
301 

Acta Cryst. (1962). 15, 301 
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N-methyl-gelsemicine hydriodide, C20H2~O4N2.CHaI, crystallizes in the monoclinic system, space 
group C2, 

a=16.75, b=9.52, c = 1 4 . 0 6 A ;  f l=90 ° 13', Z = 4 .  

The iodine coordinates were obtained from Patterson projections and the molecular structure was 
solved by means of three-dimensional Fourier syntheses using the heavy-atom technique. The 
atomic parameters have been refined by two-dimensional Fo-Fc  syntheses and several three- 
dimensional Fourier series and differential syntheses. The molecule was found to possess a methoxyl 
group attached to the nitrogen atom of the oxindole nucleus, a seven-membered ring and an intra- 
molecular hydrogen bond. The absolute configuration has been determined using the anomalous- 
dispersion effects of the Cu Ka radiation by the iodine atom. 

Introduction 

The roots and  rhizomes of Gelsemium sempervirens 
have long been known to contain gelsemine, semper- 
virine and  a number  of minor alkaloids, one of which 
is gelsemicine. The skeleton of gelsemine contains a 
3,3-disubsti tuted oxindole nucleus and a very  com- 
pact, highly stable ring system which resisted intensive 
chemical degradat ion studies. I ts  s tructure was f inal ly  
elucidated by the X-ray  analysis  carried out by  Lovell 
et al. (1959). I t  was of interest  to f ind out how much 
the skeleton of gelsemicine would differ from tha t  of 
gelsemine and in view of possible chemical difficulties 
presented by this compound, a detai led X-ray  deter- 
mina t ion  was suggested by Dr L4o Marion. Very 
lit t le chemist ry  of gelsemicine was known. Raymond-  
H a m e t  (1952) suggested an indole structure for the 
alkaloid. Schwarz & Marion (1953) established the 
presence of one C-methyl  and  two methoxyl  groups, 
one of them being a t tached to the benzene ring of the 
indole nucleus. From the s tudy of the infra-red spectra 
of gelsemicine and its acetyl  and  benzoyl derivatives,  
they  inferred tha t  one nit, rogen is basic and secondary, 
while the other is neutra l  and tert iary.  

The crystals of gelsemicine hydrobromide  hemi- 
hydra te  and N-methyl-gelsemicine hydrobromide tetra- 
hydra te  were examined  (Przybylska,  1961), but  since 
both these compounds crystallize with two molecules 
per asymmetr ic  unit ,  the iodine derivat ive was pre- 
pared by Dr S. McLean. Two forms of N-methyl-  
gelsemicine hydriodide were discovered--one of space 
group P21 with four molecules per uni t  cell and  the 
other of space group C2. The latter,  the  only examined  
derivat ive with one molecule per asymmetr ic  unit ,  
was chosen for the s tructural  analysis.  

Experimental  

Crystals of N - me thy l  - gelsemicine hydriodide,  

C21H29OaN2I, m.p. 199-203 °C. were grown from a 
methanol-e thyl-aceta te  mixture  as monoclinic, colour- 
less plates, elongated along the b a x i s  and  with easy 
cleavage in tha t  direction. They were twinned,  bu t  i t  
was possible to split  off single-crystal f ragments  for 
collecting the data.  Chemical analysis  gave C=50.61,  
H - 5 - 6 7 ;  calc. C--50.40, H = 5 - 8 4 % .  The unit-cell  
dimensions were determined with a precession in- 
s t rument  using Cu K s  radiation.  They are: 

a= 16-75 + 0.03, b=9 .52  + 0.02, c =  14.06 + 0.03 A; 
f l = 9 0  ° 13' +5 ' .  

F rom the absences, hkl with h + k -  2n + 1, three space 
groups are possible, C2, Cm and C2/m. Since the 
compound is optically active the space group can be 
considered as uniquely  determined as C2. The optical 
rotat ion was measured by Mr J.  L. M. Lesage, who 
found it to be: 

[a ]~  = - 102.60_+ 3.47 (c, 1.15 in abs. ethanol). 

The density,  calculated for four molecules per uni t  
cell is 1.482 g.cm. -3 and  the measured value, by  
f lotat ion in toluene-carbon tetrachloride, 1.488 g.cm.-3. 
The absorption coefficient for Cu K s  radia t ion is 
125.9 cm. -1. 

The intensit ies of hOl...hT1 reflections were esti- 
mated  from eight mult iple-fi lm, equi-inclination Weis- 
senberg photographs.  The da ta  for Ok/, lkl, hkO and 
hkl zones were also collected. Out of a possible 2705 
reflections which lie wi th in  the range of Cu K a  radia- 
tion, a total  of 1800 were observed. Measurement  of 
the intensit ies was made by  visual  comparison with 
a s tandard  set of reflections. Since the fl angle is 
close to 90 ° , special care had  to be exercised in indexing 
the Weissenberg films. 

All crystals were cylindrical  in shape with diameters  
ranging from 0.10 to 0.16 mm.  and  therefore absorpt ion 
corrections were not  applied. Overall  scale and  tem- 
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perature  factor ( B = 5 . 0  A ~') were evaluated b y  Wil- 
son's method using the hOl data. 

The Fourier  and  Pat terson syntheses were calculated 
at  intervals  of 6 ° along the a and  c axes and 12 ° for 
the b axis. All the necessary computat ions were 
carried out on the IBM 650 using programmes de- 
scribed by  Ahmed  (1960). 

A n a l y s i s  of the  s t r u c t u r e  

The x and z co-ordinates of the iodine atom derived 
from Pat terson syntheses carried out for the hO1, Okl 
and h/c0 zones were found to be x = 0.296 and z = 0.115. 
Having  assumed y = 0.500, a three-dimensional  Fourier  
synthesis was then  evaluated for sections perpendicular  
to the b axis, covering ~th of the volume of the uni t  
cell. I n  this summation,  in addit ion to the real atomic 
peaks, there were mirror-image peaks related to them 
by  planes of symmet ry  at y = 0 and ½. The examinat ion  
of these electron-density maps  with the help of the 
projection on (010) led to the location of 22 l ight atoms 
of the molecule and the oxindole nucleus was readi ly  
recognized. The remaining atomic positions were 
revealed by  three @o cycles using three-dimensional  
da ta  and  one addit ional  cycle using @o and @o-@c 
projections along the a axis. No effort was made  to 
dist inguish between different types of atoms unti l  

they  were all successfully located and  unt i l  then  only 
the carbon scattering factors were used in structure- 
factor calculations. The first recognized oxygen atoms 
were Oz and 02. Their  position was substant ia ted  by  
the calculated C-O and C = O bond lengths. Moreover 
they  were found to be in agreement with the structure 
of gelsemine (Lovell et al., 1959). Chemical evidence 
was used in differentiat ing the two nitrogen atoms 
from the carbon atoms. I t  was known tha t  the me thy l  
group was a t tached to one of them and the other 
could be considered as established as soon as the  
oxindole nucleus was recognized. Their  p lacement  
was also supported by  the @o-@c maps  computed 
using the 0kl and hO1 data. 

At this stage an Fo differential  synthesis, corrected 
for the f in i te-summation errors given by  the Fc 
synthesis,  was carried out olfly for those atoms tha t  
were expected to lead to completing the solution of 
the molecular structure. On the basis of a thorough 
s tudy of the resul tant  @o and @c values and of bond 
lengths, it  was possible to conclude tha t  the remaining 
two oxygen atoms belong to the methoxyl  groups, 
one a t tached to the benzene ring and the other to the 
nitrogen atom of the oxindole nucleus. 

Final ly,  a differential  synthesis has been evaluated 
for all the atoms in the molecule. I t  was corrected by  
the back-shift  method,  but  no factor for the lack of 
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Fig. l .  The (010) Four ier  project ion of ( - - ) -N-methyl-gelsemicine  hydr iodide.  Contour  interval  is 2 e./~ -~, except  for the  
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Fig .  2. F i n a l  p r o j e c t i o n  up  the  a axis .  T h e  c o n t o u r s  are d r a w n  at  2 e . A  -~" in terva l s ,  s t a r t i n g  w i t h  a b r o k e n  l ine  a t  4 e . A  -9". 
T h e  i od ine  a t o m  c o n t o u r s  m a r k e d  w i t h  h e a v i e r  l ines ,  are a t  in t e r va l s  of 10 e . A  -~, s t a r t i n g  a t  10 e . /~  -9.  

centre of symmetry was applied, as when this was done 
the bond length values showed worse agreement with 
the corresponding nominal values. The average atomic 
shifts of 0.023, 0.015 and 0.008 A were obtained in 
the x, y and z directions respectively and the corre- 
sponding maximum shifts were 0.070, 0.044 and 
0.021 ~ .  In this last cycle of refinement, the iodine 
atom was represented in the structure-factor calcula- 
tions by four isotropic fractional atoms, placed 
symmetrically about the atom centre (Kartha & 
Ahmed, 1960). The use of this method was expedited 
by assistance from Dr F. R. Ahmed, who calculated 
the thermal parameters of the iodine atom. They are 
given in Table 1, as fractions of the axial lengths. 

Table 1. The anisotropic thermal parameters 
of the iodine atom 

x y z 

0 .3010  0 .5095  0 .1148  
0 .3010  0 .4905  0 .1148  
0 .2852  0 .5095  0 .1114  
0 .2852  0 .4905  0 .1114  

The correction for the anisotropic motion of the 
iodine led to the decrease of the reliability factor from 
0.20 to 0.16 for the three-dimensional data, having 
omitted the unobserved reflections. The value of 
R(hkl) did not decrease when the atomic shifts ob- 
tained from the last differential synthesis were ap- 
plied. The final reliability factors for the three axial 
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zones included the unobserved reflections and were" 
R(Okl)=O.lO, R(hO1)=O.15 and R(Mc0)=0-11. The 
scattering curves of McWeeny were used for carbon, 
nitrogen and oxygen and that  of Thomas & Umeda 
(1957) for iodine. The temperature factor B=5.0 ~- 
was employed for the light atoms and B=5.2 ~e for 
the iodine atom. The contribution made by the hydro- 
gen atoms was not included in structure-factor cal- 
culations. 

The projection of the structure on (010) is illus- 
trated in Fig. 1. On the projection along the a axis 
(Fig. 2), due to considerable overlapping by neighbour- 
ing molecules, only one molecule has been delineated, 
whereas all other atomic positions are marked by 
crosses. Fig. 2 shows the molecules arranged in layers 
parallel to the b axis and this explains easy crystal 
cleavage in that  direction. 

All the drawings and the final fractional co-ordinates 
(Table 2) correspond to the absolute configuration of 
this leavo-rotatory compound with a left-handed set 
of axes. The absolute configuration has been deter- 
mined having made use of the anomalous dispersion 
of the Cu Ka radiation by the iodine atom. The 
intensities IH and I9 were estimated by visual corn- 

Table 2. Fractional atomic co-ordinates 

Oo ~)c 
A tom x y z (e .£  -~) (e.A -a) 

Cx 0-133 0.103 0.405 6.27 5.79 
C 2 0-114 0.217 0-334 6.50 6.05 
C a 0.110 0-339 0.398 6.40 6.03 
C a 0.105 0.486 0.379 6.49 6.09 
C~ 0-105 0.579 0-450 5.75 6.16 
C~ 0-109 0-535 0.548 6.61 6-09 
C~ 0.113 0-392 0.568 6.22 6.12 
C s 0.112 0.307 0.493 6.87 6.23 
C 9 0.184 0.225 0"260 6.60 6.02 
C~o 0-178 0-132 0.171 6.50 6.15 
Cll 0.091 0-144 0.118 6.09 5.97 
Ct~ 0.053 0-294 0.128 5-52 5.91 
Cla 0.031 0-197 0.285 6-41 6-30 
C~a . 0-009 0-050 0.245 5-79 6- l0 
C15 0.041 0-024 0.147 5-95 6-24 
C~ 0-110 --0.089 0-149 5-97 6.16 
C~ 0.093 --0-232 0.191 5-73 6.03 
C~a 0.026 --0-303 0.145 4-86 5.95 
C19 0.103 0-768 0.609 5-29 5.86 
C~0 0-264 --0.086 0.176 4.84 5-52 
C~I 0-202 0"096 0.603 5.19 6.04 
N 1 0.I19 0.161 0-495 7.63 7.62 
N~ 0.179 --0-025 0.197 7.19 7-88 
0~ 0"015 0"307 0"22[ 8"75 9"24 
O 2 0.146 - 0 - 0 2 0  0.390 8-12 9-08 
Oa 0.114 0.624 0.625 8.58 9.19 
O~ 0.124 0.089 0.577 9-07 9.60 
I 0-2931 0.5000 0.1131 77-29 76.82 

Table 3. Ratios Ih~/Ihi.t (Cu Ka) 

hkl  Calc. Obs. 

115 1.48 1.62 
118 0"69 0.50 
31~ 1.32 1.32 
711 1.22 1.28 
910 2.42 2.30 

1,1,11 0.52 0.48 

parison with an intensity strip, and some observed 
and calculated ratios are listed in Table 3. The values 
for the real and imaginary dispersion corrections were 
those determined by Dauben & Templeton (1955). 
The hkl and hkl reflections were obtained by inclining 
the Weissenberg camera in the opposite ways with 
respect to the X-ray beam, and the films were indexed 
taking into account all factors described by Peerde- 
man & Bijvoet (1956). 

Discuss ion  

The r.m.s, values of the standard deviations of the 
co-ordinates calculated using Cruickshank's formula 
(1949) are 0.047 /~ for light atoms and 0.003 A for 
iodine. These values include a factor of 1-7 to allow 
for the absence of a centre of symmetry. The e.s.d. 
of bonds and angles were estimated to be about 0-066/~ 
and 3.1 ° respectively. Bond lengths are depicted in 
Fig. 3 and Table 4 lists the angles. Using Cruickshank 
& Robertson's (1953) criterion none of the bond lengths 
are significantly different from their nominal values. 
The average aromatic C-C bond is 1.38 /~, whereas 
all other C-C bonds gave the average value of 1-53/~. 
The N-O bond was found in good agreement with 

C12 C5 C19 
C l I ( ~  01 C4 ~ , 7 ;  / 

• t¢ CI t ",-~u vo \1.46 c ~ \ ' ; ? ~ _ , . ~  c '/ // ~ 8 ~  W~,. ~ \  //~ .3~ 

~:57 C9 ~ ) ~  N!I 34,1. 
c20 (:)4 1-36 c2~ 

Fig. 3. Intramoleeular bond lengths. 

Table 4. Bond angles 
Angle Value Angle Value 

C1-C2-C 3 100.0 ° O1-C13-C14 113.3 ° 
C2-C3-C s 114.8 O1-C13-C2 111.0 
Ct-C2-C13 112.9 C12-O1-Cls 115.3 
Cla-C2-C 9 112-3 C6-Os-C19 117.9 
Ca-C2-C 9 113.7 N1-O4-C21 105-2 
C2-C9-C10 117-7 C16-N2-C1o 106-6 
C9-C10-Cll 112.7 C16-N2-C20 118.3 
C10-CtI-C12 112.5 Clo-N2-C2o 108.9 
C2-C13-Ct4 118.7 CI-N1-C 8 112-9 
C13-C14-C15 113'3 C,-N1-04 124'3 
Cla-C15-C~t 109.3 Ca-N1-O 4 122.0 
Cla-C15-C~6 111.1 Ca-Ca-C s 120.7 
C 11-C15-C16 96.7 C a-C 5-C 6 121-5 
C10-Cll-C15 109-0 C5-C6-C v 118.7 
C12-Cll-C15 116.7 C6-C~-C s 115-8 
C~5-C16-Clv 118.8 CT-Cs-C a 129.7 
C16-C1~-Cls 113.0 C8-Ca-C 4 113.7 
N1-C1-C 2 106.2 C5-C6-O a 125-1 
Ca-Cs-N 1 104-1 C7-C6-O a 116-1 
Cls-C16-N 2 107.5 C2-C1-O 2 128.2 
CtT-C16-N 2 110-1 N1-C1-O 2 124.7 
Cg-CIo-N 2 111.4 C2-C,~-C 4 131 "5 
Cll-Clo-N 2 100.6 CT-Cs-N 1 126.2 
Cll-C~2-O x 109-6 
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Fig; 4. The projection along the c axis showing packing and the closest intermolecular contacts. 

the sum of the two covalent radii.  I t  is of interest  
tha t  ~he C16-N2 and C10-N2 bonds were found to be 
considerably longer than  the C-N bonds of the ox- 
indole group. This is an expected result as the average 
C-N bond, with a 4-covalent nitrogen, given by 
Tables of Interatomic Distances and Configuration in 
Molecules and Ions (1958) is 1.48, whereas shortened 
C-N bonds have been observed whenever a nitrogen 
a tom is a t tached to a benzene ring. 

The only angles tha t  are significantly smaller than  
the te t rahedral  value are those in f ive-membered 
rings; they  average 105.8 °. The angles C2-C3-C4 and 
Nt-Cs-C7 are expected to be over I20 ° as the C2-C3 
and Nt-C8 bonds are co-planar with the benzene ring 
and the angles of the f ive-membered ring come close 
to the te t rahedral  value. The angles C2-C1-02 and 

N1-C1-O2 are 128 ° and 125 ° respectively and they  
agree well with the value 125 ° for the single-bond: 
double-bond angle (Pauling, 1960). 

The three C-N2 bonds are arranged approximate ly  
te t rahedral ly  around the nitrogen atom and this 
supports the conclusion tha t  this atom is quaternary,  
whereas the bonds about  the Nt atom are nearly 
planar.  I t  is worth noting tha t  the value of the 
C6-03-C19 bond angle was found to be 118 °, whereas 
the angle C16-C17-Cls is closer to the te t rahedral  value 
(113°), and thus confirms the conclusion tha t  it is 
given by the ethyl  group. 

The equation of the plane passing through the ben- 
zene ring is 0.9986x+O.O410y-O.O329z-l.7769=O. 
The average deviat ion of the benzene ring atoms from 
this plane is 0.006 /~ and the m a x i m u m  deviat ion is 
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6 O 0  

1 

2 
3 

4 
5 
6 

7 
8 

9 
10 
11 
12 
13 

" ~ 0  

17.3 
237-0 
275.3 

54.2 
81.3 
56.0 

114-1 
57.1 
67.4 
16.5 
31.4 
49.1 
37-4 

<8 .7  
13.0 
11.6 
13.9 
77.3 

206.5 
55.2 

157.7 
180.3 
106.6 

19-6 
70.8 
82.0 
56.6 
14.8 

< 9 . 5  
49-1 
38.7 
42.5 

<9-0  
20.9 
13.4 

<3-7  
107-7 
118-5 
301.9 
203.3 

39.2 
21.8 
98.1 
93.1 
61.1 
31-9 
50.3 
43-8 
36.8 
10-0 

<9 .5  
8.7 

12.5 
15.9 
18"5 

113.6 
30.4 

129.3 
84.9 
53-2 
74.7 
83.3 
34-4 

<9 .1  
27.3 
49.1 
20.2 
22.9 

Fc 
--19-3 

--4.3 
- -237.5 
--270.4 

- -  26.2 
-- 73.7 
+52-4  

+116 .7  
+49-3  
+ 62.4 
--11.2 
--31.6 
--36.5 
--29.7 

--4.5 
+ 1 1 . 6  

+ 7 . 8  
+15 .1  
--75.0 

-- 195-3 
--43.3 

+ 149.8 
+177 .0  
+ 105.4 

- -18.0  
-- 72.4 
-- 74.9 
--56.9 
- -18.4  

--0.9 
+42 .9  
+ 3 3 . 6  
+ 34.5 

--5.1 
- -20.3 
--14.2 
--9.4 

-- I12.4 
+121.6 
--318.4 
--191.1 

- -25.5 
--23.8 

+111 .5  
+ 104-0 

+ 64.4 
+ 3 2 . 8  
--51-7 
--46.8 
- -  33-0 
--10.7 

+ 5 . 7  
+ 1 0 . 0  
+ 1 0 . 9  
+ 1 6 . 6  
- 1 3 " 1  
+ 92.9 
+ 32.9 

+ 135.3 
+ 88.4 
- 5 0 . 8  
--84.8 
--84.5 
- -  39.4 

+ 2 . 0  
+29 .6  
+ 48.4 
+ 2 2 . 5  
+22"0  

Table 5. Observed and calculated structure factors 

(a) hO1 zone 

h k 1 Fo Fc 
6 0 14 18.8 - 1 5 . 7  

15 21.8 --19.2 
16 11.5 - 1 5 . 5  
17 <5 .1  - 7 . 8  

8 0 0 40.7 +31-4  
1 202.6 --243.4 
2 33.1 --43.1 
3 22.0 -- 41.0 
4 32.4 +41 .7  
5 70.0 + 94.3 
6 39.5 + 51 . 8  
7 33.7 + 5 0 . 2  
8 12.9 --11-9 
9 27.3 --35.7 

10 23.0 --35.4 
11 35.1 --39.4 
12 < 9 . 8  + 3 . 6  
13 13.2 +15 . 3  
14 17.5 +15 . 5  
15 <7 . 5  + 7 . 5  
16 <6"0 +5-6  

10 0 0 116.4 +137.1  
1 30.4 +43 . 8  
2 37.4 +48 . 2  
3 8.1 - -6 .6  
4 53.0 -- 64.3 
5 36.8 --45.7 
6 33"6 --45"9 
7 <9"4 --13.8 
8 25.5 +27 .1  
9 25"9 +27 . 8  

10 20.2 + 2 5 . 9  
11 <9 . 8  +11 . 6  
12 < 9 . 4  +9"0  
13 14.4 --13.5 
14 15.4 --17.8 
15 14.6 -- 14-5 
16 <3-7  --0-1 

12 0 0 70"3 --85.2 
1 23"3 --35.7 
2 21.2 --56"6 
3 34.0 +55 .1  
4 42.4 + 7 1 . 4  
5 22.3 + 44"0 
6 <9 .7  + 1 8 . 4  
7 23-2 -- 37.3 
8 23.3 --30.7 
9 < 10.0 --22.5 

10 9.7 --12.2 
11 <9 .2  + 1 4 . 0  
12 < 8 . 5  + 7 . 5  
13 <7 .5  + 1 0 . 5  
14 <6"3 + 4 . 3  
15 <3"7 --0.1 

14 0 0 9.8 - -9 .5  

1 <9'8 +8'0 
2 16.2 --12.2 
3 20.1 --21.1 
4 I6.5 --17.3 
5 10.0 --22.4 
6 10.0 --9.9 
7 16.4 + 19.6 
8 15.9 + 2 4 . 0  
9 9.2 +21 . 2  

10 <8 . 7  + 1 . 9  
11 <8 .2  --12.7 
12 < 7 . 0  --10.4 
13 < 5 . 5  --4.6 

16 0 0 <10 .0  --4.7 

h k l  Fo 
16 0 1 11"7 

2 20-1 
3 16"4 
4 9"7 
5 9"5 
6 9"4 
7 <9"0 
8 <8"5 
9 <7"8 

10 < 7 . 0  
11 < 6 . 0  
12 <3 . 8  

18 0 0 <9 . 0  
1 18.2 
2 10-4 
3 8-7 
4 < 8 . 5  
5 <8.1  
6 <7 .7  
7 <7.1 
8 < 6 . 3  
9 < 5 . 4  

10 <3.1  
20 0 0 <7-0  

1 < 7 . 0  
2 < 6 . 8  
3 <6-5  
4 <6 .1  
5 <5"5 
6 8-1 
7 <1-6  

2 0 T 36"5 
66"3 
42.4 

101.5 
5 63.3 

97.5 
42.5 
12.7 
45-5 

l0  92.3 
l l  33.3 
12 23.0 
13 49.5 
14 32.1 
15 21-0 

- - _  

16 13.2 
17 10-9 
18 <3 .7  

4 0 ] 349.4 
54.6 

119.4 
62.0 

174.5 
149.3 

24.7 
73.4 - - _  

10 62.7 
11 68.7 

_ _  

12 11-7 
13 11.7 
14 27.4 
15 27.3 
16 21.6 
17 7.1 

6 0 T 20.8 
168.1 
140.5 

+ I . i  
+28-0 
+21-7 
+21.5 
--5.7 

--18-6 
--13.6 
--9.9 
--0-7 
+ 3 . 0  
+ 5 . 9  

+10-5  
+ 6 . 8  

- -20.6  
- -8 .2  
- -5 .6  
- -3 .5  
+2-4  
+8-9  
+7-8  
+6-6  
--1-1 
--7-2 
+ 6 . 7  
+8"3 
+ 7 . 7  
+6"9 
--8"2 
--3"9 
--8"9 
--4-6 

--30-2 
--58.5 
--48.8 
+89-3 
+ 55.7 
+ 96 . 9  
+ 4 6 . 9  

- -9 .4  
- -  43.9 
--87.1 
- -  34-4 
--14.2 
+ 42.8 
+ 31 . 5  
+ 1 7 . 3  

+7-3  
- 1 0 . 6  

--9.9 
+ 400. I 
+64.8 
+96.2 
+57-6  

- -  174.1 
--139.4 

-79.2 
--14.8 
+72-7  
+ 5 7 . 4  
+53-5  

+7-7  
--11.8 
--22-7 
-- 20.4 
--16.6 

+ 5 . 0  
--15-2 

-- 168-7 
-- 128-2 
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Table  5 (cont.) 
(b) Okl a n d  hkO zones  

h k l Fo Fc Ac Be 
0 6 4 57-2 65"6 - -61"5  + 2 2 " 8  

5 64"2 79"7 - -74"6  - -28"1 
6 11"2 12"9 -- 12"8 -- 1"7 
7 18-9 22-9 - -4"2  + 2 2 " 5  
8 55"6 56"6 + 5 5 " 6  -- 10"8 
9 27-1 35"7 -4-34"4 + 9 " 7  

10 47"7 38"4 + 3 1 " 5  - -22"0  
11 < 6 " 8  4"8 - -3"6  .4.3"1 
12 25-7 22"0 --21"1 + 6 " 3  
13 20"4 17"3 --  17"3 4-1"3 
14 16-9 11"0 - -10"6 + 2 " 8  
15 4"1 5"0 - -5"0  + 0 " 3  

0 8 0 38"1 44"9 + 4 4 " 9  - -1"7  
1 33"6 34"2 + 30"2 -4-16"l 
2 6"8 8"4 + 8"3 -4-1"3 
3 28"7 26"7 -- 12"2 - -23"7 
4 5 3 . 5  5 5 . 4  - - 5 5 . 1  + 5 . 8  

5 21.0 23.6 - -  19.9 - -  12.6 
6 2 3 - I  21"3  - -  16.1 -4- 14 .0  

7 < 6 . 8  5.9 + 5 . 9  0 
8 21.2 21.8 + 2 1 . 7  + 2 . 2  
9 14-6 17.5 + 1 7 - 3  + 2 . 6  

10 19.2 17-5 + 1 6 . 7  - -5"2  
11 5.5 5"4 + 5 . 4  0 
12 9.6 10.0 - -  10.0 - -  0.4 
13 9.9 11.1 - -11 .1  - -0 .1  

0 10 0 26.9 32.8 .4.32.8 .4.0"8 
1 9.2 13.8 -4- 12.9 -4- 5.0 
2 < 6 . 4  5-5 + 2 . 6  - - 4 . 8  
3 9.0 11.5 - - 1 1 . 5  - - 0 . 6  
4 19.5 23.5 - - 2 3 . 5  - - 0 . 4  
5 11.9 13.9 - -13 .3  - -4 .1  
6 5.7 8.4 - - 7 . 4  -4-3.9 
7 5-2 8-3 -4- 8.2 -4- 1.3 
8 < 4 . 8  10.5 + 1 0 . 3  .4.1.8 
9 10-3 10-2 -4- 10.2 --  0-2 

10 7-3 8.4 -4-7.0 - - 4 . 6  
0 12 0 6-1 8.7 -4-4-8.2 - - 2 . 9  

1 < 3 . 5  4.9 + 4 . 9  + 0 . 1  
2 < 3 . 2  4.7 + 4 . 6  + 1 . 0  
3 4 . 9  5.4 -- 5.2 + 1.5 
4 < 1.7 9.1 - -8 .7  - - 2 . 5  

2 0 0 77.3 75.0 - - 7 5 . 0  0 
4 107.7 112.4 - - 1 1 2 . 4  0 
6 18.5 12.1 - -12 .1  0 
8 40.7 31.4 .4.31.4 0 

10 116.4 137.1 + 137.1 0 
12 70.3 85-2 - -85 .2  0 
14 9.8 9-5 - -9 -5  0 
16 < 10-0 4.7 -- 4.7 0 
18 < 9 - 0  6.8 + 6 . 8  0 
20 < 7 - 0  6.7 + 6 . 7  0 

1 1 0 154.3 151.8 -4- 101.8 + 112.6 
3 180.1 188-3 - - 1 8 5 . 6  - - 3 1 . 8  

5 219"9 217'6 +215.8 +27.8 
7 90.4 89.5 -- 87.6 -4- 18.5 
9 31"4 27"9 + 2 5 " 2  ,4,12"0 

11 24.4 18-8 --  17-4 -- 7.2 
13 15.8 19.3 - - 1 4 . 7  - -12 .5  
15 37.4 37-7 -4-37.2 + 6 - 1  
17 19.6 25.8 - -24 .1  + 9 " 3  
19 < 6 . 6  5.5 + 4 . 8  - - 2 . 6  
21 < 4 - 3  2.3 - - 2 . 0  - -1 -2  

2 2 0 220.5 209.8 - - 2 0 9 . 7  -4-7.8 
4 71.1 67.9 -4-4-49.8 - -46 -2  
6 13-5 30.2 -4-24.5 .4.17.6 
8 55.6 49.4 - - 4 8 . 8  -4-7.6 

10 53.9 55.4 -4- 54.0 -4-12.4 

'~ h k l  
] 1 2 2 0  

14 
, 16 
f 18 l 

20 
i 1 3 0  
i 3 

5 
7 
9 

11 
13 
15 
17 
19 
21 

2 4 0  
4 
6 
8 

10 
12 
14 
16 
18 
20 

1 5 0  
3 
5 
7 
9 

11 
13 
15 
17 
19 

2 6 O  
4 
6 
8 

lO 
12 
14 
16 
18 

1 7 0 
3 
5 
7 
9 

11 
13 
15 
17 

2 8 0  

4 
6 
8 

10 
12 
14 
16 

1 9 0 
3 
5 
7 
9 

11 
13 

Fo F c Ac Bc 
42"8 55"7 - -53"5 -- 15-5 
31"0 35-6 -4-35"5 - -2 -7  

8"2 7"2 - -6"5  .4.3"1 
< 7 " 3  4"7 - - l ' l  - -4"6  

9"3 7"9 -4-7"3 --3"1 
92"2 76"0 -4-75"8 -4-5"9 
77"8 68"1 - -68"0  - -3"5  

159"4 163"2 .4.163"1 +6"1  
66"7 69"5 - -69"3  - -5"8  
38"2 43"2 .4.41"7 -4- l l - 4  
21"4 20"4 -- 19"7 - -5"4  
16"3 13"3 - -10"5  .4.8"1 
25"0 24-1 -4-23"8 -4-3"5 
13"3 15-6 - -15"0  - -4"2  

6"0 11"0 -4- 10"4 - -3"6  
< 1"3 3"6 -- 3"2 -4- 1"6 
I I 1 " 4  93"1 - -84"6  + 3 8 " 9  

95"5 80"4 -4-80"3 --3"1 
33"9 25"3 -4-24"6 - -5"7  
66"1 67"5 --66"1 -4- 13"7 
37"1 45"6 -4-43"4 + 14"1 
28"2 31"7 - -31"4  - -4 -2  
20"4 22"6 -4-22"0 + 5 " 3  

< 7 " 8  13"6 - -13"3  -4-2"9 
< 6 " 5  5"4 - -3"2  -4-4"4 
< 4 " 0  8"2 -/-7"2 -4-4"0 
42"3 30"8 -4- 16"5 -4- 26"0 

103"3 94"0 -- 88"0 -4- 33"0 
76"5 84"3 -4- 78"4 -4- 30"9 
73"8 72-7 - -72"7  .4.0"1 
23"1 28"8 -4-27"9 - -7"2  
14"3 13"0 - -6"5  --  11"3 
14"4 9"2 - -8"7  + 3 - 1  

< 7 " 9  10"2 -4-7"8 -4-6"5 
11"6 11-8 - - l l ' 8  .4.1"0 

< 4"4 5"8 -4- 5-6 --  1"4 
62"7 51"8 - -50"8  -4- 10"3 
46"9 47"2 + 4 0 " 0  -4-25"0 
15"0 16"8 -4- 16"7 -4- 1"3 
28"7 33"3 -- 33"3 -4- 1"5 
27"6 28"4 -4-28"3 - -2"0  
25"0 26"5 - -26"2  - -3"8  
l l ' l  14"5 -4- 14"2 - -2"8  

6"7 7"7 -- 7-5 --  1"6 
< 4 " 6  1"5 - -1"5  - -0"3  
17"1 20"9 -4- 15"4 -4- 14"2 
41"0 42"0 - -33"8  -4-24"9 
56"4 63"9 -4- 62"7 -- 12-3 
39"4 42"1 --42"1 -- l 'O 
18"7 14"2 + 9 " 6  .4.10"4 

8"2 9"0 - -7"9  -4-4"3 
< 7 " 6  2"6 - -0"3  - -2"6  

12"8 9"8 -4-8"6 - -4"6  
< 4 " 4  8"6 - -8"6  -4-0"3 
50"1 51"6 - -50"3  -4- 11"5 

8"- 0 7.1 + 1.0 -4- 7.0 
20.4 13.7 - 2 . 1  - -  13.5 
18.5 21.6 - 2 1 - 5  + 2 - 3  
16.0 21.2 + 2 1 . 2  .4.1-0 
12.5 14.7 - 14.3 -4- 3-5 

< 6.0 8.1 -4- 7.9 -- 1-7 
< 3 . 8  3.3 - - 2 . 8  - -1 -7  
11.7 13-7 -4- 11.6 - - 7 . 2  
31.0 31.8 - -31 .1  + 6 . 4  
20.1 25-4 -4- 25.4 -- 0-7 
19-5 22.7 - - 2 2 . 4  - - 3 . 6  
12.8 11-6 + 1 1 . 2  - -3-1  

< 6 - 7  3.9 - - 0 . 5  -4-3.9 
< 5 . 2  5.5 - - 5 . 5  .4.0.1 
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Table 5 (cont.) 

h k l Fo Fc Ac Bc 
2 10 0 13"5 16"3 --16"3 --0"4 
4 <7"6 10"1 +9"5 +3"5 
6 <7.1 2-1 +2.1 +0.2 
8 <6"5 4"8 --4"8 +0"2 

10 <5.5 8.2 +8-2 +0.2 
12 9"5 13.2 -- 13.2 --0"7 

1 11 0 <6"5 2.9 --0"7 + 2 . 8  
3 10.8 11.3 -- 10.9 +2.9 
5 10.1 11-1 +11.1 --0.6 
7 7.3 9.0 -- 8.8 -- 1-7 
9 <3.6 4.2 +4.2 0 
2 12 0 9-3 11.0 -- 10-9 + 1.2 
4 < 3.2 2-5 + 1.6 + 1.9 

0"012 A (atom Cs). The atoms C2, N1 and O4 were 
found at  about  +0 .06  /~ from this plane and can 
therefore be considered as near ly  co-planar with the 
benzene ring. The f ive-membered ring of the oxindole 
group is, however, decidedly puckered at  C1 which 
was found at  +0 .30  /~ from the  above plane. I t  is 
of interest  t ha t  the O2 a tom does not  lie in the plane 
of C2, C~ and N~ atoms, but  is displaced from it by 
0.17 J~ towards the  plane of the benzene ring. This 
may  be due to the  energy of the intra-molecular  
hydrogen bond N + - H  . - -  02 which forms a seven- 
membered chelate ring. The angle N + . - .  0~=C1 is 
103 ° and the hydrogen a tom a t tached  to N~ is roughly 
directed towards 02. The distance between N2 and 09 
is 2.77 I and compares well with the N+- H  - ' '  0 
hydrogen bond lengths listed for a large group of 
compounds by  Pimente l  & McClellan (1960). The 
presence of the hydrogen bond was confirmed by the 
s tudy  of the infra-red absorpt ion spectrum of N-methy l  
gelsemicine hydriodide (Przybylska & Marion, 1961). 

The pyrane  ring has the 'boat '  form and this can 
be seen most  easily in Fig. 1. A few intra-molecular  
distances are worth ment ioning:  C4 • • • 01, Cll • • • C16 
and C21" '"  02, which are 3-18, 2.28 and 3.32 /k, 
respectively. 

The project ion of the  s t ructure along the  c axis 
with the closest intermolecular  contacts  is shown in 
Fig. 4. The distances betwe:en the  a toms of the two 
parallel  benzene rings are of the usual order and only 
those below 3.80 /~_ are illu~trated. The closest ap- 
proaches of C21 to benzene ring a toms are all greater 
t han  3.85 ]~ with the  exception of distances to C4 and 
C5. which are 3-41 and 3.32 /~ respectively. All other  

• • C contacts  are greater  t h a n  3.5 /~ and all those 
below 4.0 J[ are also shown in Fig. 4. Of the  C • • • O 
intermolecular  approaches, all are above 3.75 J~ with 
the  exception of three distances to the  a tom 04. 
The shortest  of these C19 • • • 04 is 3.11 /~, but  i t  can 
be considered as normal  since the  hydrogen atoms 

a t t ached  to C19 do not  lie along the line joining these 
two atoms. All the  shortest  C • • • I -  distances smaller 
t h a n  4.11 /~ are also depicted in Fig. 4. The N + • • • I -  
distance was found to be 4.39 J~. 

The solution of this h i ther to  essentially unknown 
structure revealed a number  of unusual  features. This 
is the  first compound obta ined from na tura l  sources 
with a methoxyl  group a t t ached  to the ni t rogen atom. 
I t  was interest ing to f ind the e thyl  group a t t ached  to 
the carbon next  to the qua te rnary  ni t rogen and in 
this connection it  is worth  not ing t ha t  there is sup- 
port ing chemical evidence. I t  has been established t h a t  
gelsemicine does not  form salts of the  anhydron ium 
type  and therefore this group could not  be a methoxyl .  
The presence of a very  compact  skeleton of the mole- 
cule containing a seven-membered ring contr ibuted 
also to make this invest igat ion really worth while. 

I wish to express my  sincere gra t i tude  to Dr Ldo 
Marion for his unfail ing support  and helpful discus- 
sions. I am also indebted to Dr F. R. Ahmed for his 
assistance in computa t ion  and invaluable  advice and 
to Dr W. H. Barnes for his interest  in this investiga- 
tion. An acknowledgment  is made with thanks  to 
Mrs C. Mackey for her assistance and to Dr S. McLean 
for the  prepara t ion  of the  au then t ica ted  crystal l ine 
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