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The molecular structure and absolute configuration of pulchellin, a pseudoguaianolide sesquiterpene 
lactone, have been determined from its heavy-atom derivative, 11,13-dibromopulchellin, 

CI5H2204Br2 • ½H20. 
The crystal belongs to the monoclinic system, space group P2~ with lattice constants: a= 10.28 + 0.02, 
b= 22.55 +0.04, c=8.19+0.01 ,~, fl= 113 ° 10'+ 10'. The unit cell contains four molecules together with 
two molecules of water of crystallization. After refinement of atomic parameters by the block-matrix 
least-squares method allowing for anisotropic temperature factors, the final R index reached 0.106 for 
1845 observed reflexions. The absolute configuration was determined from the anomalous dispersion. 
The two crystallographically independent molecules have nearly the same conformation. The bond 
lengths, angles and conformations are compared with those reported for other related sesquiterpene 
lactones. Within the crystal, the molecules are held together by several hydrogen bonds to form a double 
layer. 

I n t r o d u c t i o n  

Puchellin [Fig. l(a); Herz, Ueda & Inayama, 1963] and 
pulchellidine [Fig. l(b); Yanagita, Inayama, Kawamata, 
Okura & Herz 1969] are the pseudoguaianolide sesqui- 
terpene lactones isolated from Gaillardiapulchella Foug. 
The structure of pulchellidine was correlated to pulchel- 
lin by both degradative and synthetic methods (Yanagita 
et al., 1969). Although structures for pulchellin and 
pulchellidine have been proposed on the basis ofchem- 
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Fig. 1. Chemical structures. (a) Pulchellin, (b) puichellidine, 
(c) 11,13-dibromopulchellin 

ical and spectroscopic data, some ambiguity remains 
concerning the stereochemistry of the ring junctions. 
We therefore decided to establish their stereostructure 
directly by X-ray analysis. 

Preliminary accounts of the X-ray structure deter- 
mination and the chemical study of pulchellin and 
pulchellidine have already been published (Sekita, lna- 
yama & litaka, 1970; Yanagita, lnayama & Kawa- 
mata, 1970). While the manuscripts of the above com- 
munications were under preparation it became known 
that an American group had carried out an independent 
X-ray analysis of 3-bromoanhydrodehydrodihydropul- 
chellin and had arrived at the same conclusion (Aota, 
Caughlan, Emerson, Herz, Inayama & Mazhar-U1- 
Haque, 1970).* However, their determination of the 
structure of pulchellin was based on the chemical 
transformation to 3-bromoanhydrodehydropulchel- 
lin, which did not reflect the exact stereochemistry 
of pulchellin and pulchellidine at the ring juncture 
because the chemical reaction to derive the 3- 
bromo derivative accompanies epimerization at atom 
C(I) together with the loss of the two asymmetric 
centres at atoms C(2) and C(4). Furthermore, the abso- 
lute configuration of pulchellin proposed by them was 
derived from a sequence of correlation between the 
stereostructures of bromoisotenulin, mexicanin I, aro- 
maticin and pulchellin. The absolute configuration of 
bromoisotenulin taken as the basis of their study was 
not that determined by the X-ray method but that 
presumed on the basis of optical rotatory dispersion 
evidence (Herz, Romo de Vivar, Romo & Viswana- 
than, 1963). 

* Private communication from Professor W. Herz. 
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In view of this, the present study of 11,13-dibromo- 
pulchellin [Fig. l(e)] is clearly more suitable for the 
structure determination of pulchellin and pulchellidine, 
because the compound is derived from the original ses- 
quiterpene lactones with only minor structural changes, 
in which the bromination reaction at atom C(I 1) occurs 
stereospecifically as in the addition reaction of piperi- 
dine to pulchellin, and this makes it possible to deduce 
the configuration at atom C(11) of pulchellidine. 

Experimental 

After unsuccessful attempts to prepare several deriv- 
atives of pulchellin and pulchellidine only 11,13- 
dibromopulchellin [Fig. l(e)] proved to be suitable for 
X-ray analysis. The bromination of pulchellin was 
carried out by adding equimolar quantities of bromine 
to the chloroform solution of pulchellin. After evapora- 
tion of the solvent, the remaining crystalline mass was 
triturated with chloroform and ether to give prism- 
atic crystals, m.p. 110-113°C. Recrystallization from 
the same solvent mixture afforded giant prisms, m.p. 
113-115°C. 

Analysis: CIsHzzO4Brz.½H20. Calculated" C, 41.4; 
H, 5-3. Found: C, 42-7; H, 4.8. Ultraviolet spectrum 
(EtOH): end absorption. Infrared spectrum (KBr): 
3476(OH), 3556(OH) and 1774 cm -1 (y-lactone). 

The crystals were colourless monoclinic prims well 
developed along the c axis. The unit-cell dimensions 
and space group were determined from precession photo- 
graphs of layers Okl, hOl and hkO taken with Cu Ke 
radiation. The crystal density measured by the flotation 
method in mixtures of carbon tetrachloride and methyl 
iodide was 1"653 g. cm -3. The density was calculated to 
be 1.656 g. cm -3 assuming that four molecules of 
dibromopulchellin and two water molecules are con- 
tained in the unit cell. The existence of water of crystal- 
lization was confirmed by nuclear magnetic resonance 
spectra and the amount of water estimated by the weight 
loss of the crystals upon heating corresponded to 93 % 
of the formulated water content. 

Crystal data 

11,13-dibromopulche/lin hemihydrate, 
C15H2204Br2 . -~-H20  , m.p. 113-115°C, F.W. 435 

Monoclinic 
a = 10.28_+0.02, b = 22.55+0.04, 
e = 8.19_+0.01 A, 
,8 = 113°10'+ 10', 
V = 1745/13 
Dm= 1"653, Dz = 1"656 g. cm -3, 
Z = 4 ,  
F(000) = 876 
Absent spectra: 0k0 when k is odd. 
Space group: P21 

Intensity data were recorded on multiple-film equi- 
inclination Weissenberg photographs taken with Cu K~ 

radiation. Layer lines of zero to six around c and zero 
to three around the b axis were recorded. The inten- 
sities were estimated visually with the aid of intensity 
scales. The values were corrected for the usual Lorentz 
and polarization factors, but not absorption. A total 
of 1845 independent observed structure factors were 
derived by correlating the equivalent structure factors 
recorded on various layers. 

Determination of the structure 

The crystal structure was solved by the heavy-atom 
method. The positions of the four independent bromine 
atoms were determined from a three-dimensional Pat- 
terson map. Successive use of Fourier and difference 
Fourier synthesis revealed all the atomic positions of 
the two independent molecules and the water molecule. 
Refinement of the atomic parameters was carried out 
by several cycles of block-matrix least-squares calcula- 
tions (program by Okaya & Ashida, 1967) allowing for 
the anisotropic thermal motion of each atom. The final 
value of the R index for 1845 reflexions was 0-106. The 
following weighting system was adopted in the least- 
squares calculation 

w = 28/Fo, when 28 < Fo 
[w = 1"0 when 3<Fo<~28, 
l/w = 0 when Fo-<.3. 

The atomic scattering factors used were those given by 
Berghuis, Haanappel, Potters, Loopstra, MacGillavry 
& Veenendaal (1955) for carbon and oxygen and those 
given by Thomas & Umeda (1957) for bromine. The 
final atomic parameters and their standard deviations 
are listed in Table 1, and the list of the observed and 
calculated structure factors is given in Table 2. 

Table 3. Comparison of the calculated and observed 
intensity ratios of the Friedel pairs of reflexions used for 

the establishment of the absolute configuration 

h k 1 I F c ( h k l ) [ Z / I  

3 6 0 0.92 
3 9 0 1-65 
5 1 0 1.40 
5 1 1 0.82 
2 4 1 0.88 
2 5 1 i .29 
3 6 1 0.88 
4 5 1 1.26 
0 1 2 0.81 
5 1 2 0.86 
5 5 2 1.47 
6 4 2 0.72 
5 2 3 0.82 
2 5 3 1.14 
5 2 4 0-88 
]- I 4 1-48 
0 4 4 0.75 
3 1 4 1.34 
1 4 6 1.25 

F~.(hkl) l  2 l o ( h k l ) / l o ( h k l )  
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The absolute configuration of the molecules was 
established from the anomalous dispersion of Cu Kc~ 
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Table 4. Bond angles and distances involved in the hydrogen-bonded groups 
Unprimed atoms belong to molecule I and primed atoms 

to molecule II. 

Angle Distance 
C(12')-O(12')-O(2') 140 ° O(12')-O(2') 2.66 

0(12')-0(2')--C(2') 103 
0(12')-0(2')--0(4) 130 0(2')--0(4) 2.80 
C(2')--0(2')--0(4) 127 

O(2')--O(4)--C(4) 113 
0(2')--0(4)--0(W) 100 0(4)--0(W) 2.70 
C(4)--O(4)--O(W) 122 

0(4)--0(W)-0(4') 112 

O(W) -0(4")--C(4') 119 
O(W)-0(4')--0(2) 106 O(W)-0(4') 2"73 
C(4')--0(4')--0(2) 115 

0(4')--0(2)--C(2) 129 
0(4')--0(2) --0(12) 125 0(4')--0(2) 2" 79 
C(2)--0(2)--0(12) 105 

0(2) --0(12) -C(12) 139 0(2) --0(12) 2-64 

Standard deviation 1 - 3 ° 0.03 - 0.05 A 

radiation by the bromine atom. The values of the dis- 
persion correction terms, Aft= -0.9 and Aft= 1.5 were 
taken from International Tables for X-ray Crystallo- 
graphy (1962). The nineteen sets of reflexions for which 
the intensity ratios of the hkl and hfcl reflexions were 
calculated to be significantly different from unity clear- 
ly showed intensity differences on the c-axis Weissen- 
berg photographs in agreement with the calculated 
values. A comparison of the calculated and observed 
intensity ratios of the Friedel pairs of reflexions from 
which th0 absolute configuration was established are 
shown in Table 3. All Figures of l l,13-dibromopul- 
chellin shown in the present paper are drawn with the 
correct absolute configuration. 

Results and discussion 

Projections of the two molecules, I and II, along the 
b and c axes are shown in Figs. 2 and 3 respectively. 

Although these two molecules are crystallographically 
independent, they take almost the same conformation. 
Furthermore, they are situated as if they were related 
by a pseudo-twofold screw axis lying parallel to the 
c axis. There are several hydrogen bonds between the 
molecules, as shown by the dotted lines in Figs. 3 and 4. 
The lengths and angles of these bonds are listed in 
Table 4. It  will be seen that the molecules in the crystal 
form complex nets of double layers. The intermolecular 
distances less than 4.0 A, except the hydrogen bonds, 
are listed in Table 5. 

Table 5. Intermolecular distances less than 4-0 A, ex- 
cluding hydrogen bonds 

Unprimed atoms belong to molecule I and primed atoms to 
molecule II. 

Distance Symmetry 
Br(11) -Br(11') 3-80/~ 3 
Br(15) -Br(15') 3.56 6 

0 w 

C 

! 141¢ 

Fig. 2. b axis projection of the crystal structure. Coordinates of atoms of molecules I and II are given in Table 1. 
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Table 5 (cont.) 

Distance Symmetry 
Br(l 5) -C(3") 3"86 7 
Br(15) -C(12') 3"87 6 
Br(15) -C(15') 3"88 4 
Br(157 -0(8") 3"74 6 
Br(15) -O(W) 3"71 4 

I [  I 9 9 

t %::' -- 'v::" 

~L,%.° .. %.° 

o C  = 0 O B r  

Fig. 3. c-axis projection of the crystal structure. Dotted lines 
indicate hydrogen bonds. 

@ 

Fig. 4. Network of hydrogen bonds shown in b-axis projection. 
The molecules denoted by I' and II correspond to those 
in Fig. 3. 

Table 5 (cont.) 

C(2)--O(12) 3-39 
C(2)---O(4') 3-95 
C(3)---Br(15') 3-93 
C(3)---C(I 5) 3-96 
C(3)---O(2') 3.66 
C(4)---O(12) 3.91 
C(4)---O(2') 3.63 
C(4)---O(W) 3.69 
C(6)---O(W) 3.69 
C(8)---C(8') 3.77 
C(8)---C(9') 3.93 
C(12)--Br(l 5') 3"94 
C(12)--O(2) 3"66 
C(13)--O(12) 3"69 
C(15)--Br(15') 3"46 
C(15)--C(15') 3.61 
C(15)--0(2) 3"65 
C(157--0( W) 3"25 
O(2)---C(3') 3.45 
O(2)---C(4') 3.65 
O(4)---C(2') 3-93 
O(8)---Br(15') 3.91 
O(8)---C(9') 3-92 
O(8)---C(10") 3.99 
Br(15')-O(W) 3.60 
C(2')--O(12') 3.36 
C(3')--C(15') 3.97 
C(4')--O(W) 3.67 
C(6')--O(W) 3.59 
C(12")-O(2') 3.69 
C(13')-O(12') 3.64 
C(159- 0(2") 3.70 
C(I 5')- O(W) 3.36 

Symmetry: 1 x, y, z 
2 - x ,  ½+y, - z  
3 1 + x, y, z 
4 l - x ,  ½+y, - z  
5 l+x ,  y, l + z  
6 l - x ,  ½+y, 1 - z  
7 2 - x ,  ½+y, 1 - z  

3 
6 
2 
3 
6 
5 
6 
4 
4 
3 
3 
6 
3 
3 
4 
4 
3 
4 
6 
6 
6 
6 
3 
3 
1 
5 
5 
1 
I 
5 
5 
5 
1 

The bond lengths and angles found in the present 
molecules are listed in Tables 6 and 7, in which their 
values are compared with those reported for other 
pseudoguaianolide derivatives: 3-bromoanhydrodehy-  
drodihydropulchel l in  (Aota et al., 1970), bromohelen-  
alin (Mazhar-U1-Haque & Caughlan,  1969) and bromo- 
mexicanin-E (Mazhar-UI-Haque & Caughlan,  1967). 
Al though the bond lengths and angles found in the 
present molecules are consistent with the chemical for- 
mula,  some of  the values differ significantly from 
those reported for analogous compounds.  There are 
also some differences between molecules I and II in the 
present crystal. Most  of  the differences are, however, 
within the limits of  experimental  error and it seems to 
be unrealistic to discuss the differences at present, since 
the s tandard deviations of  the atomic parameters in the 
present analysis are rather large. 

The conformations of  the molecules found in various 
pseudoguaianolides are illustrated in Fig. 5. It is of  
interest to note that al though rings A and C are fused 
to the B ring in different ways and the overall conforma- 
tions of  the molecules are different, the seven-mem- 
bered B rings take similar conformations.  

A C 27B - 2 
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As seen in  Figs 2, 3 and  5, the s te reochemis t ry  of  the 
present  molecule  is es tabl ished as follows" 

C(5)-f lCH3 is trans to C(1)-c~H fo rming  a trans r ing  
j u n c t i o n  of  the cyc lopen taned io l  r ing to the 
seven-membered  ring. 

C ( 7 ) - a H  is trans to C(8) - f lH fo rming  a trans-fused 
7-1actone ring. 

C(2)- f lH is eis to C(4)- f lH fo rming  a e/s 1,3-diol. 
C(10)-~CH3 is cis to C(1)--aH. 
C(11)--aCHzBr is cis to C(7)--aH. 
C(11)-f lBr is trans to C(13)-Br.  

The  present  s tudy  on l l , 13 -d ib romopulche l l in  has  
es tabl ished the absolu te  conf igura t ion  of  pulchel l in  in 
a direct  way  and  the resul t  ob ta ined  coincides wi th  tha t  

Tab le  6. Comparison o f  bond lengths f o u n d  in various pseudoguaianolide derivatives 

11,13-Dibromopulchellin 

3-Bromoanhydro- 
dehydrodihydro- Bromohele- 

pulchellin nalin 

I II I II 
C(1)--C(2) 1.61 (0.04) A 1-62 (0.04) A 1.57/~ 1.58 A 1.51 A 
C(1)--C(5) 1.56 (0.05) 1.60 (0.05) 1.52 1.57 1.54 
C(1)--C(10) 1.47 (0.04) 1.53 (0.05) 1.54 1.50 1.55 
C(2)--C(3) 1.49 (0.04) 1.48 (0.06) 1.47 ~ 1.45 a 1.31 b 
C(2)--O(2) 1.55 (0.05) e 1.53 (0.05) e 1.17 e 1.18 e 
C(3)--C(4) 1.47 (0.05) 1.56 (0.04) 1.33 b 1-34 b 1.45 a 
C(3)--Br 1.91 1.89 1.89 
C(4)--C(5) 1-66 (0.05) 1-43 (0.05) 1.53 1.55 1.55 
C(4)--O(4) 1.46 (0.04) e 1.46 (0.04) c 1.21 e 
C(5)--C(6) 1.53 (0.04) 1.52 (0.04) 1.52 1-57 1.52 
C(5)--C(15) 1.67 (0.05) 1.58 (0.05) 1-55 1.53 1.54 
C(6)--C(7) 1.61 (0.04) 1.48 (0.06) 1.54 1.54 1-57 
C(6)--O(6) 1.44 c 
C(7)--C(8) 1.56 (0-06) 1.61 (0.05) 1-54 1.51 1.54 
C(7)--C(11) 1.46 (0.06) 1.57 (0.04) 1.58 1.52 1.51 
C(8)--C(9) 1.65 (0.05) 1.38 (0.04) 1-48 1.48 1.52 
C(8)--O(8) 1-54 (0.03) 1.39 (0.04) 1.41 1-49 1.50 
C(9)--C(10) 1.56 (0.04) 1.53 (0.04) 1.57 1.54 1.56 
C(10)-C(14) 1.63 (0.06) 1.67 (0.07) 1.57 1.58 1.52 
C(11)-C(12) 1.58 (0.05) 1.51 (0.06) 1.58 1.51 1.52 
C(11)-C(13) 1.71 (0.06) 1.42 (0.05) 1.53 1.60 1.31 b 
C(ll)-Br(11) 2-07 (0.05) 1"93 (0.03) 
C(12)-O(8) 1.23 (0.04) 1"28 (0-04) 1"29 1.32 1.33 
C(12)-O(12) 1"23 (0.04) e 1"23 (0.04) e 1.28 e 1.25 e 1-21 e 
C(13)-Br(13) 2"01 (0"04) 1"98 (0.03) 

Standard deviation in parentheses _+ 0.01 - 0.02 + 0.01 - 0.02 
M e a n  C-C 1.55 1.54 1.54 
Mean C=C 1.34 1.31 
Mean C-OH 1-50 1.44 
Mean C=O 1"23 1"22 1"21 
Mean C-Br 2.00 1.90 1.89 

Number of reflexions 1845 v 2376 a 1125 a 

R index (%) 10.6 6.6 5.8 

Bromo- 
mexicanin- 

E 

1-49 .~ 
1"54 
1"59 
1 "32 b 

1 "46 ~ 
1 "92 
1-51 
1.22 e 
1-56 

1 "54 

1 "56 
1.51 
1"50 
1 "47 
1"55 
1-53 
1.55 
1"34 ~ 

1"33 
1 "22 e 

+ 0.01 - 0.03 
1"54 
1"33 

1.22 
1.92 
750 a 
800 v 
6"2 

Formula 

"2"" H 14 14 14 1/* 

q\ 1, ¢---b ~ - ~ 1  )"---o " 

4 ~ 0 6' 
- ~---~; x~r ,,; 

Ring Somewhat deformed 
conformation flat chair 

AB junction trans 
BC junction trans 

v: measured visually 
d: measured by diffractometer 

Somewhat deformed 
chair 

c& 
trans 

a: partial double bond 
b: double bond 

Deformed chair Boat 

trans cis 
cis cis 

c: C-OH bond 
e: C=O bond 
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Tab le  7. Comparison of bond angles found in various pseudoguaianolide derivatives 

3-Bromoanhydro  
11,13-Dibromopul- dehydrodihydro-  Bromo- 

chellin pulchellin helenalin 
I II I II 

C(2 ) - -C(1 ) - -C(5 )  98 ° 10! ° 106 ° 102 ° 105 ° 108 ° 
C(2 ) - -C(1 ) - -C(10)  119 118 113 116 115 114 
C(5) - -C(1) - -C(10)  118 118 120 122 117 117 
C(3) - - C ( 2 ) - - C ( 1  ) 109 106 102 106 111 108 
C(3 ) - -C(2 ) - -O(2 )  114 113 128 128 
C(1 ) - -C(2 ) - -O(2 )  108 109 130 125 
C(4) - - C ( 3 ) - - C ( 2 )  110 105 115 116 114 114 
C ( 4 ) - - C ( 3 ) - - B r  125 125 121 118 
C ( 2 ) - - C ( 3 ) - - B r  120 120 125 128 
C(5 ) - -C(4 ) - -C(3 )  99 110 110 108 105 107 
C(5 ) - -C(4 ) - -O(4 )  103 111 125 124 
C(3 ) - -C(4 ) - -O(4 )  116 109 130 129 
C(6 ) - -C(5 ) - -C(1 )  119 116 118 115 111 115 
C(6 ) - -C(5 ) - -C(4 )  110 116 109 107 110 109 
C(6) - -C(5) - -C(15)  109 107 108 107 114 
C(1 ) - - C ( 5 ) - - C ( 4 )  103 100 103 106 103 102 
C(1) - -C(5) - -C(15)  118 109 109 112 115 
C(4) - -C(5) - -C(15)  95 108 110 109 104 
C(7 ) - -C(6 ) - -C(5 )  112 116 113 114 116 113 
C ( 7 ) - - C ( 6 ) - - 0 ( 6 )  106 
C ( 5 ) - - C ( 6 ) - - 0 ( 6 )  108 
C(8 ) - -C(7 ) - -C(6 )  107 121 112 113 121 118 
C(8) - -C (7 ) - -C(11 )  103 105 101 103 102 102 
C(6) - -C(7) - -C(11)  114 113 115 113 119 105 
C(9) - - C ( 8 ) - - C ( 7 )  113 120 113 118 120 121 
C(9) - - C ( 8 ) - - O ( 8 )  102 119 107 110 105 108 
C(7 ) - -C(8 ) - -O(8 )  99 98 106 103 101 105 
C(10) -C(9)- -C(8)  104 116 112 110 115 117 

Bromo- 
mexicanin- 

E 

(a) (b) 

(c) 
(d) 

Fig. 5. Perspective drawing of the molecules found in various pseudoguaianol ide  derivatives showing the conformat ion  of the 
molecule. Bromine a toms are indicated by large circles, oxygen by double circles and carbon by small circles. (a) 11,13-Dibro- 
mopulchell in,  molecule II, viewed along [TO ] 20]. Absolute configuration as determined by the X-ray method.  (b) 3-Bromo- 
anhydrodehydrodihydropulchel l in ,  molecule I, viewed along [9 10 1]. (c) Bromohelenal in  viewed along [20 7 l]. (d) Bromo- 
mexicanin-E viewed along [20 12 9]. This figure shows the methyl group at tached to C(10) as being cis to C(I) -~H in contra- 
diction to the chemical structure shown in the original paper (Mazhar-U1-Haque & Caughlan,  1967) but in accordance 
with the atomic coordinates given in the same paper. 

A C 27B - 2* 
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Table 7 (cont.) 

I II I 
C(14) -C(10)-C(1) 115 110 111 
C(14) -C(10)-C(9) 99 105 109 
C(1)--C(10)-C(9) 112 112 115 
C(12) -C(ll)-Br(11) 101 104 
C(12) -C(11)-C(7) 103 99 96 
C(12) -C(11)-C(13) 121 117 119 
Br(11)-C(11)-C(7) 114 112 
Br(11)-C(11)-C(13) 97 106 
C(7)--C(11)-C(13) 120 119 115 
O(8)--C(12)-C(11) 108 110 114 
0(8) --C(12)-O(12) 129 126 127 
C(11) -C(12)-O(12) 122 124 119 
C(8) - -O (8)--C(12) 114 121 109 
Br(13)-C(13)-C(11) 98 116 

Standard deviation 2.3 - 3.2 2.3 - 3.3 0.9 - 1.7 

II 
108 109 110 
111 113 110 
116 111 109 

99 102 106 
113 123 121 

115 135 134 
113 110 109 
119 123 124 
127 127 126 
108 110 111 

0.6- 0.9 1.07-1.48 

proposed by Aota et aL (1970) on the basis of stereo- 
chemical correlations with other pseudoguaianolides, 
aromaticin, mexicanin I and isotenulin. However, the 
absolute configuration in their case contains some un- 
certainty because their result was based on an assum- 
tion of the absolute configuration of bromoisotenulin 
(Rogers & Mazhar-U1-Haque, 1963) which was derived 
only from optical rotatory dispersion evidence (Herz, 
Romo de Viver, Romo & Viswanathan, 1963). 

Pulchellidine is derived by adding piperidine to pul- 
chellin (Yanagita e t  al. , 1969). This reaction at the 
atom C(13) is stereospecific as in the bromination reac- 
tion by which the present compound, 11,13-dibromo- 
pulchellin, is derived. It is, therefore, reasonable to 
conclude that the C(11)-CH2NCsH10 side chain in pul- 
chellidine is directed cis with respect to C(7)--aH. The 
absolute stereostructures of pulchellin and pulchelli- 
dine are shown in Fig. l(a) and (b). 
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