m.r. Since they have cis-fused rings (B/C), two main 
conformational types may be discerned in which the aromatic 
ring A is either equatorial (anti-type) or axial (syn-type) with 
respect to ring C. The conformations of rings B and C must also 
be considered: half-chair or half-boat as well as twist-half-chair 
or twist-half-boat. In addition, the orientation of the N-methyl 
group may be in question. Some possible conformations are 
shown in Figure 1, and the Newman projection of ring 
conformations are presented in Figures 2 and 3. 

For proton-proton intramolecular dipolar relaxation, non- 
selective (T,"") and selective (TIs)  relaxation times of nucleus i 
can be written as equations (1) and (2),' respectively, where A 
and B are the correlation terms given in equations (3) and (4), N j  

TlinS = A/[ zNj(r i , :6)  + (Ni - l ) r i q  (1) 
j # i  

TI:  = B/ N j ( r i i 6  
L + i  )] 

is the number of magnetically equivalent nuclei j ,  rij is the 
distance between protons i andj,  and the brackets in ( r i r 6 )  
indicate conformational averages,'" where appropriate. 

The fractional enhancement fd(s) at nucleus d on saturating 
signal s (n.0.e. value) is given by equation (5),3 where gd(i) (the 
geometric term) is given by equation (6), and C (the correlation 
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Figure 1. Several possible conformations for the alkaloids 

term) by equation (7). As can be seen from equations (l) ,  (2), 

C = [6~,/(1 + 40;2,2) - zC]/[3~J(1 + 0 ; ~ : )  + 
6z,/(1 + 40$z,') + z,] (7) 

and (3, TI"", Tls, and the n.0.e.s are functions of the 
geometric factors ( ( r i j ) )  and the correlation time (z,); by 
optimizing the fit for a given conformation z, is derived. By 
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comparing the calculated values with the observed values of T ,  
and n.O.e., the optimum conformation can be determined. 

In the extreme narrowing limit where wort 6 1, B/A becomes 
1.5 and so TlS/Tlns should be constant (1.5) regardless of the 
values of T, or ( r i j ) .  This is the condition in the present study 
(see later section). It is therefore meaningless to calculate Tlns 
and T,” separately, and the observed T I s  values are not used in 
the calculations. 

Experimental 
Compounds (l), (3), and (4) are natural products; (2) was 
obtained by acetylation of (1). The alkaloids were dissolved in 
CDCl, (0.03 mol I-’) and the solutions were degassed and sealed 
under vacuum. 

The ‘H n.m.r. spectra were observed with a Varian XL-200 
spectrometer operating at 200.06 MHz and 24°C. The non- 
selective ‘H spin-lattice relaxation times (Tins) were obtained 
by using the inversion-recovery (180” - T - 90” - t )  method, 
in which 1&15 z values were usually included in the analysis of 
the data, based on the initial slope of a plot of ln(M, - M,)  US. 
r. These M values were obtained from measurements of the sum 
of the peak heights of a multiplet corresponding to a given 
proton. The selective spin-lattice relaxation times ( T,’) were 
measured by applying a selective 180” pulse to a given multiplet 

R’ R 2  

through the decoupler channel, at  the specified frequency, and 
then detecting the magnetization after a time T, using a non- 
selective 90” pulse. 

The n.0.e. values were obtained from the n.0.e. difference 
spectra in which the control spectrum with the decoupler off- 
resonance was subtracted from the spectrum after signal 
saturation. 

The reported values of TIns, T,’, and n.0.e. are the averages 
for two or three experiments. 

Calculations were carried out on an NEC ACOS-1000 
computer at the Computation Center, Osaka University. On 
the basis of equations (l), (2), and (5 ) ,  a computer program was 
written; lj*k that is Tlns values were calculated by an interative 
least-squares fit of equation (1) to the observed values, treating 
A as variable, and thef,(s) values were derived by an iterative 
least-squares fit of equation (5) to the observed n.0.e. values, 
treating C as an adjustable parameter. The optimum value of r, 
was thus obtained. Several possible conformations were used as 
input, and internuclear distances were estimated from Dreiding 
models. 

Since it was difficult to obtain large absolute observed values 
of the n.0.e.s under the experimental conditions, the calcul- 
ations were carried out in the following manner. First, the 
optimum value of T~ was derived from Tins, and then the 
obtained r, was used as input for the calculation of the n.0.e. 
Agreement factors (R-factors) obtained from the calculation of 
Tlns and n.0.e. for each conformation were used as a guide to 
determine the optimum conformation. 

Results and Discussion 
Spin-Lattice Relaxation Times and N.0.e. Values.--’H Non- 

selective and selective spin-lattice relaxation times ( Tlns and 
T,’) are listed in Table 1 for each proton of compounds (1)- 
(4). Except for the methyl and some methylene protons, the T,” 
values are about 1.5 times larger than the TIns values, within 
experimental error. This result indicates that we are in the 
extreme narrowing limit and that these observed T ,  values 
are modulated mainly by intramolecular dipolar relaxation, 
because equations (1) and (2) are satisfied. For methyl and 
methylenedioxy groups, the observed Tlns values should be the 
same as T,” because of the equivalence of spins. Other 
methylene protons, for example H-12 ( a  or p) have a TlS/Tlns 
value smaller than 1.5, since it is difficult to invert one proton 
resonance independently of the other. The value for H-1 1 of (1) 
and (3) is also smaller, psssibly owing to the effect of the 
hydroxy group. 

T ,  Values of methylenedioxy protons are relatively larger 
than those of the other methylene protons. This suggests that 
the internal molecular motion is anisotropic; therefore these 
data are omitted in the conformational calculations. 

In Tables 2-5, the observed n.0.e. values are listed for each 
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Table 1. Non-selective (Tins) and selective (T,') 'H spin-lattice relaxation times" for compounds (1)-(4) 

H- 1 

H -4 

H-6a 

H-6P 

H-9 

H-10 

H-11 

H - 1 2 ~  

(1) 

TI nS/s T,"s 
3.58 5.13 

(3.52) 
2.16 2.98 

(2.41) 
0.62 1.01 

(0.56) 
0.67 0.96 

(0.62) 
b b 

(4.18) 
b b 

(1.72) 
1.22 1.52 

(1.32) 
0.62 0.65 

(0.52) 

(2) 

TlnS/s TI "s 
3.16 4.86 

(3.28) 
3.28 4.65 

(3.56) 
0.57 0.79 

(0.57) 
0.60 0.89 

(0.61) 
3.95 6.27 

(4.02) 
2.27 3.33 

(2.03) 
1.34 1.96 

(1.40) 
0.53 0.62 

(0.52) 

7 
T,  "'1s 
3.50 

(3.23) 
2.13 

(2.17) 
0.61 

(0.50) 
0.64 

(0.56) 
3.39 

(3.68) 
1.34 

(1.32) 
1.25 

(3) - 
T,  "s 
4.9 1 

2.94 

0.86 

0.98 

4.88 

1.67 

1.46 

H- 12p 0.67 0.65 0.55 

H-13 1.46 2.13 1.07 1.42 

H-14 1.45 1.95 1 .oo 1.46 1.26 1.75 

NMe 0.43 0.46 0.53 0.55 0.43 0.45 
13-Me 0.70 0.75 
MeCO 1.47 1.40 
OCH,O 1.56 1.59 1.17 1.19 1.58 1.58 

(0.59) (0.57) 

(1.39) (1.14) 

(1.23) (1.08) (1.20) 

" Values in parentheses represent calculated values. Undetectable because of an overlap of signals. 

(4) 
& 
T, "'1s Tl "s 
3.87 5.16 

(3.49) 
2.44 3.50 

(2.73) 
0.60 0.94 

(0.53) 
0.64 0.90 

(0.58) 
3.98 5.73 

(4.14) 
1.51 1.94 

(1.57) 
1.42 1.96 

(1.36) 
0.57 0.57 

(0.50) 

0.59 0.68 
(0.59) 

1.21 1.60 
(1.19) 
0.72 0.76 
0.55 0.55 
1.46 1.44 
1.44 1.49 

Table 2. N.0.e. values (%) for (1)" 

H- 1 H-4 
Satd. 
H-1, -4 

H-14 19.1 
(30.3) 

NMe 17.9 
(14.5) 

H-6a 

H-6P 

H-9, -10 

H-13 

H-11 

H- 12a 16.1 

H-12P 22.6 
(1 5 .5 )  

(1 3.0) 

H-14 

14.8 
(1 5.8) 

4.2 
(2.9) 
b 

(12.3) 

8.6 
(14.2) 

H - 6 ~  

b 
(6.3) 
5.3 

(2.0) 

28.7 
(39.8) 

H-6P H-9 H-10 

8.5 

27.9 
(44.0) 

(3.9) 

14.7 
(1 5.6) 

8.3 
(9.9) 

H-13 H-11 H - 1 2 ~  H-12p 

2.3 4.5 
(2.7) (2.5) 

10.0 
(1 5.9) 

10.8 3.5 
(13.3) (7.6) 

8.2 
(1 1.5) 

9.1 7.4 3.1 
(1 2.4) (7.2) (0.3) 

17.2 b 
(1 5.9) (40.9) 

b 
(36.3) 

" Values in parentheses represent the calculated values. The n.0.e. value is undetectable because the observed signal is close to the saturated signal. 

compound. By using the difference spectra, small n.0.e.s of a few 
percent can be detected. Although it is difficult to obtain a large 
absolute value in these experiments, these n.0.e. values do 
reflect the molecular conformations, as can be seen from the 
comparison of observed and calculated values. 

calculations the T, values for the methyl and methylenedioxy 
groups were omitted. The calculated optimum value of z, was 
used in the calculations of the n.0.e. The results of the 
calculations (R-factors on TIns and n.O.e., and T, values) for 
some possible conformations for each compound are presented 
in Tables 6-9, and the calculated values of T," and n.0.e. for 
the optimum conformation for each compound are also listed in 
Table 1 (TIns) and Tables 2-5 (n.0.e.). The R-factors for the 

Conformational Calculations.-The calculations were carried 
out on TIns to derive the optimum value for q. In these 
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Table 3. N.0.e. values (%) for (2)" 

H-1 H-4 H-14 H-6a H-6P H-9 H-10 H-13 H-11 H-12a H-12P 
Satd. 
H-1 

H-4, -10 

H-14 

NMe 

H-6a 

H-6P 

H-13 

H-11 

H- 12a 

H-12P 

32.9 
(26.3) 

11.1 
(14.5) 

3.3 
(2.0) 

21.1 
(26.9) 

6.5 
(3.9) 

12.6 
(18.3) 

11.6 
(12.5) 
10.7 
(8.7) 

6.0 
(5.5) 

7.6 
(9.6) 

30.6 
(43.3) 

24.3 
(39.8) 

30.6 
(44.5) 

7.4 
(9.5) 
3.6 

(2.1) 

10.6 
(12.7) 

4.7 2.8 
(5.0) (0.6) 

3.3 
(4.3) 
14.6 12.2 

(13.3) (10.7) 
12.4 

(14.7) 

12.3 
(10.6) 

10.3 
(8.7) 

17.5 
(1 6.2) 

6.4 
(7.0) 

b 
(36.8) 

b 
(39.7) 

' Values in parentheses represent calculated values. ' The n.0.e. value is undetectable because the observed signal is close to the saturated signal. 

Table 4. N.0.e. values (%) for (3)' 

Satd. 
H-1, -4 

H-14 

NMe 

H-6a 

H-60 

H-10 

13-Me 

H-11 

H-12 

H- 1 H-4 H-14 

15.1 
(16.8) 

19.9 
(30.1) 
22.0 4.1 

(14.3) (3.2) 
b 

(1 3.0) 

10.7 
(1 1.0) 

39.0 
(46.8) 

H-6a H-6P H-9 H-10 H-11 H-12 

3.4 
(2.6) 

2.1 
(6.3) 
5.1 10.7 

(2.0) (3.9) 
24.6 

(43.9) 
20.2 

(39.6) 
0 

(10.0) 
21.0 0 3.0 

(21.1) (7.8) (3.1) 
8.8 6.4 

(10.1) (7.0) 
20.5 

(28.3) 

' Values in parentheses represent calculated values. ' The n.0.e. value is undetectable because the observed signal is close to the saturated signal. 

n.0.e.s are relatively large for all compounds. This must be due 
to the experimental limitation that large values of the n.0.e. 
cannot be observed under the experimental conditions. 

For compounds (1) and (3), the anti,cis-type conformation 
with half- or twist-half-chair forms of rings B and C has been 
proposed,2 because the hydrogen bond between the hydroxy 
group and the nitrogen lone-pair stabilizes this conformation. 
Thus, four different anti,cis-conformations were considered in 
the calculation for (1) (Table 6).  Possible conformations of ring 
C (half-chair and twist-half-chair) are defined as shown in 
Figure 2. The axial hydroxy group substituted at C-11 is 
expected to deform ring C. The smaller R-factor for the n.0.e.s 
of conformation I1 or IV (ring C twist-half-chair) as compared 
with I (ring C half-chair) suggests the deforming of ring C, 
although there is not much difference in TIns between I and 11. 
Conformation I cannot reproduce the medium n.0.e. value of 
H-1 on saturating H-12a (the calculated values are 0.6% for 
conformation I and 15.5% for I1 or IV while the observed value 

is 16.1%). In considering the N-methyl group conformation, 
three possibilities were investigated, namely equatorial (11), an 
equilibrium between equatorial and axial (eq: ax ca. 50: 50) (III), 
and an equilibrium slightly shifted to the equatorial orientation 
(eq:ax ca. 75:25) (IV). Conformation IV shows the smallest 
R-factor for TIns, although that for the n.0.e. is slightly larger 
than that for 11. The larger difference in the R-factor for the Tlns 
between IV and I1 is mainly attributed to the difference in the 
calculated T ,  ns for H-4 (TI  1.63 s for I1 and 2.41 s for IV; Tlobs 
2.16 s). From these calculations, the conformation IV is 
concluded to be the optimum conformation for (l), namely the 
anti,cis-type in which rings B and C are present in the half- 
chair and twist-half-chair conformations, respectively, and the 
N-methyl group is in an equilibrium slightly shifted towards the 
equatorial (eq: ax ca. 75: 25). This is consistent with the results 
from the 470 MHz 'H n.m.r. and 13C n.m.r. studies,2g except for 
the equatorial conformation of the N-methyl group. 

Since actetylation of the hydroxy group in (1) eliminates the 
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Table 5. N.0.e. values (%) for (4)" 

H-1 H-4 H-14 H-6a H-6P H-9 H-10 H-11 H-12a H-12P 
Satd. 
H- 1 

H-4 

H-14,-6~ 

N- Me 

H-6P 

H-10) 

13-Me 

H-11 

H-120: 

H-12P 

33.5 
(37.4) 

4.4 
(6.5) 

10.1 
(13.7) 

19.7 b 
(32.4) (43.0) 
12.7 4.8 3.7 4.8 

(10.0) (6.4) (3.3) (4.5) 
b 

(38.5) 

12.7 
(11.9) 

7.4 

17.4 13.8 
(22.9) (19.8) 

(5.7) 

6.5 6.0 
(6.6) (7.1) 
17.3 b 

(1 5.9) (42.5) 
b 

(37.5) 

" Values in parentheses represent calculated values. The n.0.e. value is undetectable because the observed signal is close to the saturated signal. 

Table 6. Results of the calculations for several conformations of (1) 

Conformation R-Factor PA) 
No. TY Pe Ring B Ring C" N-Me Tc/lo-" Tins N.0.e. 

A 
I ? & 

I anti,& Half-chair Half-chair eq 6.3 13.5 46.0 
I1 anti& Half-chair Twist-half-chair eq 5.4 13.0 40.1 

111 ant i,cis Half-chair Twist-ha1 f-chair e 6 u x  6.8 15.5 49.8 

IV ant &cis Half-chair Twist-half-chair eq G ax 5.8 7.9 42.1 
(50: 50) 

(75:25) 
" The Newman projections are presented in Figure 2. 

~~~ ~ 

Table 7. Results of the calculations for several conformations of (2) 

Conformation R-Factor (%) 
r A 

\ & 
No. TY Pe Ring B" Ring C" N- Me T C / l W 1  Tlns N.0.e. 

I anti,cis Half-chair Twist- half-chair eq 5.5 26.6 70.4 
I1 syn,cis Half-chair Half-chair ax 5.6 8.9 40.4 

111 syn,cis Twist-half-chair Half-chair ax 5.8 7.3 35.9 

a The Newman projections are presented in Figures 2 and 3. 

hydrogen bond with the nitrogen lone-pair, which stabilizes the 
anti&-type conformation, the conformation of (2) is expected 
to be different from that of (1). An X-ray diffraction study has 
established the syn,cis-type conformation for chelidonine (1) 
p-brom~benzoate.~ N.m.r. studies 2e*g have also proposed the 
syn,cis-type conformation in which both rings ( B  and C )  of 
compound (2) exist in half-chair form. Therefore, calculations 
were carried out for two syn,cis-type conformations and one 
anti-conformation for comparison with (1) (Table 7). Conform- 
ations of rings B and C are defined in Figures 3 and 2, 
respectively. The large values of the R-factor rule out the anti,cis- 
conformation. For the syn,cis-conformation, since the N-methyl 
group cannot exist in the equatorial form due to steric repulsion 
with H-4, the axial N-methyl group is presumed to twist ring B. 
The smaller R-factors for TIns and the n.0.e. for conformation 
I11 support this assumption. Conformation I11 reproduces the 
T ,  value for H-14 (Tlcalc- 1.48 s for conformation I1 and 1.08 s 
for 111; Tlobs 1.00 s). The calculated n.0.e. for H-14 on saturating 

the N-methyl signal is 5.6% for I1 and 18.3% for 111; the observed 
n.0.e. is 12.6%. The calculated n.0.e. for H-13 is 22.0% for I1 
and 14.7% for 111; the observed value is 12.4% on saturating the 
N-methyl signal. Hence for (2), the syn,cis-conformation, with 
ring B in twist-half-chair form and ring C in half-chair form, and 
an axial N-methyl group (111), represents the optimum conform- 
ation. Ring B conformations for these alkaloids have never been 
analysed previously by n.m.r. experiments because a suitable 
chemical shift or coupling constant could not be measured. 

The same four conformations were examined for (3), which 
also has a hydrogen bond between the hydroxy group and the 
nitrogen lone-pair (Table 8). The optimum conformation is the 
same as for (l), namely conformation IV. The relatively large 
R-factor for the n.0.e. is due to the observed values of zero for 
H-11 on saturating H-10 and the 13-methyl, whereas non-zero 
n.0.e.s are calculated. This may be the effect of the hydroxy 
group. 

Compound (4) does not have a hydrogen bond because of the 
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Table 8. Results of the calculations for several conformations of (3) 

Conformation R-Factor (%) 
f 

A > & 
No. Type Ring B Ring C" N-Me TJl0-1' Tins N.0.e. 

I an ti, cis Hal f-chair Half-chair eq 6.2 16.2 45.7 
I1 anti,& Half-chair Twist-half-chair eq 6.2 15.1 44.3 

111 anti,& Half-chair Twist-half-chair e q e a x  6.7 11.3 54.9 
(50 : 50) 

(75 : 25) 
IV anti,cis Half-chair Twis t-half-chair eq F=-- ax 6.5 8.2 47.6 

" The Newman projections are presented in Figure 2. 

Table 9. Results of the calculations for several conformations of (4) 

Conformation 
A 

I \ 

No. Type Ring B" Ring C" N-Me 

I1 ant i,cis Half-chair Half-boat e-ax 
(50 : 50) 

I ant i,cis Half-chair Half-boat eq 

I11 anti,& Half-chair Twist-half-boat eq 
IV anti,& Half-chair Twist-half-boat e q e a x  

V anti,& Half-chair Twist-half-chair eq 
(50 : 50) 

VI syn,cis Twist-half-chair Half-chair ax 

" The Newman projections are presented in Figures 2 and 3. 

r 
rJ&" 

6.0 
6.3 

5.8 
6.0 

5.5 
5.9 

R-Factor (%) - 
Tlns N.0.e. 
7.9 30.4 

15.3 45.4 

8.6 31.4 
13.5 48.3 

14.1 59.3 
14.3 61.2 

Table 10. Optimum conformations and correlation times for compounds ( l t ( 4 )  

Conformation 

Compound Type Ring B Ring C N-Me rC/1O-'' 
anti,cis Half-chair Twist -half-chair eq e- ax  5.8 (1) 

syn,cis Twist half-chair Half-chair ax 5.8 
6.5 

(2) 
anti@ Half-chair Twist-half-chair 

(4) ant i,cis Half-chair Half-boat (75 : 25) 6.0 
(3) 

(75 : 25) 

eq --L ax 

eq 

acetylation of the hydroxy group, but it would not be able to 
exist in the syn,cis-type of conformation as does compound (2), 
because of steric hindrance between the N-methyl and 13- 
methyl groups. Thus, the boat form of ring C is expected; this 
has also been proposed on the basis of an X-ray diffraction 
study and conventional n.m.r. studies.2e*8 The calculations 
were carried out for (4) on four anti,cis-type conformations with 
ring C in the half-boat or twist-half-boat form, as well as for the 
anti,cis-type with ring C in the twist-half-chair form, and the 
syn,cis-type (Table 9). The latter two conformations were 
considered in comparison with those for other compounds, but 
show large R-factors for the n.0.e. The N-methyl conformation 
is equatorial rather than an equilibrium between equatorial and 
axial. The smaller R-factors are due to the better fit between the 
calculated and observed values of TI for H-4 and H-12P, and the 
n.0.e. values for H-4, H-6a, and H-6P on saturating the N- 
methyl signal for conformations I or 111 rather than for I1 or IV. 
Conformation I, the anti,cis-type with ring B in the half-chair 
form, ring C in the half-boat form, and an equatorial N-methyl 
group, is proposed as the optimum conformations, although the 
possibility of a twist-half-boat form for ring C cannot be ruled 
out because of the small R-factor differences between 
conformations I and 111. 

The optimum conformations for each alkaloid are summar- 
ized in Table 10. As already discussed, they are reasonable and 
fairly consistent with previous studies.2 

Correlation Times and Molecular Motion.-The calculated 
correlation times (z,) for each optimum conformation are also 
listed in Table 10. These values confirm that the extreme 
narrowing conditions (w,zf < 1) holds. If we assume isotropic 
motion, the correlation time reflects the overall molecular 
motion. Acetylation will increase the molecular motion because 
of reduced interaction with solvent. The smaller z, values for (4) 
in comparison with (3) can be accounted for by this change. The 
anti,cis-type conformation leaves the molecule planar, whereas 
the syn,cis-type makes it bent. These conformational differences 
may change the molecular motion. Two different effects, the 
conformational change and the acetylation effect could compen- 
sate each other resulting in the same value of z, for (2) and (1). 
The larger value of z, for (3) in comparison with (1) may reflect 
the small change in the molecular size. 

Conclusions 
This systematic method of conformational analysis based on 'H 
T ,  and n.0.e. values gives good results for some hydrobenzo- 
[clphenanthridine alkaloids, consistent with previous results 
except for the conformations of ring B for (2) and the N-methyl 
groups of (l), (3), and (4). The twist-half-chair conformation is 
proposed for ring B of (2), which has never been elucidated by 
studies of 'H chemical shifts, coupling constants, nor 13C 
chemical shifts. Furthermore, by this method, the conform- 
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ational equilibrium can be discussed in terms of the weighted- 
average of internuclear distances (rij), as shown for the 
N-methyl groups of (1) and (3). 

As can be seen in Tables 6-9, the R-factors for TIns are much 
smaller than those for the n.O.e.s, i.e. a better fit can be obtained 
between the observed and calculated values for TIns than for the 
n.0.e.s. In previous conformational analyses, the n.0.e. has been 
used more than T ,  data. It should be emphasized, however, that 
useful results can also be obtained from T ,  by careful 
experimentation. In addition, one of the advantages of this 
method is that the correlation time is also measured, which 
reflects the molecular motion. 
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