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II

Summary

T his th e s is  d escrib es the c r y s ta l and m olecular stru ctu res  o f  a 

number o f  organic m olecu les. Both the heavy atom method and d ir e c t  

methods were used in  th e  e lu c id a tio n  of th ese  s tru c tu res .

Three d e r iv a tiv e s  o f  2 -(6  ‘-methoxy-2 *-naphthyl)-1-m ethyl-5 “ 

oxocyclopentane-1-a c e ta te  have been examined and the stru ctu res  

determined. The a lcoh o l d er iv a tiv e  p o sse sse s  oestrogen ic  a c t iv i t y  

and X-ray a n a ly s is  has shown th at t h is  m olecule contains both  

in tram olecular and interm olecu iar hydrogen bonds between two hydroxyl 

groups. The intram olecular oxygen-oxygen d istan ce  can be regarded  

as com pleting a six-membered r in g  o f the chair type. C onfigurations 

o f  the la c to n e  and ether d er iv a tiv e s , su ggested  by I.R . and N.M.R. 

sp e c tra , were shown by X-ray a n a ly s is  to  be in c o r re c t. These 

m olecules were in  fa c t  found to  contain  cyclohexane r in g s and not the  

expected  cyclopentane r in g s . This i s  d ir e c t  evidence o f a Y /ittig  

r ea c tio n  in v o lv in g  a novel rearrangement.

The stru ctu re  o f  9“®ethylanthracene was p rev iou sly  obtained from 

two-dim ensional X-ray data by H. K, L. Verraa, t h i s  stru ctu re has been 

com pletely redeterm ined using d iffractom eter  data. Although the u n it  

c e l l  dimensions in  th is  study and in  the previous study were almost 

id e n t ic a l  the packing o f the m olecules in  the c r y s ta l i s  d if fe r e n t .  

E ith er  the four m olecules o f the u n it c e l l  are capable o f packing in  

two d if fe re n t ways or th e  stru ctu re  obtained from the lim ite d  two- 

dim ensional data was in c o r re c t. Prelim inary c r y s ta l data o f  

9-m ethyltetracene have a lso  been obtained.



An X-ray study o f  6(3-Trim ethylam m onio-penicillanic a c id  

hemihydroiodide was undertaken to  determine i f  a sh o r t, symmetrical 

hydrogen bond was p resen t. I t  was found that the carboxyl groups 

o f th e  two p e n ic i l l in  m o ie tie s  in  the Z w itter io n  are lin k ed  by a 

sh ort c ry s ta llo g r a p h ic a lly  symmetrical hydrogen bond w ith  th e  

oxygen-oxygen sep aration  2.4-6 A.

The s tereo ch em istr ie s  o f three se sq u iterp en e-la c to n es, supp lied  

by Werner Herz of F lorid a  U n iv ersity , have been determined v ia  non- 

centrosymm etric d irec t method procedures. Bihydromikanolide 

conta in s a h igh ly  s tra in ed  carb ocyclic  ten-membered r in g  which adopts 

an unsymmetrical conform ation. The two epoxide groups on t h is  r in g  

are in  th e  a n t i-p o s it io n  and th e stereoch em istry  a t C(13) has been 

determ ined. The atcms C(15) and H(5) in  miscandenin are syn to  

each other and the remaining stereoch em istry  o f the m olecule has been 

obtained . The con figu ration  o f  the th ir d  sesq u iterp en e, berland in , 

was un certa in  and the stereoch em istry  o f the m olecule was com pletely  

unknown p r io r  to  X-ray a n a ly s is . These have been f u l ly  determined; 

th e  a cy l s id e  chains were found a t c ( 8) and C(9)*

The appendix con ta in s the cry s ta l and m olecular stru ctu res o f  

17,20(3,2l-trihydroxypregn-4-en-3-one 17,21 -jD-bromophenylborate and 

N -2-(2 ,4 -d im eth yl-1  -p y r r o lid in y l)  -ethyl-p-iodobenzene-sulphonam ide.

The data obtained fo r  th e former were lim ite d , and although the  

stereoch em istry  o f the m olecule was determined high standard d ev ia tion s  

were a sso c ia ted  with the f in a l  r e s u lt s .  The c ry s ta l stru cture o f  the 

iodobenzene-sulphonamide d er iv a tiv e  may be disordered as very high  

temperature fa c to rs  were a sso c ia ted  w ith many o f  the atoms in  t h is  

m olecule.
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CHAPTER 1

SOME ASPECTS OF 

CRYSTAL STRUCTURE

ANALYSIS



1.1 In trodu ction

The mathematical theory o f c r y s ta l stru ctu re  was known in  the  

f i r s t  h a lf  o f  che n in eteen th  cen tu iy  but the p r a c t ic a l study o f  

stru ctu re  a n a ly s is  only became p o s s ib le  a f te r  the d iscovery  o f X-rays 

by Rontgen in  1895 • In  1912 von Laue suggested  th a t X-rays might be 

d if fr a c te d  by c r y s t a ls , and in  th e same year F ried rich  and S lip p in g  

obtained  th e f i r s t  d if fr a c t io n  p a ttern . Thus i t  was shown th a t the  

wavelength o f X -rays was o f the same order o f magnitude as the  

d ista n ces  between atoms in  a c r y s ta l l a t t i c e .

The Braggs developed th e technique o f  structure  a n a ly s is  and 

showed th a t th e  concept o f d if fr a c t io n  by a  three-d im ensional gratin g  

could be rep laced  by th e  concept o f r e f le c t io n  o f X-rays from c ry s ta l  

p la n es .

I n i t i a l l y  the stru ctu res o f simple inorgan ic  s a l t s  were e lu c id a ted  

but progress w ith  organic s tru ctu res  was slower owing to  th e sc a le  o f  

c a lc u la tio n  in vo lved . As cry sta llo g ra p h ic  techniques improved and 

computers became a v a ila b le  c r y s ta l s tru ctu res o f  greater com plexity  

were so lv ed . At the presen t time the stru ctu res o f  a number o f p ro te in s  

are known and as d ir e c t  method procedures improve f a ir ly  complex 

m olecules con ta in in g  no heavy atom are being stu d ied .

1 .2  Measurement o f stru ctu re  amplitudes

The observed stru ctu re  amplitude l^ 0(h k l)^ 0  ̂ re^ ec^ on (h k l)  

i s  r e la te d  to  the in t e n s it y  equation:

I^ C W d ) 1 °  /  ^ h k i)  <1)
y  l . p

where

p = p o la r isa tio n  fa c to r  
L = Lorentz fa c to r



The p o la r is a t io n  fa c to r  a llow s fo r  th e p a r t ia l  p o la r isa t io n  o f  the  

r e f le c te d  beam and i s  g iven  by

p = 1 + cos229 (h id ) ( 2>
2

The Lorentz fa c to r  a llow s fo r  the varying angular v e lo c i t ie s  when 

rec ip r o c a l l a t t i c e  p o in ts  pass through the surface o f  th e  sphere o f  

r e f le c t io n  and i s  dependent on the experim ental technique used* For 

th e e q u i- in c lin a t io n  W eissenberg geometry the co rrectio n  i s

L = ___________ s in  6_____  ( 3)
s in 20 y s i n 2 0 -sin^ti

where V- i s  th e  e q u i- in c lin a t io n  angle (th e  angle between th e  

in c id en t beam and the plane normal to  the r o ta tio n  a x is  o f th e c r y s ta l ) .  

For d iffractom eters w ith  normal beam geometry and fo r  zero la y er  

W eissenberg photographs the Lorentz fa c to r  i s  reduced to:

L = i  (h)
s in 20

The i n i t i a l  stru ctu re  am plitudes ( | ) can be p laced  on an abso lu te

s c a le  by comparison w ith  the c a lcu la te d  values during

stru ctu re  fa c to r  c a lc u la t io n s .

Part o f the in c id en t X-ray beam w i l l  be absorbed by the c ry s ta l;  

th e  r e la t io n sh ip  between th e  in t e n s i t ie s  o f th e in c id en t and emergent 

beam i s  g iven  by

I  = 1 ^  (5 )

where

I 0 = th e in t e n s it y  o f the in c id en t beam
p, s  the l in e a r  absorption c o e f f ic ie n t
t  = th e path len g th  o f th e X-ray beam in  the c r y s ta l



Approximate correctio n  fo r  the e f f e c t  i s  p o ss ib le  i f  the c r y s ta l  

dim ensions are known.

The X-ray beam passing  through a c r y s ta l may a lso  be attenuated  

by primary and secondary e x t in c t io n . Primary e x tin c tio n  i s  a 

consequence o f m u ltip le  r e f le c t io n s  between s e t s  o f c r y s ta l p lanes  

but the e f f e c t  on the stru ctu re  am plitudes, in  gen era l, i s  sm all and 

can normally be n eg lected . Secondary e x tin c tio n  a r is e s  for  r e f le c t io n s  

o f  such in te n s ity  th at an appreciable amount o f the in c id en t beam i s  

r e f le c te d  by the f i r s t  p lanes encountered in  the c r y s ta l lea v in g  a 

l e s s  in ten se  beam to  r e f le c t  from deeper p lan es.

1 .3  The stru ctu re  fa c to r

The stru ctu re  fa c to r , i s  a complex quantity  defined  as:

F(h k l) = £  f j e x p  { 2 T l i ( h x -j +  +  l z j ) }  ^

3=1

where

n = the to ta l  number o f atoms in  the u n it c e l l
f j  = the atomic sc a tte r in g  fa cto r  o f the j th  atom whose

fr a c tio n a l co -ord in ates are x .,  y . ,  z .)
3 3 3

F(h k l) mâ  k® represented by the structure  amplitude a

phase con stan t, a .

W )  = lF( h k i ) l - exp i a (h k i) (7 )

As the stru ctu re  fa c to r  can be regarded as a complex number i t  may be 

expressed as:

F < h k i)  = A( h k i )  + iB ( h k i )  (8 )

and from equation (6 ) i t  fo llo w s th a t



n

A(h ld ) = p j  eo82n(hx.j + ^ + 12^) ( 9 )

and 'i-1n

B(hki) = I f 3 5X11 + + l z j) (lo )
3=1 ■ - •

Then

^(hKL)* = A (h k l) + B  (hid.) ( 11)

and th e  phase constant i s  g iven  by:

“ (hkl) = tan B(hld) (12)
A(hld)

For c r y s ta ls  -where a cen tre  o f  symmetry i s  presen t th e  s in e  terms o f

® (hkl) mus  ̂ suai ® hence the phase angle must be 0 or tt

depending on the exp ression  fo r   ̂ being p o s it iv e  or n eg a tiv e ,

1 .4  The e lec tro n  d en sity  d is tr ib u tio n

The three-dim ensional p e r io d ic  e lec tro n  d en sity  in  a c r y s ta l may

be rep resen ted  by a three-dim ensional Fourier s e r ie s  o f th e  form:
CO CO CO

p(x »y>z ) = ?  Y £  ][  F(h k l)exp|-2TTi(hx+ky+lz)} (13)

h k 1
—CO —05  —00

when F r ie d e l’s law holds i . e .

F(h k l) = A(h k l) + ^ ( h k l )

and

P( h k l )  “ A(h k l) " 18(h k l)  

then a combination o f  th e terms fo r  (h k l) and ( h k l )  g iv es  the  

expression:
CO 00 CO

p(x,y ,z ) = 4 lh L  I i ( ( A(hki)+iB(hkî expf 2Tli(hx+ky+lz)}—co -oo o f

+(A(hkl)~iB(hkl'])exp{’'2Ki(’‘hz“ky“lz)}-J



i.e.
00 00 00

P (X jr ,* ) = |  y I, 11 {A(h k l)0 ° s 2 Jt(hx+ky+l z )
h k

(17)

sin27i (hx+ky+1 z ) j-

Thus th e summation may be ca rr ied  out over only  h a lf  th e r e f le c t io n s  

■within th e  l im it in g  sphere.

1 .5  The phase problem

The stru ctu re  am plitudes required  fo r  the Fourier s e r ie s  may be 

obtained experim entally  from th e d if fr a c te d  beams but th e  r e la t iv e  

phase angles cannot be measured d ir e c t ly . The methods most w idely  

a p p lica b le  to  surmounting th e  phase problem are the heavy atom method 

and the s o -c a lle d  d ir e c t methods.

1 .5*1 . The P atterson  fu n ction

The fu n ctio n  d efin ed  by A. L. P atterson  (1934; 1933) represen ts

th e v ectors between atoms in  a c r y s ta l stru ctu re . The c o e f f ic ie n ts

o f  th is  Fourier s e r ie s  are which can be obtained d ir e c t ly

from th e measured in t e n s i t i e s ,  independent o f any phase c a lc u la tio n .

The expression  i s  d efin ed  as;

1 1 1

where u , v and w are fr a c tio n a l co -o rd in a tes .

I f  the e lec tro n  d en sity  expressions are su b stitu te d  in to  t h is  equation  

and F r ie d e l's  law i s  obeyed then

dxdydz ( 1 8 )

o o o

|F (h k i) ( 2 exP {27ii(hu+kv+lw )|

which may be expressed as

| cos2Tt(hu+kv+lw) (20)

a centrosymmetric fu n ction .



For a u n it c e l l  contain ing N a t  cans a P atterson  map w i l l  show
2

N -N n on -orig in  peaks* When the vector d efin ed  by (u ,v ,w ) corresponds

to  two peaks in  th e  e lec tro n  d en sity  d is tr ib u tio n  th e value P / %(u ,v ,w )
w i l l  depend on the s c a tte r in g  power o f  th e atoms in vo lved . I f  a 

heavy atom i s  presen t t h i s  g iv es  r i s e  to  high vector peaks which 

stand out aga in st the background o f overlapping sm aller peaks, p resen t 

due to  l ig h te r  atoms in  th e  s tru c tu re . Hence the co -ord in ates o f the  

heavy atom may be determined.

1 .5*2 . The heavy atom method

I f  th e  p o s it io n  o f  th e  heavy atom can be found from the Patterson  

fu n ctio n  a phase angle which w i l l  approximate to  the phase angLe o f  

th e  complete stru ctu re  may then be c a lcu la ted  fo r  each stru ctu re  

am plitude. The e lec tro n  d en sity  d is tr ib u tio n  may then  be approximated 

by Fourier c a lc u la tio n  using observed stru ctu re  amplitudes and 

c a lcu la ted  phases. At th is  stage  i t  i s  p o ss ib le  to  derive the  

approximate p o s it io n s  o f th e l ig h t  atoms p resen t. Including th e l ig h t  

atoms in  th e stru ctu re  fa c to r  c a lc u la tio n  improves the phase angles  

and refinem ent o f  atomic parameters i s  p o s s ib le  by le a s t  squares 

c a lc u la tio n .

The main disadvantage o f  t h is  method i s  that th e heavy atom 

contrib u tes a major part to  the stru ctu re  amplitude and the accuracy  

o f the remaining l ig h t  atom p o s it io n s  i s  correspondingly dim inished. 

Furthermore absorption errors become more s ig n if ic a n t  th e grea ter  the  

sc a tte r in g  power o f th e heavy atom p resen t.



D irect methods

The terra ‘d ir e c t  methods* u su a lly  im p lies  th at c la s s  o f methods 

where an attempt i s  made to  derive the phases o f the stru ctu re  fa c to r s  

w ithout p o stu la tin g  any atomic p o s it io n s .

In  1948 Harper and Kasper f i r s t  introduced th is  id ea  by 

examining in e q u a lity  r e la t io n sh ip s  between stru ctu re  fa c to r s  and 

Sayre in  1952 introduced the concept o f probable r e la t io n sh ip s  between 

phases o f  r e f le c t io n s .  For a centrosymmetric stru ctu re  th e  r e la t io n -  

sh ip  between th e r e f le c t io n  (H) and the phase s(H) i s  g iven  by:

• where e i s  an in teg er  which i s  normally u n ity  but may assume other  
values fo r  sp e c ia l s e t s  o f r e f le c t io n s  in  c e r ta in  space groups.

The d is tr ib u tio n  o f  the | E [ values should be independent o f the  

s iz e  and content o f  the u n it c e l l  but i t  i s  u su a lly  dependent on the  

presence or absence o f a cen tre o f symmetry.

Sayre*s r e la t io n sh ip  (21) in d ic a te s  th at any two r e f le c t io n s  w ith  

in d ic e s  K and Ii-K when added togeth er g ive  a th ird  r e f le c t io n  o f index  

H, the phase o f H being equal to  the sum o f the two phases andcp^^.

I t  i s  p o ss ib le  that a number o f  p a ir s  o f r e f le c t io n s  w i l l  combine in  th is  

way to  g iv e  the phase o f H. This i s  known as the Sigma two r e la t io n sh ip  

and for  large  |E | values in  the centrosymmetric case:

S(H + H*) S(H). S(H*) (21)

This i s  known as the Sayre s ig n  r e la t io n sh ip  which i s  normally 

s ig n if ic a n t  only when F(H*) F(H+H*) 811,6 8111 la r &e*

K&rle and Hauptman (1952; 1953; 1954) form ulated a s t a t i s t i c a l  

treatm ent by in trod ucing  the norm alised stru ctu re  fa c to r , I EL, f 9 g iven  by



S ( V ~  8(1 V  W (23)

In  th e  non-centrosym m etricease general phases are present and 

th e  | e | va lu es cannot a l l  be a ssign ed  phases o f  0 or tt • However fo r  

la rg e  |e | va lues the general phase re la t io n sh ip  may be applied*

V h «  (cPk + V k> (24)

By regarding each phase in d ic a tio n  as a vector o f  len gth  

| Eg. and d ir e c t io n  (cp̂ . + cp they may be summed v e c to r ia l ly .

This operation  lea d s to  th e tangent formula:

In  p r a c tic e  fo r  both centrosymmetric and non-centrosymmetric space

w ith  a  la rg e  number o f  signa two r e la t io n sh ip s , are normally chosen to  

d efin e  an o r ig in .

For th e centrosymmetric space group the o r ig in  f ix in g  r e f le c t io n s  

may have phases which may be a l l  0 or n. I f  necessary a fu rther sm all 

number o f  r e f le c t io n s  may be assign ed  phases o f 0 or tc and togeth er  

w ith the o r ig in  f ix in g  r e f le c t io n s  th ese  w i l l  form th e i n i t i a l  s ta r t in g  

s e t  fo r  fu ture phase determ ination.

For the non-centrosymmetric space group a r e f le c t io n ,  other than 

the o r ig in  f ix in g  r e f le c t io n s ,  i s  chosen to  d efin e  the enantiomorph and 

a sm all number o f  r e f le c t io n s  are g iven  i n i t i a l  phase values before  

tangent formula ite r a t io n  proceeds.

The a p p lica tio n  o f d irec t methods enjoys most success fo r  cen tro

symmetric space groups where the phases to  be determined are 0 or tu

(25)

K

groups th ree r e f le c t io n s  w ith la rg e  |e | values,w hich  are a sso c ia te d
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For non-centrosymmetric space groups where general phases are in vo lved  

th e  fa i lu r e  o f  s in g le  phase r e la tio n sh ip s  in  the ea r ly  stages o f  phase 

determ ination i s  more common. O ccasionally  only p a r t ia l  s tru ctu re  

inform ation i s  obtained but i f  th e  ca lcu la te d  stru ctu re  fa c to r s ,  

based on the p a r t ia l  s tru c tu re , agree reasonably w e ll w ith the  

observed am plitudes then the phases a sso c ia te d  w ith  other la rg e  | E I 

values may be in clu d ed  in  fu rth er  tangent formula c a lc u la tio n . This 

r ec y c lin g  process may be repeated  u n t i l  a l l  th e atoms are lo c a te d .

1 .6 . L east-squares refinem ent

The o b ject o f  stru ctu re  refinem ent i s  to  minimise a fu n ction  o f
/

th e d ifferen ce  between the observed and ca lcu la te d  stru ctu re  fa c to r s .

The qu antity  normally m inim ised i s

M = I  W ( l P (o b s ) l  -  l F ( c a l o ) l ) 2 = I " * 2 <26>
hkl hkl

where the summation i s  over a l l  th e  stru ctu re  fa c to r s  and w has a value

rep resen tin g  the accuracy o f  th e  observation  fo r  each phase.

I f  (p  ̂  pn) are the i n i t i a l  n parameters obtained from an

e lec tro n  d en sity  c a lc u la tio n  then fo r  M to  be a mi ni mum

= 0 (where j  = 1  n) ( 27)

i . e .

i « ,  „  (28 )

hkl d P j

The parameters are var ied  u n t i l  these n con d ition s are s a t i s f i e d  (th e  

t r i a l  s e t  o f p • parameters being c lo se  to  the correct v a lu e s ) .
J

Expanding b as a f i r s t  order Taylor s e r ie s  y ie ld s :
n

A (p * e )  = &(p) -  £  e j  (29)

d=i a p d



wherejp and^e are th e complete s e t  o f  parameters and changes and e  ̂ i s  

i s  th e 3m all change in  th e  parameter p - .  Combining the two above equations 

g iv es:

n
£ w* 9lF(oalc) I . &lJ(calc)l} e.̂

i =1 hkl dpi . 9p,a . .
=  £  wA (30)

hkl S p j

These n equations are so lv ed  to  obta in  th e  s h i f t s  e In  m atrix  

n o ta tio n  th e normal equations become: 

n

I aij. ei = bj  - (*)
i =1

Here i s  g iven  by

e i  = Y  (a~1) . . . b .  . 0 2 )
i =1

(a  . i s  the in verse  m atrix o f  a . . .  
v 'i3  ia

where

Several c y c le s  o f  structu re  refinem ent are necessary before  

convergence i s  obtained due to  the l im ita t io n  o f  th e  expansion o f A- 

as a f i r s t  order Taylor s e r ie s .  The course o f  the refinem ent may be 

fo llow ed  by con sid erin g  th e discrepency index:

R °  r ' V 8 ) 1 ~ | F ( ^ ) h  (3 3 )

I I P(ob s) I
The accuracy o f the f in a l  parameters may be obtained from th eir-stan d ard

2 .

d ev ia tio n  ( a ) ,  where the variance rr (p ^ )o f  th e parameter p i  i s  g iven  

by

O2 , = (a"1) . - A 2 (34)
(p i)  l i

(m-n)

where
m = the number of observations



th e number o f  parameters
th e  diagonal element o f  th e in v erse  m atrix o f  the  

normal equations*



CHAPTER 2

THREE DERIVATIVES OF

2 -(  6 * -METHOXY-2«-NAPHTHYL) -

1 -METHYL-3 "OXOCYCLOPENTANE-

1-ACETATE



2*1 In trodu ction

The importance o f  th e b io lo g ic a l  fu n ction s o f n a tu ra lly  occurring  

( l - 3 Ns te r o id s , * e*g* co rtiso n e , has been known for  some time* During recen t  

s tu d ies  in  the sy n th es is  o f seco stero id s  some d isu b stitu ted , (methoxynaphthyl) 

cyclopentane d e r iv a tiv e s^ ^  were prepared* The r e la t iv e  stereoch em istr ies  

o f th ese compounds were uncertain  and th e  2- ( 6 ' -methoxy-2 ' -n a p h th y l)-!-  

m ethyl-5 -hydroxy-cyclopentane-1-eth an ol ( i l )  ex h ib ited  s ig n if ic a n t  enough 

oestrogen ic  a c t iv i t y  to  warrant i t s  conform ational a n a ly s is  by X-ray 

s tu d ie s . ^The names o f  th e compounds in  t h is  chapter are those taken from 

th e  experim ental s e c t io n  o f  the o r ig in a l paper, although fo r  convenience, 

a s te r o id a l numbering scheme has been used to  present the cry sta llo g ra p h ic  

data* /

Further work in  t h i s  f i e ld  le d  to  th e rea c tio n  o f 2 - ( 6 1 -m ethoxy-2' -  

n ap h th y l)-1-m ethyl-5-oxocyclopentane-1-a c e ta te  ( i )  w ith f iv e - f o ld  excess  

o f e th y lid en e tr ip h en y l phosphorane* The product obtained was thought to  

be the eth y lid en e cyclopentane ( i l l ) *  Subsequent rea c tio n  o f ( i l l )  w ith  

osmium te tr o x id e  and tr iethy lam ine oxide peroxide, in  te r t ia r y  b u tanol, 

gave a c r y s ta l l in e  s o l id  proposed as the 2- ( 6 '-m ethoxy-2 '-n a p h th y ld i

methyl -4-carboxym ethyl-cyclopentane-1 ,5 -la c to n e  (IV ). Reduction o f  ( i l l )  

w ith lith iu m  aluminium hydride, fo llow ed  by ox id ation  w ith osmium 

te tr o x id e , tr ieth y lam ine oxide peroxide and a c id  c y c liz a t io n  was thought 

to  g iv e  the 2~( 6 '-m ethoxy-2 '-n aph th y l)- 1-m ethyl-4 -carboxym ethyl- 

cyclopentane-1 ,5 -e th er  (V ).

Compound (IV) was assign ed  a (3 -o r ien ta ted  s id e  chain from I*R. and 

N.M.R. sp ectra  w h ils t  the s id e  chain con figu ration  o f (V) was uncertain*  

C rysta ls of compounds thought to  be ( i l ) ,  (iVa) and (Va) were supp lied  by 

Dr* A. W* Lake o f Beecham Medical Research C entre. Harlow. E ssex , fo r
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X-ray a n a ly s is . The a n a ly s is  showed th a t the compounds were

not th e expected cyclopentane d er iv a tiv e s  but the cyclohexane d er iv a tiv e s

(V ia) and ( V ila ) ,  whereas th e con figu ra tion  o f ( i l )  was v e r if ie d .

Proposed rea ctio n  paths

«>0H

MeO.C

MeO

(I)

<a>
HOĤ C

if,

< i >

MeO

(I I )

H

/b

15

iFhjP = CHMe

T5
CH

( I I I )
MeO

( i )  0s 02

( i i )  H+

MeO

CH.

( i )  LiAlHj 
( i i )  OsO  ̂

l i i i )  H+

MeO
R

(IV) R = H 
(iVa) R = Br

(V) R = H 
(Va) R = Br

CH.



Iff.

(3?
-COMe
7.0 X |

2- ( 6 '-methoxy -  ^'-bromo-Z*- 

naphthyl) - 1-me thy1-^-carboxymethyl 

-cycloh exan e-1 , 6 , 5“la c to n e .

(n
MeO

R

(VI) R = H 

(V ia) R = Br

<i)
,, COMe17 20 3Lt

2 -(6  *-methoxy-5 1-bromo-2 ’-naphthyl) 
- 1-m eth yl-5*-carboxymethyl- 
cyclohexane-1, 6 , 5"*ether •

(VII) R = H 
(V ila ) R = Br



2 . 2 .1  Experimental

C rysta l data

2 -(6  * -methoxy-2  * -naphthyl)-1 -m ethyl-5-hydroxy-cyclopentane-1 -e th an o l.

The c r y s ta l used in  the a n a ly s is  -was a th ick  c o lo u r le ss  p la te  which 

extin gu ish ed  under p o la r is in g  l ig h t .  W eissenberg and p recessio n  

photographs o f  the c r y s ta l were taken w ith  CuKa ra d ia tio n  and MoKoc 

ra d ia tio n  r e sp e c t iv e ly , and the 3pace group was determined as P 2 y b .

The sy stem a tica lly  absent r e f le c t io n s  are hOl when 1 = 2n+1, and OkO 

when k = 2n+1; the prelim inary c e l l  dimensions were then obtained.

The observed d en sity  was in  c lo se  agreement w ith  the c a lcu la ted  d en sity  , 

g iv in g  the number of m olecules in  the u n it  c e l l  as 4 .

M olecular formula

Molecular* w eight 3 0 0 .4  a.m.u

C rysta l system m onoclinic

Space group

C e ll volume (u)

D en sity  (observed)

D en sity  (ca lcu la ted )  

M olecules per u n it c e l l  (z) 
Number o f e lec tro n s  per

C e ll dimensions a  = 17. 010(10)A 

b = 7 .2 6 4 (5 ) A 

g = 13 .368(7) A 

£  = 9 3 .5 2 (4 )°  

1656.5 A3 

1 .19  g.cm  

1. 20g.cm

4

648
" n it  c e l l  (F(q 0 0 ))



The c r y s ta l was tran sferred  to  a H ilger and Watts* Y290 fo u r -c ir c le  

HDP-8 computer c o n tro lled  d iffractom eter  and an i n i t i a l  o r ien ta tio n  

m atrix was d efin ed  using th e  angular s e t t in g s  of two stron g , low order 

r e f le c t io n s*  The c ry s ta l was then p o s itio n ed  in  an arb itary  o r ien ta tio n  

w ith resp ect to  the $  a x is  to  reduce the p o s s ib i l i t y  o f m u ltip le  

r e f le c t io n s*  ^ ' This was ach ieved  by o f f s e t t in g  th e  c r y s ta l by about 

- 8°  on the % a x is  which a lso  ensured % va lues of l e s s  than 90° during 

data c o lle c tio n *

The i n i t i a l  m atrix was redeterm ined and, w ith th e  prelim inary  

photographic c e l l  dim ensions, was used to  lo c a te  sev era l other r e f le c t io n s  

w ith  high 6 values (15°”2 0 °). The angular s e t t in g s  o f two o f  th ese  

r e f le c t io n s  were accu rately  determined by 20 ,% and scans and used to  

d efin e  a b e tter  o r ien ta tio n  matrix* The optimum angular s e t t in g s  o f  

tw elve r e f le c t io n s  w ith  9 values o f 15**20° were then determined and the  

29,%  and $  values o f  th ese  r e f le c t io n s  were ad ju sted  together w ith  the  

prelim inary c e l l  dimensions by le a s t  squares. The o r ien ta tio n  m atrix

determined m s  used to  lo c a te  a l l  the r e f le c t io n s  in  the autom atic data 

c o l le c t io n .

The in te n s ity  data were c o lle c te d  by th e 9 - 2 ® scan procedure, each 

r e f le c t io n  being  scanned by 60 s te p s  o f 0 .0 1 ° . Each step  was counted  

fo r  1 second, and at the s ta r t  and end o f  each scan 9. s ta tio n a ry  c r y s ta l-  

s ta tio n a ry  counter background count was taken fo r  15 seconds* MoK& 

ra d ia tio n  w ith a Z r - f i l t e r  was used and the s ta b i l i s e d  X-ray generator  

was operated a t 46 kV and 16 mA* The in t e n s i t ie s  of two strong standard  

r e f le c t io n s  were measured a f te r  every 40 r e f le c t io n s  to  ensure th a t a l l  

th e r e f le c t io n s  could be p laced  on a common scale* The r e f le c t io n s  o f  the



octan ts hkl and hid were c o lle c te d  out to  0 ^  27°*

The in teg ra ted  in te n s ity  ( i )  o f each r e f le c t io n  was obtained from 

th e  scan count (P) and the background counts (B1, B2) by I  = P-2(B1 + B2). 

The values o f I  were corrected  for  Lorentz and p o la r isa tio n  e f f e c t s  but 

absorption  e f f e c t s  were n eg lec ted . A to ta l  o f 35^3 independent stru ctu re  

amplitudes was obtained, o f  which 2011 had I  > 3a  ( i ) .

2 2 .2  Structure a n a ly s is

Normalised str u c t lire fa c to r s  (Efs )  were c a lcu la te d  for a l l  the
* 2

stru ctu re  amplitudes based on an o v e ra ll temperature fa c to r  o f 4*5 A .

This gave 251 E values above 1 .80  which were used to  c a lcu la te  phases 

from Sigma two r e la t io n sh ip s  a f t e r  a su ita b le  o r ig in ^ ^  had been defin ed  

(Table 1 ) # The program used was a m odified version  o f  th e *Pha3e* 

program^^ adapted for  th e  KDF9 computer. An i n i t i a l  E map showed 16 

atoms in c lu d in g  the naphthalene r in g , but the remaining atoms were not 

c le a r ly  defin ed  owing to  th e  presence o f a number o f spurious peaks on 

th e map. A s tr u c tu r e -fa c to r  c a lc u la tio n  w ith the s ix te e n  atoms as 

carbons gave R = 0.557* A Fourier map computed a t t h is  stage revea led
o

5 more atoms and 2 c y c le s  o f lea st-sq u a res  c a lc u la tio n  lowered R to  

0 .2 9 0 . The m issin g  atom was lo c a te d  from a d ifferen ce  Fourier sy n th es is . 

The three oxygens and n in eteen  carbons we re  r e f in e d  is o tr o p ic a lly  to
1

R = 0 .220 . R e fle c tio n s  for which I  3 a  (where a  = + 4(B1 + B 2 jy 2 )

were now regarded as * unobserved* and removed from further c a lc u la tio n s . 

The rem aining 2011 r e f le c t io n s  were used to  r e f in e  the atoms is o tr o p ic a l ly  

to  0 .168 . The atoms were then allow ed to  r e fin e  w ith an iso tro p ic  

temperature fa c to rs  and R f e l l  to  0 .148 . A Fourier d ifferen ce  map usin g  

data w ith s in 9 A  <0 .5  showed a l l  th e hydrogen p o s it io n s  but the hydroxyl 

and methyl hydrogens were l e s s  w e ll defin ed  at th is  sta g e . The R value



Table 1

(a ) O rigin determining r e f le c t io n s

R e fle c tio n  P a r ity  Phase E

15 1 4  U U G 0  4 .0 6

10 1 8  G U G 0 3 .7 0

6 2 - 3  G G U 0 3 .43

(b) E s t a t i s t i c s

Average values o f J i l | e2 | IE2"1 I

Pound 0.733 0.959 0 .954

T h eoretica l fo r  c e n tr ic 0 .798 1.000 0.968

T h eoretica l fo r  a cen tr ic 0 .886 1.000 0.736

Percentage o f  va lu es fo r : e; > 1 . 0 , E > 2 .0 , E >  3<

Pound 27.56 4 .5 3 0 .4 0

T h eoretica l fo r  c e n tr ic 31.73 4 .5 5 0 .2 7

T h eoretica l fo r  a c en tr ic 36.79 1.83 0.01



f e l l  to  0*123 when th e  lo c a te d  hydrogens were in clu d ed  in  th e  le a s t

squares as f ix e d  atom contributors* The is o tr o p ic  temperature fa c to r s

o f  the hydrogens were s e t  equal to  those o f the carbon atoms to which they

were attached* F ive r e f le c t io n s  w ith  la rg e  values appeared to  be

a ffe c te d  by e x t in c t io n , and when th ese  r e f le c t io n s  were removed from the

c a lc u la tio n s  a fu rther c y c le  o f lea st-sq u a res  adjustment lowered R to

0*079* The hydrogens, except H(02) v/hich was a sso c ia te d  w ith a very

sm all peak, were then allow ed to r e f in e  iso tr o p ic a lly *  The f in a l  R value

was 0*077> as 1/C£w was approxim ately constant over various ranges

o f  F/ . \ and s i n 9 the i n i t i a l  u n it  w eighting scheme (w=1) was used throughout.
(9)The atomic sc a tte r in g  fa c to r s  o f Hanson e t  a l  were employed*

The computing was ca rr ied  out on the KDF9 computer a t Glasgow 

U n iv ersity  and the Uni vac 1108 computer a t  the N ational Engineering  

Laboratory, East K ilb rid e.

2 .  3*1 Experimental 

C rystal data

2 -(6  * -methoxy-5 * -bromo-2  * -naphthyl)-1 -m ethyl- 5 -carboxym ethyl-cyclohexane- 

1 , 6 , 5-la c to n e .

M olecular formula ^'21^21^4®r

M olecular w eight 417*3 a.m .u.

C rystal system  t r i c l i n i c
<1

Space group P - (C^)

C e ll dimensions £  = 12 .056(5) A

t  = 13 .026(5) A 

, o = 7 .595 (3 ) A 

a = 9 0 .3 8 (3 )°

B_ = 106 .07(3 )°

X = 124 .42 (3 )°

C e ll volume (u) 925*3 A



D en sity  (observed)

D en sity  (ca lc u la te d )  

M olecules per u n it  c e l l  (z) 
Number o f e lec tro n s  per

2

428
u n it c e l l  (F(0 0 0 ))

Linear absorption  c o e f f ic ie n t , 35.43 cm-1
KCuKa)

Linear absorption  c o e f f ic ie n t > 23.86 cm”^
^ (MoKa)

O sc illa t io n  and W eissenberg photographs showed th at th e  c r y s ta l system

determined from p recessio n  photographs. D iffractom eter data were 

c o lle c te d  using CuKct ra d ia tio n  and a f a ir ly  la r g e , c o lo u r le ss  c r y s ta l

atom was found from a Patterson  sy n th es is  and th e rem aining atoms (excep t 

hydrogens) were lo ca ted  by a subsequent Fourier c a lc u la tio n . However, 

as refinem ent converged a t  R = 0.145 i t  was decided to  r e c o l le c t  the  

data using  a sm aller c r y s ta l (c r o ss -s e c t io n  0 .30  x  0 .1 4  ran and 0 .5 0  mm 

long) w ith MoKa ra d ia tio n . This would e f f e c t iv e ly  le s s e n  the  

absorption o f  ra d ia tio n  by th e c r y s ta l .

The sm all c r y s ta l was tran sferred  to  th e H ilger and Watts Y290 fo u r-  

c ir c le  FDP-8  computer co n tro lled  d iffractom eter and an o r ien ta tio n  m atrix  

ca lcu la te d  as p rev iou sly  described. Each r e f le c t io n  was scanned by 72 

s tep s  o f  0 .0 1 ° . Each step  o f the scan was counted fo r  1 second and a t  the  

s ta r t  and end o f each scan a sta tio n a ry  c r y s ta l-s ta t io n a r y  counter back

ground count was taken fo r  18 seconds. The r e f le c t io n s  o f the octan ts  

h k l, h k l, hid. and hkl were c o lle c te d  out to  0 <: 28°. Only those r e f le c t io n s  

with I  <: 3 a ( l)  were regarded as s ig n if ic a n t ly  above background. The 2928 

independent r e f le c t io n s  were corrected  fo r  Lorentz and p o la r isa tio n  e f f e c t s

but absorption  correctio n s were n eg lected .

o f  th is  compound was t r i c l i n i c  and th e  i n i t i a l  c e l l  dimensions were

(c r o s s - s e c t io n ^  0 .5  sq.mm.) was employed. The p o s it io n  o f th e bromine



2 .  3*2 Structure A nalysis

The atom ic co -ord in ates o f the bromine, oxygen and carbons atoms 

were taken as p rev io u sly  defin ed  by the CuKa ra d ia tio n  data* A llowing  

the atoms to r e f in e  is o tr o p ic a l ly  gave a R value o f  0,135* The bromine 

atom was then allow ed an a n iso tro p ic  temperature fa c to r  and one c y c le  o f  

lea st-sq u a res  ca lcu la tio n s  lowered R to  0 ,0 8 6 , With a l l  atoms being  

r e fin ed  ani so  tr o p ic a lly  an R value o f 0,063 was obtained and a 

d ifferen ce  Fourier sy n th es is  showed a l l  the hydrogen p o s it io n s . The 

hydrogen atoms were allow ed to  r e f in e  is o tr o p ic a l ly  and the c a lcu la tio n s  

converged to  a f in a l  R value o f 0,055* The anomalous d isp ersion  

co rrectio n s fo r  bromine w ith MoKa ra d ia tio n  were obtained from 

"Intern ation al Tables"

The computing was ca rr ied  out on the ICL 1905^ computer a t Sussex  

U n iv e r s ity , th e  KDF9 computer a t Glasgow U n iv ersity  and th e Uni vac 1108 

computer a t th e N ational Engineering Laboratory, East K ilb rid e,

2 ,  4*1 Experimental 

C rystal data

2 -(6  * -m ethoxy-51 -bromo-2 * -naphthyl)-1 -met hyl -5 -carboxym ethyl- 

cyclohexane-1,6 ,5 -  e th er .

M olecular formula

M olecular w eight 403*3 a.m .u.

C rysta l system t r i c l i n i c

Space group



C e ll dimensions a  = 12 .076(6) A

b = 13 .090(5 ) A

c = 7 .490 (3 ) A 

a = 9 2 .6 5 (5 )°

3 = 1 0 4 .9 0 (5 )°

X = 1 2 4 .5 5 (5 )°

C e ll volume (u) 914.5 A
—3

D en sity  (observed) 1 .45  g.can

D ensity  (c a lc u la te d ) 1 .46  g.cm"^

M olecules per u n it  c e l l  (z) 2

Number o f e lec tro n s per 416
u n it  c e l l  (F(ooq ))

-*1Linear absorption  c o e f f ic ie n t ,  24.01 cm
jj,(MoKa)

O s c il la t io n  and Y/eissenberg photographs showed th a t th e c r y s ta l system  

was t r i c l i n i c  and the i n i t i a l  c e l l  dimensions tfere determined from
e>*

p recessio n  photographs.

The c ry s ta l was tran sferred  to  a H ilger and Watts Y290 four c ir c le  

PDP-8 com puter-controlled d iffractom eter  and an o r ien ta tio n  m atrix was 

c a lcu la te d . The r e f le c t io n s  were scanned by 72 s tep s  o f 0 .0 1 ° .  Each 

step  o f the scan v/as counted fo r  1 second a d  a t the s ta r t  and end o f  

each scan a s ta tio n a ry  c r y s ta l-s ta t io n a r y  counter background count was 

taken fo r  18 seconds. The r e f le c t io n s  o f  the octants h k l, h k l, h k l, and 

hkl were c o lle c te d  out to 0  ^ 28°. Only those r e f le c t io n s  fo r  which 

I  ^ 2 .5<j(l) were accepted as s ig n if ic a n t ly  above background. A fter  

correctin g  fo r  Lorentz and p o la r isa tio n  e f f e c t s ,  but not absorption , a 

t o t a l  o f 2006 independent stru ctu re  amplitudes .was obtained.



2 4*2. Structure A nalysis

The co -ord inates o f th e bromine atom were found from a P atterson  

sy n th es is  and a stru ctu re  fa c to r  c a lc u la t io n  based on th ese  

co-ord in a tes gave R = 0 .510 . A Fourier sy n th es is  a t t h is  stage  showed 

a l l  the rem aining atoms and 3 c y c le s  o f  lea st-sq u a res  ca lcu la tio n s  

lowered the R -factor to  0 .128 . A ll  atoms were then allow ed to  r e f in e  

a n iso tr o p ic a lly  and the f in a l  R value obtained was 0.091* The hydrogen 

p o s it io n s  on a d ifferen ce  Fourier were not c le a r ly  defin ed  and 

th erefo re  th ese  atcms were not included  in  th e  stru ctu re  fa c to r  

c a lc u la t io n s . U nit w eights were ap p lied  to  a l l  lea st-sq u a res  

c a lc u la t io n s .

The computing was ca rr ied  out on the ICL 19Q5E computer a t  

Sussex U n iv ersity .

2 .5 . D iscu ssion

The m olecular stru ctu res i l lu s t r a t e d  in  Figures 1 , 2  and 3 show

th a t th e  con figu ration  o f  the a lco h o l i s  v e r if ie d  and that the la cton e  

and the ether con ta in  h e te r o cy c lic  b ic y c lo  (3 ,2 ,1 )  octane system s. 

Figures 4 ,  5 and 6 show th e  m olecular packing o f th e  3 m olecules; the 

dotted  l in e s  in  Figure 4  in d ic a te  hydrogen bonding. The ta b les  o f  

r e s u lt s  (MoKa c o lle c te d  data) for  the three compounds are l i s t e d .  The 

f in a l  co -o rd in a tes , w ith th e ir  standard d ev ia tion s and thermal 

parameters fo r  the a lc o h o l, la c to n e  and ether are l i s t e d  in  ta b les  3 and 

4 ,  5 and 6 , and 7 and 8 r e sp e c t iv e ly . S im ilar ly  the bond len gth s and 

valency angles are l i s t e d  in  ta b les  9 and 10, 11 and 12 and 13 and 14* 

The hydrogen atoms are numbered according to  the carbon atoms to  which 

they are attached . Table 11 for  the la cton e  a ls o  l i s t s  the bond len gth s
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obtained using CuKcc ra d ia tio n  and shows th a t th ese  d istan ces are  

a sso c ia te d  w ith  large  standard d e v ia tio n s . The to r s io n  angles and 

mean plane c a lc u la tio n s  are l i s t e d  in  ta b le  15 and 16 , 17 and 18 , and 

19 and 20 for  the three compounds. Tables 21 , 22 and 23 l i s t  the in t e r -

m olecular con tacts o f l e s s  than 4  A,

In  th e  a lcoh o l both hydroxyl groups are held  togeth er  by in tr a 

m olecular and in term olecu lar hydrogen bonding (F ig , 7)*

F ig . 7 .

The hydrogen bonding o f  the a lcoh o l

H

» ( in tr a )
i

( in te r )

\

\

' IS°

C(17)

H
 ̂b lefl(in tra)



The in tram olecular 0 ( 2 ) . , , , 0 ( 3 )  d istan ce  i s  2 .597 (5 ) A and the

in term olecu lar sep aration  i s  2 ,667(7 ) A. The intram olecular

0 ( 2 ) . , , , 0 ( 3 )  d istan ce  can be regarded as com pleting a six-membered

r in g  o f  the ch a ir  typ e. Intram olecular and interm olecu lar hydrogen

(11 12)bonding i s  a lso  found in  s a l i c y l i c  a c id v 9 7 here th e intram olecular
« &

0 , . , , 0  d istan ce  i s  2 ,590 A and the in term olecular d istan ce  i s  2,627 A*

In  s a l i c y l i c  a c id  th e intram olecular hydrogen bonding forms a planar

six-membered r in g  w ith  the hydrogen as the s ix th  atom, a s im ila r

s itu a t io n  has r ec e n tly  been stu d ied  by neutron d if fr a c t io n  in  the a c id
( 13 )s a l t  potassium  tri-h ydrogen  d i-m a lo n a te .v 7 The 0. . , , 0  contact in

potassium  hydrogen ch i or anal eat e forms one sid e  o f  a planar s ix -

membered r in g  where the 0 -  H**«0 angle i s  175*4°* For th e  a lcoh o l 

t h is  angLe i s  135° but here th e  p r e fe r e n tia l conformation o f th e  atoms 

0 (2 ) ,  C (11), C ( l2 ) , C (13), C(17) and 0(3) i s  o f the ch a ir  type and as  

such the p o s it io n  of the hydrogen i s  in flu en ced  by the stereochem istry  

of the system . The intram olecular 0 -  H***0 angLe o f 175*4° in  

potassium  hydrogen chlorom aleate i s  o f the order normally expected for  

angles o f t h is  t y p e . ^ ' ^ ^

The la c to n e  and the ether both contain  cyclohexane r in g s which 

adopt d is to r te d  chair conform ations Atoms C (12), C (14), C(16) and C(17) 

are c lo s e ly  coplanar and th e atoms C(13) and C(15) are d isp laced  by 

0,88  and -0 .4 8  A from t h is  plane in  the la c to n e  and 0 .88  and -0 ,51 A 

in  the e th er . C arbocyclic and h e tero cy c lic  b ic y c lo  (3 ,2 ,1 )  octanes 

are found in  a wide v a r ie ty  o f natural products and a number o f  the  

a v a ila b le  X-ray r e s u l t s ^ ^ ^ ^  show th at the displacem ent o f the unique



bringing atom from the p lane defin ed  by atoms equ ivalen t to  C (12 ), C (14), 

C (l6 ) and C(17) in variab ly  exceeds the va lu e o f 0 .73  A appropriate to  

an id e a l qyclohexane r in g . For example the displacem ent o f  the

bridging atom in  A cety(brom oacetyl) dihydroenmein^ ̂  i s  0 ,9 0  A and in
(20 21  ̂ °verrucarm  A p-iodobenzene sulphonatev 9 0 ,79  A. The d is to r t io n  o f

th e  cyclohexane r in g  i s  a ls o  apparent in  the to r s io n  angles o f  the ring; 

th e average value o f the angles C(13) -  C(12) -  C(14) -  C(15) and 

C(13) -  C(17) * C (l6 ) -  C(15) i s  5 8 ° , th a t o f the angles C(14) -  0 (12) -  

C(13) -  C(17) and C (l6) -  C(17) -  C(13) -  C(12) i s  73 °, and th a t o f the  

angles C(12) -  c ( 14) -  C(13) -  C (l6 ) and G(14) -  C(13) -  C(16) -  C(17) i s  

only  38 °, The bridging valency angle C(12) -  C(13) -  C(17) i s  notably  

sm aller than te tra h ed ra l, 99*6 _+ 0 ,7 °  in  th e  la c to n e  and 98*9 .+ 3U4° in  the 

e th er . In  b ic y c l 0^ 2 ,2 ,17  heptanes the bridging angle i s  approxim ately 

9 3 °, e*g* 96° in  n o rb o rn a n e ,^ ^  93° in  1 ,4 -d ich loron orb on an e^ ^  and 

93° in  (+)-10-brom o-2-chloro-2-nitrosocam phane. For th e b icy c lo

^ ,3 ,j7 n o n a n e s  i t  i s  around the tetrah ed ra l v a lu e , e .g .  112° in

2-ch i or obi cy c l  o /3 ,3 ,_l/nonan-*9 -one ̂  and 111° in  1 -p-bromobenzenesulphonyl

oxymethyl-3 -m ethyl b ic y c lo ^ ,3 , j 7 nonan“9”Ol* The la c to n e  r in g

approximates c lo s e ly  to  an envelope con figu ration  which i s  evident in  the  

to r s io n  angles o f th e r in g  and th e C(13) atom i s  d isp laced  from the plane  

contain ing 0 (2 ) ,  C (11), C(12) and C(17) by -0 .6 5  A. S im ilar ly  the ether  

r in g  approximates to  the envelope conformation w ith  C(13) d isp laced  by 

0 .7 4  A. The lacton e  r in g  valency angles range from 99*6° to  109*8° w ith  

an average value o f 104*3°, in  the ether r in g  th e sim ila r  an gles range 

from 98*9° to  107*3° with an average o f  103*1°, in  both cases the values  

in d ic a te  the su b sta n tia l d ev ia tio n  from p la n a r ity .



The cyclopentane r in g  in  th e a lcoh o l a ls o  e x h ib its  an envelope

conform ation w ith  the o u t-o f-p la n e  atom C(13) d isp laced  by 0 ,69  A from

the mean plane through atoms C (14), C (15), 0 ( 16) and C (17). The

cyclopentane valenqy an gles range from 97*2° to  107.0° w ith a mean of

1 0 4 .1 ° , values again  c o n s is ten t w ith th e su b sta n tia l d ev ia tion  from

p la n a r ity  o f  the r in g .
3 3The C(sp ) -  C(sp ) bonds in  th e  a lc o h o l, la c to n e  and ether have

o 3 3
the same mean value o f 1 ,5 4  A. In  the a lco h o l the C(sp ) -  C(sp ) bonds

a o
range from 1.509 A to  1.393 A; the len g th s o f the bonds appear to be 

r e la te d  to  th e number o f hydrogen su b stitu en ts  on th e  bonds, which suggests

s t e r ic  e f f e c t s .  The bonds C(13) -  C(14) and C-(13) -  0 (17) have only one
0

hydrogen atom and are 1.593 A and 1.536 A, C(13) -  0 (12) has only two
G

hydrogen atoms and i s  1.533 A, w h ile  those bond3 w ith  th ree or four 

hydrogens range from 1.309 A -  1.339 A. Sim ilar trends have been n o ticed  

in  other m olecules e .g .  in  methyl m elaleucate io d o -a c e ta te ^ ^

C(sp^) -  C(sp^) bond len gth s range up to  1 .66  A. In  the lacton e and 

ether the p attern  i s  not so c lea r  as th e standard d ev ia tion s are la rg er  

than those fo r  the a lc o h o l.

The bonds in  the naphthalene resid u es have len gth s very s im ila r  to  

n a p h t h a l e n e i t s e l f  and to  p e r y le n e ^ ^  A comparison o f  average 

len gth s o f equ iva len t bonds in  th ese  m olecules i s  given in  ta b le  2 •

The angle C(4) -  0 (3 ) -  0 (6 ) in  both the la c to n e  (125 .1°) and ether  

(1 2 5 .5 °) i s  s ig n if ic a n t ly  la rg er  than the angle C (l) -  C(10) -  C(9) in  

th ese  m olecules (121 .8° and 122 .2°) but the e f fe c t  does not occur in  

the a lco h o l. A lso , the angle Br-C(4)-C(3) exceeds th e  angle Br~C(4)“C(5) 

in  both th e la cton e  and ether and i t  i s  c lea r  that th ere i s  a pronounced 

rep u lsion  between the bromine su b stitu en t on C(4) and the hydrogen on 

C(6) lead in g  to  an in -p la n e  displacement o f the peri-bonds. The
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F ig . 4

The c r y s ta l stru ctu re  o f  the
th8 viewed on the ac p lan e.
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F ig . 5

The c r y s ta l stru ctu re o f the la c to n e  viewed on the ab p lan e.
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F ig . 6

The c r y s ta l stru ctu re  o f  the e th er  viewed on the ah p lan e.



Br H(6) sep aration  in  the la c to n e  i s  2 .72  A and t h is  i s  l e s s  than the

sum o f  th e appropriate van der Waals r a d ii  (3 .0  A ). An X-ray study o f

3-brom o-1,8-d im ethylnaphthalene^^  has revea led  a s t i l l  greater  

d is to r t io n  o f  valency a n g le s , caused by rep u ls iv e  in te r a c tio n  between
o

methyl su b stitu en ts  separated by 2 .92  A. The in terp lan ar separation  o f

the naphthalene rungs i s  3*74 A in  the a lc o h o l, 3 .66 A in  th e la c to n e  and

3*72 A in  the eth er .

R evised R eaction Paths

A novel rearrangement during th e  W ittig  r ea c tio n  o f  (a) seems to

have taken p lace as shown below. The product i s  the cyclohexane

d er iv a tiv e  (b) and not the expected ethylidenecyclopentane. The

analogous rea c tio n  between androst-17-ones and th e  ethylidene W ittig

reagen t, on th e  other hand, i s  known to  y ie ld  the expected pregn-17(20)-

e n e s .^ * ^ ^  The mechanism o f the rearrangement i s  by no means c lea r;

(53)sev era l p o s s ib i l i t i e s  have been considered^ y but none has much in  the  

way o f precedent.



Table 2

A comparison o f  average len g th s (A) o f equ ivalen t bonds in  

n a p h t h a l e n e p e r y l e n e ,^ * ^  the a lc o h o l, la c to n e  and e th er . 

The th e o r e t ic a l valence-bond va lu es fo r  naphthalene are a ls o  

l i s t e d .

b

Bond Naphthalene Perylene A lcohol Lactone Ether V.B.

a 1 .3 6 4 1.368 1.370 1.368 1.369 1.375

b 1 .410 1.410 1.410 1.422 1.427 1.421

c 1.421 1.421 1.417 1.417 1.410 1.421

d 1.418 1.426 1.422 1.451 1.428 1.421



TABLE 3
2 - ( 6 1 -met hoxy-2 * -naphthyl) -1 rm ethyl-5-hydroxy- 

cyclopentane-1-ethanol

F raction al Atomic co-ord inates and p o s it io n a l standard d ev ia tio n s.

Atom X y z

0 (1 ) 0.05934(19) 0.52858(58) 0.59867(27)

0 (2 ) 0.54451(19) 0.29800(50) 1.18061(28)

0 (3 ) 0.44145(21) 0.16143(49) 1.29473(26)

C(1) 0.09714(28) 0.25513(80) 0.81949(44)

C(2) 0 . 06782( 29) 0.31572(87) 0.72754(43)

C(3) 0.09330(26) 0.48535(80) 0.69102(38)

0 (4 ) 0 . 14886( 26) 0.58717(71) 0.74391(36)

0 (5 ) 0 . 18065( 24) 0 . 52427( 68) 0.83865(36)

0 (6 ) 0 .24019(27) 0.62088(68) 0.89418(36)

0 (7 ) 0.26976(27) 0 .55693(66) 0.98613(37)

0 (8 ) 0.24320(25) 0.38963(68) 1.02636(35)

0 (9 ) 0 . 18703( 26) 0 . 29281( 70) 0.97229(37)

C(10) 0.15559(25) 0.35311(70) 0.87727(37)

0(11) 0.50163(29) 0.25876(73) 1.08721(40)

0(12) 0 . 41661( 25) 0.32934(68) 1.08362(34)

0 (13) 0.35460(24) 0.21575(59) 1.13723(31)

0 (1 4 ) 0.27335(26) 0.32369(67) 1.12876(33)

0 (15) 0.28160(31) 0.47165(76) 1.21087(39)

0 (16) 0.34271(35) 0.40108(79) 1.28983(37)

0(17) 0.36520(28) 0.21277(67) 1.25365(33)

0 ( 18) 0.08122(37) 0.69780(107) 0.55609(47)

0 (19) 0.34694(29) 0.02348(67) 1.09496(37)

H(02) 0 .515 (2 ) 0 .285 (? ) 1 .255(?)

H(03) 0.4425(21) 0 .0559(53) 1.3011(27)

h(i ) 0.0861(29) 0.1294(75) 0.8465(37)

H(2) 0.0374(28) 0.2546(72) 0.6759(36)



TABLE 3

F raction a l Atomic co -ord in ates and p o s it io n a l standard d ev ia tio n s (c o n t .)

Atom X y z

H(4) 0 . 1679( 23) 0.7098(58) 0.7223(30)

H(6) 0 . 2557( 25) 0.7520(63) 0.8651(32)

H(7) 0 . 3069( 23) 0 . 6222(57) 1.0256(30)

H(9) 0 . 1674( 20) 0 .1795(52) 0.9979(26)

H(11A) 0 . 5069( 25) 0.1057(63) 1.0787(31)

H(11B) 0 . 5267( 25) 0.2919(69) 1.0162(34)

H(12A) 0 . 3986( 20) 0 .3292(52) 0.9991(26)

H(12B) 0 . 4154( 23) 0.4761(59) 1.1107(30)

H(14) 0 . 2319( 23) 0.2305(58) 1.1453(30)

H(15A) 0 . 2959( 26) 0.5942(62) 1.1877(32)

H(15B) 0 . 2326( 26) 0.5051(67) 1.2460(34)

H(16a ) 0. 3903( 28) 0.4899(72) 1.2935(36)

H(16b ) 0 . 3225( 22) 0.4022(57) 1. 3646( 29)

H(17) 0 . 3286( 23) 0 .1072(57) 1.2822(29)

H(18a ) 0.1396(33) 0.6816(85) 0 .5396(41)

H(18b ) 0.3286(32) 0 .1074(81) 1.2822(41)

H(18C) 0.0711(28) 0.8182(72) 0.5930(36)

H(19A) 0.3415(23) 0 .0352(58) 1.0145(30)

H(19B) 0.3930(25) -0 .0677(63) 1.1021 (32)

H(19C) 0.3048(28) -0 .0453(68) 1.1255(35)



TABLE 4
2~( 6 *metho:xy-2 ‘ -naphthyl) -1 -m ethyl 
-5-hydroxy-cyclcpentane-1 -eth an ol

A nisotrop ic  temperature fa c to rs  fo r  the oxygen and carbon atoms (x 1(A)

Atom b11 b22 b33 b12 b13 b23

0(1 ) 34(1) 344(19) 74(4) -6 (9 ) -10 (4 ) 38(16)

0 (2 ) 33(1) 219(13) 104(5) 6 (8 ) -14(4) -19(15)

0 (3 ) 48 (1 ) 230(13) 73(3) -1 9 (9 ) -2 8 (4 ) 53(14)

0 (1 ) 31(2) 266(26) 94(6) -59(10) 2(5) 37(23)

C(2) 33(2) 312(27) 84(5) -47(10) -2 0 (5 ) 18(24)

0 (3 ) 26(2) 281(26) 67(5) 19(9) 4 (4 ) 19( 21)

0 (4 ) 28(2) 223(21) 64(4) 11(8) 9(4) 15(20)

0 (5 ) 26(2) 202(20) 65(4) 9 (8 ) 12(4) 3(19)

0 (6 ) 35(2) 179(20) 64(4) -17 (8 ) 2 (5 ) 18(18)

0 (7 ) 35(2) 172(20) 69(4) -1 8 (8 ) -1 (5 ) 11(19)

0 (8 ) 28(2) 195(20) 61(4) 4 (7 ) 5 (4 ) 10( 18)

0(9 ) 30(2) 200(21) 70(4) -2 9 (9 ) 14(5) 30(20)

C(10) 25(2) 211(21) 73(4) -22 (8 ) 12(4) 16( 20)

C(11) 37(2) 218( 22) 80(5) 23(9) 19(5) -30(21)

0 (1 2 ) 31(2) 196(20) 58 (4 ) -5 (8 ) 11(4) 36(18)

0(13 ) 32(2) 134(17) 48(3) -15 (7 ) 5 (3 ) 1 ( 16)

0(14) 34(2) 189(19) 53(4) -1 9 (8 ) 12(4) 3(18)

0(15) 50(3) 223(22) 67(4) 38(10) 32(5) - 26( 21)

0 ( 16) , 63(4) 239(25) 53(4) 9(11) 5 (6 ) -17(21)

0 (17 ) 39(2) 180(20) 49(3) -7 (9 ) 2(4) 29(17)

0(18) 56(3) 419(37) 85(6) -30(20) -25 (6 ) 67(30)

0(19 ) 46(2) 167(20) 62(4) -7 (9 ) 0 (4 ) -15(18)

A nisotrop ic  temperature fac to rs  used in  th is  chapter are o f  the form: 

T = e x p /^ b ^ h 2 + b22k2 + b j^ l2 + bi2 hk + ^ 3 ^  + * 2 5 ^ - 7



TABLE 4  (c o n t .)

Iso tr o p ic  thermal parameters for the hydrogen atoms.

H(02) 1*42 ( f ix e d ) H(14) 2.1&

H(03) 1 .4 2 H(15A) 3.15

H(1) 5 .52 H(15B) 3 .8 2

H(2) 4 .5 3 H(16A) 4 .39

H(4) 2 .27 H(i 6b ) 2.12

H(6) 3 .2 4 H(17) 2 .10

H(7) 2 .14 H(18A) 7 .0 7

H(9) 1.09 H(18b ) 5 .86

H(11A) 2 .97 H(18C) 4 .6 2

H(11B) 3.68 H(19A) 2.29

H(12A) 0 .7 8 H(19B) 3 .08

H(12B) 2 .0 4 H(19C) 4 .1 8

The average standard d ev ia tio n  o f  the iso tr o p ic  temperature 

*2fa c to r s  i s  1*0 A •



TABLE 5
2 -(6  • -methoxy-5 ‘ -bromo-21 -naphthyl)

-1 -methyl “5“*carboxymethyl-cyclohexane-1,6 ,5-l& ctone  
F raction a l Atomic co-ord in ates and p o s it io n a l standard d ev ia tio n s .

Atom X y z

Br 0.38572(9) 0 .22351(7) 0 . 17183( 9 )

0 (1 ) 0.27032(62) 0.14398(48) - 0 . 23652( 61)

0 (2 ) 0.22271 (50) 0.88701(41) 0 . 20325(58 )

0 (3 ) -0 .00377(79) 0.72883(74) - 0 . 26950( 83)

0 (4 ) 0.31859(66) 0.90003(55) 0 . 50664( 66)

0 (1 ) 0.23478(81) 0 . 40631( 68) - 0 . 26607( 82)

0 (2 ) 0.22726(80) 0.30209(69) - 0 . 32261( 84)

0 (3 ) 0.27573(72) 0.24838(61) - 0 . 18965( 82)

0 (4 ) 0.32761(68) 0.30172(57) - 0 . 00218(78)

0 (5 ) 0.33481(64) 0 .40742(57) 0.06235(77)

0 (6 ) 0.38183(73) 0.46283(63) 0.25470(78)

0 (7 ) 0 .38719(76) 0.56535(65) •0.30481(80)

0 (8 ) 0.34697(64) 0.62532(57) 0.17084(78)

0 (9 ) 0.29691(66) 0.57077(57) -0 .01526(76)

0 (10) 0.28885(65) 0.46297(57) -0 .07391(76)

0(11) 0.26135(77) 0.83960(65) 0.34902(87)

0 (12) 0.22503(68) 0.71231(58) 0.27546(79)

0 (13) 0.10683(64) 0.67020(56) 0.08911(84)

0 (14) 0.36311(63) 0.74338(55) 0.24174(77)

0(15) 0.41284(70) 0.84633(59) 0.12150(93)

0 ( 16) 0.29181(71) 0.83598(60) -0 .03719(90)

0(17) 0 .16600(67) 0.79665(56) 0.02919(80)

0 (18 ) 0.22697(106) 0.09340(86) -0 .42921(103)

0 (19) 0.17912(92) 0.62279(75) 0.41295(102)

0(20) 0.05236(78) 0.79869(69) -0 .12003(101)



TABLE 5

F raction a l Atomic co-ord inates and p o s it io n a l standard d ev ia tion s (cont«)

Atom X y z

C(21) 0. 01478(96) 0 . 88305( 88) -0 .0711(129)

H(1) 0 . 1746( 77) 0. 4293( 68) -0 .3595(98)

H(2) 0 . 1639(56) 0 . 2503(49) -0 .4509(70)

H(6) 0.4216(64) 0.4283(55) 0.3476(79)

H(7) 0 .4315(70) 0 . 6036( 62) 0.4383(88)

H(9) 0.2608(49) 0. 6069(43) -0 .1025(61)

H(13A) 0.0200(61) 0. 6408( 53) 0 .1052(77)

H(13B) 0.0887(60) 0 . 6078(52) -0 .0035(76)

H(14) 0 .4378(51) 0.7765(44) 0 .3653(64)

H(15A) 0 . 4762( 66) 0.8423(58) 0.0779(83)

H(15B) 0.4864(57) 0.9330(50) 0.2001(72)

H(16A) 0.3325(65) 0.9287(57) . -0 .0775(82)

h( i 6b ) 0.2530(57) 0.7737(50) -0 .1398(71)

H(18a ) 0.2295(64) 0.0264(56) -0 .4369(80)

H(18b ) 0.1190(85) 0.0427(75) -0 .4861(109)

H(13C) 0.3117(90) 0.1873(79) -0 .4344(111)

H(19A) 0.1402(58) 0.5291(52) 0.3644(73)

H(19B) 0.0988(85) 0.6186(75) 0.4329(106)

H(19C) 0 . 2732( 86) 0 . 6624( 74) 0.5119(107)

H(21A) -0 .0987(88) 0.8294(77) -0 .1704(114)

H(21B) 0.1085(75) 0.9815(66) -0 .0292(92)

H(21C) -0.0052(101) 0 . 8647( 87) 0.0150(128)



TABLE 6
2 -( 6 * -met hoxy-*51 -bromo-2 * -m p h th y l)

-1 -m ethyl-5-carbo^m ethyl~cyclohexane-1,6 ,5  “ls.ctone

/ 4\A nipotropic thermal parameters fo r  the bromine, oxygen and carbon atoms (x  10 )»

Atom 11 b22 b33 b12 b13 b23

Br 152( 2) 99(1) 144(2) 196( 2) 116( 2) 881 ( 1 )

0 ( 1) 220( 11) 111( 6) 146(9) 252(14) 131(14) 40 ( 11)

0 ( 2) 125( 8 ) 77(4) 161(9) 149(10) 87( 12) 26(9)

0 (3 ) 259(19) 252( 12) 210(13) 418( 21) - 86( 10) -47 (7 )

0 (4 ) 222( 11) 149(8) 150( 11) 278(14) 85( 12) -13 (4 )

0 ( 1 ) 154(10) 110(7) 111( 10) 200(17) 96(14) 70( 10)

0 ( 2 ) 153(10) 111(7) 120( 10) 200(17) 101(15) 55(9)

0 (3 ) 121(9) 84(7) 141(11) 133(14) 114(15) 50(9)

0 (4 ) 105(9) 74(6) 125( 10) 135(14) 79(13) 61(9)

0 (5 ) 83( 8 ) 73(6) 125( 10) 111( 12) 73(13) 50( 8 )

0 ( 6 ) 123(9) 95(7) 102(9) 167(14) 32(13) 35(9)

0 (7 ) 132( 10) 98(7) 105( 10) 172(15) 41 ( 12) 20( 8)

0 ( 8 ) 81(9) 70( 6 ) 129(11) 106( 11) 47(13) 35(9)

0 (9 ) 96(9) 77(7) 120( 10) 131(14) 83(13) 61(9)

0 ( 10) 90(9) 76(7) 117( 10) 121( 12) 76(13) 48(9)

0 ( 11) 133(11) 93(8) 151(11) 173(15) 98(14) 29(7)

0 ( 12) 102(9) 76(7) 130(11) 126(12) 111(14) 66( 10)

0(13) 72( 8 ) 59(5) 168( 11) 76(11) 85(13) 43(7)

0(14) 78( 8 ) 64( 6) 126( 10) ' 96(11) 45(12) 10( 6 )

0 (15 ) 86(9) 62( 6 ) 199(13) 81( 11) 123( 16) 51(7)

0 ( 16) 100( 9) 68( 6 ) 182( 12) 99(11) 131( 16) 82(8)

0(17) 93(9) 66( 6 ) 132( 11) 108( 11) 57(13) 22(7)

0(18) 247( 18) 151( 10) 170(14) 310( 20) 78( 16) - 36( 10)

0(19) 197(13) 118( 8 ) 213(13) 232(17) 262( 21) 189(14)



TABLE 6

A n isotrop ic  thermal parameters fo r  the bromine, o x y g e n  and carbon 

atoms (x  10^) (cont»)

Atom b11 b22 b33 b12 b13 b23

C(20) 114(11) 91(7) 199(15) 138(15) 64(18) 68(11)

0 (21 ) 144(14) 139(10) 334(19) 231.(20) 66(19) 68(13)

The form o f  the a n iso tro p ic  temperature fa c to r s  i s :

T = e x p /^ b ^ h 2 + b22k2 + b ^ l 2 + b ^ h k  + b ^ h l  + b ^ ja ) J 7



TABLE 6 (c o n t .)

I so tr o p ic  thermal parameters fo r  th e hydrogen atoms

H(1) 3 .9 2 h( i 6b ) 0 .8 2

H(2) 0 .5 8 H(18a) 1 .5 7

H(6) 1 .6 8 H(18B) 4 .8 9

H(7) 2.61 H(18c) 5 .25

H(9) 0 .4 0 H(19A) 0 .8 8

H(13A) 1.21 H(19B) 4 .6 0

H(13B) 1 .22 H(19C) 4.91

H(14) 0 .29 H(21A) 5 .2 6

H(15A) 1.96 H(21B) 3 .06

H(15B) 0 .9 0 H(21C) 6 .2 4

H(16a ) 1.89

The average standard d ev ia tio n  o f th e  is o tr o p ic  temperature 
o 2

fa c to rs  i s  0*9A



TABLE 7
2 -( 6 * “methoxy-5 * -bromo-21 -naphthyl)

■1 -m ethyl-5-carboxym ethyl-cyclohexane-1,6 ,5-ether

F raction al Atomic co ordinates and p o s it io n a l

Atom

standard

X

d ev ia tion s

y 7.

Br 0 .3807(2) 0 .2188(1) 0 .1517(2)

0 (1 ) 0 .2554(13) 0 .1354(9) -0.2655(11

0 (2 ) 0 .2370(10) 0 .8946(7) 0.2261 (10

0 (3 ) 0 .0480(18) 0 .7690(14) -0 .2718(14

C(1) 0.2321(15) 0.4008(12) -0 .2738(14

0(2) 0.2209(17) 0.2962(13) -0 .3375(15

C(3) 0.2657(15) 0.2405(11) -0 .2110(14

0 (4 ) 0 .3185(15) 0.2966(11) -0 .0159(14

0 (5 ) 0 .3310(13) 0 . 4022( 11) 0.0548(14

0 (6 ) 0 .3799(15) 0 .4599(12) 0.2534(15

0(7 ) 0 .3855(15) 0 .5604(12) 0.3116(15

0 (8 ) 0.3454(13) 0.6230(10) 0 .1840(14

0(9 ) 0.2972(13) 0 .5673(11) -0 .0092(14

0(10) 0.2867(14) 0.4594(11) -0 .0746(14

0(11) 0.2496(17) 0.8320(12) 0.3787(15

0(12) 0 .2220(15) 0.7096(10) 0.2854(14

0(13) 0 .1120(13) 0 .6761(10) 0.0390(15

0(14) 0 .3589(13) 0.7376(10) 0.2645(15

0(15) 0.4294(16) 0.8481(11) 0.1570(18

0 ( 16) 0 .3098(13) 0.8421(11) -0 .0086(16

C(17) 0 .1899(14) 0 .8077(10) 0.0447(15

0 ( 18) 0.2095(24) 0.0800(16) -0 .4619(19

0(19) 0 .1571(17) 0.6044(13) 0.4007(18

C(20) 0.0734(15) 0.8124(12) -0 .1086(18

0(21) 0.0151(19) 0 .8738(16) -0 .0470(22



Atom

Br

0 ( 1)

0 (2)

0 (3 )

0 (1 )

0 ( 2)

0 (3 )

0 (4 )

0 (5 )

0 (6)

0 (7 )

0 (8)

0 (9 )

0 ( 10)

0 (11)

0 ( 12)

0(13)

0(14)

0(15)

0 ( 16)

0(17)

0 ( 18 )

0(19)

C(20)

0 ( 21)

TABLE 8
2—( 6 ' -m ethoxy-5' -bromo-2' -naphthyl)

-1 -m ethyl-5-carboxym ethyl-cyclohexane-1,6 ,5 -e th er

A n isotrop ic  thermal parameters fo r  the bromine, oxygen 

and carbon atoms (x  10^)

b11 b22 b33 b12 b13 b23
1 8 7 (3 ) 101(2) 143(3) 209(3) 107(4) 101(3)

265(13) 125(12) 133(18) 273(29) 129(3 2 ) 56(23)

l6 8 (n ) 70(8) 132 (n ) 147(2°) 89(25) 26(18)

392(31) 278(24) 173(25-) 526(53) 5 7 (46) 78(39)

125(h ) 101 04) 9 2 (21) 146 (24) 7 7 (32 ) 56 (27)

175(10) 11500 112 (25 ) 207(35) 94 (37 ) 57 (3°)

162(24) 73 (2) 121(2 5 ) 134(29) 142 (36) 42(27)

149(2.3) 71(a ) 102 (21) 123 (2?) 37(34) 50 (2t)

84 (n ) 7 2 (11) 117(22) 86(2 4 ) 6l(3o) 46(25)

126(21) 101(14) 9 8 (22) 144(3o) 7(33) 30(2?)

125 (22) 9 0 (14) 126(24) 138(31) 10(35) 15(29)

780?) 62 (11) 153 (2 4 ) 95(24) 38(31) 34(26)

90(i3) 81(12) 121(22) 106(23) 104(3l) 7 0 (26 )

115(19) 7 6 (a ) 109(22) 115(24) 60 (3 i) 60 (26 )

203(28) 116 (it) 152(25) 256(37) 157(41) 7 7 (32)

137(h ) 6 4 (11) 113(22) 112(2 l) 69(34) 5 0 (25 )

7 4 (n ) 51(ic») 170(25) 53(22) 92(32) 6 8 (2 5 )

74 (n ) 61 (h) 135(23) 70(23) 28(31) 9 (1 5 )

134(13) 55(12) 223(32) 83(23) 42(42) 5 2 (31)

72(13) 83(i3) 200(28) 97(26) 135(35) 113(31)

107(w ) 68 (11) 137(23) 119(25) 76(32) 5 4 (26)

380(41) 148(h ) 183(32) 361 (56) 263(63) 41 (41)

I7 5 (n ) 102(i5) 21 l(3 l) 183(36) 228(46) 151(34)

119(21) 9504) 210(3 l) 156(31) 78 (4o) 105(34)

155(29) 150(21) 287(4o) 245(43) 1 3 (5 l) 36 (46 )



TABLE 9
2 - ( 6 , *-methoxy-2 * -naphthyl)-1 -methyl 
-5  -hy dr o xy-cy c l  op e n t a.n e -1 -ethanol

. 0  .
Intram olecular bonded d istan ces and estim ated  standard d ev ia tio n s (A ).

0 (1 ) - c (3 ) 1. 368( 6 ) 0(13) - 0(17) 1 .556(6 )

0 (1 ) - C(18) 1 .415 (8 ) 0(13) - 0(19) 1 .509(6)

0 (2 ) - C(11) 1 .437(6) 0(14) - 0(15 ) 1 .537(7)

0(3) - C(17) 1 .432 (6 ) 0(15) - C(16) 1 .527(8)

0 (1 ) - 0 (2 ) 1 .3 7 1 (8 ) 0 ( 16) - 0(17) 1 .509(7 )

0 (1 ) - 0(10) 1 .417 (7 ) 0 (2 ) - H(02) 1 .1 5 (? )

0 (2 ) - 0 (3 ) 1 .404 (8 ) 0 (3 ) - H(02) 1 .66 (? )

0 (3 ) - 0 (4 ) 1 .366 (7 ) 0(3) - H(03) 0 .7 7 (4 )

0 (4 ) - 0 (5 ) 1 .423 (7 ) 0 (1 ) - H(1) 1 .0 1 (5 )

0 (5 ) - 0 (6 ) 1 .409 (7 ) 0 (2 ) - K(2) 0 .9 5 (5 )

0 (5 ) - C(10) 1 .422(7 ) 0 (4 ) - H(4) 1 .00 (4 )

0 (6 ) - 0 (7 ) 1 .381 (7 ) 0 (6 ) - H(6) 1 .07 (5 )

0 (7 ) - 0 (8 ) 1 .415 (7 ) 0 (7 ) - H(7) 0 .9 3 (4 )

0 (8 ) - 0 (9 ) 1 .361(7 ) 0 (11) - H(11A) 1 .12 (5 )

0 (8 ) - 0 (14) 1 .511(6 ) 0(11) - H(11B) 1 .0 9 (5 )

0 (9 ) - 0 (10) 1 .418 (7 ) 0 (12) - H(12A) 1 .15 (4 )

0(11) - 0(12) 1 .539 (7 ) 0(12) - H(12B) 1 .1 3 (4 )

0(12) - 0 (13) 1 .553 (6 ) 0(14) - H(14) 1 .0 1 (4 )

0(13) - 0(14) 1 .593 (6 ) 0 (15) - h( i 5a ) 0 .9 8 (5 )

0(15) - H(15B) 1 .0 1 (5 ) 0(18) - H(18c ) 1 .0 1 (5 )

0 ( 16) - h( i 6a ) 1 .0 4 (5 ) 0(19)•
- H(19A) 1 .0 8 (4 )

0 ( 16) - h( i 6b ) 1 .0 8 (4 ) C(19) - H(19B) 1 .0 3 (5 )

0(18) - h( i 8a) 1 .0 4 (6 ) C(19) - H(19C) 0 .9 9 (5 )

0(18) - K(18B) 1 .17 (6 )

The intram olecular 0 ( 2 ) , . .0 ( 3 )  d istan ce  i s  2*597(5)A*



TABLE 10
2 - ( 6 1 -m ethoxy-21-naphthyl)-1 -methyl 
-5-hyc3roxy-cyclopentane-1 -ethanol

Valency Angles (degrees) and estim ated  standard d ev ia tio n s .

C(18) - 0 (1 ) - 0 (3 ) 117 .0 (4

0 (2 ) “ c (3 ) - o d ) 113 .1 (4

C(13) - 0 (17 ) - 0 (3 ) 115.8(3

c (5 ) - 0(10) - 0 (1 ) 11 7 .3 (4

0 (6 ) - c (5 ) - 0 (4 ) 122.2(3

C(10) - 0 (5 ) - 0 (6 ) 117.9(3

0 (9 ) - 0 (8 ) - 0 (7 ) 118.3(3

0(13) - 0(14) - 0 (8 ) 117.9(3

0(17) - 0(13) - 0(12) 115.4(3

C(19) 0(13) - 0 (1 4 ) 111.9(3

C(16) - 0(17) - 0(13) 1 0 7 .0 (4

0(17) - 0 ( 16) - 0 (15) 105 .1 (4

0 (4 ) - 0 (3 ) - 0(1 ) 125.9(3

0(12) - 0(11) - 0 (2 ) 113.0(3

C(16) - 0 (17 ) - 0(3 ) 110 .9(3

C(10) - 0 (1 ) - 0 (2 ) 122 .3 (4

0 (3 ) - c (2 ) - 0 (1 ) 119 .3(4

c (9 ) - 0(10) - 0 (1 ) 12 3 .3 (4

0 (4 ) - 0 (3 ) - 0 (2 ) 121 .0(4

0 (5 ) - " 0 (4 ) - 0 (3 ) 120 .2 (4

0(10) - 0 (5 ) - 0 (4 ) 119.8(3

0 (7 ) - 0 (6 ) - 0 (5 ) 121.0(3

0 (9 ) - C(10) - 0 (5 ) 119.3(3

0(8 ) - 0 (7 ) - 0 (6 ) 121.3(3

0(14) - 0 (8 ) - 0 (7 ) 121.1(3

0(14) - 0 (8 ) - c (9 ) 120.5(3



TABLE 10

Valency Angles (d egrees) and estim ated standard d ev ia tion s (c o n t .)

C(10) - 0 (9 ) - 0 ( 8) 122 .2 (3 )

0(15) - 0(14) - 0 ( 8 ) 115 .9 (4 )

0 (13) - 0 ( 12) - 0 ( 11) 118 .6 (3 )

0 (14) - c (13 ) - 0 ( 12) 108 .8 (3 )

0(19) - 0(13) - 0 ( 12) 111 .4 (3 )

0(17) - 0(13) - 0(14) 97-2 (3 )

0 (15) - 0(14) - 0(13) 1 0 4 .6 (3 )

0(19) - 0 (13) - 0(17 ) 111 .3 (3 )

0 ( 16) - 0(15) - 0(14) 106 .7 (3 )

0 (3 ) - H(02) - 0 ( 2) 135 ( ? )

0 (3 ) - H(03) - 0 ( 2)* 175 ( ? ) .

x  0 (2 ) co -ord in ates transposed by the symmetry operation 1 -x , -4+y,

1  -  a .
2

3 oThe average H -  C(sp ) -  H valency angle i s  106

The average H -  C(sp^) -  C(sp^) valency angle  i s  109°
2 2 oThe average H -  C(sp ) -  C(sp ) valency angle  i s  119



TABLE 11
2 -(6  * -methoxy-B ’ -brom o-2f -n a p h th y l)

-1 -m eth yl-5~carboxym ethyl-cycloh exan e-1 , 6 ,5 “la c to n e
o

In tram olecu lar bonded d is ta n c e s  (a ) and estim ated  standard d e v ia t io n s .

Bond Distance (MoKfct) Distance (CuEy)

Br -  C(4) 1 .894(10) 1 .911(28)

0 ( 1) -  c (3 ) 1 .364(16) 1 .401(42)

0(1) -  0 ( 18) 1 . 422( 10) 1 .472(29)

0 (2) -  C(11) 1 .369(12) 1 .363(36)

0 (2 ) -  C(17) 1 .473(10) 1 .498(29)

0 (3 ) -  C(20) 1 .200(12) 1 .194(38)

0 (4 ) -  C(11) 1 .202(10) 1 .215(29)

0 (1 ) -  C(2) 1. 366( 20) 1 .387(57) .

C(1) -  C(10) 1 .419(9 ) 1 .481(29)

0 (2 ) -  0 (3 ) 1 .413(15) 1 .376(42)

O 0 1 o 1 .3 8 0 (9 ) 1 .405(28)

0 (4 ) -  0 (5 ) 1. 406( 16) 1 .382(41)

0 (5 ) -  0 (6 ) 1 .4 2 9 (9 ) 1 .464(29)

0 (5 ) -  0 (10) 1 .431(13) 1 .424(38)

O 1 o 1 .347(18) 1.401(54)

0 (7 ) -  c (8 ) 1 .430(14) 1 .422(40)

0 (8 ) -  C(9) 1 .377 (9 ) 1 .406(29)

0 00 1 o 1.512(16) 1 .531(32)

0 (9 ) -  0 (10) 1. 412( 16) 1 .393(32)

0 (11) -  0 (12) 1 .511(17) 1 .517(52)

0 (12 ) -  0(13) 1. 525( 10) 1 .553(28)

C(12) -  0 (14 ) 1 .574(13) 1 .496(38)

0(12) -  0(19) 1 .537(15) 1 .587(43)

0(13) -  0(17) 1 .513(15) 1.548(43)

0(14) -  0(15) 1 .550(14) 1 .583(40)



TABLE 11

Intram olecular bonded d ista n ces  (A) and estim ated standard d ev ia tion s (e o n t .)

Bond 

C(15) -  C(16) 

C(16) -  C(17) 

C(17) -  0 (20) 

C(20) -  C(21)

D istance (MoKa) 

1.550(12) 

1 .538(13) 

1 .531(13)  

1 .484(22)

D istance (CuKa) 

1 .615(38) 

1 .482(39) 

1 .552(40)  

1 .493(69)



TABLE 11 (c o n t .)

Intram olecular bonded d istan ces (a ) and estim ated standard d ev ia tion s  

fo r  the hydrogen bonds (MoKfl)

0 ( 1 ) - H(1 ) 1.04(11) 0 ( 16) -  H(16b ) 0. 92(8 )

0 ( 2) - H(2) 0 .9 9 (6 ) 0 (18) -  H(18A) 0 . 89( 12)

0 ( 6 ) - H(6 ) 1 .0 0 (9 ) 0 ( 18) -  H(18B) 1. 02( 11)

0 (7 ) - H(7) 0 .9 8 (7 ) C(18) -  H(18C) 1 .24(13)

0 (9 ) - H(9) 0 .9 6 (7 ) 0 (19 ) -  h (19a ) 1. 05( 10)

C(13) - H(13A) 0 .9 4 (8 ) 0(19) -  H(19B) 0 .99(12)

C(13) - H(13B) 0 .9 5 (9 ) 0(19) -  H(19C) 0 .99(10)

0(14) - H(14) 0 .9 8 (5 ) 0 ( 21) -  H(21A) 1 .13(11)

0 (15) - H(15A) 0 .9 4 (1 0 ) 0 ( 21) -  H(21B) 1 .09(11)

0 (15) - H(15B) 1 .0 3 (9 ) 0 ( 21) -  H(21C) 0 .75 (11 )

0 ( 16) - h ( i 6a) 1. 10( 11)



TABLE 12

2 - (6 1 -m ethoxy-5' -bromo-21 -naphthyl)
- 1 -m ethyl-5-carboxym ethyl-cyclohexane-1,6 ,5-lactone

Valency Angles (d egrees) and estim ated  standard d ev ia tio n s>

0 (3 ) - 0 (4 ) - Br 117.2(5

C(10) - 0 ( 1) - 0 ( 2) 121.7(5

c (3 ) - 0 ( 2) - 0 ( 1 ) 120.4(5

C(9) - 0 ( 10) - 0 ( 1) 121.8(9

0 (4 ) - 0 (3 ) - 0 ( 2) 118. 6(7

0( 1 ) - C(3) - 0 (4 ) 118.0(9

0(18) - 0 ( 1 ) - 0 (3 ) 118.7(5

C(10) - 0 (5 ) - 0 (4 ) 118.0(5

c (7 ) - 0 ( 6 ) - 0 (5 ) 121.4(9

0 ( 8) - 0 (7 ) - 0 ( 6 ) 122. 6(5

0 (14) - 0 ( 8 ) - 0 (7 ) 118. 4(6

C(10) - 0 (9 ) - 0 ( 8 ) 122.3(9

0 ( 12) - 0 (14) - 0 ( 8 ) 112.7(6

0 (4 ) - 0 ( 11) - 0 ( 12) 129.9(5

0 (14) - 0 ( 12) - 0 ( 11) 105 .3(7

0(17) - 0 (2 ) - 0 ( 11) 107.3(7

0(19) - 0 ( 12) - 0 (13) 114.5(7

0(17) - 0(13) - 0 ( 12) 9 9 .6 (7

0 ( 16) - 0(17) - 0(13) 111. 0(6

0 ( 2) - 0(17) - 0(13) 10 3 .7 (4

0 ( 16) - 0(15) - 0(14) 115.6(5

0 ( 2 ) - 0(17) - 0 ( 16) 107.8(5

0 ( 2) - 0(17) - 0 ( 20) 110. 2(6

0 ( 21) - 0 ( 20) - 0(17) 118. 8(8

0(3) - 0 ( 20) - 0 ( 21) 123. 8(6

0 (5 ) - 0 (4 ) - Br 119.8(3

0 (5 ) - 0 ( 10) - 0 (1 ) 118.3(9



TABLE 12

Valency Angles (degrees) and estim ated  standard d ev ia tion s con t»)

0 ( 1 ) - 0 (3 ) «? 0 ( 2 ) 123. 4(6

0 (5 ) - 0 (4 ) - 0 (3 ) 122.9(9

0 ( 6 ) - 0 (5 ) - 0 (4 ) 125.1(5

C(10) - 0 (5 ) - 0 ( 6) 116.9(9

C(9) - 0 ( 10) - 0 (5 ) 119. 8(6

c (9 ) - c ( 8 ) - 0 (7 ) 116. 9(6

C(14) - 0 ( 8 ) - 0 (9 ) 124.7(9

0(15) - 0(14) - 0 ( 8) 114.8(5

0 ( 2) - C(11) - 0 ( 12) 109 .8 (4

0(13) - 0 ( 12) - 0 ( 11) 101.1(5

0 (19 ) - 0 ( 12) - 0 ( 11) 111.0(5

0 (4 ) - C(11) - 0 ( 2 ) 120. 2(7

0(14) - 0 ( 12) - 0(13) 110. 4(6

0 (19) - 0 (12) - 0(14 ) 113.4(7

0(15) - 0(14) - 0 ( 12) 110 .2 (7

C(20) - 0(17 ) - 0(13) 113.1(5

0(17) - 0 ( 16) - 0(15) 110.4(5

0 ( 20) - 0(17) - 0 ( 16) 110.7(5

0 (3 ) - C(20) - 0(17) 117. 4(8

The average H -  C(sp^) -  H valency angLe i s  112°

The average H -  C(sp^) -  C(sp^) valency angle i s  106°
o 2 q

The average H -  C(sp ) -  C(sp ) valency angle i s  119
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TABLE 13
2 -( 6' -me th oxy-58 -bromo-21 -naphthyl)

-1 -me t  hyl -5 -carb oxyme t  hyl -c y c l ohexane- 1 ,6 ,5 -e th e r

Intram olecular bonded d istan ces and estim ated  

standard d ev iation s (a )

Br — 0 (4 ) 1. 92( 2) 0 (7 ) - 0 ( 8 ) 1 .4 5 (3

0 ( 1 ) - 0(3 ) 1 .3 4 (3 ) 0 (8) - 0(9 ) 1 . 40(1

0( 1 ) - 0 ( 18) 1 .4 4 (2 ) 0 ( 8 ) - 0(14) 1.49(3

0 ( 2) - 0 ( 11) 1 .4 6 (2 ) c (9 ) - 0 ( 10) 1 .40 (3

0 ( 2 ) - 0(17) 1 .4 8 (2 ) 0 ( 11) - 0 ( 12) 1 .53(3

0 (3 ) - C(20) 1. 21( 2) 0 ( 12) - 0(13) 1 .55(2

0 ( 1 ) - 0 ( 2) 1 .3 5 (3 ) 0 ( 12) - 0(14) 1 .53 (3

0 ( 1) - 0 ( 10) 1 .4 4 (1 ) 0 ( 12) - 0(19) 1 .58(3

0 ( 2 ) - 0 (3 ) 1 .4 0 (3 ) 0(13) - 0(17) 1 .53 (3

0 (3 ) - 0 (4 ) 1. 40( 1) 0(14) - 0(15) 1 .59(3

0 (4 ) - 0(5) 1 .3 7 (3 ) 0(15) 0 ( 16) 1. 60(2

0 (5 ) - 0 ( 6 ) 1 .4 4 (1 ) 0 ( 16) - 0(17) 1 .43 (2

0 (5 ) - C(10) 1 .4 3 (2 ) 0 (17) - C(20) 1. 61(2

0 ( 6 ) - 0(7 ) 1-32(3 ) C(20) - 0 ( 21) 1 .4 6 (4



TABLE 14
2-(6  ’ -methoxy-5 * -bromo-2 ‘ -naphthyl)

-1 -m ethyl-5-carboxym ethyI-cyclohexane-1,6,5-ether

Valency Angles ( decrees) and estim ated  standard  
d ev ia tion s (degrees)

0 (3 ) - 0 (4 ) - Br 115.5(10)

C(18) - 0 (1 ) - 0 (3 ) 119 .8(10)

C(4) - C(3) - 0 (1 ) 118 .5 (8 )

C(12) - C(11) - 0 (2 ) 106 .4(14)

C(16) - 0 (1 7 ) . - 0 (2 ) 110.6(13)

0 (1 7 ) - C(20) - 0 (3 ) 114.3(20)

C(10) - 0 (1 ) 0 (2 ) 122 .3 (9 )

C(5) - 0(10) - 0 (1 ) 116. 6 (18)

0 (4 ) - 0 (3 ) - 0 (2 ) 116.9(13)

0 ( 6 ) - 0 (5 ) - 0 (4 ) 1 25 .5 (9 )

C(10) - 0 (5 ) - 0 (6 ) 115.3(18)

0 (9 ) - C(10) - 0 (5 ) 121.2(11)

C(9) - 0 (8 ) - 0 (7 ) . 114.4(12)

C(14) - 0 (8 ) - 0 (9 ) 126. 0 ( 18)

C(12) - 0(14) - 0 (8 ) 115 .0(13)

C(13) - 0(12) - 0(11 ) 99 .6(10)

C(19) - 0(12 ) - C(11) 110.5(11)

C(19) - 0(12) - 0(13) 112.5(14)

0(19) 0(12) - c(14) 112.0(15)

C (l6) - 0(17) - 0(13) 113 .6(13)

0 ( 16) - 0(15) - 0(14) 111.4(11)

C(20) - 0(17) - 0 ( 16) 114 .1(12)

0 (5 ) - 0 (4 ) - Br 120 .7 (5 )

0 (2 ) - 0(3) - 0(1) 124 .5 (9 )

C(17) 0 (2 ) - 0(11) 107.3(13)

0 (13) - 0 (17) - 0(2) 103.1(12)

C(20) - 0(17) - 0(2) 106.8(14)



TABLE 14

r

C(21) - C(20) - 0(3) 125.4(23)

0 (3 ) - C(2 ) - 0 ( 1) 121. 2 ( 10)

0 (9 ) - C(10) - 0 ( 1) 122. 2( 18)

0 (5 ) - C(4) - 0 (3 ) 123. 8(18)

C(10) - C(5) - 0 (4 ) 119 .1(9)

c (7 ) - C(6) ' - 0 (5 ) 122.2(18)

0 ( 8 ) - 0(1) - 0 (6 ) 123. 8 ( 10)

0(14) - C(8) - 0 (7 ) 119. 6 ( 12)

0 ( 10) - C(9) - 0 ( 8 ) 122.9(18)

c (1 5 ) - C(14) - 0 ( 8) 111.9(11)

0(14) - C(12) - 0 (11) 110.7(14)

0 (14) C(12) - 0(13) 110.9(11)

0 (17) - C(13) - 0 (12) 98 .9 (14 )

0 (15) - C(14) - 0 ( 12) 112.4(15)

C(20) - C(17) - 0(13) 107 .9(11)

0 (17) - C(16) - 0(15) 112. 1 ( 10)

0 ( 21) - C(20) - 0 (17 ) 120. 2( 12)



TABLE 15

2-(6» -m ethoxy-21 -naphthyl) -1 -methyl 
-5 -hydroxy-cyclop entane-1-ethanol

Torsion An&Les (d ecrees)

C(18) 0( 1) 0 (3 ) 0 ( 2) 180

C(18) 0 ( 1) 0 (3 ) 0 (4 ) -3

C(10) 0 ( 1 ) 0 ( 2) 0 (3 ) -3

C(2) 0 (1 ) C(10) 0 (5 ) 3

0 ( 2) 0 (1 ) 0 ( 10) 0 (9 ) -180

0 ( 1) 0 ( 2 ) ' 0 (3 ) 0 ( 1) -180

0 ( 1) 0 ( 2) 0 (3 ) 0 (4 ) 2

0 ( 1 ) 0 (3 ) 0 (4 ) 0 (5 ) -179

0 ( 2) 0 (3 ) 0 (4 ) 0 (5 ) -1

0 (3 ) 0 (4 ) 0 (5 ) 0 ( 6) 178

0 (3 ) 0 (4 ) 0 (5 ) 0 ( 10) 1

0 (4 ) 0 (5 ) 0 ( 6 ) 0 (7 ) 180

C(10) 0 (5 ) 0 ( 6 ) 0 (7 ) - 4

0(4 ) 0 (5 ) 0 ( 10) 0 ( 1) - -2

0 (4 ) 0 (5 ) C(10) c (9 ) -179

0 ( 6 ) c (5 ) 0 ( 10) 0 ( 1 ) -178

0 ( 6 ) 0 (5 ) 0 ( 10) c (9 ) 4

0 (5 ) 0 ( 6) c (7 ) 0 (8 ) 2

0 ( 6 ) 0 (7 ) 0 ( 8 ) 0 (9 ) 0

0 (7 ) 0 ( 8 ) 0 (9 ) C(10) 1

0 (14) 0 ( 8) 0 (9 ) C(10) 178

0 (7 ) 0 ( 8 ) 0(14) 0 (13 ) -83

0 (7 ) 0 ( 8) 0(14) 0(15) 42

0 (9 ) 0 ( 8 ) 0(14) 0(13) 100

0 (9 ) 0 ( 8) 0(14) 0 (15 ) -135



TABLE 15 (c o n t .)  

Torsion An&L es ( d ecrees) (cont. )

0 (8 ) 0 (9 ) C(10) 0 (1 ) -180

0 (8 ) 0 (9 ) C(10) 0 (5 ) -3

0(2 ) C(11) C(12) 0(13) -79

C(11) 0(12) 0(13) 0(14) 176

C(11) 0(12) . 0 (13) 0 (17) 68

C(11) 0(12) 0(13) 0 (19) -6 0

C(12) 0(13) 0(14) 0 (8 ) 50

C(12) 0(13) 0(14) 0(15) -8 0

C(17) 0(13) 0 (14) 0 (8 ) 170

C(17) 0(13) C(14) 0 (15) 40

C(19) 0(13) 0 (14) 0 (8 ) -73

0(19) 0 (13) 0(14) 0 (15 ) 156

C(12) 0(13) 0(1.7) 0 (3 ) -52

C(12) 0(13) 0(17) 0 (16) 72

0(14) 0(13) 0(17) 0(3) ' -167

0(14) 0(13) 0 (17) 0 ( 16) -43

0(19) 0(13) 0(17) 0 (3 ) 76

0(19) 0(13) 0 (17) 0 ( 16) -160

0 (8 ) 0(14) 0(15) 0 (16) -156

0(13) 0(14) 0(15) 0 ( 16) -25

0(14) 0(15) 0 ( 16) 0(17) -2

0(15) 0 ( 16) 0(17) 0 (3 ) 157

0(15) C(16) 0(17) 0(13) 29

The s ig n  convention used for  the to r s io n  angles i s  such that the s ig n  

i s  negative i f  an an ticlock w ise  r o ta tio n  i s  required o f Atom (1) to  

e c lip se  Atom (4) w h ils t  look ing down the (2) -  (3) bond.

The average standard d ev ia tion  of the to r s io n  angLes i s  0 .6  •
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TABLE 16

2 - ( 6 1-m ethoxy-21-n aph th yl)-1 -
m ethyl-5 -hydroay-cyclopentane-1 - e t  hanol

Mean Plane C alcu lations

d )

(2 )

( 3 )

Atoms in  plane 

0(14)

0 ( 1 5 )

0 (16)

0(17)

0 (11)

0 (2 )

0(17)

0 (13 )

0(1 

C(2 

0 (3  

0 (4  

0(5  

0(6 

0 (7
C(8

C(9

C(10)

Atoms out o f  plane

0(13)

C(12)

0(19)

0 (3 )

0 (8)

0 (12)

0 (3 )

H(03)

0(14))

0 (16)

D eviation  (a ) 

0.01 

- 0.01 

0.01 

- 0.01 

0.69  

2.23  

0.30 

0 .5 4  

0 .5 4

- 0.06

0.05

-0 .0 5

0.06

0 .7 0

-0 .66

1 .8 4

1.08

1.35

0.00

0.03

- 0.01

- 0.01

- 0 .0 2

0 .02  

0.01  

0.00

- 0.01

0.01



TABLE 17
2 -( 6 * -m ethoxy-5' -bromo-2 * -naphthyl)

-1 -m ethyl-5-carboxym ethyl-cyclohexane-1,6 ,5 -la c to n e

T orsion  A ngles (d ep yees)

C(10) 0 (1 ) 0 (2 ) 0 (3 ) -1

C(2) 0 (1 ) C(10) 0 (5 ) -1

C(2) 0(1 ) C(10) 0 (9 ) 180

C (l) 0 (2 ) c (3 ) 0 (4 ) 1

C(1) 0 (2 ) 0 (3 ) 0 (1 ) 180

C(2) 0 (3 ) ' 0 (4 ) Br 178

0 (2 ) 0 (3 ) 0 (4 ) c (5 ) 0

0(1 ) 0 (3 ) 0 (4 ) Br 0

0 (1 ) 0 (3 ) 0 (4 ) 0 (5 ) -178

C(2) 0 (3 ) 0 (1 ) 0(18) 6

C(4) 0 (3 ) 0 (1 ) 0 (18) -175

Br 0 (4 ) 0 (5 ) 0 (6 ) -1

Br 0 (4 ) 0 (5 ) 0 (10) -180

C(3) 0 (4 ) 0 (5 ) 0 (6 ) 177

C (3 ) 0 (4 ) c(5) 0(10 ) -1

0 (4 ) 0 (5 ) 0 (6 ) 0 (7 ) 179

0(10) c (5 ) 0 (6 ) 0 (7 ) -2

0 (4 ) 0 (5 ) 0 (10) 0 (1 ) 2

0 (4 ) 0 (5 ) C(10) 0 (9 ) -179

0 (6 ) 0 (5 ) 0 (10) 0 (1 ) -177

0 (6 ) 0 (5 ) 0(10) c (9 ) 3

0(5) 0 (6 ) c (7 ) 0 (8 ) 0

0 (6 ) c(7) c(8) 0 (9 ) 2

0 (6 ) c(7) 0 (8 ) 0(14) -177

0 (7 ) 0 (8 ) 0 (9 ) 0 (10 ) -2



TABLE 17

Torsion Angles (degrees) (cont»)

0(14) 0(8 ) 0 (9 ) 0(10) 178

0 (7 ) 0 (8 ) 0(14) 0(12) -90

C(7) 0 (8 ) 0(14) 0(15) 143

c(9) 0 (8 ) 0 (14) 0(12) 90

0(9) 0 (8 ) 0 (14 ) 0 (15) -37

0 (8 ) 0(9)' C(10) 0 (1 ) 179

0(8) 0(9 ) 0(10) c (5 ) -1

0(2 ) 0(11) 0(12) 0 (13) -2 4

0 (2 ) 0(11) 0(12) 0 (14) 91

0(2) 0(11) 0 (12) 0(19) -146

0(4) 0(11) 0(12) 0 (13) 158

0(4) 0(11) 0(12) 0 (14) -87

0 (4) 0(11) 0 (12) 0 (19) 36

0(12) 0(11) 0(2) 0 (17 ) -2

0 (4 ) 0 (11) 0 (2 ) 0(17) 176

0(11) 0(12) 0 (13) 0 (17) 39

0(14 ) 0(12) 0(13) 0 (17) -73

0(19) 0(12) 0(13) 0 (17) 158

C(11) 0(12) 0(14) 0 (8 ) 179

0(11) 0(12) 0(14) 0(15) -52

0(13) 0(12) 0(14) 0 (8 ) -73

0(13) 0 (12) 0(14) 0(15) 57

0(19) 0(12) C(14) 0 (8 ) 57

0(19) 0(12) 0(14) 0(15) -173



TABLE 17

Torsion Angles (d egrees) (c o n t .)

0 ( 12) 0(13) 0(17) 0 ( 16) 74

0 ( 12) 0(13) 0(17) C(20) -161

0 ( 12) 0(13) 0(17) 0 ( 2) -41

0 ( 8 ) 0(14) 0(15) 0 ( 16) 90

0 ( 12) C(14) 0(15) 0 ( 16) -38

c (1 4 ) 0(15) 0 ( 16) 0(17) 39

0(15) 0 ( 16) 0 (17) 0 (13) -59

0 (15) 0 ( 16) 0(17) 0 ( 20) 175

0(15) 0 ( 16) 0(17) 0 ( 2 ) 54

0(13) 0(17) C(20) 0 ( 21) 114

0(13) 0(17) C(20) 0(3 ) —64

C(16) 0(17) C(20) 0 ( 21) -121

0 ( 16) 0(17) * C(20) 0(3) 61

0 ( 2) 0(17) C(20) 0 ( 21) -1

0 ( 2 ) 0(17) C(20) 0 (3 ) -180

0(13) 0(17) 0 ( 2 ) 0 ( 11) 28

0 ( 16) 0(17) 0( 2 ) 0 ( 11) -90

C(20) 0(17) 0 ( 2) C(11) 150

The s ig n  convention used fo r  the to r s io n  angLes i s  such th at the  

s ig n  i s  negative i f  an an tic lock w ise  r o ta tio n  i s  required  of 

Atom (1 ) to  e c lip s e  Atom (4 ) w h ils t  look in g  down the (2) -  (3) 

bond*

The average standard d ev ia tion  of the to r s io n  angles i s  1*1 •



TABU! 18
2 -( 6' -oiethoxy-51 -bromo-21 -naphthyl)

-1 -m ethyl-5-carboxym ethyl-cyclohexane-1,6 ,5 -la o to n e

Mean Plane C alcu la tions

Atoms in  plane Atoms out o f plane D eviation  (A)

(1 ) C(12) 0.01

0 (14 ) 0 .0 0

0 ( 16) 0 .0 0

0 (17 ) -0 .01

0(13) 0 .88

0 ( 15) -0 .4 8

0 (2 ) -1 .3 6

0 (11 ) -1 .3 7

0 (20 ) 0.35

0 (8 ) 1 .3 0

0 (19 ) 0.31

(2) 0 (2) -0.01

0 (11) 0.01

0 (12) - 0.01

0 (17) 0.01

0(4 ) 0.08

0(13) -0 .6 5

0(14) 1 .5 0

0( 16) 1 .48

0 (19) - 0.80

0(20) -0 .7 4



TABLE 13

Mean Plane C alcu lations (con t . )

Atoms in  plane Atoms out o f  plane D eviation  (A)

(3 ) C(1 

C(2

.0(3 

■0(4 

.0(5 

0(6  

0 (7  

0(8 

0 (9  

0 (10)

- 0.02

-0 .0 3

0.01

0.03

0.01

-0 .0 3

-0 .0 3

0.02

0 .02

0.01

The angle between th e  perpendiculars o f  p lanes (1 ) and (2 ) i s  

7 4 .4  degrees.



TABLE 19
2-( 6 1 -metho:<y-5' -bromo-21 -naphthyl)

1 -me th y l -5 -carboxyme t hyl -cy  c l  oh ex a n e-1 ,6 ,5 -eth er

T orsion  A ngles (d eg ree s)

C(18) 0 (1 ) 0 (3 ) 0 (2 ) 7

C(18) 0(1) 0 (3 ) 0 (4 ) -176

C(17) 0(2) 0(11) 0(12) 5

C(11) 0(2 ) c(17 ) 0 (13) 26

C(11) 0 (2 ) c(17) 0 ( 16) —96

C(11) 0 (2 ) 0(17) C(20) 139

C(10) 0 (1 ) 0 (2 ) 0 (3 ) -2

C(2) 0 (1 ) C(10) 0 (5 ) 1

C(2) 0 (1 ) C(10) 0 (9 ) -180

C(1) 0 (2 ) 0 (3 ) 0 (1 ) 179

C(1) 0 (2 ) c (3 ) 0 (4 ) 2

0(1 ) 0 (3 ) 0 (4 ) Br 4

0(1) 0 (3 ) 0 (4 ) 0 (5 ) -179

0 (2 ) 0 (3 ) 0 (4 ) Br -179

0 (2 ) 0 (3 ) 0 (4 ) 0 (5 ) -1

Br c (4 ) 0 (5 ) 0 (6 ) -5

Br 0 (4 ) 0 (5 ) 0(10) 179

0 (3 ) 0 (4 ) 0 (5 ) 0 (6 ) 178

0 (3 ) 0 (4 ) 0 (5 ) 0 (10) 1

0 (4 ) 0 (5 ) 0 (6 ) 0 (7 ) -178

0(10) 0 (5 ) 0 (6 ) c (7 ) -1

0 (4 ) 0 (5 ) 0(10) 0 (1 ) 0

0 (4 ) 0 (5 ) C(10) 0 (9 ) 180

0(6 ) 0 (5 ) C(10) 0 (1 ) -178
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TABLE 19

Torsion Angles (d egrees) (co n td .)

C(6) 0(5) C(10) 0(9) 3

0(5) 0(6) 0(7) c(8) -1

0(6) c(7) 0(8) 0(9) 1

0 (6) 0(7) 0 (8) 0(14) -179

0(7) 0 (8) 0(9) C(10) 1

0(14) 0(8) 0(9) , C(10) -180

0(7) 0 (8) 0(14) 0 (12) -95

0(7) 0 (8) 0(14) 0(15) 135

0(9) 0 (8) 0(14) 0 (12) 86

0(9) 0 (8) 0(14) 0(15) -44
0 (8) 0(9) C(10) 0(1) 178

0 (8) 0(9) 0 (10) c(5) -3
0(2) 0(11) 0(12) 0(13) -33
0(2) 0(11) 0 (12) 0(14) 84
0(2) 0 (11) 0 (12) 0(19) -152

0 (11) 0 (12) 0(13) 0(17) 47

0(14) 0 (12) 0(13) c(17) -70

0(19) 0(12) 0(13) c(17) 164

0 (11) 0 (12) 0(14) c(8) 177

0 (11) 0 (12) 0(14) 0(15) -53
c(13) 0(12) 0(14) 0(8) -73

0(13) 0 (12) 0(14) 0(15) 56

C(19) 0(12) 0(14) 0(8) 53

0(19) 0(12) 0(14) 0(15) -177



TABLE 19

Torsion Angles (d egrees) (contd*)

C(12) 0(13) 0 (17) 0 ( 2) -45

C(12) 0(13) 0 (17) 0 ( 16) 74

C(12) 0(13 ) 0(17) 0 ( 20) -158

0 ( 8) 0(14) 0(15) 0 ( 16) 95

C(12) 0(14 ) 0 (15) 0 ( 16) -36

C(14) 0(15) 0 ( 16) 0(17) 38

C(15) 0 ( 16) 0(17) 0 (2 ) 54

0(15) 0 ( 16) 0(17) 0 (13) -61

0 (15) 0 ( 16) 0(17) C(20) 175

0(2) 0 (17 ) 0(20) 0 (3 ) 165

0(2) 0(17) C(20) 0(21) -11

0(13) 0(17) 0(20) 0 (3 ) —85

The s ig n  convention used fo r  the to r s io n  angles i s  such 

th a t the s ig n  i s  n egative  i f  an an ticlock w ise r o ta tio n  

i s  required o f Atom (1) to  e c l ip s e  Atom (4 ) w h ils t  

look ing down th e (2 ) -  (3 ) bond.

The average standard d ev ia tio n  o f the to rs io n  angles i s  2 .6 ° .



TABLE 20
2 -( 6 1 -methoxy-5 ’ **bromo-2 ' -naphthyl)

-1 -methyl-5-carbo:xymethyl-cyclohexane-1 ,6 ,3 -e th e r

Mean P lane C a lc u la tio n s
■ O .

Atoms in  p lane Atoms out o f  p lan e D ev ia tio n  (A)

(1) 0 (14) -0 .01

0 (12 ) 0.01

0(17) -0.01

0 ( 16) 0.01

0 (1 3 ) 0 .8 8

0(15) -0 .51

0 (19 ) 0 .4 4

C(8) 1.25

0(20) 0 .37

0 (2 ) - 1 .36

0 (11 ) -1 .3 5

(2) 0(2) -0.03

0 (11 ) 0 .03

0(12) -0.02

0 (17) 0.02

0 (13 ) 0 .7 4

e ( i4 )  - 1 .46

C(16) -1 .3 0

C(19) 0 .7 3

0 (20) 0.98



TABLE 20

Mean Plane Calculations (contd.)

Atoms in  p lane Atoms out o f  plane D eviation  (a )

(3) C(1) -0 .01

C(2) -0 .0 3

• C(3) 0 .0 0

0 (4 ) 0.01

C(5) 0 .03

. c(6) -0.01

C(7) -0 .0 3

C(8) 0 .00

C(9) 0.02

C(10) 0.01

The an gle  between th e  perpendiculars o f  p lan es (1 ) and (2 ) i s  

70.1 degrees.
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TABLE 21
2 -( 6 * -m ethoxy-21 -naphthyl) -1 -methyl 
-5-hydro:xy-cyclopentane“1 -eth anol

, o . to
Interraolecular contacts (A) o f l e s s  than 4  A»

C ( 7 ) c ( 1 9 ) j 3 . 8 3 7 0 ( 1 6 ) ° ( 9 ) iv 3 .9 7 6

0 ( 1 ) 0 ( 1 ) i i 3 . 2 5 4 0 ( 16) C ( 1 0 ) I V 3 .9 3 2

0 ( 1 ) c ( i 8 ) n 3 . 4 8 5 0 ( 1 7 ) o ( 5 ) i v 3 . 8 2 7

0 ( 1 )
c ( i ^ I I I 3 . 3 7 9 0 ( 1 7 ) 0 ( 6 ) w 3 . 8 0 3

0 ( 1 ) o ( 2 ) i n 3 . 8 8 5 c ( 6 ) C ( 1 8 ) V 3 . 8 1 1

0 ( 3 ) c ( i  ) m 3 . 7 9 5 c ( 7 ) C ( 1 8 ) V 3 . 8 4 8

0 ( 3 ) o ( 2 ) m 3 . 8 6 0 0 ( 1 5 ) 0 ( 4 ) y 3 . 9 6 7

0 ( 1 8 ) o d  ) m 3 . 5 8 5 0 ( 1 5 ) C ( 6 ) v 3 . 9 3 4

0 ( 3 ) C ( 1 2 ) I V
3 . 9 1 2 0 ( 2 ) ° ( 3 ) r a 2 . 6 6 9

0 ( 9 ) o d ) ^ 3 . 6 7 7 0 ( 2 )  .
C ( 1 7 ) V I

3 . 4 7 3

0 ( 9 ) C ( 3 ) I V
3 . 9 7 2 0 ( 2 ) 0 ( 1 9 ) ^ 3 . 8 0 0

0 ( 1 4 ) 0 ( 2 ) ^ 3 . 9 6 0 0 ( 1 1 ) 0 ( 3 ) v ! 3 . 4 3 6

0 ( 1 4 ) C ( 3 ) i V 3 . 9 3 9 0 ( 1 2 ) 0 ( 3 ) ^ 3 . 7 2 4

0 ( 1 5 ) 0 (1  ) OT 3 . 9 1 5 0 ( 16) ° (2 ) v i 3 . 4 7 7

0 ( 1 5 ) 0 ( 1 0 ) ^ 3 . 9 6 7 0 ( 16) 0 (11  ^ 3 . 9 9 9

The su b scrip ts r e fer to  the fo llow in g  transform ations o f  th e  atomic

co-ord in ates:

( i ) X ,  1+y, 2 ( I V )  x , i - y > 2 + z

( i i ) - x ,  1 -y ,  1 -z ( V )  x , \  -y>  i + z

( h i ) - x ,  h y >  |  “ z ( V I )  1 -x , i+ y .  |  - z
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TABLE 22

2-(6*  -met'noxy-5 • -brorao-21 -naphthyl)
-1 -m eth y l-5 -ca rb o x y m eth y l-cy c lo h ex a n e-1 ,6 ,5 -la c to n e

/ u \ °In term olecu lar  c o n ta c ts  (A) o f l e s s  than 4  A

Br H
COcT 3 . 9 2 0 ( 1 )

°<6> vi 3 . 8 9

0 ( 4 ) 0 ( 16) X 3 . 6 3 0 ( 2 ) 0 ( 6 ) V i 3 . 7 6

0 ( 1 9 ) 0 ( 1  ) j 3 . 9 6 0 ( 2 ) 0 ( 7 ) V I 3 . 9 0

C ( 1 1 ) C (l8 )n 3 . 9 7 0 ( 3 ) C<6>VI 3 . 8 8

0 ( 2 ) C(18)n 3 . 8 3 0 ( 3 ) 0 ( 7 ) r a 3 . 7 4

0 ( 4 ) C (l8 )n 3 . 3 5 0 ( 3 ) C(8)VI 3 . 8 2

Br ° ( 2>III 3 . 7 0 0 ( 4 ) 0 ( 5 ) v i 3 . 8 4

0 ( 1 ) 0 ( 2 ° ) j u 3 . 9 9 0 ( 4 ) 0 ( 9 ) ^ 3 . 8 0

0 ( 1 ) 0 ( 2 1  ) l ; n ; 3.60 0 ( 4 ) 0 ( 1 ° ) v i 3 . 6 9

0 ( 4 ) 0 ( 2 1 3 . 6 3 0 ( 5 ) c (5 )v i 3 . 7 2

0 ( 5 ) 0 ( 2 1  ) w 3 . 7 7 0 ( 5 ) 0 ( 1 ° ) v i
3 . 8 2

0 ( 6 ) ° ( 3>iv 3 . 8 0 0 ( 7 ) 0 ( 1  ) y i 3 . 9 0

0 ( 7 ) ° ( 3 ) ot 3 . 9 2 0 ( 8 ) 0 (1 ) v i 3 . 6 9

0 ( 9 ) C ( 1 3 ) W 3 . 8 8 0 ( 1 4 ) 0 (1 8>VI 3 . 8 9

0 ( 1 3 ) c d 3 ) IV 3 . 6 3 0 ( 1 4 ) 0(1 )v i 3 . 8 0

0 ( 1 9 ) ° ( 3 ) OT 3 . 7 9 0 ( 1 5 ) 0 ( 18) ^ 3 . 9  2

0 ( 2 ) 0 ( 3 ) y 3 . 3 4 0 ( 1 5 ) ° ( 1) v i 3.60

0 ( 1 ) 0 ( 3  ) y 3 . 5 0 0 ( 6 ) C (6 )y il 3 . 7 3

Br c(9 )v x 3 . 7 7 0 ( 6 ) 0 ( 7 ) ^ ! 3 . 8 9

The sub scrip ts r e fe r  to  the fo llo w in g  transform ations o f  the atomic

co-ord inates:

( i ) X ,  y , 1 + z (V) - X ,  1 -y , —1 -z

( i d x , 1+y, 1+z (VI) 1 -x , 1 -y , 1 -z

( h i ) x ,-1 + y , z (VII) 1 -x , 1 -y , 1 -z

(IV) -x ,  1 -y , -z



TABLE 23
2 -(6  *-m ethoxy-5 *-brorao-21-naphthyl)

-1 -m ethyl-5-carboxym .ethyl-cyclohexane-l , 6 ,5 -e th e r

/ ° \  ° In term olecu lar c o n ta c ts  (A) o f  l e s s  than k A

Br C (18)j.

C(11) 0(3)j.

Br ° ( 2 ) n

Br 0(21 )n

0(1 ) 0 (3 ) 1 .̂

0 (1 ) 0 ( 2 0 ) ^

0(1 ) 0(21 ) n

0 (18) ° ( 3 ) n

0 (2 ) O _k
. 00

H H H

0(11) c ( i 8 ) m

0(3) C (l9 ) lvr

C(3) 0(21 ) „

0 (4 ) 0(21 ) „

0 (5 ) 0 (2 1 ) CT

0 (9 ) C(13)OT

0 (13) 0 (1 3 )W

0(19) C(19)V

0(3) 0 (1 )y i

0(3) c (2 )y i

3.91 Br

3 .8  3 0 ( 1)

3 .7 0 0 ( 1)

3 .9 4 0(1 )

3 .9 4 0 (1 )

3.91 0 (2 )

3 .80 0 (2 )

3 .92 0 (3 )

3 .5 0 0(3 )

3 .73 0 (3 )

3 .9 4 0 (4 )

3.92 0 (4 )

3 .5 0 0 (4 )

3 .6 4 0 (5 )

3.92 0 (5 )

3.71 0(15)

3.95 0 (6 )

3.58 0 (6 )

3 .4 0

0 ( 9 ) ^ 3.76

C(8)VII 3 .83

C ( 1 4 ) v h 3.96

C(15)VII 3 .5 6

C(6W 3 .9 0

0 ( 6 ) v i i
3.82

C ( 7 ) v i i 3 .9 4

0 ( 6 ) v i i 3.95

o(7)vn 3 .8 0

c ( 8) y i i 3 .9 0

0 ( 5 ) v n 3 .92

0 ( 9 ) v i i
3.86

c( i ° ) v i i
3 .78

o (5 ) v n 3 .7 4

0 ( l0 ) y j j 3 .8 4

0 ( l8 ) v n 3.89

c(6)v m 3 .72

c 7̂W i 3 .8 6

The su b scrip ts r e fe r  to the fo llow in g  transform ations o f  the

atom ic co-ordinates:

( I )  X ,  y ,  z -  1

( I I )  x , y  -  1 , z

( I I I )  x , 1 + y , 1 + z

(IV) -  x , 1 -  y ,  -  z

(V) -  x , 1 -  y , 1

(VI) -  x , 1 -  y , -  1

(vn) 1 - 1 - y,
(V III) 1 -  *» 1 -  y» 1
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—* ' O O ' O N - f n i n N O - ' N r O ' O f O N r i j n T f n N o r n i i i D r m - ' t ' i i - i n ' O T N O1 1  1 1 1 1 1  11 1 1 1 1 1 1 1 1  -1
- t O O l / l l f l i n t T T T l - T T  fO (O fO m N  N  (M N  «VI N  N  -« —• -H . —. Q O O

X  n - o o c o c o c o c o c o c o c o c o c o c o c o o o c o c o c c c o c o c o m c o c o c o c o c o c o t c c o c o a j c o c o c o

N i n N o i M i n i n o o '  n i n o M n o O ' O c o n T N N N O i / i N N f r i / i n N t n c o o n  
*»- n j i N > o j i K i ^ N o o o n i , ) > o i i ' O N < i N N J - f i M n ^ ' 0 ( ,) o n } - N f i n o o i i i x

•—•

o  N N n N O ( M N ( M 0 ' Q n - 0 ' N 0 ' D i n 0 ' T N n 3 - f 1 ( M - . f l 0 ( M - T 3 - a Q N 3 - 3 -
n i / i n j i i j i T i n n c o N n f o u i n T n ' O ^ ' O i ' i n ' O n ' O ' O n i n n T n T i / i N i n x

-J ^ o o n H i f l r j T t f l  0 - > * ( « ) T i n ' O N N O ( * » ( M T i n r n ( ' j i , > r i n ' O ® T ( n N ' H i f t1 1 1 1 1 1 1 1 1 11 t 1 1 1 1 1

^ <M (NJ O d (1 (1 N N :M (M̂ ,—, ^ ^ ^ a  q ^ n rl n IM f\l N N N N t M M- * - * - . - . - .

X — - . O O O O O O O O O O O O O O  O O ' O ' O ' O ' O ' O ' O ' O ' O ' Q ' O ' O ' O ' O ' O ' O ' O '
N M N N N N I M N N N l M N N  M (\l CM CM



T
a
b
le

 
2h
 

(c
o
n
td

75

u CO in CM CO c0 in 00 m 3 «-» IN 3 3 O ' >0 CM O O in O IN IN m IN vO co CO IN O ' IN 'O CO 3 oo
u . CO rN O M 3 IN co CO in fN in CO CO 3 'O — O* in m in 'O •o 3 — o - o co 3 CO m CO m CO

CM «-*

o I''* CM •-* 00 00 CM o in CO IN IN 3 O ' fO _ ,, oo 3 CO 3 CO >0 CO 3 MJ 3 CM 00 IN CM o , IN O co M>
u . fO 00 O ' CO 3 CM IN. ro 00 in nO in CM 3 m O o o OO in 3 in rv -c 3 CO O ' in 3 3 CO in 3 in CO

—* CM *“•

CO n 3 fN 00 CO •O in 3 CO O CO in IN 00 IN M> m CO CM , CM «0 3 in >0 CO O ' CO CM co
1 1 i 1 1 1 i 1 t 1 1 1 I 1 I i 1 I i

1

i i 3 3 3 3 3 3 3 co CO co ro CO CO CO CO CO CO <o CO CM CM CM CM CM CM CM CM CM CM CM CM CM CM - -

X <o CO r* l CO co co co co co co CO ro CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO <o CO CO

u in CM O a m IN M> a , 3 >0 3 CO a CO 3 t in O ' 3 CM IN 3 >o 3 in IN 3 fN IN 3 IN
u . in 00 in 'O CM in CM co co 3 CM CM 00 fN O 3 >0 Pn * o CO CO CM 3 'O CM 3 — CM 3 CM a CM CO PN 3

co CM CM —•

o in in >o CM in o * o m o CO CO o CO O ' IN O ' in CO CM CM O ' CO 3 PN 3 O O <o 3 CM a CO CO
u_ IN. oo 3 I f l co 3 ro n co rO — CM oo >o O ' CO IN PN 'O CO IN CO CO IN CO 3 co CO 3 CO O ' 3 3 M> 3

CO "■* CM

_J CM co in -o IN O ' o CO "O 3 CM O CM M> CO 3 — CM CO 3 IN CO CM , O _ CM co IN CO In -O 3 CO ,

1 i i 1 1 1 1 1 1 1 1 1 1 1 1 1

i i o o o a O a a a a CN fN [N IN 'O in m in m in in in m in m 3 3 3 3 3

X 3 3 3 3r 3 3 3 3 3 3 3 3 3 3 3 CO CO CO CO CO CO co CO CO CO CO CO CO co co CO CO CO CO CO

KJ n  COO 9- N  in I*) N  N  O' 3  3  — CO O T O l / l N N C O l / l C O ' O  N O i S - « ( n 9 > C M f f l O  n  n
u . r t i f i N O > ' 0 - * ( * i ( h f l ' < n , o > c i i ! r i n N « < ,J i f l T i f t N n " < » n i n N T  m  - < in  co t  (h

fH  e #

O O T < ( M « O < 0 N M 8 i n « - > N O i f l l M » » C 0 ' 0 « - ^ S O T ( N - ( M n O 3 , OU. Tl f l ^OOl ^OCJOn' OTf f l i / JTi n^' OI Mi f l Ti ns f l ' Or t f ' UnJ' f UnNl f l M- O'

_ j —  in  >o in  r o — . ( M n L n - o r ^  —  o c o u n  i - N - o - ' N f n T i f l ' f l a ' O i n o N T n o -  
—  i I » i i » —  —  i i i i i i i — —— *

I *
i i  n f ' j r ' J f n e i c n r n r i m f O O f O N M N N N N N N N C M I M N N N N N N

x  y T r T r r r T ^ r T T T j - T T T T T T T T T r T r T T r r a - T f T r

o  c o r o o  — c o o ' t n c o 3 0 ' O m i n < M c o f N a o a o c o a o i n -  c o c o f N O O ' 0 ' 3 c o c o — CM' OO
u_ r r N T i n o o i / i n i ' i T O - i n i n i n r t i ' i c n i n T T T N S T O i n r r K M n o O ' O ' *

—< —< N  —> —

o  c 0 i n N 0 " 0 - - . T ^ c n 0 ' T > 0 O ' 0 N - o > 0 - 9 ' C 0 < n n > 0 - * N c B ( * ) O ' 0 f f l 5 ' < M r t
u. u » T > o c * ) i i i - 0 ’O N T c n T c * > ' 0 - f l i f l T T < * ) ' O T < * » o f n 4 T < * > i n r t i * i O ‘ ( n M n r t

—  —  CM —  —

-J T N O ' C O ' f l T N O N T ' O N N c n c n N - N T l f l N - i n i f l N f f l ' O f n N ^ N f l ' O N - *
I I I  I I I — I I I I I  I I I I I I I I —

I I
i i  - w - . o o o o o o o Q O N N ' O ' O ' O ' O ' O - o i m n i n i n i n T T r T T T T f r r

x  m a i L n t f l c n i / i i n u i i i i L n i n i n r T T r 3 - T 3 - T T 3 - 3 - r T 3 - T T 3 - 3 - 3 - T T 3 - T

O  T « 0 t 4 J r t T O < N N i n N C > ' 0 ' 0 0 ' l f l - - ( h ^ O 9 ‘ N I > ‘ N ^ ' 0 N C 0 - O ( h i nII m n < o N N r t ® ' < i O T c i T P i o i * i M n s N T  - o O ' i n T N n T O ' O n s o ' O O O
«—« «-Hi *—* (SI

o OlMOBNTNff lOO — N ' O O i f l T - - « r t l f l ( h — N 0 0 ( h l f l N f f l N i n a " O — ' O l f l N -
u. 'Oi’i ' O c n i n i n M n o f n T T i n o ' T ' O i n ' O ^ T r t ' O M O r t P i f l i n o i f l T i n c o s c i— CM

-J - 3 ' « 0 ' 0 ,' N i n N f N O a ) ' 0 i n 3 ' ( n N - O - N i * ) T i f l ' 0 O N O i J ) 3 ' N * * O ( M c n
t i t  I I I — I I I I  I I — I t

V  3 3 3 3  c o c o c o c o c o c o t M C M C M  c m  r M c \ i i M i M r M C M < M r M i M c s t ! M  —  —  —  —  —  —  —  —  —  —

x  i f l i f l i n i n i n i n i n i n i n i n c n m i n i n i n i n i n i n i n i n i f l i n i n i n i f l i n i n i n t n i n i n i n i n i n i n



T
ab

le
 

2.h
 

(c
o
n
td

76
u ro m O ' o 'O O CM —.  CM 00 —• O' CM O ' CM a CM O o O ro or O O O ' O' O P" - hi CM ro -0
u . O' O' b ro ro 3 CO -0  CM CM ii l  CM 3 'O O

CM
O
CM

CM f" CM
•HI

'O m CM ro ro CM ro 3 ro 4-4 CM ro M> 3 * CM -O

O CO a ro CM O a in in rO — —  > O ' O ' 'O CM o in ro O rv in CM O ' O - *  3 p" O ' f "  O a 4«4 —• r>.
U - O ' a p * ro 3 3 ro m ro  ro in  CM 3 in a

CM
o
CM

rO -4 >0 3 ro ro ro rOro  3 CM
0—4

CM ro in ro  CM o

_J □- Nn ? ' i n > ONM- * CONl / l ( MO( \ n i i l >ONCOO- ' Na OCOl i l - Nr t Ti n ' OCO  l i t  I V I • *-• —♦ | | | | | | — -» -* I I I I I I
I I I

X

u in ••4 fOm COMl CM4—»o o , 3 -0 to O' 3 to ro O' co to O' 'O a in O' ro in p̂
u_ in 3 M>CMCO003 in —«>ovO003 3 to ao3 CMin 3 to CMM>3 CMin to in 3 —-4 —43 to-* —4CM"* ro

o _ O p* in O' CMM) p" m —• pv 20 O' CM-Oin O M) Ol roa toO 3 —* p Ph , COin aoCMO' in
u. in ro in p*. O' ro p" >o •n p* 3 3 to 3 coin to O >03 to m3 3 in tom 3 to ro COCMto—* CM ro

3 O -o 3 CM 0 2 3 >0 COo 3 o _4 3 ro CM •-H CM3 M>COPvCM4*̂4o 3 m"0 O in 3 to
—• 1 1 1 1 -4 —H 1 1 1 t 1 1 1 i i Ml
1 1 1

iC —4o a a a O a O O o o o COCO >oMl ~o'O-o o 'O-o ~om min in

X CMCMCMCMCMCMCMCMCMCMCMCM

u , mCON CM3 , in CMo P* O l ao'O3 CMin O' 3 M» O COro CP3 3 CMa in 4—4 M) hOtO
li_ 3 Ml Ml CMO mi" 3 P-HroO' >oto in 3 to —4 in COto to O 3 P' in O' >oN PHO' O' O' ro

*“• ■“ * CM CM 0—4 CM

o O 3 3 CMI " coin O' O >oO' coCMO' o 3 CM—i• o coto 3 •HICM3 o CM3 i o 1 to P*HO' CO
u. ro3 O Ml CMO' 3 o 3 o CMCO3 to fOm3 to to in CMto roO in PvM) O' M>00 40COO' COro

CM CM CM

_l —H co p- M3in 3 CMMl CMro 3 in >op̂ O' o CM3 ro aopv>0 in 3 roCMa -4 CMto 3 in P*HCOCM
1 1 1 1 i 1 « 1 —«*—4—4 —4 • 1 1 1 i 1 1

i 1 1 I
\c CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM

X CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM
*"* *“* *“• Ml *■* —* —* —* —• ”■* -* *“*' 4-4 ”■* *”•

u O 3 , p* CM3 ro Ml , O' m■©CMCOCOCDO . CMCMo CMmCM>oCMO O' O' 3 3
U- ro 'Oro 3 M33 --4 3 ro COmtO-o •OCM to co to to ro o to in O in in to to 'ON 3 3 to

Ml Ml! —* —• 4—4

o in CM—4Ml ro _ ro CMin Pvm00 CMO O' o* in , O O in -OO' (Oo HO , , -4 3 fO00 -0
u. ro Ps. 3 ro M>coo 3 ro O' 3 ro Pv 'O3 'OCMrv P' ro to to COto mo mhOCMfOhOP>3 3 to

■”* *■" ”■* Ml

-1 CMro O' P- M>in tOCM , o —4CM3 in 'Or̂. COO' CM rCO>oCMo _ CMto in -o p' COO' O CM
1 1 1 1 1 1 1 t 1 1 I 1 1 1 i i 1 1 I 1 —4

1
Ml
1

* min in m3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 roto to roto COroto roto ro ro tOto ro to

X CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM
Ml •■t —• —* -* *"• Ml —* *“• *■* —* ”■* Ml •“* *■*—>44—4—* *■*4—4Ml Ml —* ■ >1 *”* 4—4

u o O o in in ro , 00pv ro >0to ro 3 m a to to to o to in to o CMm3 in 3 CMP- ro 4©
u. in o 3 CMmmi o M> o 3 CM>0 003 p" N O' ro PHMl roin CMto 3 to Ph3 to P"3 3 in

CM*“• ”■* CM—• "** CM

o p* 'Orv CM3 Pv3 00 p* in in m3 O' ooCM3 O' >oO CMin 3 in COro 3 3 tOO CO3 ro 3
u. in O' 3 in Ml O' in rv o 3 ro -0 COfO>oN COro 00 M) ro tomto rotOtO00in 3 >o3 3 in

•HtMl —* CM —• -■* CM

—1 p- Ml m3 roCM3 -o COO' 3 Ml 3 a CM3 <1 COo 3 in 3 to CMP" CO_ CMro -Om _ o
1 1 i 1 1 1 —4 1 1 1 1 —4 — 1 1 I 1

» 1 1
* a O a 3 a o o 3 O pvpvPvpHP' o HOM) -0 O in in m

X roro rOro ro roro ro ro ro ro to COto ro ro to to to to to CMCMCMCMCMCMCMCMCMCMCMCMCMCM
—4 —« —• —« 4~* —4 -4 —4—4— —• —4 M l —-4 >»• —H 0*+ 4-4 Ml 4-4 Ml 4—4 0—4 —4 —4 Ml —4 —4 —4 Ml —4 —4 Ml



T
ab

le
 

Zh 
(c

o
ir

td
77.

u m i M3 ro CM in O' 3 3 — — CM ps M> — in
b . o O ' in m rs O ' — — ao o 00 O' 3 to M>

ro —

O 00 in rs O ' O ' rs O 3 oo CO ro O' CM to to
bu O ' O ' in 3 rs a ro a M3 ao 00 CO in to M3

CM «—« —

-1 CO N m 3 ro a , , CM ro 3 in M3 GO O'
i 1 1 1 i 1 1 1

i£

X O O o O o o o o O O o o O o o
—* *-* '■* —* •“* *“• —*

u 3 o O' 3* O ' ps O' in CM 3 O ' o , , 3 O '
u_ m CM ro •»» is M3 m Ml — to in to CM —

•—* - * ” * ■«* CM CM

o <— 3 O in in M> M> tO O' CM is •— 3 CM
u . — m ro ro — CO Ml 3 tv a 3 3 3 to to

*—« —* CM CM

_l 3 ro CM _ o CM ro 3 in ao O ' O to to
l 1 1 I i 1 1 — — —

1 1

v : to ro ro <o cO ro ro ro tO fO ro to ro to CM

X O O O o o O O O O O o o O o o

u O ' m CM m rs 3 CO <M M3 CM tO m ps
k . in CM in rO in CM 3 O CO I"'. CD M3 3 3 CM

—* CM

O ro in 3" 3 O ' M3 3 in ps Ps a in CM
U. in ro 3 CM un CM 3 O O ' M3 CO M3 3 3 to

*”* CM

-I o O ' I ' ' in ro O CM ro 3 in ps _ CM
— 1 i 1 1 i l — —
i 1

3M >0 in m m m m in un in m m in un in 3

X o o o o o o o o o o o o o o O
*■* *-* «— —* *-■

u ro N •—i in un ro 3 rs o CM 3 CM 3
u. CM 00 oo rs ps 3 M3 3 3 un o 00 rs o —

~-+ to CM —* 3 to

o 3 00 00 Ml CO in in 3 3 , CM 00 3 *—• 3
u . CM 00 00 M3 rs ro M> in 3 M) O I"* ps — —

«•* tO CM 3 <o

-J 6 7 00 O «M ro 3 CM O 00 M3 3 CM o CM
i 1 1 •H — — — — — 1

1 1 1

k : o O o O O o CDo O

z

O ^NN' 0 i * J Nn ' Ou n M* ) ' O- * TNU. ® (*1 'O I  O' M3 Ml 0 ' < N N - N 0 ' Q

o  m m  M n  <*) n  m  o  m o  -  m m -
•*. N 3 - < 0 T f f l ' 0 ' f l 0 > ' 0 N N O N 0 > -

-J n t N o c o N ' O i n r N - ' O N T i n— I I II I
^  cOroCMCMtMrMCMfMrMCMCMtMCMCMfM

X

3 CM O' to is M3 in oo o CM 3 M3 O' ps a — Ps fs
M» — 3 m o CO 3 o to — to m is o CM to in

to CM 3 *“* —»

00 CO CM m in O in P" CM o to CM P ' M3 00 M3 is CM
3 ■ ■< M3 in a 00 to O ' —to CM CO 3 Ps OP ro 3 M3

fO CM 3 —*

CM to 3 a> M3 3 CM a CM 3 M3 go CD CM 3 , O
— — ■ — 1 t 1 1 — «-»■ 1
1 1 1 1 1

O o O a o o o o O o O a o ao CO 00

O o O O O o o o o o o o o o o O ' O ' O '
— * "-r '■* “ * *”* —* —* — - * —

M3 M3 O ' IS CM — O' 3 I ' ' O ' o ps o CM M3 O ' rs M3
to M> |S ps M3 CM 3 M3 O ' to Ps 3 Ps ao 00 CM

— CM CM

CM m a o ao a ’0 ^tt in 03 O ' CM to ro O ' CM CM CM
3 M3 is 00 M) CM M3 M) CO — to Ps to in fs O ' to r o

CM CM *"•'

O ' CO |S M> in 3 CM CM in M3 PS. CO o CM to 3 CM
1 t 1 1 1 — — — —

I • 1 1 1

CM CM CM CM CM CM CM CM (M CM CM CM CM CM CM CM CM

O O O O O O O O O O O O O O O CD o Q

i£ i O ' M3 in 3 cm rv f" 00 P'. in CD Ps fs ps a
m to ps 3 O 00 CO in 00 M3 CM in CO to 3 Ps to M3

—

O ' 00 rs CM in O ' o CM O ' 3 Ps o M3 to M3 GO 3
3 to in 3 O ' 00 O ' mO' Pv «o in P ' ro 3 Ps to in

*”*

O' 00 rs in 3 CO CM o CM to m ps O ' 00 is M3
1 1 1 i t

3 3 3 3 3 3 3 3 3 3 3 3 3 3 ro fO to to

O o O O O C3 O O o O o o O O CD o o o
— — — —*—• — — — —* «*• —

i f l o o r —̂f l O O N N O O N ' O N C O r t n N n r t  O N l/l in <*) T N m f1 TO<n- *TNrt i ncO  
ro

0 ' O l f l ( M N T 3 - T > 0  ' O O T O N N ' . t f l f O ' O  
o c o r i f t T m T i ' i n i n N n n i n n r t i n ®  
ro

' 0 C 0 ( M T ( M - ^ N r 0 T N - « i ,J l H C 0 l f l - * f O 1 '  I I — — I I I  I I I I I I
I I

OOQOCOacOCOai NSNNNS' O' O- O' O

o o o o o o o o o o o o o o o

is to CM o IS to GO O' CO in CM in is m ■̂4 IS M3 GOO
Ps in O' M3 in3 3 M3 to M3 m o m CO inM3

CM
00 IS O'

O' CO CD 00 IS —  to fO 3 in 3 — M3 GO M3 O ' O ' CO O '
IS 3 O ' un m 3  3 rs  r0 M3 in o un ro 3 M3

CM
is Ps 00

Is 00 a to  3  O' co ps M> in 3  CO CM —  CD —  CM 3  in
1 1 — — — 1 1 i  i

i 1

CM CM CM CM — —  —  —  —  —

m>
fv

m i-o

a
I

o
«"♦

m
i s

o
Ml

o

CM

o

ro
CM

00
ro

3

O

mia-

IS

o-

3
t

O

*»<
O '

COco

>ot

M



78.

u <M lD M) CM — O' oo CM inCM 00 O un o o Ml >0 >o ar O' o to o in —  — o CM CM inin in -4 O' mi
u. ro fs rs ar a r

(O
CM
CM —•

in tO rs fO to in M> aT in fO ar m> O ' is
»-*

>0 «■# ro —  O' •o ar ar m 3- CM fO >0

O t o O' r o O' a co r s t o O' o f"v O' CO 3 —  CM tO CO r o M3 ar CM ar i n 3 - t o O' tO —  co o t o i n f s
U. tO | S r s t o m

ro
t o
CM

i n CM i n t o t o ar O' 1ft T >0 t o t o >0 CO O'
«W*

- 0 tO O' w—t t o M> aT i n  a - Ml CM CM m

t * i i - »  i « i » i i — r
i

^  l f t i n i f l t n t f l l f l l f l l f l l f l l / l T T T T T T T T T T T 3 ‘ T T r y T f J ( ,» f l» ( n i , } n r t f )

X  C D O O O O C O C O C O C O ® C O C O C O O O O O C O O O C O ® ( C C O C O C O C O C O C D O D O O O O O O ( r c O O O C O C t ® f l O

U ' O O T I h C O - ' O N O ' O ' O ' O r - n T N S O O l S r i n N M n j - i n O O n N O N - N  u. ' 0 * < N ' 0 o o i f l n o T f i f ,j(*)(*)rar-« ■ 4)n 'O ri(O T «oooiiiiii-*T  ms cm rs m
ar  cm —• n  m  ^

O  ( M ' f l Q T N < * ) ' 0 « ' f l r t N 3 l f l ® i f l - * N 0  3 - 0 0  0 ' T r ( > ‘ J - « t D O r t T  3 "  T  3 "  •“u_ ’« - . N o o N i n ' O f l > T r t r r f i T 3 ’ (»)(*)nN<*j'OnTn'Ooo<flN-*intn( ,i ' 0 3 ‘
a r  cm —  cm t o  —

_l ( MO' 0 T( > J ON' « ONl f l r t N- <Or t l f l 3 - P l N- « Oi n > ' f l T< ,l -*O-*<nN- ' 0IJN— I I - * - *  I I  I I I l  l -
I l l  I

V ' *OQOOOOOOOCO( SCOOOi SCO( 9SNNNNNS<0' 0<0' 0 ' 0<0' 0 ' 0 ' ( l t n i A

X O' O' O ' O' 0* O ' O ' O ' O ' o * CO CO CO CO CO CO co CO CO CO 00 co CO CO 00 00 00 00 CO CO CO CO CO 00 CO

o 3" to  f v , to I" o m ro CM CM rs m i CO CO >0 rs MS in m> >0 o tO o —H o >0 rs M3 o CO in rs ro
ti i n in a r —HI m CM r*' — O ' rs a r to M3 m > 4 * —4 to o CM rs >0 CM is O ' O' O ' —4 O ' o O ' MS rs CM O ' to

r>
«

' *-* —* CM — " * —

$ cs in CM fO CM oo to «s o ro rs. MS CM O o m CM to co rs O ' , CO in to CM CO , rs m * *—• rs ro IS to o
0 u . m MS 4 “ CM MJ t o N — O ' >0 in m rs in O' to O ' O ' to MS m CM rs to o O ' — O ' m in m O ' CM 00 to
0v*> —1* *■* •"* CM —• — "■* —«

4
N ■n ar t o CM o CM a r in M3 fs o CM to a r o O ' CO IS ms in 3" to o , CM 3" in MS rs o

1 1 1 i 1 1 —• —» —• —« 1 1 1 i i I —4 —
0r( i 1 1 1 1 » i

I
CM <M CM CM CM CM CM CM CM CM fM CM CM CM CM CM CM

X O' O' O' O* O' O' O ' O ' O ' O' O' O' O' O ' O ' O' O' o* O' O' O ' O ' O ' O' O ' O' O ' O ' O' O' O ' O ' O ' O ' O'

u Ml —  -o CM O CM O' 00 M3 (M CO O' M3 i s un M3 _4 O i n CM ro i n o CO M3 —  3 “ in —  ro 00 ro O' O'
u. f*» in cm 00 — CO ro CO 3 - M3 O ' m CM to O ' m IM CM M3 f*> M3 ro ■■■ACM m — 3 - 00 0* M3 t*j a r o M> CM

<*■* — CM «p4 — — — — ro CM —

O is O  ro ar CM 3 - CO M3 M3 O' a r o o o rs rs CO CM O ' ar 4-4 O ' ar ar m in 3 - M3 in to O ' IS fs o
u . CM in ro CO O' to O' to M3 in M3 to to to ar o —• a r in IS to — CM M3 C3 a r M3 O ' M3 to ar o M3 CM

—* *"* CM *"■4 —* ”■* " * to CM "■*

-1 M3 3 - CM o CM ro m M3 O' o ro ro O ' CO IS in ar tO <M , *■41to 3 * in M3 fs O CM a r _ CO rs M3
1 I 1 i 1 1 4-4 •—4 —* 1 1 1 I 1 1 wA ««• — — —4

1 1 1 i 1

O ' a r ar 3 - ar 3 - O ' a r ar 3" ar O ' ro to ro to to to to ro ro to to ro to to fO to to to CM CM CM CM CM

X o* O ' O ' o» O' O' O' O' O ' 0 ' O' O' O ' O ' O ' O' O ' O' O' O ' O ' O ' O ' O' O ' O ' O' O ' O ' O ' O ' O' O ' O ' O '

VJ ' O t N O O T - ' O N O O i n N f l O N O - N - T C O ^ N N O O ' N ' O i ' H O ' O S ' O O ' O ' Q
U. N o O N T N M n T T - T i f l N f n i n - f l ' f l N T f l i f l l f l T N T i f l T T T N T i n M N ' ' )

O iflO^'Oin— ' ONNUl  — NOl f ) ( >i n( ,i n O N T ' O N N i f l N T O l t>''OTOfOCO'Olfl
**- t o o o c o u n r o M > c o a r : r c M t n : r r « i r O L n L n i f > r o a r < o a r L n t o r s i / ) L n a r : r t o r o a r ' O f O M 3 f O

—1 aT tO —  —  (M a T C O O 'a r tO C M  —  O  —  <*) ' O N  CO —  DO N  >0 i f l  T  • *  —  3“ tfl Ml —  N  1*1 a  b> aI t i i  i i i i i i i — t i i i — — — —i i i
^  c Q ' i s i s i r v i s r * r s * s M 3 M i M > M 3 M i  o  o  -jo m < o i n ' j j u i i f l t n i f l v n i i t t f l i f i ' j J i n T T ' T r

O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O ' O '



Ta
ble

 
2

-̂ 
< c

on
td

.
79.

u IN MJ 0 0 m i n 3 n 0 0 i n i n fN o o i n —  o o n mj m - •  3 CP 3 O ' 3 O* O ' 3 m CO —• CN MJ i n
u . 3 3 i n i n • x > 0 m i n 3 m (► m mj m »n  i n 3 mj CN 3 3  <N mj O' o (N 3 3 O 3 i n  i n CO O CO

—• i n —• —• —• —» - * x * i n —* fN CM m • x

o CN ro in >0 co 3 IN. —• in 'O pH Psl in >0 3  - * ^4- CO 3 CO 3 ro MJ MJ 3 fN MJ MJ CN a O ' MJ co
u_ 3 m in mj fN mj rOPn  3 3 O ' 3 'O 3 ro m 3  m IN 3 in CN |N O ro in 3 -• CO3 MJ CO<P co

—* x* m «x —> -* —*Ps, CN CM3 —»

-* o — t ro 3 in MJ Ph coo —• CN C O i n 3 C N O O ' C O N N > 3 c O C N - * 0 - - * C N ro 3 in MJ | N O ' o
1 1 1 r i 1 I •X- —• —• —« x» —• x* | | 1 1 i 1 1 1 r - t

1 1 1 1 t

* CM CN CM CN CM CM CN CN CM CM CM CN

x

u in PN—  CN M) PN ro 3  m —a O ' O' in Pn O ' MJ O  — ro O 0 0 CO3 o O ' o Pn i n m fN MJ -• fO 3
llu 3 MJ Pn  3 O' CN fO —  3  O ' CN 3 f N 3 0 0 3 —« 3  3 CN CM ro a co IN a CN COP N MJ MJ —  O ' 0 0 in

CN x « - x —< x * CM• x —* « x —* • X —• - X -x -*

o in O' CN CN CN CM PN m ro Pn 3 MJ in MJ MJ CM MJ MJ 3 O' in o CO -* o in 00 _ i/J IN 3 CM 3 o O'
u . 3 MJ CO in o CO CO CO in O' CN 3 MJ ro IN3 ro 3 CN CN in a IN <Q CN CN 3  Pn i n in x# 00 o inro -x —» CN ■X «•« x* x* —• —* •x -X — •>

0 ' i N c o - « o - « i N c o 3 i n  mj i n  co o  o  oo n  i n  r  n  n  —» o —• c v m i n i n  - •  o  o -  oo n  <n n  i t i i i i i i i — I I i I —
i

T T T T r T T r T T r r a - T n n f ' J c i c x n f n r t f n n i n n f i f O N N M N n j N N

u in 3  in O o O' Pn ro m Pn O ao CO—* o in m ro O ' COMJ O r—» MJ O ' O ' O ' CN MJ MJ ao CMO 00
u . ro —■ MJ CN co CO U1 3 CN

•Ml
a IN in COin O ' CO in ro 3 MJ O

*■4
ro CN 3

CN
00 ro 00 CJ CO CO in MJ CO mco

O ro CO in in co 3 3 MJ m CO MJ MJ MJ O fN CO O ' O ' MJ CN ao CM MJ o CM m ro in o CM MJ CN MJ IN CN
U. ro ro 3 co fO 3 in CN O | N MJ O ' IN O ro in CO ro MJ O ' ro CN 3 O' 3 co o CO ro in MJ 3 3 ro

**• CN «-* •“*

_J ro 3 Ph 3 CN MJ O ' in 3 CO CM x * O _ CM ro in O , MJ in ro CM a CM ro 3 MJ CO O ' O fN O
I 1 1 1 1 f i t t t 1 t a —* •*4

» 1 t

* 00 CO PN I N Ph IN MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ m min in inm in in m in in inm 3 3 3

X

U 3 in ro 3 Ph CN 3 O m  —  3 O O' —• CM
u . CN co O CN O CM O ao O  ro 3 ro -x 3 3 in

—« CN 3 ro CM 3 CN

o o O in x« —. O ' MJ O ' O' MJ in MJ oo P N O  —
u» roro O '

CN —
CN —  O

— m
o
ro

CO P H

CN
3
3

o
CN

MJ 3  m

O' O ' P ' IN O fO o ro MJ O ' CM pn m x « CN ro CO 3
ro MJ 3 CN 3rO

fN
<■4

in
CN

00 MJ
CN

CO
fN

in
fN

CM IN ro in ro in CM

CM CN MJ ro PHin O' O ' MJ m O IN 3 O ' ro 3 Or
3 IN 3 ro CN

ro 00 m
CM

p H MJ
CM o

rO
3
CN

ro MJ 3 m fO MJ rO

-1 3  CN O  O ' in 3  ro  CM - •  CM m 3 m MJ IN 00 O' o CM CO 3  CO MJ 3  IN  O  CN 3 MJ O MJ CN —  O  -x•M-
1 1 1 i t i 1 I • 1

1 1 1
1 • | —  

1
-• 1 
1

*  c>4- *— oooooooooooc oooc oa o

X 00 CO oo ao CO 00 00 00 00 00 00 00 00 CO CO 00 CO 00 00 CO 00 00 co 00 00 00 CO co 00 CO 00 P H IN Ph IN

o 3 O ' ro m O' CO MJ O ro in in in IN O ro IN CO CM m O' □ 00 in IN CM IN 3 M> o p H M> •X in in O '
u. o O' 3 ro ro 3 3 MJ O MJ CM CM ro O ' MJ —• 3 3 MJ in O •«* 3 ?N — 3 in in CO O' in CM CM ro

— > •«* — - H ■— ro CN r o — • CN rO CM —• —* —•

o MJ O MJ O' CO Ml o IN CO a O 3 co m MJ 3 IN 3 MJ X* - *  CM O O' o 00 CO X MJ —  CJ in CO
u . o —3 CN CO CO in in O' M> 3 CO 3 CO in -* 3 3 M) CO

ro CN
CO
CO

MJ O' «x in
CN

inro in
CM

| N O' 3 PM 3 CO

_J CO 3 in Ml pH aj O' o _ CM ro in CM x . o O' 00 MJ 3 CO CN xt O X. CMro 3 in IN CO O' o xt CN ro
1 1 i I t I 1 xt —« .X .X x« •X X* 1 1 1 1 t r t 1 •X

1 1 1 1 1 1 1 f
y «o fO fO fO ."O <o <o fO ro fO co CM CM CM fN CN CN fN CM PM CM CM CM ?N 'N fN CN CM CM CN fN CM CMN CN

X 00 CO CO 00 CO CO CO CO 00 00 CO 00 CO 00 a> O0 00 00 00 CO 00 00 00 CO GO 00 CO CO 00 00 00 00 CO CO 00



T
ab

le
 

2h
 

(
co

n
t 

d.
80.

u 3 o CMlfl CM|s CO CMLfl CO ao in o rs 3 o in 3 CO o —•■ 3" CMis ao ao 3 sO fs fs mj O' fs
u. o o  

—«
<MO

CM
QO ro CMor ro is ao 3 rs 3 in m CM ro >0 ro

CM
lf l CM >0 rs. ifl o co in CM CO lf l CMMJ

O Ifl >0 ao o lfl — ao CM a «w4l - *  CM 00 MJ Ml -» ao lf l O' MJ CM CO 'O "* fs 3" a rO -*  3 CO ro
U. O ao ro O ' O ' 3 ro  3T ro rs. O ' 3" fs 3 3 lf l ro ro if l CM

CM
ro —• Ml ao fs MJ O ' CO in ro 3" if l CM Ml

-1 3 MJ CO O CM fO 3" M> M) ro CM —• CM rs o CM 00 MJ lfl 3 fO O CM ro Ifl M> O' fO o O' CO fs
1 1 1 ■̂4 •—» 1 1 1 1 i —* «-* t 1 1 1 t 1

1 1 I

3* O O a a o CO 00 00 MJ MJ MJ MJ MJ MJ M) MJ MJ MJ MJ MJ MJ MJ lf l lf l lf l if l lf l

X >0 *o Ml MJ MJ Ifl lf l lf l lf l lf l lf l ifl Ifl i n in Ifl l f l Ifl lfl lfl lfl ifl Ifl lf l Ifl lfl lfl lfl Ifl lfl lf l lfl i n lf l

u ro O ' lf l O ' CM MJ CO O O CO O ' ro ro O ' CO MJ fs fs ro a -* fs a 3 ro O ' —• a MJ O ' O ro O '
O ' 3 - fs ro 3 lf l ro

CM
if l co a  —* ro O ' O

CM
O ' ro CM

ro
O '
CM

3 *
3

3 -
ro

3 - 3 O ' 3 fs CO CM O'
CM

ro ro fs

3
CM
3

O MJ fs O ' CO CM 00 Lfl CO 3 MJ 3 fs. MJ —  lf l 3 fs O ' CM 3 if l fs O ' CJ 3* CM ro 3 if l O ' CC
u . CO 3 * fs 3 3 * lf l ro 3 MJ O 3 O O O ' ro lf l lf l —* MJ MJ If l 3 O  CO If l O ' ro O _ 3 ro O  3 *

— • CM —* —• CM - * ro ro 3 ro CM - * CM lf l 3

-1 co »■* CM CO 3 3 CJ O ' CO rs MJ lf l 3 ro CM —» O - * ro 3 if l >0 is CO O ' o CM sO O CO MJ 3 CM o
t —» —* 1 1 1 l 1 t 1 1 —• —•

1 1 1 1 i 1

CM CM CM CM CM a o a O O O o

X MJ MJ MJ MJ MJ MJ >0 >0 M) sO MJ >0 MJ Ml Ml MJ MJ MJ MJ sO MJ MJ MJ MJ MJ MJ MJ MJ Ml MJ M> MS MJ MJ

u O CM lf l , O ' if l rs co MJ fO CM ro MJ fs O ' ro MJ 00 3 CM CO tO O' 3 O 3 O ' 3 MJ o* CD lf l O ' is
li- lf l CO O CM O ' 3 O ' CM 3 CO lf l fs Ml CO CO If l CM 3 CM 3 O ' if l MJ CO ro 3 O 3 CM fO 00 CM CM

—* CM CM ro CM —* - * *-* lf l ro to CO 3

CD 3* CO CM CO 3 O ' o * «■* CM If l 3 CO 3 O ' CO CM O 3 CO e MJ lf l l f l co MJ fO if l co MJ MJ fs MJ ro CM
ti- lf l 3 CM O lf l O ' ro 3 lf l O ' lf l CO MJ ro CM MJ CO 3 to 3 as if l if l CM ro lf l CM MJ 3 MJ MJ tO 3

CM CM ro CM *“* lf l ro CO CO 3

_J MJ lf l 3 ro CM o *m| CM ro 3 lf l MJ fs CO O' O , CM 3 to o O* CO is MJ If l 3 CO , CM CO 3 lf l
1 1 1 1 1 1 1 1 1 —• —. 1 1 1 1 1

1 1 1

1C ro ro CO rO ro <o ro CO ro fO CO ro ro ro ro CO cO cO ro CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM

X MJ MJ MJ M> MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ M) MJ MJ MJ Ml sO MJ sO >0 MJ M) MJ

o lf l fs 3 MJ rs. 3 O ' is t CM MJ CM 00 | lf l O' ao O ' MJ rs 3 *•4 CM CO ro O O 3 O'
U- CO 00 O ' ro fs ro —« 3 O CO CO rs —• lf l 3 lf l CM CM 3 O —• CO CO if l lf l if l 3 Is 3 3 lf l to CO lf l

—* CM ***

o O CM MJ MJ lf l CO un MJ 3 O ' 3 lf l is O ' fs O o fs rs fs fs lf l . a _ fs ro 3 lf l CO O ' 00
U- o O ' CM 3 co co o 3 O ' fs CO fs O 3 CO Ifl CM CM lf l O' CM O' to fs in lf l ro lfl CO 3 to to as 3

CM CM —• —• —• -* CM —•

—i -« o n  n t u»
I i i i

* u) tn ui in m in

I T >Q ^  \Q ^  >o

U  9*  GO O  N  N
t*> Id N T  T  T <*)

>0 N  CO O'  l *)  - <  o> 
I I I I — -*

i / i  j i  i n  t i )  t  r  r

<0 •€ >C <1 >0 <0 "O

CM CD lf l CM IS —« o
MJ O ' rs CO MJ to lf l
3 to 3 to

CO N  -O  ill T  to  CM

T  3*  T  3 ”  T  r  T

Ml  ' O ' O '■O ' O mi

0"0<0ON(*)00 
o  i n  i n  t  o  r o  co

- . Q ^ N O i n ' O N
• I I I I I

3 3 3 3 3 3 3 3

MJ Ml  Ml  Ml  ' O ' O ' O - o

' O n N i n o ' O N O
i n r n n c i ' Oi n o o '

«  O N t n  - o > n
f  a«4 «*+ ««#.

I I
t  i  3" n  (*> n  n

4  3 ) <0 *4  MJ *4  -O

f s  'O i*) <h ®  ro in
y  «o <*) ^  -*  in «  

—  cm

r o o MJ —• CM MJ is ao QO to O to to MJ CO to is O' CM 0* is lfl O CO —  MJ CO fs CO to 3 CO MJ tM CO
ifl co 3  lf l 3 to CO

3
—* o*

•“4
to
ro

CO
3

to
to

If l CM lf l MJ to CO to 3 lf l 3 MJ ro MJ 3 CO 00 lf l Is to If l O  If l
CM

« N c n ( M O f f l ' 0 3 - C V Q N 3 - 4 ® I M 3 - i n 3 - - > < n S N i * » i n ® ’f l N O - ' I M < n i n ' f l f 1 N  ^ «  ! ff | | —. —. I I I I  l i l t *
t i t  I I

o 3  a a Zi o a o o a 3  o o ao ao -xt m  is t*s- ^ ms -o mj ms ms >o ■« -o >o in in

X ' O *4) ' O M) MS >0 •n MS ' O ’>4 MJ ' O MS >C sO 4  4  4



Ta
bl

e 
2b
 

(c
oi
rf
cd
.

81.

u CO CO (M lfl >0 IV rv o -• CM —* rv 3 CM -* CO fO CO rv PM CO -o 0» —• co o CO Ifl CM CO >0 PM —* CO 3
y. <b 3-

m # lfl fOPM CO 3 co 3- <M>0 o
CM

CO CM CO
PM

3 r
•«*

CO •■4lflc CO >0 lfl 3" O' OCO IVin ifl CO Ml 3" O 
PM Ifl

O 3* Ml if l CO CO 3 O' lfl rv CO -0 a —« IV IV PM >0 o - lfl O CO CO co co rv co MJ 00 O ' rv Lfl CO O ' 3U_ 00 PM CO CO co co 3 IV 3 PM 'O PM co -O 3 Lfl CO 3 CO Ml Ml co 00 —* CM lfl 3 lfl 3 MJ 3 —• MJ— • CM - * CM - * •M* «■»* — • —* —» —* «■* *>♦ CM

_J M) rv o CO •NT O rv MJ Lfl 3 CO PM - *  O —* CM CO 3 lf l rv O ' *■4 3 lf l a O' rv MJ lf l 3 CO CM — O
1 I ~ + •«* 1 I 1 1 1 I 1 —* —r - •

1 1 1 1

Id If l if l Lfl 3 3 3 3 3 3 3 3 3 3  3 3 3 3 3 3 3 3 3 3 3 CO CO CO CO CO CO CO CO CO CO CO

I 3  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

KJ CO *—» CM «-« , PM MJ M> co 3 PM CO a O MJ . MJ M) 3 MJ O PM CO CO 3 O' rv PM lfl 3 O' a MJtk lfl 3 CM lfl O' lfl CO CO 3 CO 3 rv 3 3 CM CO MJ lfl
PM -

3 O CO CO MJ 3 IV PM CO lfl ao lfl MJ IV a

O 3  — *—• lfl rv CO o fv lfl CO O' CM MJ fv lfl lfl lfl PM CO O' 3 o 3 |v CO SO MJ _ , CO fv CO 3 .3 oIk lfl 3 CO lfl CO lfl 3 CO CO co CO CO MJ CO 3 CO PM rv lfl
PM

a CO •». 3 co MJ Ifl MJ CM —• Ifl ao MJ •—* MJ fv o

MJ CO 
I

ifl 3 PM lfl
1

MJ
1

IV

1
SO
1

O
1

t 
I

01 CO MJ lfl 3 CO CM - O
1

CO
1

3
1

MJ
1

O' ao rv MJ ifl CO CM »■< O lfl
K

VC MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ ifl ifl Lfl lfl Ifl ifl lfl Lfl Ifl ifl

I 3  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

U rv co CO MJ MJ O rv lfl CO lfl lfl MJ fv PM mj rv MJ CO tO PM o PM 3 3 CO O' CO CM lfl 00 CM CO
Ik CM CO PM co aCM

CO rv rv CO
CM

PM
PM -

CO
PM

rv
CO

MJCM
rv lfl MJ

PM
CO CO CO a CM CO CO rv MJ

Ifl
rv
CO

CM
CM

O' CO CM CM

o MJ lfl MJ IV 3 3 3 rv MJ rv rv PM co O' o 3 PM CO CO rv 3 CO CM MJ MJ 3 lfl Ifl rv lfl O' ««*
tk CO CO CM fv o

PM
CO rv MJ 3

PM
CM
CM -

3
CM

O'
CO

CO
PM

rv rv co
PM CO lfl O' o O' CO CO IV CO MJ

lfl
o>
CO

3
CM

00 CO CO CO CM 3

_J MJ CO •■4
*~-fr 10

O' CO MJ lfl 3 CO PM - o
1

Pvl
i

fO
I

3
1

lfl
1

MJ
1

rv
i

ao
1

O'
1

O
t 15 12

CM O PM
t

3
1

ao
1

- CM
1

MJ CO
I

3
Ii i

*: _ _ _ « , - . _ _ _ _ _ _ _ _ _ o o o o o o o o ' cdcoco

lfl lfl Ifl Lfl lfl lfl Lfl ifl ifl lfl lfl lfl ifl lfl 5 5 lfl lfl lfl lfl lfl ifl lfl lfl lfl ifl lfl lfl lfl Ifl 3 3 3 3 3

lfl 00 O' MJ MJ Ifl O ' o O O' 3 3 O |V  eo O' lfl lfl MJ O CO CM | CO 3 O' 00 oo 3 O' 3 CO 3
00 3  

CM
CM MJ COCM

rv
3

rv 00 3
PM

CO CM
CM

ao 3 CO lfl — MJ lfl CO 00 o
*̂ 4

MJ
CM

lfl 3 ao O
PM

MJ MJ
lfl

O' lfl fv O<̂4 3 3 CM

MJ lf l MJ —■ MJ ^4 MJ CJ fv CM rv MJ MJ O co CO CO O ' o rv lf l CO 3 O' CM O ' CO CM O ' D CO 3 CM CO O
O' MJ CO rv 3 o MJ CO 3 -* rv 3 n 3 CO Ifl 3 lfl O' O' 00 lfl PM O ' lf l CO O' MJ 00 — 3 lfl 3PM *-« CM lfl CM CM —* —« PM — PM lfl —

-J CM **•« O CM CO3 MJ r v 00 O*o l f l 3 O O' COrv l f l 3 CM O — CM c0 3 lfl rv O' O PM COI f l
1 1 1 1 1 t 1 1 ««• —■« —« ««• —• 1 1 1 1 1 l 1 •4 —• —•

1 1 1 1 1
CO CO CO coCO COCOCOCO COCOcoPM PM PM PM CM PM PM <M PM PM PM CM PM PM PM PM PM PM PM PM PM PM PM

I 5 5 Ifl ifl Lfl I f l l f l l f l l f l l f l l f l l f l l f l l f l I f l l f l l f l l f l l f l l f l l f l I f l l f l l f l l f l Lfl lf l l f l I f l l f l l f l l f l l f l l f l lfl

U "'O'OOO'OMhNNNTJ-NN'OO'NIMMBCOJ-OflNO'OlflOO'nO'Trt
U. 3 ‘ T r 3 - l / l C 0 N ^ ' 0 N - « N N U l L n ( , ) - < ' 0 ( vl L n ( > N T r t ( M ' 0 C 0 N U 1 U l O - * i n U 1 N

CO CO O' PM 3 00 3 co oo CO O O a 3 O CO —• MJ O MJ rv a rv O' in O' rv 3 rv o CO lfl a MJ
CO 3 c0 3 MJ a 3 CO MJ M> O MJ CO lfl ifl PM CO MJ CO lfl o O'•■4 ifl co CO MJ rv o lfl co o•■4 a in rv

PM MJ

-o  N ® - * o o ' c o j i r n f M - ' Q ^ N i <i i n < i N f f ' O O ^ i / i T f n» i ( _• _t i i i r i i i —
I

i n a i J I T T T T r T T  , TJ' 3- Jrr3‘ 3'3-J- 3'T^(*»I<JC1<0

3 - P 1 N - 0 - * N ( 0 3 -  I I I I

in  in  un in 1/1 sj\ 1/1 i/J tn



T
a
b
le

 
2̂
 

C
co

xf
fc
cL

82

u CM CO CO m rv CM —« 3 CO 3 O 3 rv O' •■4
U- CO 3 CO 3 CM m MJ o CO 3 CO o CM CO

—* CM '■“* —* CM CM

o M3 CO MJ O ' MJ 3 M3 tn rv 3 CM O ' CO a O
u . >0 in 3 CO CM •H 3 in O ' CO tn rv ■—4 3 MJ

—• CM CM

-J O ' in 3 O ' co rv MJ in 3 CO CM CM
1 *—# —* 1 1

3 co CO CO CO CO CO CO to CO CO CO co cO CO

X co CO fO CO CO CO CO CO co CO CO CO CO CO CO

u rv M3 *—• MJ o CO tn CO M> CM 3 O ' 3
u . in CM CO 3 in 00 rv CO 3 O 3 CO CO IVCO

~-4 —* CO

o o CM in O ' CO fv o _ O ' rv . %9*4- m 3 3
u . in CO 3 3 3 rv CO 3 CO a tn CO in rv MJ

—• 3 «■*

>o CO O 03 fv MJ m 3 o __CM CO tn
i -4 9*4 1 1 1 i

f
\£ •MJ M»in in in in inin m tn in in m in m

X CO ro CO ro CO CO co CO CO co CO CO co CO CO

u CM m O' CO M3 o O' M3 O' CO 3 00 CO IVCO
h. CO co CM 3 3 O' CO CM CO CO CM MJ 3 CO

O MJ MJ CM MJ O  O ' 3 t OO MJ CO 3
hu 3 CO CO tn CO CO CO co co CO CO CO in 3 3

_J , , |VMJ 3 **4 CM CO MJ IVCO O' CO IVin
1 1 1 1 1 1

* O' O ' CO 00 00 CO CO CO CO CO CO

X n CO CO CO CO CO CO CO CO CO CO co CO CO CO

u 3 3 O O' CM O' MJ in CM mo MJ tn in
U- CM CO m CO GO m m in M> O rv 3 tn CO CM

CO 9*4 CO CO m *”*

o 3 fv , MJ 00 _ CO CO CO in rv in CM COu. CO CO in in CO tn rv MJ rv —4 CO IVrv CO —4
CO —*CO rv tn

-1 CM CO 3* CO CM O ' 3 CO CM o co 3 m—*M —4 ••4 i t 1 i
1 1 1

CM CM CM

X 3 3 3 * 3 3 3 3 3 3 3 3 3 3 3 3

«J <o O ' O ' 3 rv mMJ O CM MJ rv in MJ 3 00
u . O' CO oo rv «-«O ' O ' MJ rv rv rv CO CM 3

CM —•

o O CM MJ O' CM rv tv 3 CO rv O ' IV3 CM
u . CO 3 O tv 9*4 O' O ' rv IVMJ rv CO 3 3 MJ

co —« —•

-J CM CO 3 tn MJ rv CO O' a _ m MJ 3 CM
1 1 1 1 i 1 1 1 i —» «"4— * -4 —4—4

i 1 i 1

cocO ro CO CO ro ro roro roroCO CO CM cm

3 CM in CM MJ CO in CJ CM CM O' CM O' in tn in O CM 3 CMa MJ rv rv O' rv -4 O M3 CO CM MJ CM o MJ CM O' un 3 CO
CO •—« CM *-4- *“• CM CM •“* CM CM 9*4

a CM 3 —<4 MJ CM a MJ 3 00 tn CO 3 Q0 MJ cO a O ' CO 3
a fv MJ MJ O ' MJ *4 O ' MJ oo 3 MJ CM O ' in 3 00 MJ in co
ro ■ # CM —4 •“* CM - * CM CM —4.

cO 3 in MJ rv CO O' a CO MJ CO CM _ # o CO rv tn 3 CO
1 i 1 1 1 1 1 —4 * -4 4-4. —4. <4 —• —4

1 1 1

CO CO CO CO cO CO CO CO CO CO CM CM CM CM CM CM CM CM CM CM

CO CO CO CO CO CO CO CO CO CO rO ro CO CO ro CO CO CO CO CO

9^4 3 tn CO in rv rv □ CM Q0 O 3 in in CO M) O O CO
a CO in CO CM 3 fv m MJ CM 00 ro CO 3 rv in CM 00 MJ 00

—4

O ' _ o CO tn rv CM CM un O' CO in 3 tn MJ CM 00 MJ in —4
CO rv m CO co CO co in  in CM CO co CO in O ' O ' fO MJ 3 MJ

—• - *

MJ O ' o _ , o co rv MJ m 3 CO CM , o CM CO MJ rv Q0
1 l «-• —4- —« 1 1 1 1 1

i 1

in tn tn in 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

CO CO cO CO CO CO CO CO CO CO CO CO CO CO CO CO CO ro CO CO

3 MJ CO in in 3 3 3 o m CO in O 3 cO CO
O rv 3 CM 3 3 3 3 MJ CM MJ 3 ro CM CO tn CM 3 in

—* ^ 4 *“*

o O ' a o CM CM CM in „ , tn CO m CO MJ O , m O CO o
O ' MJ 3 CO CO tn 3 3 in *—* in 3 co —4 cO in tn CO 3 tn

«4 —*

3 CM 3 rv CO , , O |V MJ in 3 ro O CM ro 3 m
1 i 1

i
«—4 ”■* i i 1 1 i

MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ MJ

N - * c D ' O x o t * ) N f f ' 0 ‘ f n i n N o m N ' < i - i n  
f f l CO O O' (nN<*)0‘ T'OUl-*-*iflr,)'Otnc03- 

CM CM Ii!  CM CO CM —

CJJ-Nl f lOr®'< l - i f lN00OO'«N« l l )««
C O C O O O l ' l l i l f l T O ' t n ' O J l r t T ' O T C O i J l O ' O  

CM —• CM if) CM f )  CM CM

N f f l O ' d T ' O - O T N O f l B ' O T C M O T ' O f f l O ' O  
I  I  I — I  I  I  —•

I I I  I I
_ _ . - . _ _ 4 ~ c j o c j o o c j o o o o o o o c j

a- T T T 3 - T T T T T T 3 - T T T T T T T 3 -

O' _ M> CM CM CO CM 00 3 m 4—4 CO 00 O' 3 m MJ m m
a 3 a o ao O a CM — 4 O' CO MJ CM 3 in m 3 CO o r v
— * CM CO CM CO CO *—• CM CM — * CM CM

o CO CO CO O CM rv CO CO r v IV in O 3 MJ CO CM O O' tn
o 3 o O' O' a CM 3 CM CM 3 r v - 4 3 m 3 in 3 o rv
— • CM co CM cO *"* 3 CM CM — * CM CM

O 00 r v MJ in 3 CO CM CM CO 3 in MJ r v 00 O' o _

- r -• 1 t I I t i 1 t 1
t l

CM CM CM CM CM CM tM CM CM CM tM CM CM CM CM CM CM CM CM CM

I 3 " T T 3 r T 3 ‘ T T T T 3 - T T 3 ‘ 3 ' T T T T T T T T ? ' T r T r r r T r T T T



T
ab

le
 

2b
 

(c
o

n
td

,
83.

u  C0<y) ' O u n  O  CO S  l/1 N < N - . 0 ‘ 5 - T O i i ) T r t N - N r t l f l O O ‘ « - 0 ' C O O > O M Ou, corvO'tO'OMJM)rvfv(oaoincoino-*cM-*cMrvcofO'OMJ3-0'COMJCMrvorvLn;rin
lO ^  <-♦ —*■ —« (N| - t  —• -C ii) <*) N  —«• N

O Jl-'OxinOO'-O'NO^OMflO'NcOrtOO-lMninO'N'OCOOOO'SOOiilTu. S’ 'OOi*Hfl'Ol/INN3'(hT(>inOOi*»'<'*MM,)(MhNONN-*NCO'OillJ'lfli n —* —• _  - .N-* -* -

_l  m i / l - < l N C O O > - * N T > O N  — Q ( h ( D N ' C i n 3 - ( * ) N — a — N ( * ) 3 - l / l ' O N C O O — n 3 -I I I » I I ( t i l l  I I I I -  - - *
t i l l  I I I

^ r t r t f l r t n n n r t O f l N M N N N N N N N M N N N N N N N M N N M N I M N N

X N N N N N M N N N N N N N M N M N N N N N N N N N N N N N N N N N N N

rv Pv to in 00 O' m o rv O' ro O' to o m - hi in to O' -* o to O' o o o «n in tn iniv ao —• rv o o- tv o o n CM ro to o 3- 3 “ ao a —* O ' O ' o CO to o tn ao 00 cm rv
CM CM - • —• —« — —* CM - * r o CM — CM CM 3*

CM <M 00 3" —« —• Jv rv O' tn 3“ CM CM O' o CM 00 3* o o CO CM rv mj rv 3" unrv
CD Oa CO a —• CO o intn to 3*o 3" 3- co a O O' tna co 3“ iv CM Oa 3-CM «■* CM —* CM —• —* CM —H <nCM CM «oCM

_J i f l « 0 ( h « M f l T ( M - * 0 - N r l i f l 4 0 ‘ - * n T 3 - N - O C O N ' O a i T < * ) ( M - * 0 ' * C M
—  I  I  I  I  I  |  - t  —  _  | |

I I I
\c j T y r f r T r T T r a - r T j - r f j - j - j - i ' i n i ' i i ' i f l o n f n i n i n n i n r o n o

X N N N N < M N N N N I M N N N N N N M ( M N N N ( M N N M N ( M N N N N N N N N

U  Q  >  N  N  —• -O fO O  —« O' T  n  a> J1 >0 O' O  fv -O m - O N T ^ f f - C O N
Ifc. N3 ' Ul ' 0 ' 0 DDTr « C- NUl ( MT' 0 NUl > 0 Tu n N- ' 0 > 0 - * Mi n < i a ) T( M' 0 NNf 0

o -•T»'OTa>N'<)frnoNinNroo3--*N®-*Na>N-*'Oiflin-*-*NinKiuiLk. ' 0 T < C ' 0 ' 0 N t r t T - ^ > 0 n 3 - N ' 0 i n t / I T T ' <O ' 0 ' 0 ' , r t ' 0®C0i nn' 0' 0' ( IT

im-*o —*fOtncoM>3-io—* o —*cMroiftMJ — oo'CorvMJ3'to-*o—«ro3'inMjivco—• I I I  I I I I I — I I I I I I I -*I
- o o o - o  o o o o o o o i n u n i n i n i n L n i n i n i n L n i n i n i n i n i n t n i n i n

X NNIMIMMNNNMNNNMNNNIVilMNNNNNNNNNNfMNNNNNN

U - ( n - * f l ( M r N S N O n O l l l N ' O N M » T O ‘ > * f f " C N S ' * 0 - - ' * O N N l f l a )
U. r O O r O M J O t v t 0 3 * - * M J O ' 0 ' 3 - i n M > O C M O ' 3 ' C M 3 -  r t N  n  N  CMt OMJ t Mr Oi nc OO'  

—• —« (M CO m  N  N  N  T  -

O 'ONQil)OSiJlNO«Qi,J'*ri/linOOO>N-(M'*9>-OOT-*3, 'Oll»«0«OON
u. N(MniflO'Onifl(*i-flO'(M'0 (nco**j-NJ-iflf,)ciJ, 0 (,ionrt<,)iiii* iflto«

*— tO CO n  N  N  CD T  —•

-J rv CO O' o —H CM m 3"
l I I <M| —• —• —• —•

1 1 1 I 1
I I I - *  I I I I I *-*I

o o o o o o o o o o o o o ' o ' c o a o c o c o c o c o c o c o

X tn tn O to tO to to <o tO tO to ro to fO to fO to tO to to CM CM CM CM CM CM CM CM CM CM CM tM CM CM CM

o CM O' O' in O m> in O' O' m CM 3 - in rv to in O' 3" to w—« MJ O' in M> m rv CM rv CM in rv MJ CO CO
u . tO CO in 3 - o —• m> CO 3 * in CM O *o 3" 00 00 m r—» —* CM 3 - O ' —• O' M> to M> CM to in m O ' in in to

3- CM rv —* CM *■* —• —* CM CM 3" CM to MJ in

o co CO m tn 3 - CM CO , to 3* m O' o in O' in -0 CO o O' , O' CM a 3" to CM O' m 3 - o m o co rv
u . CM O co mj o> —« >0 o* MJ 3 - o tn m ao O' >o ro ro CM in O ' CM CM rv to rv CM to rv CM ao MJ m in

CM or CM -o —* CM - * — *-• ~* CM •—• CM CM *"• 3 - CM to MJ m

-J CM o , CM tO 3 - in MJ rv CO O ' o *■* CM to mj T to CM a O' aO M> in 3* to CM _ o CM fO 3 - in MJ
1 1 1 1 i I 1 t 1 — —H —• _ —« —H —* 1 « 1 t t

i i 1 I 1
i i CMCM CM !M CM CM CMCMCMCMCM <M <M CM »M CMCM

X tn to <o to m (O tO ro to tO tO ro to to tO tO tO to to «o to ro tO ro to r o to tO to rO to ro to to to



T
ab

le
 

2.h
 

(c
o
n
td

84.

u — x in 00 CO rv u i 'O o co X ro □ X CM co O ' in IV —« rv O ' X m O ' o CO tn X MJ rv o CM
u . in CM in in CM CM o CO O ' CM •o in CM MJ O O ' tn CM O ' MJ O ' MJ rv ro —r CO co X O' CO CM in m

—* —• CM CM <*> m O ' tv m *“♦ ro to CM *"•

o 00 X O ' O in O ' 00 O ' O X rv rv O ' CM O ' 'O rv CM CO mmt O ' rv in >0 >0 X tn CO rv O ' o o
h . m CM tn in CM X CM co O' to 'O X «-* LA o ro -o X m CO >0 rv CO CO CO X co o CO CO MJ MJ

*■* *■* —« CM <M fO in ao 'O in CO CO CM "■*

_J CO o CM co in co CM o ao rv >0 in X ro CM CM CO X m >0 IV CO O ' o CM CO X m X CM
I -* —• —* —* *-* — i i i 1 I t 1 I 1 —• —* - * - * * -*

i i i i
N  N  N  N  N

I I I I I
o o o

u

o
u .

in a CO X O in O' CM rv in
MJ CO rv CO MJ O' 00 O' CM
CM CM CM CO —• cm *"*

CO _ CO rv CO rv CO MS CO
CO CM MJ O' X X o MJ rv
CM CO CM CM —« CM —*

o CM CO X in MJ rv 00 o
1 1 1 1 i 1 l 1

1
CO ro CO CO CO CO cO cO CO ro

in co MJ MJ —« rv a X CM X CO CO Oco CM X MJ CO o MJ MJ MJ X CM X CO CO
CM co X ”* -* CM CM •»*

a CM CM in CO 00O' CM Ofv O* CM O' COX CO in MJ O' a in o rv CM O' CO CM
*"• CM *■* CO '■*in "* «-* CM —•

ao rv MJ mX CM _ o CM CO X mMJ
i 1 I 1 i 1

CM CM CM CM CM CM CM CM CM CM CM CM CM CM

U CM MJ D « '4 tn X w—* co tn CO O ' in CM CO —• a j rv M) ro inCM
u . O CM X in MJ X CO X rv O ' MJ CM IV fv X CM inin —« co

—* CM ■“* CO CO

o inrv in co O ' m CO in X X in CO MJ CO fv CM CO m CO mu. IV o CO m MJ co CO X fv 00 in CO rv 00 CM CO IV O' CM MJ GO
"■* CM *■* CO —* *“* CM

J in co _ X co O O ' 00 rv MJ in X CO CM O CM ro aoi l
i ”■* *-* 1 1 1 1

in m m X X X X X X X X X X X X X X X X X X

in

I f I

u
u .

o
u .

o CM X CO |V CM CM
X o X o tn CO ro
CM —« CM

o CM CM , in inCM O' CO O ' X 00 in
CM CM

rv M3 m ro CM o3, C0 ( 0 Nf J « 0 ( h N' « i f l TNON' 0 ( M> 0 0 Mf l 3 ‘ r t - N < 1 ( n N ' 0 l f l n N O - N i * )  I I I I  I I I  I I -  I I I

s N r v N N N N N r ^ ' O ' O ' O ' O ' O O ' O ' O ' O i f i i n L n t n i i i i / t i n i n i n t / )o* oo oo co co co

u
u.

o
u.

CO O' a O' CM rv O' mCO O* □ —• O' X X o CO CO CM X CM MJ X X O' 00X MJ CM O' mo
« ao X —« in rv CM in IV in ro 00CM MJ inco O' CM O' rv MJ MJ X rv CO MJ X CO X O rv in CO
X X CM CM —• CO CM CO | v in ro MJ —•

in MJ CO rv rv X CM
CM CM CO CM MJ —• CO
—■*in — • m CM

rv MJ X CO CM o CM

( * I T i n « 0 0 O ' * O 0 ‘ N O N ( » I N N ( 0 T N ' * O M f l N a '
- o d f l O ^ N i f l f n o N - f l O i n o o i / i S f i O ' O i n c o - N T i * )

cm —i —.  —  - . c o m  n  n  m  n  mj

i i
CM CM

O CO X  X  CM O CO MJ X  CM O  CM X MJ ao o CM -* co«—♦ ««« 1 1 1 I —» -  1
1 1 1 I f

0 0 0 0 3 0  0  0 0  O O O O  C5 0  O'

X N N ( M ( M N N N ( M N N ( M N N N ( M N ( M N N N N N N N N N N N ( M N N N N - * - <



T
ab

X
e 

2.h
 

(c
o
n
td

85.

u .

o
u.

u
u .

o
u .

u m CM NO CO CM co •-* a - CD 4

i

,

u . ro 4 rv ar CM CM CM o 3 ro 3
n *"* 3 co CM - * 4

o 00 rv o  3 o  o m m rv in O '
Lc ro lR N o» a * ro —« in ro O

co 3 CM CM —* 4

lf l ro CM _ _ 3 O 00 4 a - CM
*“*

o O o O o O

X O a o O o o o o o o O

u >0 , , 4 O fv O ' CO rv ro o [ 00 o CM rv 00 un a* 00 lf l rv 4 rv o 3 ro O ' co 3 CM CM CM 4
u . CM m fv CO a - ro rv 00 ro •-* 3 CO un o oo ro lf l 3 3 3 if l 3 IVIV ro 4 ro CM 3 ro rO ro IV

*“* —« CM CM CM mm - * "■* CM *"• CM if l ro CM 3 CM CO

o 3 CM 00 4 O CM pv rv CM CM 4 in Ifl CM rO rv lf l lf l *—• 3 ro in  m lf l ^ m O lf l ro 3 4 _ 3 4 00
u . co CM o O 4 o ro r o 4 co CM mm 3 fv 4 O 00 O ro CM if l lf l m CM 4 3 ro ro —* ro lf l ro ro ro rv

—* ~ * CM ro CM *"• #4 —• CM CM - * lf l ro CM 3 CM ro

4 un 3 rO CM mm- O a - ro CM O ' co rv 4 lf l 3 ro CM _ 4 ro o 4 Ifl ro CM mm O 4 3 m m O rv 4
*“* —* —* ' - *

* ar 3* 3 3 3 3 3 r0 ro ro co ro ro ro ro ro 00 ro ro ro CM CM CM CM CM CM CM CM CM

X a o o o o o o O O O o O O o O O o O O O O O

00

O

00

O O O O CJ O o O

Cl CM a - rv a rv a ro ar 3 00 4 l f l CO CO O ' O 4 3 CM 3 3 rv ro ro lfl o CM CM CM CM ifl
u . co O' COtv 4 4 00 4 00 ro a* a* —• CO00 If l a r 4 3 lf l O ' o rO 3 ro CO —* fv 3 rv 4 4 O lf l

*■* CM CM ro ro *-• *"*

o m in co rO •4 O ' O a* 3 *—• CM 3 3 ^ m Lfl lf l 4 . , ro CM 3 CM O ' IV 4 rv IVCJ 3 lf l ro , . CO
u . O' •** CO O' O' O ' 4 rv 4 o 3 rO r0 ro 4 4 lf l a - if l ro a - rv O ' CM ro O fv o 4 3 rv lf l 3 00 lf l

CM CM ro ro —* *"• mm

_J 00 >0 3 O CM 3 CO o CM a~ 4 3 CO 3 ro CM o O' rv tfl 3 a rv 4 lf l 3 ro CM mm CM mm O ' CO fv
1 1 1 —• —« mm •-* «-4 — « *-■ mm

i 1 1 1

V o o 3 .3 3 o ■3 o O ■3 O 00 rv ?v rv rv tv  4 4 4 4 4 4 Lfl Lfl lf l lf l if l if l Lfl 3 3 3 3 3

X o o o o o <3 o Q O a O O G o o O O O O o G o o O



86

O
U.

u
u.

o
u.

Ilf\
I
H
tt■P
0e 5 
i a r  o 
I -P rv o

h ca 
bH  A I 
•P IA 
d *>
a »> C v 
I I
• 4)
73
IS
0 AU 0 
<? H1 0 " XIA 0 
1 I 

H
© A

A  -Pp a j) a B h 
I X* 0 VO D
V * i ca<\i o

rabo
d
*H+5
W
*H
H
U
O
+5
o
catH
CD
u
d-p
o
g■pCQ

1AJ
OJ
4J
HA
caEm

U
u.

o
u.

u
U.

o
u.

m* *a» O' *— oo O' CO CM CO 00
in —* 3* MJ 3 Ml 3 MJ rv O'
mrn̂ *■• a-* aa«

o* a rv CM rv O' oo o oo ,
3 a in CM in Ml CO Ml MJ O'

*■* •a* aa*

o mm CM Cl tn CM . , a â*
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CHAPTER 3

9 -METHYLAITTHRACENE 

AND

9-METHYLTETRACENE



3«*1* Introduction

F ollow in g  th e  stru ctu re  determ inations o f  th e  naphthalene compounds 

in  chapter 2 i t  was decided  to  examine some higher order, p o ly c y c lic  

aromatic hydrocarbons. For t h i s  study c r y s ta ls  o f 9-m ethylanthracene and 

9 -m etiy lte tra cen e  were made a v a ila b le  by F ro fessor  b; Clar o f  Glasgow 

U n iv ers ity .

1

3
(O

7 .

3
i©

9-m ethylanthracene

9-m ethyltetracene

was co n c lu s iv e ly  e s ta b lish e dThe planar s tru ctu re  o f  an th racen e^  9̂ ) 

in  1933 by use o f  tw o-dim ensional X-ray data. L ater the s tru ctu re  was 

redeterm ined^ by the t r ip le  Fourier s e r ie s  method and subsequently a
(5 6)d e ta ile d  refinem ent u sing  the same experim ental data was ca rr ied  ou t. ,

X-ray s tu d ies  o f  anthracene^ have a lso  been made a t  290°K and 93°K. A number 

o f compounds co n ta in in g  anthracene m o ie tie s  have been examined as mary 

disp lay ca rc in ogen ic  a c t iv i t y ,  e .g .  some m etly l 1^ -b en za th ra q u in o n es^ ’'^ 

and 3> 6 ,d ityd rod ib en z^ a,dj?  a n t h r a c e n e ^ T h e  stru ctu re  o f  9**meti\yl 

anthracene had p r e v io u s ly  been obtained  from two dimensional X-ray data  

and the r e s u lt s  p u b lish ed ^



This chapter deals w ith the complete redeterm ination o f the  

structure o f  9-methylanthracene by d irect methods using diffractom eter  

data. Although the u n it c e l l  dimensions in  th is  study and in  the 

previous structure determ ination are v ir tu a lly  id e n tic a l the packing 

of the m olecules in  the cry s ta l i s  d if fe r e n t . The structure o f  

9-m ethyltetracene has not y e t been so lved  and only inform ation on the  

cry sta l data i s  g iven .



3 .2 .1 . Experimental

C rysta l data

9-m ethyltetracene

Molecular formula C H
19 14

Molecular weight 242.3 a .n u u .

Crystal system monoclinic

Space group P2]/ c  ( c ^ )

C e ll dim ensions a = 10 .794 (2 ) A

b = 14.697(4) A

c = 7 .980(2) a 

£  = 93 .9 5 (3 )°

C e ll volume (u ) 1 2 6 2 .8 A3

D en sity  (observed) 1 .25  g.cm

D en sity  (c a lc u la te d )  1 .27  g.cm-3

M olecules per u n it c e l l  (z )  4

Number o f  e le c tr o n s  p er u n it c e l l  (F(Q0 0 p  512 

Linear ab sorp tion  0*78 cm

c o e f f i c i e n t ,  jx(MoKx)

The c r y s ta l  o f 9-m ethyltetracene used in  the a n a ly s is  was red , 

tra n slu cen t and rectangu lar in  shape. The prelim inary c e l l  

dimensions were ob tained  from r o ta t io n  and 7/eissenberg f ilm s  and the  

observed d e n s ity  was in  agreement w ith 4  m olecules per u n it c e l l .

The cry sta l was transferred  to the diffractom eter and an 

orien tation  matrix was ca lcu la ted . The r e f le c t io n s  were scanned by 

72 step s of 0 .01° and each step  of the scan was counted for 1 second. 

At the sta r t and end o f each scan a stationary cry sta l-sta tio n a ry



counter background count was taken for  18 seconds. The r e f le c t io n s  

of the octants hkl and hkl were c o lle c te d  out to  0 27°. The

s ta b il is e d  X-ray generator was operated at 46kV and 16mA. and the 

in t e n s it ie s  were corrected  for Lorentz and p o la r isa tio n  e ffe c ts  

but not for  absorption . During the data c o lle c t io n  a s lig h t  

movement o f the c ry sta l was detected  but the in t e n s it ie s  of the two 

standard r e f le c t io n  did not change by > 3a« A to ta l  o f 2756 

independent stru ctu re  amplitudes was obtained, o f which 1643 had 

X > 3 a ( l ) .



3*3*1* Experimental

Crystal data

9-fliethylanthracene

Molecular formula C.r-IL «15 12
Molecular weight 192.2 a . m. u i

Crystal system monoclinic

Space group P ^ / c  (C ^ )
6

C ell dimensions a * 8 .920(3) A

jb = 14.641(4) A 

c = 8.078(4) A

j3 = 9 6 .47 (3 )°

C ell volume (u) 1048.3 1?

D ensity (observed) 1 .24  g.cm"^

Density (ca lcu la ted ) 1.22 g.cm""̂

Molecules per un it c e l l  (z ) 4

Number o f  e lectron s per un it c e l l  (f q̂qq) )  408

—1Linear absorption 0 .74  cm

c o e f f ic ie n t , d (MoKa)

The c r y s ta l of 9-methylanthracene used in  the analysis was yellow , 

translucent and rectangular in  shape. O sc illa tio n , ro ta tion  and 

Weissenberg photographs were taken with Cu(Ka) radiation  and the cry sta l 

system was shown to  be m onoclinic. The system atica lly  absent r e f le c t io n s  

(hOl when 1 = 2n+1 and OkO when k = 2n+l) determined the space group to  

be P 2 ^ /c . The observed d en sity  was in  c lo se  agreement for the density  

calcu lated  assuming 4  m olecules per un it c e l l .
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The c r y s ta l was transferred  to  the diffractom eter and an

orien ta tion  m atrix was calculated* The r e f le c t io n s  were scanned by 
o

72 step s o f 0*01 and each step  o f the scan was counted fo r  1 second*

At the s ta r t  and end o f each scan a station ary crysta l-stationary- 

counter background count was taken fo r  18 seconds* The r e f le c t io n s  

of the octants hkl and hid. were c o lle c te d  out to ® 27°. The

s ta b il is e d  X-ray generator was operated a t 46 kV and 16mA, and the 

in t e n s it ie s  were corrected  fo r  Lorentz and p o la r isa tio n  e f fe c t s  but not for  

absorption* A to t a l  of 2292 independent structure amplitudes was 

obtained, o f which 1279 had I  > 3a (l)*
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3.3.2* Structure a n a ly sis  of 9-methylanthracene
o p

Based on an o v era ll temperature factor  o f 4 .50  A 201 E values were

ca lcu lated  to  be 1*75, and the Sigma two re la tion sh ip s were calculated*

The three orig in  f ix in g  phases (ta b le  1) phased 97 o f the 201 E va lu es, so an

assumed phase o f a fourth r e f le c t io n  (6 6 2) was used to generate a to ta l

of 142 phased E values* An E map generated with the phase o f 6’ 6 2 as 0

was thought to  y ie ld  the structure w ith the exception o f the methyl carbon.

In subsequent lea st-sq u a res  ca lcu la tion s four a tom s’ were found to  be

associated  with high temperature factors (B > 8 .0 ) and were therefore

removed from further ca lcu lations*  The remaining ten atoms,which were the

highest E map peaks, r e su lted  in  a discrepancy index of 0 .3 2 , and a

difference map at th is  stage showed a number o f peaks including the four S

map peaks o r ig in a lly  thought to  be atom p o s it io n s . The pseudo-homometric 
( 12 )variant' y now co n sisted  o f 18 peaks in  a tetracene arrangement p lus 2 

extra peaks c lo se  to  what appeared to  be the 9 and 12 p o sitio n s  of tetracene. 

These 2 peaks were thought to  a r ise  from the methyl carbon so the actual 

position  was taken to  l i e  h a lf  way between them (F ig . 1 ) . The atom p osition s  

of the remainder of th e molecule were adjusted accordingly and a l l  13 carbon 

positions were shown to  be co rrectly  loca ted  by le a s t  squares and structure  

factor c a lcu la tio n s . Only one o f the four s ta r tin g  phases, (6 2 3) was 

shown to be 0 , and as the phase of the structure invariant 6 2) was 

orig in a lly  phased in c o r re c tly  the E map c lea r ly  could not y ie ld  the 

correct so lu tio n . With the 4  correct phases in  the s ta rtin g  s e t  the phases 

of 142 E values were regenerated, and a subsequent E map y ie ld ed  the 

correct so lu tio n .



The E map peaks, d iffe r e n c e  map peaks and co rrec t atom ic p o s it io n s  o f

9-m ethyla n thracene

•  = 10 h ig h est  E map peaks

e = D ifferen ce  m p  peaks

°  = A ctual atom p o s it io n s

The example o f  th e  m etty l carbon adjustment:

X Z z

Positions of the two pseudo 0.87 0.45 0.325
methyl carbons O.65 0.45 0.125

Actual atom position 0.76 0.45 0.225
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Table 1

9-?£ETHYL ANTHRACENE 

(a) I n i t i a l  s e t  o f  phases

R e f le c t io n P a r ity
I n i t i a l

Phase
Correct

Phase E

7 2 3 U G U 0 % 5*68

2 1 7 G U U 0 n ' 5.02

6 2 3 G G U 0 0 4.05

1  T 2 G G G 0 71 4.36

(b) E s t a t i s t i c s

Average value o f  |e |

Pound 0*67

Theoretical fo r  cen tr ic  0*798

Theoretical for  0* 886
acentric

Percentage o f values fo r  E >  1 .0  

Pound 21*17

Theoretical for  cen tr ic  31*73

Theoretical for  a cen tr ic  36*79

E I 

0*98 

1.00  

1.00

E > 2 .0  

3.92  

4.55  

1.83

| e - 1 1 

1.18 

0*968 

0.736

E > 3 .0  

1.61 

0.27  

0.01



Iso tro p ic  refinem ent of the carbon atoms converged at R = 0.157 and 

after  one cy c le  o f least-sq u a res  ca lcu la tin g  with the atoms re f in in g  

a n iso tro p ica lly , a l l  th e  hydrogen p o sitio n s  were located  from a d ifferen ce  

Fourier map. With the hydrogens included in  the structure factor  

ca lcu la tion  R was 0 .0 9 6 , and a fter  allow ing the hydrogens to  re fin e  

iso tr o p ic a lly  R converged to  0 .091 .

A un it weighting scheme was employed in  the least-sq u ares c a lcu la tio n s , 

and a l l  th e computing was carried  out on the Uni vac 1108 computer a t the  

National Engineering Laboratory, East K ilbride.



3.4* D iscussion

The p o s it io n s  o f the m olecules in  the cry sta l d if fe r  from those  

previously obtained from the two-dimensional data, Figure 2 i s  a 

general view of th e m olecule, and the packing o f the molecules in  the 

crystal i s  shown in  Figure 3# A packing diagram obtained from the atom 

co-ordinates of the two-dimensional data i s  shown for comparison 

(Figure 4)* As the un it c e l l  dimensions in  both stud ies are very 

sim ilar i t  can be concluded that e ith er  the four molecules of the unit 

c e l l  are capable o f packing in  two d ifferen t or ien ta tion s, or that the 

structure obtained from the lim ited  two-dimensional data i s  in correct.

The molecular parameters and p o sitio n a l standard deviations are 

given in  ta b les  3 and 4 , and the molecular geometry i s  shown in  tab les

7,  8 and 9* Table 2 compares the bond lengths obtained in  th is
(13)study to  9~nitroanthracenev ' ,  and to  anthracene i t s e l f .  There i s  no 

s ig n ifica n t d ifferen ce  between the lengths of chem ically equivalent bonds, 

nor i s  there any s ig n if ic a n t  d ifference between the bonds which would be 

chemically equivalent i f  the methyl group was absent. This i s  a lso  found 

for 9-nitroanthracene and hence an average of the relevant bond lengths  

has been made fo r  d irect comparison w ith th is  compound and w ith anthracene.

The average bond length  in  the anthracene moiety i s  1,403 A which i s  interm ediate 

between the C(sp^) -  C(sp^) s in g le  bond o f 1.537 A and the C(sp^) = C(sp^) 

double bond o f 1.335 A^1^ .  The average bond length in  anthracene i s  

1,404 A, in  anthrone^1^  1.407 A, in  9:10-dihydro-1: 2:5:6-dibenzanthracene^16  ̂

1*401 A and 1.39 A in  the anthracene moiety o f the previous structure
o

determination o f the m olecule. The C(9) -  0(15) bond length o f  1.503 A i s
2 O

in  good agreement with the average C(sp ) -  bond length of 1.505 A
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^ g .  2

A general view o f the molecule

C(15)

c(8 )c d )

C(7)
c(9 )C(2)

(6 )
C(3)

*  J c ( 1 2 )  C(13)

C(4) C(10) C(5)
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The c r y s ta l  s tru c tu re  o f 9 m e th y l anthracene, 

viewed, down the c a x is .



132,

1? i  < ? 4

The c r y s ta l s tru ctu re  of 9-aethylanthracene

(ob ta ined  from tr/o-dim ensional data) 

yianved dorm the c axis*

B

>  A



quoted by Sutton et a l ^ ^ *

The molecule i s  almost planar but there are s ig n if ic a n t deviations  

from the mean plane; the equation o f the plane through the molecule i s

0.2427X + 0.8985Y -  0.3659Z = 6*9485 (17)

where X, Y and Z are orthogonalised co-ordinates in  angstroms* Here the  

greatest d ev ia tion  from the plane i s  by C (7), -0.078A a n d C (l3 ), 0.053A,

33
*1

5 37.5

Atom deviations from the  

plane (A x 10 ?) for  

9-methyl anthracene*

-(0

At can deviations from the 

plane (A x 10 ) for

anthracene'-I iX

The molecule i s  d is to r ted  from p lan arity  to  a greater extent than in  

anthracene where the maximum deviation  from the molecular plane i s  

0.012 A. 9-cyanoanthracene^^ i s  reported to be deformed from 

planarity in  a sim ilar way to  anthracene* The maximum deviation from 

the anthracene plane in  9-anthraldenyde^^  i s  0*06 A and 0*012 A in  

9-nitroanthracene* In  phenanthrene the greatest deviation from the 

molecular plane i s  0*040 A and in  9:10 dihydroanthracene^^ the molecule 

is  bent about the 9-10 bond w ith each planar h a lf of the molecule in c lin ed  

to each other by 145°. For 9-methyl anthracene out-of-p lane bending i s  

present with the s ix  atoms C(2) ,  c (3 ) ,  C (4), C(6) ,  C(7) and C(8) ly in g



below th e  plane and the remaining atoms ly in g  above the p lane. The 

magnitude o f  the la r g est to rsio n  angle, I 4° I, i s  found at C(6) -  c(5 ) -  

C(13> -  C (10).

There are two short con tacts between the p er i-su b stitu en ts  and the 

methyl hydrogens, H(8) -  H(15B) i s  1 .97(9) A andH( l )  -  H(15A) i s  2 .15(8) A. 

The in-plane bending here i s  evident in  the valency angles C( i )  -  C(11) -  

C(9) ^ 2 3 .9 ^ 7  C(9) -  C(14) •• C(8) jj/ i ’24*4^7:- these angles are

s ig n if ic a n tly  larger  than the corresponding valency angles C(5) - C( 1 3 )  -  

C(10) and C(4) -  C(12) -  C(10) ^ 2 2 .0 ^ 7 . There i s  a lso  a

sig n ifica n t decrease in  the average bond len g th , aa ' ,  (tab le  2) of 0.029 A 

compared to  th at found in  anthracene. A lso in  anthracene the average bond
O c

length , e ,  i s  1.431 A and in  9-methylant-hracene th is  bond i s  1,456 A,

however, i t  i s  not p o ssib le  to  say that th is  d ifference i s  n ecessa r ily

s ig n if ic a n t, fo r  A = 2 .4o .

The overcrowding o f  the p er i-su b stitu en ts  in  9-methylanthracene has

therefore been r e lie v e d  by a combination of in-plane and out-of-p lane

deformations. This e f fe c t  i s  more prominant in  1 ,8 -d ich loro -9 -

m ethylanthracene^^ where the two valency angles C(l )  -  C(11) -  C(9) and

C(9) -  C(14) -  C(8) are 5 ,6 °  larger than the valency angles C(5) -  C(13) -

C(10) and C(4) -  C(12) -  C(10). Although p e ii- in te r a c tio n  in  naphthalene
(23)derivatives has been w idely d iscussed in  the lite r a tu r e  ' there i s  a 

scarcity  of inform ation on th ese in tera ctio n s for anthracene compounds.

The structure o f 1 ,8-dihydroxyanthraquinone^^ has been published, but the
c , o

standard deviations are approximately 0 ,04  A in  th e bond lengths and 2 in  

the valency an g les .



The average carbon-hydrogen bond length  found for  9-methylanthracene
c

in  th is  stuc|y i s  0 .95  A* The in tennolecu lar separations are a l l  normal 

van der Waal contacts#



Table 2

A comparison of th e  bond len gth s in  9-aethylanthracene, 9-nitr©anthracene 

and anthracene.

Bond 9-me t  hylant hracene ( 1 3 )9 -n itro  
anthracene ‘

anthracene anthracene

a 1.3W (10) )
\

1 .345(6) 1.399(8) 1.374(5) 1.364(4)

a* 1.350(11) )

b 1 .434(9) ) 1 .429(5) 1.434(8) 1.41*2(5) 1.431(3)

b* 1 .423(9) )

c 1 .407(9) ) 1 .400(5) 1.400(8) 1.402(5) 1.396(3)

c* 1.392(9) )

a 1.426(11) 1.413(11) 1.416(5) 1.417(6)

e 1.456(9) 1.437(11) 1.431(5) 1.434(4)

f 1.503(10) .

( 6)

The mean estimated standard deviation v/as calculated from



TABLE 3 

9-M ethylanthracene

Fractional Atomic co-ord inates and p o sitio n a l standard deviations

Atom X y Si

0(1) 1 . 1009( 8) 0.4208(5) 0 . 3038( 9 )

0(2) 1.2492(8) 0.4024(5) ' 0 . 3424( 10)

0(3) 1.3316(8) 0.3594(5) 0 . 2223( 10)

0(4) 1.2623(7) 0.3351(5) 0 . 0731( 9 )

0(5) 0.8053(8) 0.3188(4) - 0 . 3279( 8 )

0(6) 0.6543(8) 0.3301(5) - 0 . 3686( 9 )

0(7) 0 . 5676( 8 ) 0.3691(5) - 0 . 2489(9 )

0(8) 0.6339(7) 0.3979(5) - 0 . 1025(9 )

0(9) 0.8643(7) 0.4140(4) 0 . 1062(8 )

C(10) 1.0332(7) 0.3295(4) -0.1288(8)

C(11) 1.0200(7) 0.3975(4) 0.1478(8)

C(12) 1.1050(7) 0.3543(4) o®0250(8 )

0(13) 0.8791(7) 0.3461(4) -0.1730(8)

0(14) 0.7934(6) 0.3877(4) -0.0501(8)

0(15) 0.7746(8) 0.4572(5) 0 . 2322(8 )

H(1) 1.0472(61) 0.4545(37) 0.3885(66)

H(2) 1.3040(67) 0.4304(42) . 0.4334(74)

H(3) 1.4270(79) 0.3319(49) 0.2459(91)

H(4) 1.3125(60) 0.3039(38) -0.0237(69)

H(5) 0 . 8675( 61 ) 0.2907(38) -0.3968(71)

H(6) 0 . 6105( 69) 0.3061(42) -0.4906(81)

H(7) 0.4753(80) 0.3690(49) -0.2548(90)

H(8) 0.5821(56) 0.4205(35) -0.0088(65)



TABLE 3

F raction al Atomic co-ordinates and p o sitio n a l standard deviations (co n t.)

Atom x  y z

H(10) 1.0977(54) 0.2950(34) -0.2050(61)

H(15A) 0.8229(77) 0.4990(48) 0.3000(84)

H(15B) 0.6920(78) 0.4898(48) 0. 1764( 86)

H(15C) 0.7487(74) 0.4210(47) 0.3012(85)



Anisotropi c thermal

TABLE 4  

parameters for the carbon atoni3 (x  104 )

Atom 11 b22 b33 b12 b13 b23

C(1) 151 ( 11) 55(4) 211( 15) 2 ( 10) -4(19) - 1( 12)

C(2) 171( 12) 76(5) 215( 16) -32(13) - 90( 22) -5(14)

0(3) 118(10) 76(5) 275(18) - 15( 12) -54(21) 29( 16)

c(4) 106(9) 65(4) 218(15) - 4 ( 10) 45(18) 9(13)

0(5) 159(11) 49(3) 183(13) 10( 10) -4(18) - 16( 11)

0( 6) 176(12) 62(4) 207(16) - 10( 12) -99(22) 4(13)

0(7) 152( 10) 74(5) 215(14) 10( 11) -49(19) 17(13)

0(8) 115(9) 57(4) 208(14) 27(9) 46( 18) 16( 12)

0(9) 118(9) 40(3) 177(12) 3(8) 54(16) 6(10)

0(10) 119(9) 45(3) 181(13) 5(9) 59(16) 2(10)

0(11) 125(9) 40(3) 148(11) -7 (9 ) 38(16) 13(10)

0(12) 102(3) 44(3) 195(13) -7 (8 ) 24( 16) 19(10)

0(13) 129(9) 36(3) 167( 12) 2(8) 37(16) 10(9)

0(14) 109(8) 36(3) 174(12) 4 (8 ) 35(15) 25(9)

0(15) 145(10) 71(5) 205(12) 22(11) 105(18) -18(13)

Anisotropic temperature factors were employed in the form:

T = e x p /^ b ^ h 2 + b22k2 + b „ l 2 + b ^ h k  + b ^ h l + b25ka)J7



TABLE 4  ( c o n t d .  )

Isotropic thermal parameters for  the hydrogen atoms

H(1) 1 .9 8  H(7) 4 .7 6

H(2) 3 .2 5  H(8 ) 1 .25

H(3) 5 .5 7  H(10 ) 1 .2 4

H(4) 2 .5 2  . H(15A) 7.91

H(5) 2 .4 2  H(15B) 4 .5 5

H(6 ) 4 .11  H(15C) 5 .3 8

The average standard d ev ia tio n  o f  the is o tr o p ic  temperature 
o 2

fa c to rs  i s  1 .3  A



TABLE 5

Intramolecular bonded d istances and estim ated standard deviations (a)

C(1) - 0(2) 1.351(11) 0(11) 0(12) 1.458(9)

0(1) - 0(11) 1.421(9) 0(13) - 0(14) 1.453(9)

0(2) - 0(3) 1.428(11) 0(1) - H(1) 1.01(6)

0(3) - 0(4 ) 1.339(11) 0(2) - H(2) 0.93(6)

0(4) - 0(12) 1.2,41(10) 0(3) - H(3) 0.94(8)

0(5) - 0(6) 1 .360(11) 0(4) - H(4) 1 .05 (6)

0(5) - 0(13) 1.405(9) 0(5) - H(5) 0.93(6)

c(6) - 0(7 ) 1.2^4(11) 0(6) - H(6) 1.08(6)

0(7) - 0(8) 1.329(10) 0(7) - H(7) 0.82(8)

0(8) - 0(14) 1.446(9) 0(8) - H(8) 0.99(5)

0(9) - 0(11) 1.413(9) 0(10) - H(10) 1.02(5)

0(9) - 0(14) 1.401(9) 0(15) - h(15a ) 0.90(7)

0(9) - 0(15) 1.503(10) 0(15) - H(15B) 0.95(7)

0(10) - 0(12) 1.381(9) 0(15) - H(15C) 0.82(7)

0(10) - 0(13) 1.402(9)



TABLE 6

Valency angLes (degrees) and estimated standard devlationa

0(11) - 0(1) - 0(2) 122.9(5

0(3) - 0(2) - 0(1) 119.8(6

0(9) - 0(11) - 0(1) 123.9(5

0(12) - 0(11) - 0(1) 117.1(5

c(4) 0(3) - 0(2) 120.5(5

0(12) - 0(4) - 0(3) 121.8(5

0(10) 0(12) - 0(4) 122.0(4

C(11) - 0(12) - 0(4) 117.8(5

0(13) - 0 (5 ) - 0(6) 122.2(5

0(7) - 0 (6 ) 0(5) 118.9(5

0(10) • - 0(13) - 0(5) 121.7(5

0(14) - 0(13) - 0(5) 119.9(5

0(8) - c(7 ) - 0(6) 120.7(5

0(14) - 0(8) - 0(7) 123.5(5

0(9) - 0(14) - 0(8) 124.4(4

0(13) - 0(14) “ 0(8) 114.8(5

0(14) - 0 (9 ) 0(11) 119.9(4

0(15) - 0(9) - 0(11) 119.7(5

0(12) - 0(11) - 0(9) 119.0(4

0(15) - 0(9) - 0(14) 120.3(5

0(13) - 0(14) 0(9) 120.8(5

0(13) - 0(10) - 0(12) 121.7(5

0(11) “ 0(12) 0(10) 120.1(5

0(14) - 0(13) - 0(10) 118.4(4
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TABLE 7

Torsion Angles (degrees)

C(11) - 0 ( 1 ) - 0 ( 2 ) - 0 (3 ) 1

0 ( 2 ) - 0 ( 1 ) - 0 ( 11) - 0 (9 ) 178

0 ( 2) - 0 ( 1 ) - 0 ( 1 1 ) - 0 ( 12) -2

0 ( 1 ) - 0 ( 2 ) - c (3 ) 0 (4 ) -2

0 ( 2 ) - 0 (3 ) - c (4 ) - 0 ( 12 ) 2

0 (3 ) - 0 (4 ) - 0 ( 1 2 ) - C(10) 180

0(3 ) - 0 (4 ) - 0 ( 12 ) - 0 ( 11 ) . -3

0 (13) - 0 (5 ) - 0 (6 ) “ 0 (7 ) -1

0(6) - 0 (5 ) - 0 (13 ) - C(10 ) 176

0(6) - 0 (5 ) - 0(13) - C(14) 0

0 (5 ) 0 ( 6 ) 0 (7 ) - 0 ( 8 ) 3

0(6) - 0 (7 ) - 0 ( 8 ) - C(14) -3

0 (7 ) - 0 ( 8 ) - 0 (14 ) - 0 (9 ) -177

0 (7 ) “ 0 ( 8 ) - 0(14) - C(13) 2

0(14) - c (9 ) - 0 ( 11 ) - 0 ( 1 ) -179

0(14) - 0 (9 ) - 0 ( 11 ) - 0 ( 12 ) 1

0(15) - - 0 (9 ) - 0 ( 11 ) - 0 ( 1 ) -1

0(15) - 0 (9 ) - 0 ( 1 1 ) G(12) 179

0 ( 11 ) - 0 (9 ) - c (1 4 ) - 0 ( 8 ) 177

0 ( 11 ) - 0 (9 ) - 0 (14 ) - 0(13) -2

0(15) - 0 (9 ) - 0(14) - 0 ( 8 ) -1

0(15) - •0(9) - 0(14) - 0(13) 180

0(13) 0 ( 1 0 ) - 0 ( 12) - 0 (4 ) 178



TABLE 7

Torsion Angles (degrees) (cont.)

0 ( 1 3 ) - 0 ( 1 0 ) - 0 ( 1 2 ) 0 ( 1 1 ) 1

0 ( 1 2 ) - C ( 1 0 ) - 0 ( 1 3 ) 0 ( 5 ) I -v
j

CD

0 ( 1 2 ) - C ( 1 0 ) - 0 ( 1 3 ) 0 ( 1 4 ) - 2

0 ( 1 ) - C ( 1 1 ) - 0 ( 1 2 ) 0 ( 4 ) 2

0 ( 1 ) - G ( 1 1 ) - 0 ( 1 2 ) 0 ( 1 0 ) 1 8 0

0 ( 9) - 0 ( 1 1 ) - 0 ( 1 2 ) 0 ( 4 ) - 1 7 8

0 ( 9) - 0 ( 1 1 ) - 0 ( 1 2 ) 0 ( 1 0 ) 0

0 ( 5 ) - C ( 1 3 ) - 0 ( 1 4 ) 0 ( 8 ) 0

0 ( 5 ) - C ( 1 3 ) - 0 ( 1 4 ) 0 ( 9 ) 1 7 9

0 ( 1 0 ) - 0 ( 1 3 ) - 0 ( 1 4 ) 0 ( 8 ) - 1 7 7

0 ( 1 0 ) - 0 ( 1 3 ) - 0 ( 1 4 ) 0 ( 9 ) 3

The s ig n  convention  used fo r  the to r s io n  an gles i s  such that the  

s ig n  i s  n eg a tiv e  i f  an a n tic lo ck w ise  r o ta t io n  i s  required  o f  

atom (1 ) to  e c l ip s e  atom (4 ) w h ils t  look in g  down the (2) -  (3 )  

bond.

The average standard d ev ia tio n  o f the to r s io n  angLes i s  0 .8 ° .



s
TABLE 8

Mean Plane Calculations

(1 )

Atoms in  p lane

C(1 

C(2 

C (3  

C(4  

0 (5  

C(6 

0 ( 7  

0(8  

0 (9  

0 ( 10 ) 

0 (11) 
0(12) 
0 (1 3 )  

0 ( 1 4 )  

0 ( 1 5 )

Atoms out o f p lane D ev ia tion  (A)

0.01 

“0 .0 3

- O . O i f  

- 0 . 0 4  

0.02 

’ - 0 .0 3  

- 0.08 

- 0.02 

0 .0 3  

0 .0 3  

0.02 

0.02 

0 .0 5  

0 .0 3  

0.01



1 b-6*

TABLE 9

.  j  l &
In term olecular co n ta c ts  (A) o f  l e s s  than 4  A

0 ( 6 ) 0 ( 1 5 ^ 3 .9 7 0 ( 11)
c C5 > w 3 .7 2

0 ( 4 ) c ( 8 ) n 3.86 0 ( 11) 0 ( 10) 3̂ 3 .7 8

0 ( 7 ) c ( l 5 ) i n 3 .9 9 0 ( 12) C<5 >W 3 .9 6

0 ( 1 ) C (10) CT 3 .7 6 0 ( 12) 0 ( 1° ) ^ 3 .9 8

0 ( 2 ) 0 '—
/

H <J

3 .9 4 0 (1 3 ) ° ( 5 V 3 .8 0

0 ( 2) 0 ( 10) ^ 3 .9 2 0 (1 4 ) 0 (5 ) 3̂ 3 .5 1

C ( 8 ) C (6 ) i V 3 .8 3 0 (1 4 ) c ( 6 > iv 3 .7 7

0 ( 9 ) c ( 5 ) o t 3 .5 0 0 ( 3 ) C ( 7 ) T 3 .9 5

0 ( 1 0 ) 0 ( 5 ) w 3 .9 8

The su b scr ip ts  r e fe r  to  th e  fo llo w in g  transform ations o f  the  

atom ic co -o rd in a te s:

( I )  x ,  y ,  1+z

(IX) 1+x, y ,  z

( i l l )  1 - x ,  1 - y ,  - z

(IV) x ,  f - y ,  i+ z

(V) 1+x, i - y ,  i+ z
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CHAPTER 4

-TRIMBTHYM?«1M0NI0 

PENICILLANIC ACID

HEKmCROIODIDE



W *

4,1 * In tro d u ctio n

p e n ic i l l i n  was one o f the f i r s t  a n t ib io t ic s  s t u d i e d ^  and i t  has 

been su ggested  th a t th e  m olecule can be su b stitu ted  fo r  the D-alanyl- 

D -alanine resid u e^ 2*’*1') in  the body. This e f f e c t iv e ly  in h ib it s  

b a c te r ia l c e l l  w a ll sy n th e s is  by in te r fe r in g  w ith the f in a l  c r o ss -  

l in k in g  p ro cess .

R

H ' K

CO H
p e n ic i l l in

In 1945 the s tru ctu re  o f  th e b a s ic  m olecule was e lu c id a ted  by chem ical

degradation and X-ray c ry sta llo g ra p h ic  a n a ly s is ;  sodium benzyl-  

p e n ic i l l in '  y and rubidium b e n z y lp e n ic ill in ' ' were the f i r s t  crysta l 

stru ctu res  to  be so lv ed . L ater P i t t ^  published  the stru ctu re  o f  

potassium  b e n z y lp e n ic il l in .  P e n ic i l l in  was f i r s t  sy n th esised  by 

S h e e h a n ^  and th e f i r s t  sem i-sy n th e tic  p e n ic i l l in s  were obtained by 

Doyle e t  a l ^ .

R ecen tly  a number o f r e a c t io n s , in v o lv in g  the ep im erisation  o f  

p e n ic i l la n ic  a c id  d e r iv a t iv e s ,  have been stu d ied , 

equilibrium : -

(9 -14) jp o r

x Z .  \

H CO
© &

6P

'N

/

> ©
H C02 o

6a
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+
■where R = NMe^, th e io n is a t io n  from ( i )  to  ( l l )  in  th e presence o f  base

(15)i s  known t o  be fa ster^  than from ( i l l )  to  ( l l ) »  However, t h i s  does 

not f u l ly  account fo r  th e  overwhelming preponderance o f th e 6 a epimer 

a t eq u ilib riu m . ( ^ > 1 6 )

The 6 (3 epimer has been prepared as th e c r y s ta l l in e  hemihydroio- 

d id e ^ ^ ’^ ^  which can be w r it te n  as (R ^ O ^  02GR+) l  . The combina

t io n  o f  carboxyl group (-COgH) and carboxylate anion (-C02”) i s  w e ll  

known in  th e  a c id  s a l t s  o f monobasic and d ib a s ic  carb oxylic  ac id s  and 

can g iv e  r i s e  to  sh o r t , sym m etrical hydrogen bonds. An X-ray study o f  

the p e n ic i l la n ic  a c id  hemihydroiodide c r y s ta l stru ctu re  was undertaken 

to  determine whether t h is  provided  another example o f such a 3hort 

hydrogen bond.

4*2. Experim ental 

C rystal data

M olecular form ula  ̂ ^ 11^ 18^ 2^ 3^ 2*^

M olecular w eigh t 644*6 a .m .u .

C iy sta l system m onoclinic

Space group C2 { c \ )

C ell dim ensions a = 19*44 A

lo
 ll ON • rv> oo

c  = 11.33 A

£  = 95-0°

C e ll volume (u) 1376.5 A5

D ensity (observed)
-31*55g*cm

D ensity  (c a lc u la te d ) 1 , 56g.cm ^
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M olecules per u n it  c e l l  (z) 2 x  ( C ^ H ^ , OgSjI)

Number o f  e le c tr o n s  per 660
^  c e l1  (F(000)>

Linear ab sorp tion
c o e f f i c ie n t ,  n(MoKpc) 13*69 cm"1

R otation , W eissenberg and p recess io n  photographs taken w ith  MoKa 

ra d ia tio n  showed the c r y s ta l system  to  be raonoclinic. The sy ste m a tica lly  

absent r e f le c t io n s  (hk l when h+k = 2n + 1 , hOl when h s  2n+l, OkO when 

k = 2n+l) fo r  th e  o p t ic a l ly  a c t iv e  compound suggested  the space group 

as C2 w ith  two m olecu les per u n it c e l l .  The in te n s ity  data o f  la y e rs  hOl 

to  h 6 l were recorded by means o f  e q u i- in c lin a tio n  W eissenberg 

photographs taken w ith  Z r - f i l t e r e d  MoKa ra d ia tio n , A Joyce-Loebl 

in te g r a tin g  m icrodensitom eter was used to  measure th e  in t e n s i t ie s  and 

the 1380 independent stru ctu re  am plitudes obtained were corrected  fo r  

Lorentz and p o la r isa t io n  e f f e c t s .

;4*3 S tructure a n a ly s is

The io d in e  atom which l i e s  on a tw o-fo ld  a x is  was used to  d efin e  

the o r ig in  and th e co -ord in a tes o f the sulphur atom were found from a 

Fourier s y n th e s is .  A fu rth er  Fourier sy n th es is  based on the heavy-atom  

phases showed dirrdnished pseudo-symmetry and fourteen  fu rth er atoms 

were lo c a te d . A fter  two c y c le s  o f  le a st-sq u a r es  ca lc u la tio n s  th e R 

fa c to r  was 0.241 and a Fourier d ifferen ce  map, a t t h is  s ta g e , gave the  

co -ord in ates o f  the two rem aining carbon atoms. A fter two fu rth er  

cy c le s  o f is o tr o p ic  refinem ent the R fa c to r  reduced to  0.151* Here the  

W eissenberg data were sc a le d  to  data c o l le c te d  about the 1 a x is  on the  

p recession  camera, and p laced  on an abso lu te o v era ll s c a le .  The iod in e  

and sulphur* atoms were a llow ed  to  r e f in e  w ith  an iso tro p ic  temperature



fa c to rs  and. two fu rth er  c y c le s  o f l e a s t —squares c a lc u la t io n s  lowered  

the R fa c to r  to  0 .0 9 5 . At th is  stage a small, number o f  dubious 

r e f le c t io n s  were checked and corrected  i f  in  error. Assuming the  

ab so lu te  c o n fig u ra tio n  o f th e  (3 epimer on a r ig h t  handed s e t  o f ax es , 

a fu rth er two c y c le s  o f  l e a s t  squares converged to  R = 0 .0 9 0 . No 

hydrogen p o s it io n s  cou ld  be lo c a te d  from a Fourier d iffere n c e  map.

A u n ita ry  w eigh tin g  scheme (w = 1) was employed in  the l e a s t -  

squares c a lc u la t io n s .

The computing was ca rr ied  out a t  the A tla s  Computer Laboratory, 

C hilton  u sin g  th e  X-RAY-63  system and a t  Sussex U n iv ers ity  on the  

ICL 1905E computer.

4*4 D iscu ss io n

The m olecular stru ctu re  o f  the {3 -epimer i s  shown in  Figure 1 and

the c r y s ta l  packing stru ctu re  in  Figure 2. The f in a l  atomic

c o -o r d in a te s , standard d ev ia tio n s  and temperature fa c to rs  are g iven  in

Table 1 . T ables 2 , 3 ,  4  and 5 l i s t  the bond le n g th s , valency a n g le s ,

to r s io n  a n g les  and mean p lane ca lc u la tio n s  r e sp e c tiv e ly .

The {3-lactam r in g  has a buckled conform ation, w ith  the atom C(7)

ly in g  0.31 A above the p lane d efin ed  by the C(5)> N(1) and C(6) atoms.

In  phenoxym ethylpen icillin^ 1 ^  and b e n z y lp e n ic ill in  the C(7) atom o f

the (3-lactam r in g  i s  d isp laced  by 0 .15 A. A lso , the to r s io n  angles

in  the |3-lactam  r in g  o f  th e  (3-epimer are tw ice the magnitude o f those
(20 21)for p h en oxym ethy lp en icillin . The cephalosporins 9 a lso  con ta in  

fused  (3 -lactam  r in g s  and some p ro p erties  o f  th ese  r in g s  are l i s t e d  

below.



Compound Sum o f  a n g les  
around N (1)

C (7)-0(13) 
bond len g th

a )

C(7)-N (1) 
bond le n g th

(2i)Am picillin'* 7 339(1)° 1.198(7) 1 . 369( 7 )

B e n z y lp e n ic il lin ^  ̂  ̂ 337(3)° 1.17(4) 1 . 3 4 ( 4 )

(3-epim er 342(2)° 1.15(2) 1.41(2)
(21)C ep halog lycinex 7 353(6)° 1 . 2 8 (5 ) 1.48(5)

(2 1 )C ep halorid in ev 7 350.7 (8 )° 1.214(8) 1.382(8)
2 ( 2 1 ) A -C ephalosporins Vv 7 359.3 (8 )° 1.223(7) 1.339(7)

Phenoxyme t  hylp e n i c i l l i n (18) 337(2)° 1 .2 1 (2 ) 1 .46 (2 )

The th ia z o l id in e  r in g  o f  th e  (3 -epim er has an envelope conform ation  

where C(2) i s  0 .4 7  & below th e  p lan e con ta in in g  th e  C (3 ), S ( 4 ) , C(5) 

a n d N ( l)  atom s. In  p h en oxym eth y lp en ic illin  th e  corresponding atom i s
G

d isp la c e d  by 0.51 A and the va lency  an g les  in  t h i s  r in g  agree to  w ith in

2° o f  the s im ila r  an g les o f the (3-epimer. The N (1)-C (5) bond le n g th  o f

th e (3-epimer a t  1 .4 3  A approxi mates to  th a t found in  b e n z y lp e n ic il l in

(1 .4 7 (4 )  %) but i s  sh o rter  ( A = 3 a  ) than th e i .5 2  A d ista n ce  found

in  p h en oxym eth y lp en icillin .

The carboxyl groups o f  the two p e n ic i l l i n  m o ie tie s  in  th e Z w itter

io n  are lin k e d  by a sh ort c r y s ta llo g r a p h ic a lly  sym m etrical hydrogen

bond w ith  0 (1 2 ) .............0 ( 1 2 ) ^  2 .4 6  A; t h is  compares w e ll  w ith  the

11 very  sh ort” hydrogen bonds found in  the a c id  s a l t s  o f  some ca rb o x y lic  

(22)a c i d s . ' 7 In term olecu lar hydrogen bonds in v o lv in g  2 - fo ld  symmetry are

found in  sodium hydrogen d ia c e t a t e ^ ^  ( 0 . . . . . 0  = 2 .4 4  A) potassium  

hydrogen d ia n isa te^ ^ 4̂  (2 .4 8  A ), potassium  hydrogen su ccin a te^ ^ ^

(2 .4 4 6  A) and ammonium hydrogen g lu t a r a t e ^ ^  ( 2 .4 6 0  A ). The carbon- 

oxygen bonds o f  th e  carboxy groups show th at th e C (1 0 )-0 (11 ) bond, 1 .2 3  A ,
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Figure 2

a

The c r y s ta l  s tr u c tu r e  o f  63-trin iethylam raon iope«ic illan ic -acid  

hemihydroiodide viewed along the *b* ax is*



has more double bond character than the C (l0 )-0 (1 2 )  bond, 1 .3 0  A.

In  p h en oxy m eth y lp en ic illin  th ere  i s  an in term olecu lar  hydrogen bond 

betw een one carboxyl oxygen and th e  amide oxygen; t h is  oxygen-oxygen  

co n ta c t i s  2.7© A and th e two carbon-oxy gen bonds o f  th e  carboxy
°  o

group are 1.21 A and 1 .35  A. The Z w itte r io n ic  form o f  6 -  

^ ( - )  a-aminophenylacetarr&do/ p e n ic i l la n ic  a c id ^ * ^  as th e c r y s t a l l in e  

tr ih y d ra te  e x h ib its  in term olecu lar  hydrogen bonding between both  

carboxyl oxygens. H ere, a s exp ected , the carbon-oxygen d is ta n c e s  are  

approxim ately equal a t 1 .240  A and 1.245 A , so  in d ic a t in g  a h igh  degree 

o f  TT-orbital resonance.

Assuming th a t th e hydrogen atom l i e s  h a lf  way between th e two 

symmetry r e la te d  oxygens o f  th e  carboxyl group fo r  th e  (3 epim er, i t s  

co -o rd in a te s  are 0 .0 0 0 0 , 0 . 1 697 , 0 .0 0 0 0 .

The average n itrogen -carb on  d ista n ce  in  th e  tr i-m e th y l ammonium
o o

group i s  1 .3 0  A which compares w e ll  to  th e average value o f  1 .4 8  A 

quoted by Sutton  e t  a l ^ ^  fo r  4 -c o v a le n t n itrogen -carbon  d ista n ces  o f  

t h is  ty p e . The in term o lecu la r  d is ta n ces  are g iven  in  ta b le  6 . Apart 

from th e  0 ( 1 2 ) . . . . 0 ( 1 2 ) ^  con tact th e  d is ta n c e s  are normal van der Waals 

in te r a c t io n s .

A comparison o f  the bond le n g th s  and a n g les  fo r  b e n z y lp e n ic i l l in ,  

p h en oxym eth y lp en ic illin  and the (3 -epim er i s  shown o v e r le a f . In  a l l  

th ree  th ia z o l id in e  r in g s  th e  la r g e s t  va lency  a n g les  i s  a t  th e  n itro g en  

atom and th e sm a lle s t  a t  th e  sulphur atom.



165*

o
Bond I enr;th.s (A) and angles in (a) benzyl penicillin,

(b) phenoxymethylpenicillin and (c) p-epimer

I-52

u l

S(4)-C (3)-C (8 .)

= 105°

(a)

Ho'

I 57I 5 2| S S

H4-c

(b)

S (if)-C (3)-C (8)  

= 109° ;

l  3 ^ ,

IH  l>'

137 '

(c)
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Table 1

F ra c tio n a l Atomic c o -o r d in a te s , p o s it io n a l standard d e v ia tio n s  and 

tem perature fa c to rs*
IL - - ' ~ ■ ■ ----- ~ ------- --------------

Atom X y z B

I 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 /

N (1) 0 .1 9 7 1 (6 ) 0 .1 1 5 1 (2 3 ) 0 . 3 2 1 0 ( 10 ) 2 .09

0 (2 ) 0 .1 2 8 8 (6 ) 0 .2 1 1 6 (2 7 ) 0 . 3062 ( 11 ) 1 .75

c ( j ) 0 .1 4 0 1 (7 ) 0 .4404 (25 ) 0 . 2650 ( 12 ) 2 .06

S(4) 0 .2 2 8 1 (2 ) 0 .5161(11 ) 0 . 3330 ( 3 ) /

0 (5 ) 0 .2 5 3 4 (7 ) 0 .2413 (27 ) 0 . 3725 ( 12 ) 1 .85

0 (6 ) 0-3012(7 ) 0 .1 0 3 8 (3 0 ) 0 . 3019 ( 13 ) 2 .1 9

0 (7 ) 0 .2 3 3 3 (6 ) 0 .0201 (43 ) 0 . 2350 ( 11 ) 2 .3 2

0 (8 ) 0 .0 9 0 4 (1 0 ) 0 .6050(39) 0 . 3070 ( 17 ) 3 .8 0

0 (9 ) 0 .1 4 0 9 (8 ) 0 .4441(30) 0 .1283 (14 ) 2 .8 8

C(10) 0 .0 9 5 3 (7 ) 0 .1952 (30 ) 0 .4 2 1 8 (1 2 ) 2 .05

0(11) 0 .1 2 8 3 (6 ) 0 .2162(25 ) 0 .5183(11) 3.61

0(12) 0 .0 2 8 6 (6 ) 0 .1 6 9 7 (2 5 ) 0 .4074(10) 3 .3 0

0(13) 0 .2 2 0 8 (6 ) -0 .0 7 1 7 (2 4 ) 0 .1485(11 ) 3 .8 6

N(14) 0 .3 3 6 8 (6 ) 0 .1914(24) 0 .2 3 0 4 (1 0 ) 2 .02

0(15) 0 .3 3 0 1 (9 ) 0 .3190 (36 ) 0 .1248(15) 3 .1 2

0 ( 16 ) 0 .3 9 3 0 (7 ) 0 .0069 (63 ) 0 .1843(13) 3 .5 0

0 (17 ) 0 .4 0 7 1 (9 ) 0 .3 266(37 ) 0 .3090(15) 3.21

/  fo r  th e  io d in e  and sulphur atoms a n iso tr o p ic  temperature fa c to r s  were 

employed*

The average standard d ev ia tio n  o f  the is o tr o p ic  temperature fa c to r s
r> 2

i s  0 .2 5  A .



16y.»

Table j(co n td )

Atom b11 b 22 b „
33 b12 b 13 b23(x

I 13(°) 262(G) 95(1') 0 2 2 (0 0

S ( 4 ) 1510 if2 0 0 55(3) 3 (7 ) -4 (1 ) - 2 ( ' 0

A n iso trop ic  tem perature factors., were employed in  th e form 

T = e x p ^ b ^ h ^ b ^ k ^ b ^ l^ b ^ h k + b ^ h l+ b ^ k l j j ?

Due t o  th e  space group symmetry requirem ents th e  io d in e  atom was g iv en  a 

m u lt ip l ic i t y  o f  0*5 and th e  b ^  and b ^  tem perature fa c to r s  were f ix e d  

a t  0 .



Table 2

In tram olecu lar bonded d is ta n ces  and estim ated  standard d e v ia tio n s  (A)

N(1) -  C(2) 1.45(2) 0(5 ) - 0 (6) 1.54(2

N(1) -  c(5) 1.43(2) c (6 ) - 0 (7 ) . 1.53(2

N(1) -  c(7) 1.41(2) 0(6 ) - H(14) 1.51(2

C(2) -  0(3) 1.53(2) 0(7 ) - 0(13) 1.15(2

C(2) . C(10) 1.52(2) C(10) 0(11) 1.23(2

0(3) 8(4) 1 .88(1) C(10) - 0(12) 1.30(2

0(3) - C(8) 1.52(3) N(14) - 0(15) 1.50(2

c (3 ) -  C(9) 1.55(2) N(14) - c ( i6 ) 1.49(3

S(4) -  0(5) 1.84(2) N(14) - 0(17) 1.52(2



Table 3

Valency an&Le3 (degrees) and estim ated standard deviations

C(5) - N(1) 0(2) 118.2(11)
C (3) - 0(2) - N(1) 105.8(11)
0(7) - N(1) - c(5) 95.0(10)

0(6) - 0(5) - N(1) 87.3(10)
0(13) - 0(7) - N(1) 134.3(9)
S(4) - 0(3) - 0(2) 105.2(9)
c(9) - 0(3) - 0(2) 109.4(10)

0(12) - 0(10) - 0(2) 113.5(8)
0(9) - 0(3) - S(4) 108.5(7)
0(9) - 0(3) - 0(8) 111.5(12)

0(7) - 0(6) - 0(5) 86.1(10)

N(14) - 0(6) - c(7) 118.0(9)
0(15) - N(14) - 0(6) 114.2(10)

0(17) - N(14) - 0(6) 110.1(10)
0(16) - N(14) - 0(15) 106.5(14)
0(17) - N(14) - 0(16) 108.8(11)

0(7) - N(1) - 0(2) 128.8(9)
0(10) - 0(2) - N(1) 109.2(10)

S(4) 0(5) - N(1) 104.0(11)
0(6) - 0(7) - H(1) 83.9(10)
0(10) - 0(2) - 0(3) 114.2(9)
0(8) - 0(3) - 0(2) 115.5(H)
0(11) - 0(10) - 0(2) 122.1(9)
0(8) - 0(3) - S(4) 106.3(9)
0(5) - S(4) - 0(3) 94.4(8)



Table 3 (oontd.)

C(6) -  C(5) -  S(4) 124.0(6)

N(14) - C(6) - C(5) 124.5(10)
0(13) -  0(7) -  C(6) 136.7(9)
c(i6) - n(i4) -  c(6) 107. 8(15)
0(12) -  0(10) -  0(11) 124. 3(10)
C(17) -  N(14) -  0(15) 109.2(13)
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Torsion Angles degrees)

0(5) N(1 0(2)

0(5) N(1 0(2)

0(7) N(1 0(2)

c(7) H(1 0(2)

0(2) N(1 0(5)

c(2) N(1 0(5)

0(7) H(1 0(5)

c(7) N(1 0(5)

0(2) N(1 c(7)

c (2) n (i c(7)

0(5) H(1 0(7)

0(5) N(1 c(7)

N(1) c(2 0(3)

N(1) 0(2 0(3)

N(1) 0(2 0(3)

0(10) 0(2 0(3)
0(10) 0(2 0(3)

0(10) 0(2 0(3)

N(1) 0(2 0(10)
N(1) 0(2 0(10)
0(3) 0(2 0(10)

0(3) 0(2 0(10)
0(2) 0(3 S(4)

0(8) 0(3 S(4)

0(9) 0(3 S(4)

0(3) S(4 0(5)

Table 4

0(3) 40

0(10) -83

0(3) -84

0(10) 153

S(4) -28

0(6) -152

s(4 ) 111

c(6) -13

0(6) 146

0(13) -31

0(6) 13

0(13) -164

8(4) -30

0(8) -147

0(9) 86

S(4) 90

0(8) -27

0(9) -154

0(11) 37

0(12) -146

0(11) -81

0(12) 96

0(5) 14

0(5) 137

0(5) . -103

N(1) 6



Table 4  (co n td .)

0(3) 8(4) 0(5) 0(6) 102
N(1) 0(5) 0(6) 0(7) 12
N(1) 0(5) 0(6) N(14) 133
s(4) 0(5) 0(6) 0(7) -93
S(4) 0(5) 0(6) N(14) 28
c(5) 0(6) 0(7) N(1) -12
0(5) 0(6) 0(7) 0(13) 164
N(14) 0(6) 0(7) N(1) -139
N(14) 0(6) 0(7) 0(13) 37
0(5) 0(6) N(14) 0(15) -66
c(5) 0(6) N(14) 0(16) 175
0(5) 0(6) N(14) 0(17) 57
0(7) 0(6) N(14) 0(15) 39
0(7) 0(6) N(14) 0(16) -79
0(7) 0(6) N(14) 0(17) 163

The s ig n  convention used fo r  the to rsio n  angles i s  such th at the  

s ig n  i s  negative i f  an anticlockw ise ro ta tio n  i s  required o f  

Atom (1 ) to  e c lip se  Atom (4) w h ils t looking down the (2 ) -  (3) bond.

The average standard deviation  o f the torsion  ang3.es i s  1.5°*



Table 3

Mean plane ca lcu la tio n s
0

Atoms in  plane Atoms out o f plane D eviation  (A)

(1) N(1) 0.00
0(5) 0.00
0 (6) 0.00

S(4) 1.47

c(2) 0.59
c(7) 0.31
0(13) 0.70
N(14) 0.90

(2) N(1) -0.09
c(5) 0.08

0(6) -0.07
0(7) 0.08

(3) S(4) 0.03
0(3) -0.03
0(5) -0.04
N(1) 0.03

0(2) -0.47
0 (8) -0.98

0(9) 1.40
0(10) -1.97

(4) S(4) 0.00
0 (5 ) 0 .00

N(1) 0.00
0(2) -0.60

0(3) -0.19
0 (8) -1.20

C(9) 1.19
0 (10) -2.10
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Table 6

The interm olecular con tacts o f le s s  than 4  A

0(3) 0(13)* 3.73 0 (8 ) 0(17)*** 3.83

8(4) N(1)* 3.81 I 0(15)*v 3.87

S(4) 0 (6 )* 3.98 0(12) C(17)IV 3.32

8(4) 0(7 )* 3 .36 S(4) C(5)v 3.61

S(4) 0(13)* 3-32 S(4) 0 (1 1)V 3.37

C(8) N(1)* 3.81 0(5) 0(11)V 3.90

0(8) 0 (2 )* 3 .88 0(11) C(6)y 3.38

0(8) 0(7 )* 3 .9 7 0(11) 0 ( 16)y 3 .9 0

0(8) 0 (10)* 3.92 c(17) 0(1 o)v 3.8^

0(8) 0(12)* 3 .9 4 0(17) 0(11)v 3 .2 4

0(8) 0(13)* 3.81 0(17) 0 (12)v 3 .98

0(9) 0 (13)* 3.41 I 0 (1 5 ) ^ 3 .87

C(10) 0(12)** 3.22 0(13) C (l5 )y i 3 .2 4

0(11) 0(12)** 3.25 0(15) ° ^ v i 3 .79

0(12) 0(12)** 2.46 c ( l6 ) o (9 )v i 3 .37

0(8) c ( l 6 4 r t 3 .98

The subscrip ts r e fer  to  the fo llow in g  transform ations o f the atomic

co-ordinates;

( i ) x , 1+y, z (IV) - i+ x ,- i+ y , Z

(H ) -x , y ,  1 -z (V) i - x ,  i+ y , 1 -  2

(H I) ~i+x , i+ y , z (VI) i - x ,  -i+ y , “2
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5.1 Introduction

Many o f the ex tracts  of the genus Mxkania (fam ily com positae, 

tr ib e  Eupatorieae C a ss ., subtribe Ageratinae Less) are known to  have 

been used su c ce ss fu lly  in  fo lk  m edicine. Werner Herz and h is  co

workers a t F lorida U n iversity  have reported the is o la t io n  and p a r tia l  

stru cture determ ination of s ix  lacton es from Mikania scandens ( L. )

W illd' ' (clim bing hempvine). F ive o f these belong to the germacrane
(2 )

t y p e ' -  1 f some of which are known to exh ib it tum or-inhibitory  

a c t i v i t y ^ O n e  o f th e se , dihydromikanolide, formed cry s ta ls  

su ita b le  for  X-ray an a ly sis  as di d.  the s ix th  la c to n e , miscandenin, a 

variant r e su lt in g  from a germacradiene-elemadiene in terconversion .

The stru ctu res o f a l l  s ix  d ilacton es were suggested by U. V. ,  I . R . , 

and N..M.R. spectra; the correct stereochem istry o f miscandenin was not 

f u l ly  determined w ith respect to  the C(15) methyl group and the hydrogen 

attached  to  C5*

ts

to

( i )  Miscandenin

The e x tr a c t , dihydromikanolide, may a lso  be obtained by p a r t ia l  

hydrogenation o f  th e mikanolide extract:
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0

0

0

I I  Mikanolide

I I I  Dihydromikanolide

The c r y s ta l structure o f dihydromikanolide was examined to confirm the  

stereochem istry o f the m olecule, a lso  the stereochem istry a t C(11) was 

not known.

C rysta ls o f  a th ird  sesquiterpene la c to n e , berlandin, were a lso  

supplied  by Y/erner Herz. This lactone was thought to p ossess structure  

(IV) or (V) ,  the stereochem istry being unknown.

0

OC-R*

(IV)

0

R\R" = -CH3 , C : 
I
CH.

/t

H

CH:

0



The co n fig u ra tio n  o f  b erland in  was shown to  be (IV ); the s tr u c tu r e s  

o f  the th ree compounds were determ ined by the a p p lic a tio n  o f  non- 

centrosym m etric d ir e c t  method procedures.



5*2.1 Experimental 

C rystal data 

Miscandenin

Molecular formula ■ ' C. rIL ,0 P
15 14 5

M olecular weight 274.3 a.m .u.

C rysta l system orthorhombic

Space gcoup P2 2 2 (d |)
1 1 1

C e ll dimensions a = 8 .586(4) A

b = 14.918(5) A

c = 10.211(3) A

C e ll volume (u) 1307.8 A^

D ensity (observed) 1 .37  g.cm”^
—3D ensity (ca lcu la ted ) 1.39 g.cm

M olecules per unit c e l l  (z ) 4

Number o f e lectron s per un it c e l l  (F^qqq^) 576
■"1Linear absorption c o e f f ic ie n t ,  fi(Molp) 1 .14  cm

The c ry sta l used for X-ray an a ly sis  was c o lo u r le ss , and rectangular

in  shape. Weisseriberg and precession  photographs of th e c ry s ta l taken

w ith CuKct and MoKa rad ia tion  r e sp e c tiv e ly , determined the space group as

Pg 2 2 * ax1-a  ̂ sy stem atica lly  absent r e f le c t io n s  are hOO when
1 1 1

h = 2n+1, OkO when k = 2n+1 and 001 when 1 = 2n+1; the i n i t i a l  c e l l  

dimensions were obtained, and the observed density  was found to be 

c lo se  to  that ca lcu la ted  for four m olecules per un it c e l l .



The c e l l  dim ensions were r e f in e d  by le a s t-sq u a r e s  a n a ly s is  o f  the  

angular s e t t in g s  o f  12 r e f le c t io n s  measured on th e  d iffra cto m eter  a t  

0(MoKoc) about 16°. The octan t hkl was measured out to  © <  27° by 

means o f  a  0 -2  6 scan^ o f  40 s te p s  o f  0 .0 2 °  per second. S ta tio n a ry  

c r y s ta l- s ta t io n a r y  counter background counts were taken for  15 seconds 

a t the s ta r t  and end o f  each scan . The s t a b i l i s e d  X-ray generator .was 

operated  a t  44kV and 16mA and the in t e n s i t i e s  were co rrected  fo r  Lorentz 

and p o la r iz a t io n  e f f e c t s  but not fo r  absorption . A t o t a l  o f  1639 

independent s tru c tu re  am plitudes was ob ta in ed , o f  which 1222 had 

I  > 2 ct( I ) .

5 .2 .2  S tructure a n a ly s is

N orm alised stru c tu re  fa c to r s  were c a lc u la te d  fo r  a l l  th e  stru ctu re

am plitudes based on an o v e r a ll  temperature fa c to r  o f  3 .65  A, and t h is

gave 184 E va lu es g rea ter  than 1 .5 .  Signa 2 r e la t io n sh ip s  were

c a lc u la te d  and the i n i t i a l  s e t  o f  phases c o n s is te d  o f  th ree  o r ig in -

(5 -7 )determ ining p h a se s ,' ' a su ita b le  enantiomorph and 2 fu rth er  phases  

which were g iven  va lu es o f  jtn /4 , ± 3n/ 4  ( ta b le  1 ) .  The 16 s e t s  o f  

s ta r t in g  phases were used to  i n i t i a t e  tangent formula^®) c a lc u la t io n s  

and the Karle R i n d e x ^  range was from 0 . 1 9 - 0 . 3 2 .  An E map 

gen erated  from 184 E va lu es based on the phases a s so c ia te d  w ith  the  

lo w est  R in d ex  y ie ld e d  th e  co rr ec t s o lu t io n . The i n i t i a l  va lu es o f  the  

two v a r ia b le  phases were 3n/ 4  for  7 4  5 and 3TT/ 4  fo r  3 12 1 , although  

i n i t i a l  phases o f  -3 ^ /4  and -3 V 4  phased th e  184 E va lu es id e n t ic a l ly .



Two atoms of the 7-niembered r in g  and the methyl carbon could not

be lo c a te d  from th e  E map but th e  remaining carbon and oxygen atoms were

found. An i n i t i a l  s tru ctu re  fa c to r  c a lc u la t io n  gave a d iscrepency index

(R) of 0 .541 , and a fte r  one c y c le  of le a s t  squares ca lcu la tio n s a

F ourier d if fe r e n c e  map re v e a le d  the m issin g  atoms. R e f le c t io n s  fo r  which

I  ^  2cr were now regarded as 1 unobserved* and fu rth er  removed from

c a lc u la t io n s .  The atoms were allow ed to  r e f in e  i s o t r o p ic a l ly  to  R =

0.144. u s in g  a u n itary  w eigh tin g  scheme. Subsequent a n iso tr o p ic

refinem ent o f the atoms converged a t R = 0 .1 0 4 , and a d ifferen ce  Fourier

map showed a l l  th e  hydrogen p o s it io n s .  The hydrogens were r e f in e d

is o t r o p ic a l ly  and a f in a l  R va lu e  o f  0 .702  was obtained . The w eigh ting

scheme used fo r  th e  l a s t  4  cycles^ o f l e a s t  squares c a lc u la t io n s  was o f

the type w= 1/(1+ ((F ^ s -  ) ,  where th e  f in a l  va lu es of F^ and F^

were 4 .4 4  and 9*48 r e sp e c tiv e ly . An attempt was made to determine the

a b so lu te  stereoch em istry  of the m olecule u sing  the anomalous d isp ers io n

(9)c o rr ec tio n s  o f  oxygen and carbon quoted by E ngel' S tructure fa c to r

c a lc u la t io n s  were made u sin g  th ese  co rr ec tio n s  fo r  th e m olecule and i t s  

m irror image; the f in a l  R va lu es obtained  were R = 0 .07022 , R (w eighted)

= 0 .06548 and R = 0 .07022 , R (w eighted) = 0 .06552 . The d iffe r e n c e  in  

R (w eighted) here has been shown by th e H am ilton^  ̂  s ig n if ic a n t  t e s t  

to  be an in s ig n if ic a n t  dem onstration o f th e  co rrec t ab so lu te  co n fig u ra tio n .

Hence the correct absolute configuration  o f the sesqu iterpene, on a 

r ig h t handed s e t  of axes, was assumed. The computing was carried  out on 

the Uni vac 1108 computer at the N ational Engineering Laboratory,

E ast K ilb r id e .



TABLE 1

MISCANDENIN

(a) I n i t ia l  s e t  o f phases

R eflectio n  Phase E

1 15 0 > Tt/ 2 (f ix ed ) 3.12

0 5 5 / or ig in tt/2  (fix ed ) 3 .07

6 9 0 \ +

enantio morph
0 (fix ed ) 2.83

0 15 - 2 ) tt/2  (f ix ed ) 2.98

7 k 5 + tt/ 4 ,  + 3ttA 2.75

3 12 1 ± nA  1 + 3tt/4 2.38

This s ta r tin g  s e t  le d  to  the mirror image o f the correct absolute  

configu ration .

(b) E s t a t i s t i c s

Average value of |e | |e2 | Ie2- i |

Found 0.8A7 1.00 0.806

T heoretical for  cen tr ic 0.798 1.00 0.968

T heoretical for acen tric 0.886 1.00 0.736

Percentage of va luss for: E > 1 .0 E > 2 .0 E > 3 .0

Found 35.68 3.30 0.18

T heoretical for  cen tr ic 31.73 *u55 0 .27

T heoretical for acen tric 36.79 1.83 0.01



5*3.1 Experimental

C ry sta l data  

Dihydrom ikanolide

Molecular formula ^15^16^6

Molecular weight 292.3 a.m .u.

C rysta l system  . m onoclin ic
o

Space group P2,  (Cg)

C e ll  dim ensions a = 10 .4 5 1 (6 ) A

b = 7 .122 (4 ) A 

£  = 9 .233(5) A 

£  = 9 9 .7 7 (3 )°

C e ll volume (u) 677*3

D e n sity  (observed) 1.2*0 g.cm"^

D en sity  (c a lc u la te d )  1.43 g.cm

M olecules per u n it c e l l  (z )  2

Number o f  e le c tr o n s  per

u n it c e l l  (F^qqqn) 308

L inear ab sorp tion  c o e f f i c i e n t ,

y, (MoKoc) 1 .2 0  cm"1

The c r y s ta ls  o f dihydrom ikanolide are c o lo u r le s s  prism s which e x tin g u ish  

under p o la r ise d  l i g h t .  P relim inary c e l l  dim ensions were ob tained  ftom 

r o ta t io n  and W eissenberg photographs taken w ith  CuKa r a d ia t io n . The 

space group was determ ined from th e sy s te m a tic a lly  absent r e f le c t io n s  

(OkO when k = 2n+l) to  be e ith e r  P2  ̂ or P2^/m. As the n atu ra l product, 

dihydrom ikanolide, i s  c h ir a l  i t  cannot c r y s t a l l i s e  in  a centrosym m etric



space group hence P2^/m was r e je c te d . The observed d e n s ity  in d ic a te d  

th a t th ere were 2 m olecu les per u n it c e l l .

The c e l l  dimensions were r e f in e d  by l e a s t  squares a n a ly s is  o f the  

angular s e t t in g s  o f 12 r e f le c t io n s  measured on the d iffra c to m eter  a t  

0 (MoKp ) about 16°. The quadrants hid. and hk l were measured out to

0 ^  30° w ith  a 0-2q scan  o f  60 s te p s  o f 0*02° per second. S ta tio n a ry  

c r y s ta l- s ta t io n a r y  counter background counts were taken fo r  13 seconds 

a t  the s t a r t  and end o f  each scan . The s t a b i l i s e d  X-ray generator was 

operated  a t  40kV and 16mA and the in t e n s i t i e s  were co rrected  fo r  

Lorentz and p o la r is a t io n  e f f e c t s  but n ot fo r  ab sorp tion . A t o t a l  o f  

2116 independent s tru ctu re  am plitudes was ob ta in ed , o f  which 1486 had

1 >  3ct( I ) .

3 .3 * 2  S tructure a n a ly s is

The 220 E va lu es  grea ter  than 1 .5 0  were c a lc u la te d  based on an
u2o v e r a ll  tem perature fa c to r  o f 3*47 A and th e S igaa 2 r e la t io n sh ip s  

were generated . The three o r ig in  f ix in g  phases ( ta b le  2) were g iven  

phases o f  0  , the enantiomorph phase was i n i t i a l l y  tt/2 and a fu rth er  3 

phases were a ss ig n ed  + n /2. T his gave 8 p o s s ib le  s ta r t in g  s e t s  o f  7

phases fo r  tangent formula c a lc u la t io n s  r e s u lt in g  in  a Karle R in d ex  

range o f  0.17  “ 0.29* An E map was generated  based on th e  phases  

ob ta in ed  from the tangent formula c a lc u la t io n  which gave th e  lo w est  

Karle R in d ex . The map showed c le a r ly  the atcraic p o s it io n s  o f  a l l  the  

oxygen and carbon atoms in  th e  m olecu le .



An i n i t i a l  structure factor  c a lcu la tio n  gave a discrepancy index

(R) o f 0.336 and the r e f le c t io n s  for which I  .<: 3al were now considered

as 1 unobserved' and removed from further c a lcu la tio n s . The at cans were

r e fin ed  is o tr o p ic a lly  using a u n it w eighting scheme to  R = 0.145*

Y/ith th e  atoms r e f in in g  a n iso tr o p ic a lly  R f e l l  to  0 .1 0 0 , and a

d ifferen ce  Fourier map showed a l l  the remaining hydrogen atom p o s it io n s .

Nine r e f le c t io n s  w ith large  values and small values

appeared to  be e ffe c te d  by ex tin c tio n  and were removed from the

c a lc u la tio n s . Using values fo r  the imaginary part o f  the anomalous

d ispersion  fo r  oxygen and carbon, quoted by Engel, an attempt was made

to  determine the absolute stereochem istry of the m olecule. Structure

factor  ca lcu la tio n s  were made using these corrections fo r  the molecule

and i t s  mirror image; the f in a l R values obtained were R = 0.06205,

R (weighted) = 0.07063 and R = 0.06207 and R (weighted) = O.O7064. The

d ifferen ce  in  R (v/eighted) i s  an in s ig n if ic a n t  demonstration o f the

correct absolute configu ration . Therefore the normal absolute

configu ration  o f the sesquiterpene was assumed. The weighting scheme

used fo r  the l a s t  4  cy c les  o f le a s t  squares was o f the type
2

w = “ Fb ^ a ^  9 where 'the f in a l values o f  F  ̂ and F^ were

6 .00  and 4*84 r e sp e c tiv e ly . A ll computing was carried  out on the 

Uni vac 1108 computer at the N ational Engineering Laboratory,

East K ilb ride.



TABLE 2

DIHYDROMIKANOLIDE

(a ) I n i t ia l  s e t  o f phases

R eflectio n  Phase E

3 0 7^  0 (f ix ed ) 2 .87

6 1 4 /o r ig in  0 (f ix ed ) 2 .74

0 4 y  0 ( f ix ed ) 2 .72

2 9 5 enahtiomorph tt/2 2 .72

11 1 6  + tt/ 2  2.32

14 1 2 + TT/2 2.18

2 1 12 + TT/2 2 .16

(b) E s t a t i s t i c s

Average value of |eI Ie2| Ie2- i |

Found 0.869 1.00 0.756

T heoretical for cen tr ic  0 .798 1.00 0.968

T heoretica l for acen tric  0 .886 1.00 0.736

Percentage o f values for  E > 1 .0  E > 2 .0  E > 3*0

Found 37.03 2 .04  0 .03

T heoretical for cen tr ic  31*73 4 .55  0 .27

T heoretical for acen tric  36.79 1 .83  0.01



5*4*1 Experimental 

C rystal data 

Berlandin  

Molecular formula 

Molecular weight 

C rystal system  

Space group 

C ell dimensions

C e ll volume (u)

D ensity (observed)

D ensity ( ca lcu la ted )  

M olecules per un it c e l l  (z )

Number o f  e lectron s per 
u n it c e l l  (F (ooqO

Linear absorption c o e f f ic ie n t , y,(HoKa)

C22H26°7 

402*5 a.m .u.

orthorhombic

p2 i V i  o £ )

a = 6 .306(3) A 

b = 37*040(11) A 

c  = 8 .959(3 ) A

2092.8 I 3

1 .27  g . cm”3 

1*28 g.cnT3 

4  

856

1.02  cm-1

The c ry s ta ls  o f berlandin are la r g e , co lo u r le ss  and rectangular  

in  shape. The space group and i n i t i a l  c e l l  dimensions were 

determined in  the same way as miscandenin.

The c e l l  dimensions were re fin ed  by lea st-sq u a res  a n a ly s is  o f the  

angular se t t in g s  of 12 r e f le c t io n s  measured on the diffractom eter a t  

0 (M0K0) about 16° .  A 0-20 scan of 60 step s o f  0 .01° per second out 

to  0 27° was employed and sta tion ary  cry sta l-s ta t io n a ry  counter

background counts were taken fo r  15 seconds at th e s ta r t  and end o f  

each scan. The s ta b il is e d  X-ray generator was operated a t 36 kV and



12mA and th e  in t e n s i t i e s  were co rrec ted  fo r  L orentz and p o la r iz a t io n  

e f f e c t s  but not fo r  ab sorp tion , A t o t a l  o f  2649 independent 

s tru ctu re  am plitudes w as ob ta in ed , o f  which 2240 had I *  2n(l).

5*4*2 S tru ctu re a n a ly s is
4  o 2

Based on an o v e r a ll  tem perature fa c to r  o f  4«o1 A , 302 E va lu es  

were c a lc u la te d  w ith  va lu es g rea te r  than 1 ,3 0 , Sigma 2 r e la t io n s h ip s  

were derived  and th e  i n i t i a l  s e t  o f  phases c o n s is te d  o f  3 o r ig in -  

determ ining p h a ses, a s u ita b le  enantiomorph and '2 fu rth er  phases 

which were g iv en  va lu es o f  j -r r /4 , + 3t /4  ( ta b le  3 ) .  T his gave 

16 s e t s  o f s ta r t in g  phases which were used to  i n i t i a t e  tangent formula 

c a lc u la t io n s  and the Karle R in d ex  range was from 0 ,2 0  -  0.35* An 

E map generated  from the phases o f  the 302 E v a lu es  a s so c ia te d  w ith  

th e lo w est K arle R in d ex  y ie ld e d  th e  correct s o lu t io n .  The i n i t i a l  

v a lu es  o f  th e  2 v a r ia b le  p h a ses, which gave a K arle R in d ex  o f  0 ,2 0 ,  

were n /4  fo r  3 21 3 and - 3t t /4  fo* 3 30 1 , The next low est K arle R 

in d ex  in  th e  range o f  v a lu es was 0.27* Prom th e  i n i t i a l  E map 25 

atoms in c lu d in g  a l l  the oxygens were lo c a te d .

An i n i t i a l  s tru ctu re  fa c to r  c a lc u la t io n  gave a discrepancy in d ex  

(R) o f 0 .355 and the r e f le c t io n s  fo r  which I  ^ 2 a ( l )  were removed 

from fu rth er c a lc u la t io n s .  The rem aining 4  atoms were lo c a te d  from 

a d iffe r e n c e  F ourier sy n th e s is  and a l l  29 atoms were alloYfed to  

r e f in e  i s o t r o p ic a l ly .  I so tr o p ic  refinem ent converged a t  R = 0 .176  

and when th e atoms r e f in e d  a n is o tr o p ic a l ly  R f e l l  to  0 .1 4 2 . At 

t h i s  stage 14 r e f le c t io n s  which were thought to  be a f fe c te d  ty  

e x t in c t io n  were removed from th e  c a lc u la t io n s  and R f e l l  to  0 ,1 0 2 .



TABLE 3

BERLANDIN

(et) I n i t ia l  s e t  of phases

R eflec tio n  • Phase E

1 57 ° ]  or ig in tt/2  (f ix ed ) ^.32

0 3 9 +
tt/2  (f ix ed ) 2.83

6 0 3 tt/2  (f ix ed ) 2 . 1^

0 29 8 /  enantiomorph tt/2 (fix ed ) 2 .09

3 21 3 + TTA, + 3^/4 2 .97

3 30 1 + ttA . + 3tt/4 2 .79

This s ta r tin g  s e t  le d  to  the mirror image o f the correct absolute

configu ration •

(b) E s t a t i s t i c s

Average value of Ie I Ie2 | |e 2- i I

Found 0.837 1.00 0.803

T heoretical for cen tr ic 0.798 1.00 0.968

T heoretical for acen tric 0.886 1.00 0.736

Percentage o f values for E > 1 .0 E > 2 .0 E > 3 .0

Found 33.90 2.^0 0.06

T heoretical for cen tr ic 31.73 **•35 0 .27

T heoretical for acen tric 36.79 1.83 0.01



sin. ftA d ifferen ce  Fourier syn th esis  based on data w ith —r—2 <0*5A,

showed 17 hydrogen p o s it io n s . With the hydrogens as fixed-atom  

contributors R f e l l  to 0.086 and 6 more hydrogens were found from 

a d ifferen ce  sy n th es is . R now f e l l  to  0.082 but the remaining 3 

methyl hydrogens attached to  C(22) could not be lo ca ted  from a 

subsequent d ifferen ce  sy n th esis . The lo ca ted  hydrogens were 

allow ed to  re fin e  is o tr o p ic a lly  and a f in a l  R value o f  0.079 was 

obtained. A un it w eighting scheme was used. The absolute  

con figu ration  o f the m olecule was not determined by use o f  

anomalous d isp ersion  correction s (both R values were id e n t ic a l)  

so the correct absolu te configu ration  o f  the sesquiterpene was 

assumed. The computing was carr ied  out on the Uni vac 1108 

computer at the N ation al Engineering Laboratory, East K ilbride.

3*5 D iscussion

The m olecular stru ctu res of the 3 sesquiterpenes are shown in  

Figures 1 , 2  and 3 and the molecular packing o f  th e 3 m olecules i s  

shown in  Figures 4 , 5 and 6 . The f in a l  co -ord in ates, w ith  th e ir  

standard deviations and thermal parameters for  dihydromikanolide, 

raiscandenin and berlandin are l i s t e d  in  ta b les  7 and 8 , 9 and 10, 

and 11 and 12, r e sp e c tiv e ly . S im ilarly  the bond len gth s and 

valency angles are l i s t e d  in  tab les 13 and 14, 15 and 16 , and 17 and 18. 

The to rs io n  angles and mean plane ca lcu la tio n s  are l i s t e d  in  ta b les  19 

and 20 , 21 and 22, 23 and 24; ta b les  25, 26 and 27 l i s t  the  

in term olecular con tacts .



200.

Diagrams o f the stereochem istry o f the 3 m olecules are shown below;

IO

Dihydromikanolide

0 m0) 0

Miscandenin

OCOMe
' « >

Jo

(o 0

OGQCMeCHMe
1*+) f F)

Berlandin
(x> 0

0
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Rig* 1

A general view o f  the Dihydromikanolide m olecule

0 (6 )
0 (5 )(9)

C(10)
( 1 2 )

C(8)

C(2)

C ( 1 1 )
0 ( 1 ) C(5) C(7)C(6)

C(3)

C(3)

0 (2 )
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F ig . 2

A general view o f the Miscandenin molecule

C(15U c ( 9) r > .0 (5 )

r  V  c(iT>rLj

T 3Q H(5)C^

o

C(13)



A general view of the Berlandin molecule

0 (7 )
0 (1 )

C(2)
C(16)C(15)

|C(17)

0 (6 )C(9)

C(6) C (3)

0 (2) C(21)

0 (3 ) C(13)
»C(22)



The two epoxide groups on the ten-membered r in g  in  

dihydromikanolide are in  the a n t i-p o s it io n  to each other* A lso  

the C(13) methyl group l i e s  below the plane o f the lacton e r in g  

as shown*

In  raiscandenin C(15) and H(5) are syn to  each other and the  

remaining b a sic  stereochem ical fea tu res o f the m olecule were 

obtained by th is  analysis*

The con figu ration  and stereochem istry o f  berlandin i s  th a t shown 

above*

The conformation of th e  10-membered ring  in  dihydromikanolide 

i s  shown in  Figure 1; the unsymmetrical conformation i s  due to  the  

unsymmetrical su b stitu tio n  of th e r in g . In  th is  r in g  there are 2 

small to r s io n  a n g les , i .e *  C (l) -  C(2) -  C(3) -  C(4) jp 3 ° J  an3 

C(5) -  C(6) -  C(7) -  C(8) J p 2°_J7. The 2 planes contain ing these  

atoms are in c lin ed  to each other at 24*4° and the remaining atoms 

of th e r in g , c (9 ) and C (10), both l i e  below th ese  planes as shown;

C (3)

C(6)
C(2)

0 (7 )

0 (8)

0(9)

C(10)



As expected th e  2 sh o rtest s in g le  bonds in  t h i s  r in g  are involved  

w ith the epoxide lin k a g es.

Bond len gth s and angles in  the 10-membered ring

The C -  C(sp ) -  C valency angles of th is  r in g  vary from 115*4 to

122. 4 ° w ith  a mean o f 118. 5°; th is  large  deviation  ffom the

tetrahedral value in d ica te s  a considerable amount o f angular s tra in .

There i s  appreciable angular s tra in  in  medium s ized  saturated

carbocycles (in clu d in g  10-membered r in g s) and average valency angles

o f 116 -  117° are commonl^ Eupacunoxin-m-bromobenzoate^^ and
(13)

eupacunin-c>-bromobenzoate contain  ring systems o f  10 carbon atoms, 
24  o f which are sp hybridised. In  these compounds the average 

C -  C(sp^) -  C valency angles are 113.7° and 113.2° r esp ec tiv e ly .

A sim ilar  reduction of angular s tr a in  i s  obtained in  the presence o f  

f iv e  sp^ carbon atoms in  the cyclodecadiene r ing  o f  germ acratriene^;
7 q

here the average C -  C(sp ) -  C valency angle i s  109.2 • The trans  

double bond, C(4 ) -  C(5 ) ,  in  dihydromikanolide i s  subject to 

s ig n if ic a n t  s t e r ic  s tr a in , the c (3 )  -  C(4) -  0 (5 ) -  C(6) torsion  

angLe i s  [l6 3 ° | which compares w e ll to other trans e th y len ic  systems



o f 10-membered r in gs: elephantol-p-brom obenzoate^^/l^0̂ ,

shirom odiol acetate~p~bromobenzoate^^/T67°_J^ and p regeijeren e^ ^

Since the 0 (3 ) -  0 (4 ) -  0 (5 ) -  0 (6 ) to r s io n  angle i s  163° 

and the C(14) -  0 (4 ) -  0 (5 ) -  0 ( 6 ) to rsio n  angle i s  6° ,  th is  g ives  

the departure from planar tr ig o n a l bonding a t 0 (4 ) to  be 11° .  

In-plane d is to r tio n  i s  a lso  present here w ith the C(3) -  0 (4 ) -  0 (5 )  

valency angle a t  129*4° w hile a t C(4) -  0 (5) ~ 0 ( 6) the valency  

angle i s  109*9°* The sh o r test intram olecular contact across the 

r in g  i s  3*03 A between 0 (5 ) and 0 ( 1 ) ,  a lso  0 (5 ) i s  separated from
f t

0(1) by 2 .94  A, w hile the remaining transannular contacts are

s ig n if ic a n t ly  larger  than the sum of Van der V/aals r a d ii .  In the

two epoxide rings the valency angles vary from 5 8 .4  to  61. 9° and the

C -  0 d istan ces from 1.432 -  1.453 A, in  good agreement with the
(17)average values quoted by Sutton e t a l .

The conformation o f  the 7-membered c y c lic  enol ether group in  

miscandenin i s  shown in  Figure 2.

Bond length  and angles in  the 7-membered ring o f miscandenin



The conformation o f the r in g  may be described as a h igh ly  d isto r ted  

boat form with one apex formed by C(10) /d isp lacem ent 0.51A_J7 and 

th e other by 0(1) and c (3 ) /d isp lacem ents 0 .17  and 0 .15  A r e s p e c t iv e ly /.  

However, the atoms C (1 ), C (2), C(4) and C(5) l i e  between -0 .0 4  and
a

0 .06  A off th e  plane they d escribe. The r in g  i s  h igh ly  stra in ed  and 

the angular stra in  i s  shown by the high valency angles a t 0 (1) -  C(2) -  

C(1) /T J1 .8°_7 , C(2) -  C(1) -  0(10) Z \ 3 2 . 8 ° J ,  0 (1) -  0 (3 ) -  0 (4) 

^T31>2°_7 and 0 (3 ) -  0 (4 ) -  C(5) ^133*5°_7- This g ives an average 

d ev ia tion  o f 12*_3° from the expected value of 120°. The torsio n  

angles o f the r in g  show th at there i s  a f la t te n in g  e f f e c t  around the 

0 ( l )  -  C(2) and 0(1) -  C(3) bonds. The torsion  angle 0 (3 ) -  0 ( l )  -  

C(2) -  C(1) i s  22° and that of C(2) -  0(1) -  C(3) -  C(4) i s  -6° w hile  

the a n iso trop ic  tempera tur e -fa c t or parameters o f 0 (1) are approximately 

tw ice as large as those of the other two endocyclic oxygen atoms of 

the m olecule. In f a c t ,  the conformation o f th is  ring  l i e s  between 

the two p o ss ib le  boat conformations; one where the apex i s  0(1) w ith  

C(5) and C(10) a t the opposite apex and the second where C(10) forms 

one apex w ith 0(1) and C(3) a t the opposite apex. The la t t e r  

conformation i s  b e tter  described in  terms of a fo ld  across the ring  

between atoms 0(1) and C(10) with the two planes o f  atoms in c lin ed  to  

each other at an obtuse angle. However, C(10) in  miscandenin i s  

d isp laced  0.69 A below the plane defin ed  by 0 (1 ) ,  C (3), 0 (4) and C(3)*

I t  i s  d i f f i c u l t  to  envisage s te r ic  repu lsion  o f the oxygen as the 

sm allest non-bonded intram olecular separations here are a l l  greater  

than the normal van der Waals r a d ii ,  i . e .  0 (1) -  K(9B) /3 .3 0  A_J7>

0(1) -  c (5 ) /3 .2 3  A_7 and 0(1) -  C(10) / j . 2 4  AJ .  However, there



may w e ll be repu lsion  due to  transannular tt-  t t overlap :-  C(2) -  C(3) 

2.39 A, C(2) -  C(4) 2.96 A, C(1) -  C(3) 3 .00  A and C(1) -  0(A) 3.01 A

are a l l  shorter than the normal van der V/aals r a d ii. Trans annular 

7T-TT in ter a c tio n  i s  present in  the 10-membered ring o f P regeijerene, 

here the sh ortest d istan ces between the carbons o f the two trans
V

double bonds are 2.91 and 3»13 A. The f la t te n in g  e f f e c t  observed 

around the oxygen i s  such that the double bonds are separated by a 

greater d istan ce than that for any o f the two extreme boat forms*

The cyclohexene r in g  in  miscandenin adopts a d is to r ted  chair

conformation where the atoms C( 6) ,  C (7 ), C(9) snd. C(10) d efin e  a
* / ®

plane w ith C(5) d isp laced  by -0 .5 4  A and 0 ( 8) by 0 .72  A.

In berlandin the cycloheptene r in g  contains one double bond and

adopts a ch air  conformation. The out o f  plane displacem ents are

0 ( 1 )  2?*»11 h 7 » C(10) ^ . 1 8  p  and c (7 ) J p O .6 3  £ / •  Here the to rsio n

angles of th e  r in g  are in  good agreement with those ca lcu la ted  for a

model o f  a seven-member ed chair.

Torsion an gles0 for  a seven-membered chair
68)Torsion angLe T heoretical Berlandin

C(6) -C(7) -C(8) -c(9) -64 -57

0(5) -0 ( 6) -C(7) -c(8 ) +64 64

C(1) -C(5) -C(6) -C(7) -84 -82

C(10)-C(1) -c (5 ) -0(6) 66 64

0(5) -0 (1 ) -C(10)-C(9) 0 6

0(1) -C(10)-C(9) <0(8) -66 -73

0(7) -0 (8) -c (9 ) -0 ( 10) 84 76



Sim ilar atomic displacem ents fo r  cycloheptene chair conformations
(19)have been found for  desacetyldihydrogaillardin-p-brom obenzoate and

13 (20)3 P-methoxy-21 -keto-A  -serra ten e . The f iv e  membered carb ocyclic

ring  in  berlandin adopts a f la tte n e d  envelope conformation 1) i s

d isp laced  by 0 .28  A /, w ith the la r g e s t  torsion  angle at 18 compared to  
.0

k b  for  a th eo r e tic a l envelope. The f la tte n e d  conformation o f th is  

r in g  i s  due to  the presence o f  the epoxide linkage and the ex o cy c lic  

double bond.

Each o f the three sesquiterpenes contain  Y-lactone r in g s which

adopt various conformations. The r in gs a l l  show a small contribution  
(bi)

( ~ i o W  from the structure:

\
C

/
0 ©

the resonance form which i s  a lso  present in  carboxylic ac id s and e s te r s .  

The ex o cy c lic  carbon-oxygen bond length s have values ranging from
r °1.193 “ 1.206 A and the adjacent endocyclic carbon-oxygen bonds range

O (  A *7 }

from 1.337 -  1*365 A. ^hese may be compared w ith the average values
o

o f  1.233 and 1.358 A found fo r  the shorter and longer bonds in  carboxylic

ac id s and e s te r s . The asymmetry o f the two endocyclic carbon-oxygen

bonds i s  p a r tly  due to  the sm all contribution  from the resonance form
2and p a rtly  due to  the sm aller covalent radius o f  the sp hybridised

3carbon compared w ith the sp carbon atom. The exocyclic  valency angles



around C(12) / o r  C(14)7 aoce larger than the in tern a l angle here and 

th ese  two angles d if fe r  by 6 .9 °  -  10.5°« In some acyl groupings these  

angles have sim ila r  values ^ a b le  2̂ 7, although, gen era lly  the d ifferen ce  

between the 0 -  C = 0 and 0 = C -  R* valency angle i s  not so la rg e .

A lso the sm aller R -  C -  0 angle found in  the Y -lactone r in gs i s  due to  

the s tr a in  o f  r in g  closu re .

The above mentioned featu res o f these y- lacton e rings are 

commonly found in  many compound^2^  contain ing such rings#

The conformations o f the y -la c to n e  r in gs are varied  and are 

shown by  the to rsio n  angles (Table 5 )..

Table 5

The to r s io n  angles of th e  y -la c to n e  r in g s

Compound w1 w2 * 3 w4 w5

Miscandenin a,Y- 
fu sed  lactone

27 -3 2 27 -1 0 -1 3

Miscandenin y>P“ 
fu sed  lactone

- 3 6  • 4 0 -3 0 7 19

Dihydromikanolide ot,Y- 
fused  lacton e

6 -5 2 2 -5

Dihydromikanolide Y,P~ 
fused  lactone

-31 31 -2 0 0 20

Berlandin Y,P- 3 4 -41 35 - 1 4 -1 4
fused  lactone



TABLE 4

The angles around C(12) [or C(14)] in  the y-lacton e rings

Compound Angle0 Angle0 Angle0

0101«

0 -  C = 0 0 ii 0 1 Sd

Miscandenin a ,y -la c to n e 108.8(3) 120.3(4) 130.8(4)

Miscandenin y, {3-lactone 108.3(3) 121.1(4) 130.6(4)

Dihydromikanolide a , y-lactone 107.5(4) 122.8(4) 129.7(4)

Dihydromikanolide y, {3-lactone 110.0(3) 121.3(3) 128.4(3)

Berlandin y, {3-lactone 108.4(4) 121.8(3) 129.7(5)

S im ilar angles in  some compounds contain ing acyl groups

Compound Angle0 Angle0 Angle0

• R -  C -  0 0 -  C = 0 0 = C -  R

(23)Bromolythranine hydrobromide 113(2) 122(2 ) 125(2 )
(24)Procaine hydrochloride 112 .9(3) 121.0(3) 126.2(3)

Berlandin 111.3(6) 124.9(4) 123.6(4)

Berlandin 108.3(4) 123.2(3) 128.5(5)
(25 )F usid ic acid  interm ediate 111(0.3) 124(0.5) 125(0.5)

(19 )D esacetyl d ihydrogaillardin 117( 1) 119(1) 124(1)

3{3-p-bromob en zoyloxy-  
androst-3-e n -17-o n e ^  ^

110.3(3) 125.0(5) 124.5(3)

(2 7 )  Solap hyllid ine 109.9(7) 119.7(7) 130.4(7)



For a th e o r e tic a l envelope conformation th e magnitudes o f  the  

to r s io n  angles are such that:

w1 = -* 2 > > W  ̂ = 0

and fo r  the h a lf-ch a ir  conformation:

W2 > ^  > Ŵ  = W*.

The a , y -c is - fu s e d  lacton e in  miscandenin has a s l ig h t ly  

d is to r ted  h a lf-ch a ir  conformation; a mean plane described by atoms 

0 (3 ) ,  0 (4 ) and C(14) shows that C(3) i s  d isp laced  by 0,31 A and C(6) by
o

-0 .2 3  A. I t  can be seen  from a B reiding model that i f  the seven-

membered r in g  were to adopt the extreme boat conformation w ith 0 ( 1) and 

C(3) a t one apex and C(10) a t the other, the y - la c to n e  ring  would adopt 

the envelope conformation. The f la t te n in g  e f fe c t  around the oxygen 

o f  th is  seven-membered r in g  causes the a ,y -fu sed  la cton e  to  pucker.

The y ,2  tran s-fu sed  lactone in  th is  m olecule adopts a high ly  d is to r ted  

h a lf-ch a ir  conformation with C(7) d isp laced  by -0 .4 7  A and C(8) by 

0 .18  A from the plane defined by 0 (3 ) ,  C ( il)  and C (12). This 

conformation i s  c lo ser  to  the preferred envelope form than th at o f  

the a ,y -fu sed  la cton e  in  th is  compound.

In dihydromikanolide the unsaturated a ,y -c is - fu se d  lactone i s  

almost planar with the la r g es t to rsio n  angle a t 6° .  A mean plane 

through th is  r in g  g iv es  the atom displacem ents as 0 (3 ) ^ P * 0 O /9 

C(4) /P o .o £ 7 , c(5) 25.037, 0(6) 2-0*027, and C(14) / 0 . 0 2 ? .  The p ,r- 
tran s-fu sed  lactone in  t h i s  molecule adopts an almost p er fec t

O
envelope conformation; here C(7) i s  d isp laced  try 0 .32  A from the



plane described by 0 (5 ) ,  C (8 ), C(11) and C (12). This i s  the only  

f u l ly  saturated  Y“lacton e in  the three sesquiterpenes and the only  

one to  adopt the p referred  conformation#

In  berlandin the y , P tran s-fu sed  lacton e has adopted a h a lf -  

chair conformation with C(7) d isp laced  by -0 .35  A and C(6) by 0 .33  A 

from the p lane described by 0 (2 ) ,  C(11) and C (12). Both t h is  lactone  

group and the y , p tran s-fu sed  lactone in  miscandenin have an 

exocyclic  methylene group and the sum o f the moduli o f  the endocyclic  

to rs io n  angles exceeds, in  both c a se s , the values obtained for the 

other y -la c to n es  in  these compounds# The presence of an ex o cy c lic  

double bond on a y -la c to n e  normally has the e f fe c t  o f f la t te n in g  the  

r in g  by in crea sin g  the conjugation of th e  system. Ho-wever, t h is  i s  

not the case in  these two sesquiterpenes and the conformation o f  

these r ings must th erefore be a ffe c te d  by the r ing  system to  which 

they are fused . A lso  there are no sh ort, non-bonded, intram olecular 

contacts (which would in d ica te  s te r ic  hinderance) around the y -lacton e  

systems# y -la c to n e  r in gs w ith exocyc lic  methylene groups are known
(28)to  adopt various conform ations, e#g# in  bromomexicanin-E ,

(29) (3)mondoromogaillardin and elephantol-p-brom obem oate envelope

conformations are found; in  euparotin brom oacetate^the Y -lactone

r in g  has a f l a t  conformation and in  vernolepin-p-bromobenzene

sulphonate the y-lacton e  r in g  conformation i s  a half-chair#

The average bond lengths (a ) found in  the a c e ty l s id e  chains of

berlandin are compared to  the accepted values below:



Table 6

Bond Berlandin Accepted value

C(sp3 ) -  C(sp2 ) s in g le  bond 1.494 1.510

C(sp2 ) -  C(sp2 ) 5Cs in g le  bond 1.528 1.465

C(sp2 ) -  C(sp2 ) double bond* 1.521 1.335

C(sp3 ) -  0 s in g le  bond 1.454 1.426

C(sp2) -  0 s in g le  bond 1.344 1.358

C(sp2 ) -  0 double bond 1.195 1.233

s in g le  values

The C(20) -  C(22) bond in  the longer a cety l s id e  chain i s  only 

1,454 A and the methyl hydrogens a t C(22) have not been found. This 

bond length  i s  shorter than the corresponding C(16) -  C(17) bond 

[1 ,502 A] in  the sm aller a cety l s id e  chain, the methyl hydrogens a t  

C(17) have a lso  been c lea r ly  lo ca ted . E ither the protons at C(22) 

are in  free  ro ta tio n  or the p o s itio n  o f th is  carbon must be poorly 

defined .

There are no interm olecular contacts in  the three sesquiterpenes  

which are l e s s  than the accepted sums o f van der Waals r a d ii .
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Fig* 4

The packing of th e  m olecules o f Di.hydromikanolide in  

the c r y s ta l , viewed down the b axis*



 > A

The packing of the molecules o f Miscandenin in  the c r y s ta l,  
viewed down the c a x is .
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V-' i g» 6

The packing  o f th e  m olecules o f .berland in  in  th e  c ry s ta l

vievsed <:■://<r, the o axis*



Table 7 

Pi hydr omi lea n o li de 

F ractional Atomic co-ordinates and p o s it io n a l standard deviation s

Atom X y z

0(1) 0 .9146(4) 0.7570 0.1139(4)

0 ( 2 ) 0.7381 (4) 0 .2414(8) -O.IO61 (4 )

0(3 ) 0 . 5881(3) 0 .2932(7) 0 .0359(3)

0(4) 0 .3918(3) 0 .3820(7) 0.5958(3)

0(5) 0 .5921(3) 0.3992(7) 0 .5465(3)

0 ( 6) 1.0095(3) 0.4180(9) 0 .4259(3)

C(1) 0 .9263(4) 0 .5379(8) 0 .3255(4)

0 ( 2) 0 .9723(4) 0 .5876(9) 0 .1844(5)

0 (3 ) 0 .8795(4) 0 .5805(9) 0.0440(5)

0 (4 ) 0 .7475(4) 0 .5164(8) 0 .0504(4)

0 (5 ) 0 .6635(4) 0 .5807(7) 0 .1308(4)

0 ( 6 ) 0 .5592(4) 0. 4402( 8 ) 0 .1348(4)

0 (7 ) 0 .5538(3) 0.3567(7) 0 .2886(4)

0 ( 8 ) 0 .6578(4) 0 . 4215(7) 0 .4182(4)

0 (9 ) 0 .7871(4) 0 .3192(8) 0.2*607(4)

C(10) 0.882.2(3) 0 .3474(8) 0 .3565(4)

0 ( 11) 0. 4273(4 ) 0.4137(8) 0 .3413(4)

0 (1 2) • 0.2.631 (4) 0 .3944(7) 0 .5063(4)

0(13) 0 .3048(4) 0.3098(9) 0 .2746(5)

0(14) 0.6975(4) 0 .3363(9) -0 .0175(4)

0(15) 0.8957(5) 0 . 1856( 8 ) 0.2557(5)

H(1) 0.8905(52) 0.6311(98) 0.3674(63)

H(2) 1.0637(47) 0.5877(90) 0 . 1824(58)

H(3) 0.9131(67) 0 . 5520( 118) -0.0478(74)



Table 7

Fractional Atomic co-ordinates and positional standard deviations (cont.)

Atom X y z

H(5) 0.6807(50) 0.7105(82) 0 . 1796( 59)

H(6) 0.4692(58) 0.4792(65) 0 . 1017(44)

H(7) 0.5537(35) 0.2270(58) 0 .2848(41)

H(8) 0.6750(39) 0 . 5610(66) 0.4173(45)

h (9A) 0.7724(49) 0.1851(83) 0.4737(56)

H(9B) 0.8387(54) 0.3539(90) 0.5720(63)

H(11) 0.4083(36) 0.5599(59) 0.3193(41)

H(13A) 0.2387(44) 0.3145(83) 0.3232(52)

H(13B) 0.3293(54) 0.1801(89) 0.2759(59)

H(13C) 0.2714(68) 0.3630(149) 0.1524(85)

H(15A) 0.8085(46) 0.1530(86) 0 .1970(54)

H(15B) 0.9468(47) 0.2122(78) 0.1912(54)

H(15C) 0.9394(64) 0.0877(116) 0.3170(77)
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Table 8 
D ihydrom ikanolide

A nisotropic thermal parameters fo r  th e  oxygen and carbon atoms (x  1(A ).

Atom bn b22 b33 b12 b13

N'VCM
&

0(1 ) 162(4) 190(8) 179(5 -89(10) 101(8) 44( 10)

0 (2 ) 156(4) 323(10) 117(4 5(11) 83(7) - 127( 11)

0(3) 105(3) 245(8) 84(3 - 61( 8) 25(5) -75(8)

0 (4) 129(3) 180(6) 124(3 -13(8) 113(6) -3 (8 )

0(5 ) 100(3) 207(6) 87(3 -14 (8 ) 50(4) 7(8)

0(6) 79(3) 326(10) 136(4 -43(9) -24(5) 6(11)

0 (1 ) 81 (4) 195(9) 118(5 -60 (9 ) 8(7) -43(11)

0 (2 ) 85(4) 206(9) 147(6 -43(11) 65(7) -5(13)

0 (3 ) . 109(4) 201(10) 126(5 - 26( 11) 97(8) 34(12)

0 (4 ) 90(4) 175(8) 86(4 0(9) 40(6) 29( 10)

0 (5 ) 94(3) 141(7) 95(4 34(9) 46 (6) 42(9)

0 (6 ) 73(3) 183(9) 84(4 30(8) 9(5) 20(9)

0 (7 ) 72(3) 122(6) 82(3 20(7) 29(5) 12(7)

0 (8 ) 80(3) 138(6) 79(3 -10(8) 31(5) 17(9)

0 (9 ) 81(3) 171(8) 105(4 2(9) 2(6) 53(10)

0(10) 69(3) 169( 8) 99(4 23( 8) -14(6) -11(9)

0(11) 82(3) 171(8) 98(4 2(9) 57(6) -10(10)

0(12) 106(4) 109(6) 100(4 1(8) 66(7) -19(9)

0(13) 77(3) 241(10) 130(5 -20(10) 33(7) 7(14)

0(14) 94(4) 231(10) 82(4 19(10) 18(6) -30(11)

0(15) 147(6) 160(9) 135(6 98(12) 35(10) -20(12)

Anisotropic temperature fac to rs  were employed in  the form:

T = exp [-(b 11 2 2 
+ b22 + b33l + b^hk + b ^ h l + b k l) ]
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Table 8 (c o n t .)

Iso tro p ic  thermal parameters fo r  th e  hydrogen atons

H(1) 4 .37  H(9B) 4 .0 8

H(2) 2 .17 H(11) 1 .00

H(3) 5 .55  H(13A) 2.63

H(5) 3 .30  h( 13B) 4 .1 0

H(6) 1 .3 4  H(13C) 4 .9 0

H(7) 1 .30  H(15A) 1 .87

H(8) 1.33 H(15B) 2.21

H(9A) 2.02 H(15C) 7.41

The average standard d ev ia tion  o f the is o tr o p ic  temperature 
-2fa c to rs  i s  0.9A .

t, y k

I h * )  

i.Sij
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Table 9 

Misoanderdn

Fractional Atomic c o o r d in a te s  and p o s it io n a l  

standard dev iation s

Atom X y z

0(1) 0 . 80691( 67) 0.81793(35) 0 . 12059(62)

0 (2 ) 0 . 31932( 64) 0 . 86216( 26) 0 . 09616(50)

0 (3 ) 0.28934(35) 0.74523(22) 0 . 22851( 36)

0 (4 ) 0.31964(48) 0.39753(23) 0 . 03201( 36)

0 (5 ) 0.51922(38) 0 . 46469( 20) 0.13114(33)

0 (1 ) 0 . 84051( 65) 0.71345(42) 0.30357(72)

0 (2 ) 0.88477(75) 0.77471(52) 0.22169(97)

c (3 ) 0.65157(78) 0.82289(40) 0.11549(59)

0 (4 ) 0.54272(59) 0.78606(27) 0.19011(43)

c (5 ) 0.54743(46) 0.72378(26) 0.30364(40)

0 (6 ) 0.38875(49) 0. 67640(29) • 0.28538(43)

0 (7 ) 0.40627(45) 0.60114(26) 0.18625(42)

0 (8 ) 0.53643(47) 0.53794(24) 0.22466(42)

0 (9 ) 0.69204(51) 0.58387(31) 0.21985(50)

0(10) 0.69026(54) 0.66231(32) 0.31985(48)

0(11) 0.28132(57) 0.53454(29) 0.15761(44)

0(12) 0.36571(57) 0.45764(31) 0.09867(46)

0(13) 0.12955(57) 0.53387(40) 0.18083(75)

0(14) 0.37886(61) 0.80445(32) 0.16145(53)

0(15) 0.68305(79) 0.62457(41) 0.46239(60)

H(1) 0.9195 (56) 0.6923 (39) 0.3722 (51)

H(2) 0.9747 (86) 0.8037 (44) 0.2186 (58)

H(3) 0.6047 (60) 0.8563 (31) 0.0465 (A4)

H(5) 0.5333 (35) 0.7610 (20) 0.3928 (29)
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Table 9

Fractional. Atomic co-ord inates and p o s it io n a l standard dev iations (c o n t .)

H(6)

H(7)

H(8)

H(9A)

H(9B)

H(13A)

H(13B)

H(15A)

H(15B)

H(15C)

0.3433(36) 

0.4463(41) 

0.5105(44) 

0.7717(44) 

0.7109(59) 

0.0664(42) 

0.0819(43) 

0.7826(67) 

0.5674(64) 

0.7132(59)

0 . 6565( 22)

0 . 6259( 24)

0 . 5076(22)

0. 5410(26)

0.6041(29)

0.4796(24)

0 .5811(29)

0.5809(39)

0. 6009(32)

0.6784(32)

0.3706(31)

0 . 1002( 34)

0.3132(34)

0 . 2366( 37)

0.1306(41) 

0.1559(36) 

0.2257(38) 

0.4618(51) 

0.4737(51) 

0.5090(47)
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Table 10 

I'.fcscandenin

A nisotropic thermal parameters for the oxygen
and carbon atoms (x  10^)

Atom ^11 b22 b33 b12 b13 b23

0(1) 213(4) 7 6 (5)  249(5) -75 fa) 235 (ic) -  6(9)

0(2) 320(lo) 45(a) 200(4) 39(5) -247 C*) -  4 (4)

0(3) 109(s) 39(2) 163(4) 37(5) -  22 fa) -22 fa)

0 (4 ) 22660  48(2) 124(4) -25(4) -  81(10) - 41(6)

0(5 ) 125(S) 380) 118(4) 8 (s)  4 (1 )  -19(4-)

C(1) 110(b) 70(4 ) 185fa) -  1(5) -  48(15) -9 0 6 0 )

0(2) 140(lo) 66(4) 270(14) -60(10) 107(2 7)  - 115(l4)

C(3) 231 ( 5) 53(3) 134(7) -48(lo) 84(15) -  9fa)

0 (4 ) 151(9)  31(a) 96(5) -19(6) 21 (10  -  7 (s)

0 (5) 89(5) 37(a) 73(s) 3 (6) 2(9) -16(5)

0(6) 96(6) 35(a) 89(5) 3 (C) 13(9) 2 (s)

0 ( 7) 86(C) 31(a) 85(4) 8 (5) 9(9) 6 ( 0

0(8) 9 3 (0  35(2) 86(s )  14(6) -  10(9) -  5 (a )

0 (9) 92(6) 40(a) 145(7) 31(6) -  11(a) - 17(7)

0(10) 107(a) 47(a) 107(s) 20(a) -  53 (u) -16(C)

0 ( 11) 127(7) 36(a) 99(5) - 3 ( 7 )  - 54(w) 6 (C)

0(12) 149(8) 36(2) 88(s) -11(7) -  38(10) 15(6)

0 ( 13) 87(7) 63(3) 219(4) -32(8) 13(i3) -26(11)

0 ( 14) 150(8) 30(2) 129(6) 19(8) -  89(12) - 17fa)

0 ( 15) 245(a) 69(3) 124(a) 45(h) - 185(n) - 4 (?)



Table 10 (c o n t ,)

Iso tro p ic  thermal parameters fo r  the hydrogen a t cans

H(1) 4 .1 7 H(9A) 1.73

H(2) 6.75 H(9B) 3.01

H(3) 3 .20 H(13A) 1.37

H(5) 1.11 H(13B) 1.96

H(6) 1.23 H(15A) 5.02

H(7) 1.13 H(15B) 4 .6 8

H(8) 1.27 H(15C) 4 .08

The average standard d ev ia tion  o f the iso tr o p ic  temperature
u p

fa c to rs  i s  0 .9  A



Table 11

F ractional

Berlandin

Atomic co-ord inates and p o s itio n a l standard d eviation s

Atom X y z

0 ( 1) -0 .1943(10) 0 . 0682(1) 1.2652(7)

0 (2 ) 0 .1091(7) 0 . 0408( 1) 0 .8386(5)

0 (3 ) 0 . 2134( 10) 0 . 0177( 1) 0 .6182(5)

0 (4 ) 0.4768(8) 0 .1493(1) 0 . 7862(5 )

0 (5 ) 0 . 8292(8 ) 0 . 1485( 1) 0 .8255(6)

0 (6 ) 0 .4473(9) 0 . 1782( 1) 1.0524(5)

0 (7 ) 0 .1679(11) 0 . 2051( 1) 1. 1586(8 )

C(1) 0.1864(11) 0 . 0952( 1) 1 . 1881( 7)

0 (2 ) 0 . 1851( 13) 0 .0693(2) 1.3193(8)

C(3) -0 .0024(13) 0 .0464(2) 1.2926(9)

C(4) -0 .0895(10) 0 . 0517(2 ) 1.1385(9)

C(5) 0.0513(10) 0.0804(1) 1.0638(7)

0 (6 ) 0 . 2038( 11) 0 . 0660( 1) 0 .9481(7)

C(7) 0 .2959(9) 0 .0951(1) 0 ,8428(6)

C (8 ) 0.4333(10) 0.1242(1) 0 .9094(6)

0 ( 9 ) 0 . 3291( 10) 0.1453(1) 1.0319(7)

0(10) 0 . 3205( 11) 0 .1232(2) 1.1763(6)

0(11) 0 . 3852( 11) 0.0716(1) 0 .7208(7)

0(12) 0.2345(12) 0 .0402(2) 0 .7134(8)

0 ( 1 3 ) 0.5581(14) 0 .0733(2) 0 .6406(8)

C(14) -0 .2162(14) 0 .0245(2) 1. 0527( 10)

0 ( 1 5 ) 0;4766(16) 0 .1335(2) 1 .2941(8)

C (16) 0.3478(14) 0 . 2056(2 ) 1.1177(9)

0(17) 0.4938(17) 0 .2371(2) 1.1409(10)



Table 11

Fractional Atomic co-ordinates and positional standard deviations (cont.)

Atom X y z

C(18) 0.6790(13) 0 . 1602(2 ) 0 .7595(7)

C(19) 0.6746(15) 0 . 1883(2 ) 0 .6345(8)

C(20) 0 . 8212(20) 0 . 1859(3 ) 0.5296(10)

C(21) 0.5015(17) 0 . 2170( 2 ) 0.6426(12)

C(22) 0.9855(18) 0 . 1586(3 ) 0.5136(11)

H(2A) 0.1691(100) 0 . 0836( 14) 1.4079(62)

H(2B) 0.3250(92) 0 . 0538( 13) 1.3188(56)

H(3) -0 .0210(88) 0 . 0213( 12) 1.3523(56)

H(5) -0 .0650(107) 0 . 0973( 15) 1 . 0389(66)

H(6) 0.3119(95) 0 . 0507( 13) 1.0096(54)

H(7) 0.1723(87) 0.1107(12) 0.7893(55)

H(8) 0.5736(101) 0.1131(14) 0.9593(63)

H(9) 0.1698(90) 0.1542(12) 1.0036(52)

H(13A) 0.6297(98) 0.0558(14) 0.5842(60)

H(13B) 0.6745(90) 0.0952(13) 0.6373(56)

H(14A) -0.3345(105) 0 .0392(14) 0.9521(63)

H(14B) - 0 . 1110(90) 0.0013(13) 0.9702(56)

H(14C) -0.3421(129) 0.0127(17) 1.1103(79)

H(15A) 0.5690(132) 0.1550(19) 1. 3012(81)

H(15B) 0.3585(132) 0.1640(19) 1.3773(83)

H(15C) 0.4960(125) 0.1189(19) 1 . 3580(80)

H(17A) 0.4028(133) 0.2616(19) 1.15.93(85)

H(17B) 0.5991(140) 0.2333(21) 1.1481(91)

H(17C) 0.5228(154) 0.2435(22) 1.0177(103)



Table 11

F r a c tio n a l Atomic co -o rd in a tes  and p o s it io n a l standard d e v ia t io n s  ( c o n t .)

Atom x y z

H(20) 0 .8095 (129) 0 .2 0 2 0 (1 8 ) 0 .4 2 4 9 (8 2 )

H(21A) 0 .36 0 6 (1 3 8 ) 0 .2 0 8 6 (1 9 ) 0 .6 8 0 2 (9 4 )

H(21B) 0 .5348 (152 ) 0 .2 3 3 5 (2 1 ) 0 .6 9 8 4 (9 9 )

H(21C) 0 .4 3 01 (146 ) 0 .2 2 1 4 (2 0 ) 0 .5 5 8 4 (9 7 )



A nisotrop ic  thermal parameters

Table 12

B erlandin
fo r  the oxygen and carbon atoms (x 10**)

Atom b „„ h b__ b .„ h _ h11 22 33 12 13 23
0 (1 ) 410(19) 11(0) 268(11) 5 (5 ) 3 6 7 ( 2 6 ) 2 (4

0 (2 ) 247(12) 8 (0 ) 145(6) -1 6 (3 ) - 17 ( 1 6 ) 2(2

0 (3 ) 513(22) 9 (0 ) 160(7) -2 4 (5 ) -6 0 (2 4 ) -1 4 (3

0(10 298(14) 7 (0 ) 126 (6 ) -11 ( it) - 3 5 0 6 ) 14(2

0 (5 ) 2 2 8 ( 13 ) 15(1) 206(9) -6 (5 ) -1 7 (2 0 ) 38(4

0 (6 ) 401(17) 7 (0 ) 166(7) -1 8 (4 ) 69(21) -9 (3

0 (7 ) 542(24) 9 (0 ) 304(13) 2 1 (6 ) 222(34) -1 9 (4

C(1) 262(18) 6 (0 ) 130 (8 ) 16(5) 5 7 (2 3 ) 4(3

0 (2 ) 495(31) 8 (1 ) 126(9) 6 (7 ) 9 0 (3 2 ) 4 (4

c(3) 333(23) 8 (1 ) 186 (12) 12(6 ) 195 (3 0 ) 15(4

C O ) 196(16) 8 (0 ) 229(13) 14(5 ) 131 (2 7 ) 13(5

C(5) 220(17) 6 (0 ) 163(9) 12(5) 2 9 (2 3 ) 16(4

C (6) 287(19) 6 (0 ) 120(8) -1 2 (5 ) - 13 (2 4 ) 6 (3

C(7) 197(15) 6 (0 ) 120(8) -3 (4 ) - 2 7 ( 2 0 ) 7(3

C (8) 218(16) 6 (0 ) 112(7) -6 (4 ) - 2 5 (2 0 ) 7(3

C(9) 226(16) 6 (0 ) 135(8) -7 (5 ) -2 2 (2 1 ) 0 (3

C(10) 305(19) 7 (0 ) 100(7) 15(5) 3 (2 2 ) -1 (3

C(11) 304(20) 7 (0 ) 108 (8) -3 (5 ) -7 0 (2 3 ) 5 (3

C(12) 334(23) 7 (0 ) 147(10) -6 (6 ) ■102(27) 8 (4

C(13) 460(29) 9 (1 ) 169(11) -6 (7 ) 194(34) -1 3 (4

c ( 1i+) 367(28) 9 (1 ) 265(15) -4 3 (7 ) 2 7 (3 8 ) 20(5

c(15) 570(36) 8 (0 ) 167(11) 1(8) ■2 3 2 (3 8 ) -1 (4

C(16) 374(25) 7 (0 ) 177(12) 0 (6 ) 8 (32 ) 2 (4
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Table 12

A n isotrop ic  thermal param eters fo r  the oxygen and carbon atoms (x *10**) ( c o n t . )

Atom b 11 b22 b33 b 12 b13 b23

0 (1 7 ) 6 0 8 (3 9 ) 9 (1 ) 275(16) -3 7 (9 ) 5 (49 ) -2 3 (5 )

C(18) 382(24) 7 (0 ) 117(9) - 3 1 (6 ) 38 (27 ) 4 (3 )

C(19) 498(31) 10(1) 139(10) - 8 0 (8 ) -3 5 (3 4 ) 2 (4 )

C (20) 633(43) 15(1 ) 168 ( 13 ) -1 1 3 (1 1 ) -1 9 (4 5 ) 4 (6 )

C(21) 720(42) 7 (1 ) 348(22) -3 3 (9 ) -45 6 (5 7 ) ^3(6)

C(22) 508(40) 19(1) 237(17) -1 (1 2 ) 226(47) -2 0 (8 )

A n iso trop ic  tem perature fa c to r s  were employed in  the form:

T = expO Cb^h^ + b22k2 + + + b2^ k l)]



Table 12 (c o n t .)

I so tr o p ic thermal parameters fo r  the hydrogen atoms

H(2A) 2 .31 H(14C) 5 .0 3

H(2B) 1 .43 H(13A) 4 .8 4

H(3) 1 .40 H(13B) 8 .11

H(3) 3-30 H(15C) 7 .6 2

H(6) 1.38 H(17A) 5 .9 9

H(7) 1 .22 H(17B) 6 .5 1

H(8) 2 .51 H(1?C) 7 .3 5

H(9) 1 .06 H(20) 5 .3 6

H(13A) 2 .1 8 H(21A) 5 .7 4

‘hCi ^b ) 1.41 H(21B) 7 .4 3

H(14A) 2 .4 2 H(21C) 6 .3 0

H(14B) 1 .34

The methyl hydrogens a t  C(15) were not lo c a te d .

The average standard d e v ia tio n  o f  the is o tr o p ic  temperature 

fa c to r s  i s  1 .8 a^.



Table 13 

Dihydrom ikanolide

Intram olecular bonded d istan ces and estim ated standard d ev iation s (!)«

0(1) - 0(2) 1.453(6

0(1) - 0(3) 1.432(6

0(2) - 0(14) 1.193(7

0(3) - 0(6) 1.454(6

0(3) - 0(14) 1.355(6

0(4) - 0(12) 1. 206(6

0(5) - 0(8) 1.475(5

0(5) - 0(12) 1.337(6

0(6) ~ 0(1 ) 1.439(7

0 (6 ) - C(10) 1.447(6

0 (1 ) - 0(2) 1.506(6

0(1) - 0(10) 1.469(8

0(2) - 0(3) 1.485(7

0(3) - 0 (4 ) 1.464(7

0 (4 ) - 0(5) 1.324(6

0(4) - 0(14) 1.483(8

0(5) - 0(6) 1.484(7

0(6) - 0 (7 ) 1.550(5

0 (7 ) - 0(8) 1.544(5

0 (7 ) - 0(11) 1.539(6

0 (8 ) - 0(9) 1.527(6

0(9) - 0 ( 10) 1 .525(6)

0 ( 10) - 0(15) 1.499(7)

0 ( 11) - 0 ( 12) 1 .512(5)

C(11) - 0(13) 1.516(7)

0 ( 1) - H(1) 0 .88 (9 )

0 ( 2) - H(2) 0 .96 (5 )

0 (3 ) - H(3) 0 .9 9 (7 )

0 (5 ) - H(5) 1. 00( 6 )

0 ( 6 ) - H(6 ) 0 .9 7 (5 )

0(7) - H(7) 0 .9 2 (3 )

0 ( 8 ) - H(8) 0 .9 9 (4 )

0 (9 ) - H(9A) 0 .9 8 (5 )

0 (9 ) - H(9B) 1. 11( 6)

0 ( 11) - H(11) 1 .07 (4 )

0(13) - H(13A) 0 .90 (5 )

0(13) - H(13B) 0 .97 (7 )

0(13) - H(13C) 1 .15(7 )

0(15) - H(15A) 1 .00 (5 )

0(15) - H(15B) 0 .9 1 (5 )

0(15) - H(15C) 0 . 98( 8 )



Table 14 
Di hy dr omi k an o li de 

V alency a n g les  (d eg rees) and estim ated  standard d e v ia t io n s*

0 (3 ) - 0(1) 0 (2 ) 61.9(3

C(1) - 0(2) - 0(1) 114.4(3

0(3) - 0(2 ) 0(1) 58.4(3

C(2) - 0 (3 ) - 0(1) 59.7(3

0(4) - 0 (3 ) - 0(1) 115.3(4

0(3) - 0(14) - 0(2) 122.8(4

C(4) - 0(14) - 0(2) 129.7(4

0(14) - 0(3) - 0 (6 ) 110.1(3

0 (5 ) - 0 (6 ) - 0(3) 103.8(3

0 (7 ) - 0 (6 ) - 0(3) 110.0(3

0 (4 ) - 0(14) - . 0 (3 ). 107.5(4

0(5) - 0(12) - 0(4) 121.5(3

C(11) - 0(12) - 0(4) 128.4(3

0(12) - 0(5) - 0 (8 ) 111.4(2

0 (7 ) - 0 (8 ) - 0(5 ) 103.2(2

0 (9 ) - 0 (8 ) - 0(5) 104.8(3

0(11) - 0(12) - 0(5) 110.0(3

0(10) - 0(6) - 0 (1 ) 61.2(3

0(2) - 0(1) - 0(6) 116.7(3

C(10) - 0(1) - 0(6) 59.7(3

0 (1 ) - C(10) 0(6) 59 .1 (4

c (9 ) - C(10) - 0(6) 114.5(3

0(15) - 0(10) - 0(6) 112.4(3

C(10) - 0(1) - 0(2 ) 122.4(4

c (3 ) - 0(2 ) - 0(1) 119.4(3



Table 14

Valency angles (degrees) and estim ated standard d ev ia tion s (co n t* ).

C(9) - C(10) - 0(1 ) 119.8(3)

C(15) - C(10) - 0(1) 122.1(3)

0 (4 ) - 0(3) - 0(2) 117.1(3)

0 (5 ) 0(4 ) 0 (3 ) 129.4(3)

0(14) - . 0 (4 ) - 0(3) 121.3(4)

0(14) - 0 (4 ) - 0(5) 108.5(4)

0(6) - 0(5) - 0 (4 ) 109.9(4)

0 (7 ) 0 (6 ) - 0 (5 ) 115.0(3)

0 (8 ) - 0(7 ) - 0(6) 117.7(3)

0(11) - 0(7 ) - 0 (6 ) 110.8(3)

0(11) - 0 (7 ) - 0 (8 ) 101.9(3)

0 (9 ) - 0 (8 ) - 0(7) 122.2(3)

0(12) - C(11) - 0(7) 102.4(3)

0(13) - C(11) - c (7 ) 117.0(3)

C(10) - 0(9 ) - 0(8) 115.4(3)

0(15) - 0(10) - 0(9) 115.0(4)

0(13) - 0(11) - 0(12) 114.4(3)

7 Q
The average 0 -  C(sp ) -  H va lency  a n g le  i s  111

The average H -  C(sp^) -  H valency a n g le  i s  108°

3 3 oThe average H -  C(sp ) -  C(sp ) va len cy  a n g le  i s  110
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Table 13 

Miscan&enin
In tram olecu lar bonded d is ta n ces  and estim ated  

standard d ev ia tio n s  (a )

0 ( 1 ) - 0 ( 2 ) 1.389(11)

0 ( 1 ) - 0(3) 1.337(9)

0 ( 2 ) 0(14) 1.203(7)

0(3) • “ 0 ( 6 ) 1.456(5)

0(3) - 0(14) 1.356(6)

0(4) - 0 ( 12 ) 1.193(6)

0(5) - 0 ( 8 ) 1.459(5)

0(5) - 0 ( 12 ) 1.363(6)

0(1) - 0 ( 2 ) 1. 296( 11 )

C(1) - C(10) 1.508(7)

0 (3 ) - 0(4) 1.325(8)

0 (4 ) - 0 (5 ) 1 . 486 ( 6 )

0(4) - 0(14) 1.463(7)

c(5) - 0 ( 6 ) 1. 546 ( 6 )

0(5) - 0 ( 10) 1.540(6)

0 ( 6 ) - 0 (7 ) 1.519(6)

0 (7 ) - 0 ( 8 ) 1.514(6)

c (7 ) 0(11) 1.491(6)

0 ( 8 ) - 0(9 ) 1 . 502 ( 6 )

0(9) - 0 ( 10) 1.553(7)

0 ( 10 ) - 0(15) 1 . 562( 8 )

0 ( 11) -• 0 ( 12) 1.484(7)

0 ( 11) - 0(13) 1.324(7)

0 ( 1 ) - H(1) 1.02(5)

0 ( 2 ) - H(2) 0 .89(7)

0(3) - H(3) 0 .95(5)

0(5) - H(5) 1.07(3)

0 ( 6 ) - H(6 ) 1.00(3)

0(7) - H(7) 1.01(4)

0 ( 8 ) - H(8 ) 1.04(4)

0(9) - H(9A) 0.95(4)

0(9) - H(9B) 0.97(4)

0(13) - H(13A) 1.01(4)

0(13) - H(13B) 0 .94(4)

0(15) - H(15A) 1 . 08 ( 6 )

0(15) - H(15B) 1 . 06 ( 6 )

0(15) - H(15C) 0 .97(5)



Table 16 

M iscandenin

Valency Angp.es (degrees) and estim ated standard
d eviation s (degrees)

0(3) - 0(1) ~ ■ 0(2) 122.3(5

0(4) - 0(3) - 0(1) 131.2(4

C(4) - 0(14) - 0(2) 130.8(4

0(5) - 0(6) - 0(3) 104.0(3

0(5) - 0(12) - 0(4) 121.1(4

0(12) - 0(5) 0(8) 108.4(3

0(7) - 0(8) - 0(5) 102.8(3

0(5) C(10) - 0(1) 111.6(3

0(15) - C(10) “ 0(1) 108.6(4

0(14) - 0(4) - c(3 ) 119.0(4

0(10) - 0(5) - 0(4) 118.5(3

0(9) - C(10) - 0(5) 112.7(3

0(8) - c(7) - c(6) 111.1(3

0(13) - 0(11) - 0(7) 132.7(3

0(1) - 0(2) - 0(1) 131.8(4

0(3) 0(14) - 0(2) 120.3(4

0(14) 0(3) - 0(6) 109.2(3

0(7) - 0(6) 0(3) 108.3(3

0(4) - 0(14) - 0(3) 108.8(3

C(11) - 0(12) 0(4) 130.6(4

0(9) - 0(8) - 0(5) 114.2(3

0(11) - 0(12) - 0(5) 108.3(3

0(10) - 0(1) - 0(2) 132.8(5

0(9) - 0(10) - 0(1) 107.5(4

0(5) - 0(4) - 0(3) 133.5(4

0(14) - 0(4) - 0(5) 107.4(4



Table 16

Valency Angles (degrees) and estim ated standard d ev ia tion s (degrees) (c o n t .)

0(6) - 0(5) - 0(4) 99.7(3

C(10) - 0(5) - 0(6) 116.3(3

C(7) - 0(6) - c(5) 109.3(3

0(15) - C(10) - 0(5) 106.5(4

0(11) - c(7) - 0(6) 123.5(3

0(11) - c(7) - c(8) 99.6(3

0(9) - c(8) - 0(7) 111.3(3

0(12) - 0(11) - 0(7) 104.1(3

0(10) - 0(9) - c(8) 108.3(3

0(15) - C(10) - 0(9) 110.0(4

0(13) - C(11) - 0(12) 123.2(3

7 \ ...

5 oThe average 0 -  C(sp ) -  H valency  angle i s  108

The average H -  C(sp^) -  H valency  angle i s  113°

The average H -  C(sp^) -  C(sp^) va len cy  an g le  i s  110°

The average H -  C(sp^) -  C(sp^) va lency  angle i s  120°



Table 17

B erlandin

In tram olecu lar bonded d is ta n c e s  (A) and estim ated  standard d e v ia t io n s

0 ( 1 ) - C(3) 1 .4 76 (10 ) C(18 ) - 0 (1 9 ) 1 . 5 2 8 (

0 ( 1 ) - C(lf) 1 .4 5 0 (1 0 ) C(19) - C(2 0 ) 1 .321(

0 (2 ) - C(6 ) 1 .4 8 0 (7 ) C(19) - C(2 1 ) 1 . 5 2 6 (

0 (2 ) - C(12) 1 .3 7 2 (8 ) C(2 0 ) - C(2 2 ) 1 .4 5 4 (

0 (3 ) - C(12) 1 . 2 0 1 (8 ) C(2) - H(2A) 0 . 96 (6

0 (4 ) - c ( 8 ) 1 .4 6 8 (7 ) C(2 ) - H(2B) 1 . 0 5 (6

0 (4 ) - C(18 ) 1 .3 3 8 (9 ) C(3) - H(3) 1 .0 8 (3

0 (5 ) - C (18 ) 1 .1 9 8 (9 ) C(3) - H(5) 0 .9 9 (6

0 ( 6 ) - c (9 ) 1 .4 4 0 (7 ) C(6 ) - H(6 ) 1 .0 4 (5

0 ( 6 ) “ C(1 6 ) 1 .3 3 0 (9 ) C(7) - H(7) 1 .0 8 (3

0 (7 ) - C(1 6 ) 1 .1 9 2 (1 1 ) c ( 8 ) - H(8 ) 1 . 0 6 ( 6

0 ( 1 ) - C(2 ) 1 .3 1 7 (9 ) C(9) - H(9) 1 . 0 9 (6

0 ( 1 ) - C(5) 1 .3 0 5 (9 ) C(13) - H(13A) 0 .9 4 (6

C(1 ) - C(1 0 ) 1 .3 4 2 (9 ) C(13) - H(13B) 1 . 10 (3

0 ( 2 ) - C(3) 1 .473 (12 ) C(14) - h( i 4a) 1 . 2 9 (6

0 (3 ) - C(4) 1 .4 9 9 (1 1 ) C(14) - H(14B) 1 .3 1 (5

0 (4 ) - C(5) 1 .5 3 8 (9 ) C(14) - h( i 4c ) 1 .0 4 (8

0 (4 ) - C(14) 1 .497 (11 ) 0 ( 15 ) - H(13A) 0 .9 9 (8

0 (5 ) - C(6 ) 1 .5 1 2 (9 ) C(15) - H(15B) 1 .5 4 (7

0 ( 6 ) - C(7) 1 .5 4 7 (8 ) C(13) - H(13C) 0 .8 0 (7

0 (7 ) - C(8 ) 1 .5 1 3 (8 ) c ( 17 ) - H(17A) 1 . 0 8 (8

0 (7 ) - C(11 ) 1 . 5 0 8 (8 ) C(17) - H(17B) 0 .6 8 (9

0 (8 ) - C(9) 1 .5 0 6 (8 ) C(17) - H(17C) 1 .1 4 (9
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Table 17

In tram olecu lar bonded d is ta n c e s  (A) and estim ated  standard d e v ia tio n s  ( c o n t . )

C(9) -  C(10) 1 .5 3 3 (8 ) C(20) -  H(20) 1 .1 2 (7 )

c d o )  -  c d 5 ) 1 .W O D C(21) -  H(21A) 1 . 0 0 (9 )

C(11) -  C(12) 1 .5 0 3 (9 ) C(21) -  H(21B) 0 . 8 2 (8 )

c ( n )  -  c d 3 ) 1 . 3 0 8 ( 1 1 ) C(21) -  H(21C) 0 .8 9 (9 )

C(16 ) -  C(17) 1 .5 0 2 (1 2 )

- -Cm  

; ■ -ooo

■'0:'; -  . &00- 

Oky) -  ?

iO/'O) . - e n s )  — ■ , ,

r  C ' ■■ . OX "k‘ ; - ' *■ ■ 0 X 5 ' )



Table 18

B erlandin

Valency a n g les  (d egrees) and estim ated  standard d e v ia tio n s

C (4) - 0 (1 ) . - 0 (3 ) 6 1 .6 (5 )

C(2) - 0 (3 ) - 0 (1 ) 1 1 1 .8 (5 )

C(if) - 0 (3 ) - 0 (1 ) 5 8 .3 (5 )

C(3) - 0 (4 ) - 0 (1 ) 6 0 .0 (4 )

C (5 ) - 0 (4 ) - 0 (1 ) 1 0 8 .2 (4 )

e d i t ) - 0 (4 ) - 0 (1 ) 1 1 6 .3 (5 )

C(12) - 0 (2 ) - 0 (6 ) 1 0 8 .6 (4 )

C(5) - 0 (6 ) - 0 (2 ) 1 1 4 .9 (4 )

C(7) - 0 (6 ) - 0 (2 ) 1 0 0 .8 (4 )

0 (3 ) - C(12) - 0 (2 ) 1 2 1 .8 (3 )

C(11) - C(12) - 0 (2 ) 1 0 8 .4 (4 )

C(11) - C(12) - 0 (3 ) 1 2 9 .7 (5 )

C(1 8 ) - 0 (4 ) - 0 (8 ) 1 1 9 .2 (4 )

C(7) - 0 (8 ) - 0 (4 ) 1 0 5 .0 (3 )

C(9) - 0 (8 ) - 0 (4 ) 1 0 7 .2 (3 )

0 (5 ) - C(18) - 0 (4 ) 1 2 3 .2 (3 )

C(19) - C(18) - 0 (4 ) 1 0 8 .3 (4 )

C(19) - C(18 ) - 0 (5 ) 1 2 8 .5 (5 )

C(1 6 ) - 0 (6 ) - 0 (9 ) 1 1 7 .3 (5 )

C(8) - 0 (9 ) - 0 (6 ) 1 0 7 .6 (4 )

C(10) - 0 (9 ) - 0 (6 ) 1 1 1 .3 (4 )

0 (7 ) - 0 ( 16 ) - 0 (6 ) 1 2 4 .9 (4 )

C(17) - 0 ( 16 ) - 0 (6 ) 1 1 1 .5 (6 )

0 (1 7 ) — 0 ( 16 ) - 0 (7 ) 123 . 6 ( 6 )



Table 18

Valency angles (degrees) and estim ated standard d ev ia tion s (c o n t .)

0(5) - C(1) - C(2) 109.9(4

C(10) - c ( 1 ) - C(2) 123.6(4

0 (3 ) - C(2) - C(1) 104.0(5

0(10) - C(1) - C(5) 125 .^

0 (4 ) - C(5) - C(1) 104.8(4

0 (6 ) - c(5 ) - C(1) 106.0(4

0 (9 ) ' - C(10) - C ( l) 120.1(3

0(15) - C(10) - C(1) 123.9(5

0(4) - C(3) - C(2) 111.6(5

0 (5 ) - C(4) - c(3 ) 106.2(4

0(14) - C(4) - C(3) 125.5(5

0(14) - c(4 ) - C(5) 123.3(5

0 (6 ) - C(5> - C(4) 114.9(4

0(7) - C(6) - C(5) 114.2(4

c (8 ) - C(7) - C(6) 118.3(4

0(11) - c(7 ) - C(6) 100.2(4

0(11) - C(7) - C(8) 118.7(4

c (9 ) - C(8) - C(7) 113.4(4

0(12) - C(11) - C(7) 104.1(4

0(13) - C(11) - C(7) 133.0(4

0(10) - c(9 ) - c(8 ) 110.7(4

0(15) - C(10) - C(9) 115.9(5

0(13) - c ( n ) - C(12) 122.8(4

0(20) - C(19) - C(18) 117 . 6(6



Table 18

Valency a n g les  (d egrees) and estim ated  standard d e v ia t io n s  ( c o n t .)

C(21) -  C(19) -  C(18) 1 1 6 .9 (6 )

C (21) -  C(19) -  C(20) 1 2 5 .5 (6 )

C(22) -  G(20) -  C(19) 127 .9 (7 )

The average 0 -  C(sp^) -  H va lency  angle i s  111°

The average H -  C(sp3 ) -  H va len cy  angle i s  102°

The average B -  C(sp3 ) 3 i -  C(sp ) va len cy  angle i s  112

The average H -  C(sp3 ) 2 j-  C(sp ) va lency  an g le  i s  112



Table 19
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Dihydrom ikanolide

Torsion Angles (degrees) 

C(3) -  0 ( 1) 0 ( 2) . 0 ( 1) -111

C(2) - 0 ( 1) 0(3) - 0 (4 ) 108

0(14) - 0(3) 0 ( 6) - c (5 ) 2

0(14) - 0(3) 0 ( 6 ) - c (7 ) -122

0 ( 6 ) - 0(3) 0(14) - 0 (2 ) -177

0 ( 6) - 0(3) 0(14) - 0 (4 ) 2

0 ( 12) - 0(5) 0 (8 ) - 0 (7 ) -20

0 ( 12) - 0(5) 0 ( 8) - 0 (9 ) -149

0 ( 8 ) - 0(5) 0 ( 12) - 0(4) -178

0 ( 8) - 0(5) 0 ( 12) - C(11) 0

C(10) - 0 ( 6) 0 ( 1) - 0 ( 2) -114

0 ( 1) - 0 (6 ) C(10) - c (9 ) -111

0 ( 1) - 0 ( 6) C(10) - 0(15) 115

0 ( 6) - 0 ( 1) 0 ( 2) - 0 ( 1) -158

0 ( 6) - 0 ( 1) 0 ( 2 ) - c (3 ) 156

0 ( 10) 0 ( 1 ) 0 ( 2) - 0 ( 1) 132

C(10) - 0 ( 1) 0 ( 2) - c (3 ) 66

0 ( 6) - 0 ( 1) C(10) - 0 (9 ) 102

0 ( 6) - 0 (1) C(10) - 0(15) -99

0 ( 2) 0 ( 1) C(10) - 0 ( 6 ) 104

0 ( 2 ) - 0 ( 1) C(10) - c (9 ) -153

0 ( 2) - 0 ( 1 ) C(10) - 0(15) 6

0 ( 1) - 0 ( 2) 0 (3 ) - 0 (4 ) -105

0 ( 1) - 0 ( 2) c (3 ) - 0 ( 1) 102

0 ( 1) - 0 ( 2) c (3 ) - 0 (4 ) -3
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T able 19 

T orsion  A ngles (d eg rees) ( c o n t .)

0 ( 1) - 0 (3 ) - 0 (4 ) - 0(5 ) -12

0 ( 1 ) - 0 (3 ) - 0(4) - 0(14) 180

0 ( 2 ) - 0 (3 ) - 0 (4 ) - 0(5) 55

C(2) - 0 (3 ) - 0(4) - 0(14) -113

0 (3 ) - 0 (4 ) - 0 (5 ) - 0 ( 6) -163

C(14) - 0 (4 ) - 0(5) - 0 ( 6) 6

0 (3 ) - 0(4) - 0(14) - 0( 2) -17

0 (3 ) - 0 (4 ) - 0(14) - 0(3) 165

0 (5 ) - 0 (4 ) - 0(14) - 0 ( 2) 173

0 (5 ) - 0 (4 ) - 0(14) - 0(3) -5

0 (4 ) - 0 (5 ) - 0 ( 6 ) - 0 (3 ) -5

0 (4 ) - 0 (5 ) - 0 ( 6 ) - c (7 ) 116

0(3) 0 ( 6) - 0 (7 ) - 0 ( 8) 115

0(3) - 0 ( 6 ) - 0(7 ) - 0 ( 11) -129

0 (5 ) - 0 ( 6) - 0(7) - 0 (8 ) -2

0(5 ) - 0 ( 6) - 0 (7 ) - 0 (11) 115

0 ( 6 ) 0 (7 ) - 0 ( 8) - 0(5) 153

0 ( 6 ) - 0 (7 ) - 0 ( 8 ) - 0(9) -90

0 ( 11) - 0 (7 ) - 0 ( 8) - 0 (5 ) 31

0 (11) - 0 (7 ) - 0 ( 8 ) - 0(9) 148

0 ( 6) - 0 (7 ) - C(11) - 0 ( 12) -157

0 ( 6) - 0 (7 ) - C(11) - 0(13) 77

0 ( 8) 0 (7 ) - C(11) - 0 ( 12) -31

0 ( 8 ) - c (7 ) - 0 ( 11) - 0(13) -157

0(5) - 0 ( 8 ) - c (9 ) - 0 ( 10 ) -171



Table 19 

T orsion  A ngles (d eg rees) ( c o n t ,)

C(7) 0(8) - 0(9) C(10) 73

0(8) C(9) - C(10) 0(6) 124

0(8) 0(9) - C(10) 0(1) 57

0(8) 0(9) - C(10) 0(15) -103

0(7) 0(11) - 0(12) - 0(4) -162

c(7) 0(11) - C(12) 0(5) 20

C(13) 0(11) - C(12) 0(4) -34

0(13) - 0(11) - 0(12) 0(5) 148

The s ig n  convention  used fo r  the to r s io n  an g les  i s  such th a t the  

s ig n  i s  n eg a tiv e  i f  an a n tic lo ck w ise  r o ta t io n  i s  required  o f  

atom (1 ) to  e c l ip s e  atom (k) w h ils t  lo o k in g  down the (2 ) -  (3 )  

bond.

The average standard d e v ia t io n  o f  the to r s io n  angle i s  0.7**°•
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Table 20 

filhydrom ikanolide

Mean Plane C a lcu la tio n s

Atoms in  plane Atoms out o f  p lane D ev ia tion  (A)

CD c ( D  0.01

C(2) - 0.01

C(3) . 0.01

C(2f) -0.01

c ( 5 ) 0.81

C(6 ) 0.18

c(7) -0.13

C(8 ) 0.18

C(9) -0.82f

C(10) -1 .11

(2 ) C(3) 0.01 •

c ( 6) - 0.01

0 (7) , . 0.01  

C(8) -0.01

C(1) -1.^8

c(2)  -1.92

, C(3) -1.70

C(D -1.12

C(9) -1.31

c(10) -2 .10
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Table 20

Mean Plane C a lcu la tio n s  ( c o n t .)

Atoms in  p lane Atoms out o f  plane D ev ia tion  (&)

(3 )  0 (3 )  0 .0 0

C(4) 0 .0 3

C(5) -0 .0 3

C(6) 0 .0 2

C(14) -0 .0 2

(4 )  0 (5 )  0 .0 0

c (8 )  0 .0 0

C(11) 0 .0 0

C(12) 0.00

C (7) -0 .5 2

The a n g les  between p lan es (1 ) and (2 )  i s  2 4 .4 ° .
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Table 21 

M iscandenin

T orsion  A ngles (d egrees)  

C(3) -  0 ( 1 ) 0 ( 2) 0 ( 1) 22

C(2) - 0 ( 1) - 0(3) - 0 (4 ) -6

0(14) - 0(3) - 0 ( 6 ) - 0 (5 ) 27

0(14) - 0(3) - 0 ( 6 ) - 0(7) -89

0 ( 6 ) - 0 (3 ) - 0(14) - 0 (2 ) 173

0 ( 6 ) - 0 (3 ) - 0(14) - 0 (4 ) -10

0 ( 12) - 0(5) - 0 ( 8 ) - 0(7) -30

0 ( 12) - 0(5) - 0 ( 8 ) - 0(9) -151

0 ( 8) - 0(5) - 0 ( 12) - 0(4 ) -173

0 ( 8 ) - 0(5) - 0 ( 12) - C(11) 7

0 ( 10) -  . 0 ( 1) - 0 (2 ) - 0 (1 ) 2

0 ( 2 ) - 0 ( 1) - C(10) - c (5 ) -42

0 ( 2) - 0 ( 1 ) - C(10) - 0(9) 82

0 ( 2 ) - 0 ( 1) - C(10) - 0(15) -159

0 ( 1) - 0(3) - c (4 ) - 0 (5 ) -2

0 ( 1) - 0(3) - c (4 ) - 0(14) 179

0(3) - 0 (4 ) - c (5 ) - 0 ( 6) -151

0 (3 ) - 0 (4 ) - 0 (5 ) - 0 ( 10) -24

0(14) - 0 (4 ) - 0 (5 ) - 0 ( 6) 27

0(14) - 0 (4 ) - 0(5) - C(10) 154

0(3) - 0(4) - 0(14) - 0( 2) -17

0 (3 ) - 0 (4 ) - 0(14) - 0(3) 166

0 (5 ) - 0(4 ) - 0(14) - 0 ( 2) 164

0(5 ) - 0 (4 ) - 0(14) - 0(3) -13

0 (4 ) - 0(5) - 0 ( 6 ) - 0(3) -32

0 (4 ) 0 (5 ) 0 ( 6) 0 (7 ) 83
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Table 21:

T orsion A ngles (d eg rees)  

C(10) -  C(5) 0 (6 ) — 0 (3 ) —161

C(10) - 0 (5 ) - c (6 ) - 0 (7 ) -45

0 (4 ) “ 0 (5 ) - 0 (1 0 ) - 0 (1 ) 47

0 (4 ) - 0 (5 ) - 0 (1 0 ) - . 0 (9 ) -7 4

0 (4 ) - 0 (5 ) - 0 (10 ) - 0 (1 5 ) 166

0 (6 ) - 0 (5 ) - 0 (1 0 ) - 0 (1 ) 166

0 (6 ) - 0 (5 ) - 0 (10 ) - 0 (9 ) 45

0 (6 ) - 0 (5 ) - 0 (1 0 ) - 0 (1 5 ) -76

0 (3 ) - 0 (6 ) - 0 (7 ) - 0 (8 ) 167

0 (3 ) - 0 (6 ) - 0 (7 ) - 0 (1 1 ) -75

0 (5 ) - 0 (6 ) - c (7 ) - 0 (8 ) 54

0 (5 ) - 0 (6 ) - c (7 ) 0 (1 1 ) 172

0 (6 ) - 0 (7 ) - 0 (8 ) “ 0 (5 ) 172

0 (6 ) - 0 (7 ) - c (8 ) - 0 (9 ) -66

0 (1 1 ) - 0 (7 ) - 0 (8 ) - 0 (5 ) 40

0 (1 1 ) - 0 (7 ) - 0 (8 ) - 0 (9 ) 165

0 (6 ) - 0 (7 ) - 0 (1 1 ) - 0 (1 2 ) -159

0 (6 ) - 0 (7 ) - 0 (1 1 ) - 0 (13 ) 17

0 (8 ) - 0 (7 ) - 0 (1 1 ) - 0 (1 2 ) -36

0 (8 ) - 0 (7 ) - 0 (11 ) - 0 (1 3 ) 141

0 (5 ) - 0 (8 ) - 0 (9 ) 0 (1 0 ) 178

0 (7 ) - 0 (8 ) - 0 (9 ) - 0 (1 0 ) 62

0 (8 ) - 0 (9 ) - 0 (10 ) - 0 (1 ) -174

0 (8 ) - 0 (9 ) - 0 (1 0 ) - c ( 5 ) -51

0 (8 ) - 0 (9 ) - 0 (10 ) - 0 (15 ) 68

0 (7 ) - 0 (1 1 ) - 0 (1 2 ) - 0 (4 ) -160

0 (7 ) - 0 (1 1 ) - ’ 0 (12 ) - 0 (5 ) 19

0 (13 ) - 0 (1 1 ) - 0 (12 ) - 0 (4 ) 23

0 (1 3 ) - 0 (1 1 ) - 0 (12 ) - 0 (5 ) -158



Table 21

Tor3ion A ngles (d eg rees)

The s ig n  convention  used  fo r  th e to r s io n  a n g les  i s  such th a t  th e  

s ig n  i s  n eg a tiv e  i f  an a n tic lo ck w ise  r o ta t io n  i s  req u ired  o f  

atom (1 ) to  e c l ip s e  atom (4 ) w h ils t  lo o k in g  down the (2 )  -  (3 )  

bond*

The average standard d e v ia t io n  o f  the to r s io n  an gle i s  0*62°*



Table 22

M iscandenin

Mean P lane C a lcu la tio n s

Atoms in  p lan e Atoms out o f  p lan e  D ev ia tion

(1) 0 (1) -0.06

0 (2 ) 0 .05

0 (4 ) -0 .0 4

0 (5 ) 0 .05

0(1) -0.17

0 (3 )  -0 .1 5

C(10) 0.51

( 2) 0 (1) < -0 .05  

0 (2) 0 .0 7

0 (3 ) -0*07

0 (4 ) 0 .05

0 (1) - 0 .1 2

C(10) - 0 .48

0 (5 ) 0 .12

(3 ) 0 ( 1) 0 .0 0

0 (3 ) - 0.01

0 (4 ) 0.01

0 (5 ) 0 .0 0

0 (1) - 0.06

0 (2 ) 0 .15

0 (10) -0.59
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Table 22

Mean P lane C a lc u la tio n s  ( c o n t .)

Atoms in  p lan e  Atoms out o f  p lane

(4 )  0 (1 )

C(2)

0 (1) 

C(10)

0 (3 )

C(4)

0 (5 )

(5 ) 0 ( 6)

0 ( 7)

0 (9 )

C(10)

0 (5 )

0 (8)

(6 )  0(3)

0 (4 )

0 (1 4 )

(7 ) 0 (5 )

0 (11) 

0 (12)

0 (5 )

0 (6)

0 (7 )

0(8)

D ev ia tio n  (a ) 

0.00 

- 0.01 

0.01 

0.00 

0 .4 5  

0.86 

0 .9 3

0.01

- 0.01

0.01

- 0.01

-0 .5 4

0 .7 2

0.00

0.00

0.00

0.31

-0 .2 3

0.00

0.00

0.00

-0 .4 7

0.18
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Table 23 

B erlandin

Torsion angles (degrees)

C (4) - 0 (1 ) - C(3) - 0 (2 ) 103

c (3 ) - 0 (1 ) - C(4) - 0 (5 ) - -9 9

C(3) - 0 (1 ) - C(4) 0 (1 4 ) 118

C(12) - 0 (2 ) - C(6) - 0 (5 ) 158

C (12) - 0 (2 ) - C(6) - 0 (7 ) 35

C(6) - 0 (2 ) - C(12) - 0 (3 ) 167

0 (6 ) - 0 (2 ) - C(12) - 0 (1 1 ) -14

C(18) - 0 (4 ) - C(8) - 0 (7 ) -132

C (18) - 0 (4 ) - 0 (8 ) - 0 (9 ) 107

C(8) - 0 (4 ) - C(1 8 ) - 0 (5 ) 5

C(8) - 0 (4 ) - C(18 ) - 0 (1 9 ) -176

C(16) - 0 (6 ) - C( 9) - 0 (8 ) 159

0 ( 1 6 ) - 0 (6 ) - 0 (9 ) - 0 (1 0 ) -80

C(9) - 0 (6 ) - 0 (1 6 ) - o (7 ) -1

0 (9 ) - 0 (6 ) - 0 (1 6 ) - 0 (1 7 ) 176

C(5) - C(1) - 0 (2 ) - c(3) -19

C(10) - C(1) - 0 (2 ) - 0 (3 ) 173

C(2) - C(1) - 0 (5 ) - 0 (4 ) 18

C(2) - C(1) - 0 (5 ) - 0 (6 ) -104

C (10) - C(1) - 0 (5 ) - 0 (4 ) -174

C (10) - C(1) - 0 (5 ) - 0 (6 ) 64

C (2) - C(1) - 0 (1 0 ) - 0 (9 ) 173

C(2) - C(1) - 0 (1 0 ) - 0 (15) -3

C(5) - C(1) - 0 (1 0 ) - 0 (9 ) 6
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Table 25

T orsion an g les  (d egrees) ( c o n t .)

0 (5 ) 0 (1 ) - C(10) - 0(15) -170

0(1) - 0(2) - C(3) -- 0 (1 ) -52

C(1) - 0 (2 ) C(3) - C(4) 12

O(-l) - 0 (3) - c(4 ) — C(5) 102

0 (1 ) - 0 (3) - *0(4) - 0(14) -102

C(2) - 0(3) - 0(4) - 0 (1 ) i o
C(2) 0 (3 ) - C(4) - C(5) -1

C(2) - 0(3) - C(4) - 0(1*0 155

0 (1 ) - C(%) - C(5) - 0(1) 53

0 (1 ) - C(%) - C(5) - 0(6 ) 169

0 (3 ) - C(%) - C(5) - 0(1 ) -10

0 (3 ) - c(%) - C(5) - 0(6) 106

C(1%) - c(%) - C(5) - 0(1 ) -166

0(1%) - C(%) - C(5) - • 0(6) -51

0 (1 ) “ 0 (5) - c (6 ) - 0(2 ) 163

0(1) - 0(5) - 0 (6 ) - 0(7 ) -82

C(%) - 0(5) - 0(6) - 0(2 ) 47

c(%) - c(5 ) - C(6) - 0(7 ) 163

0(2 ) - 0(6) - C(7) - 0(8 ) -172

0 (2 ) - 0(6 ) - C(7) - 0(11) -41

0(5) - 0(6) - C (7) - c(8 ) 64

0(5) - 0(6) - C(7) - 0(11) -165

0(6 ) - 0(7) - C(8) - o (4 ) -174

0(6 ) - 0 (7 ) - c (8 ) - c(9) -57

0(11) - 0(7) - C (8) - 0 ( 0 64
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Table 23

T orsion  an g les  (d eg rees) ( c o n t .)

C(11) - 0(7) - c (8 ) - C(9) “179

C(6) - 0(7) - C(11) - 0(12) 34

0(6) - 0(7) - C(11) - 0(13) -141

C(8) - 0(7) 0(11) - C(12) 164

C(8) - 0(7) - C(11) - C(13) -11

0(4) - 0(8) - C(9) - 0(6) -47

0(4) - 0(8) - c (9 ) - 0(10) * -169

0(7) - 0(8) - C(9) - 0(6) -162

0(7) - 0(8) - C(9) - C(10) 76

0(6) 0(9) - c d o ) - 0(1) 168

0(6) - 0(9) - C(10) - 0(15) -16

C(8) - 0(9) - 0(10) - 0(1) “73

0(8) - 0(9) - 0(10) - 0(15) 104

0(7) - C(11) - 0(12) - 0(2) -14

0(7) - 0(11) ' - 0(12) - 0(3) 165

0 ( 13) - C(11) - 0(12) - 0(2) 162

0(13) - C(11) - C(12) - 0(3) -19

0(4) - 0 ( 18) - C(19) - C(20) -137

0(4) - 0 ( 18) - 0(19) - C(21) 43

0(5) - 0 ( 18) - C(19) - C(20) 42

0(5) - C(18) - 0(19) - C(21) -137

0 ( 18) - 0(19) - C(20) - C(22) 3

C(21) - 0(19) - C(20) - 0(22) * -178



Table 23

T orsion  a n g les  (d egrees) ( c o n t .)

The s ig n  convention  o f  the to r s io n  a n g les  i s  such th a t the s ig n  i s  

n eg a tiv e  i f  an a n tic lo ck w ise  r o ta t io n  i s  requ ired  o f  atom (1 ) to  

e c l ip s e  atom (4) w h ils t  lo o k in g  down the (2 ) -  (3 ) bond.

The average standard d e v ia t io n  o f  the to r s io n  a n g les i s  0 ,8 ° ,
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Table 24 

B erlandin

Mean Plane C a lcu la tio n s

Atoms in  plane Atoms out o f  plane D ev ia tion

(1 )  C(5). -0 .0 3

0(6) 0 .0 4

0(7) -0 .0 4

C(8 ) 0 .0 3

o (- C(1) 1 .09

c{ c ( i o )  1 .1 8

0(7) - 0 .6 3

( 2 ) C(2 ) 0 .0 0

C(3) 0 .01

C(4) - 0 .0 1

C(5) 0 .0 0

C(1 ) 0 .2 8

(3 ) 0 (2 ) 0.00

C(12) * 0 .00

C(11) 0 .00

C(6 ) 0 .3 3

C(7) -0 .3 5
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Table 25 
Dihydromikanolide

.0 o
Intermolecular contacts  (A) o f  l e s s  than 5,85 A.

0(2) ° ( 5 ) j 3.495 0(5) 0(4)v 3.695

0(1) c ( l 5 ) n 3.340 0(5) 0 ( 11)V 3.823

0(6) 0(13 ) m 3.680 0(5) 0 ( 12)v 3.594

c ( 3 ) c (13)ct 3.620 0(5) 0 ( l 3 ) y 3.440

0(4) 0 ( 1 3 ) ^ 3.621 0(5) 0(4)y 3.435

c (5 ) ° ( 3 ) ot 3.194 0(8) 0(4)y 3.319

0(6) °(^)xv 3.748 0(8) 0(12)y 3.705

0(6) 0 (3 ) jy 3.217 0(11) 0(4)y 3.829

0(6) 0(14) ot 3.917 0(11) 0(5)v 3.625

0(11) 0 ( 2 ) ^ 3.446 0(11) 0 ( 12)y 3.803

0(15) 0 ( 2 ) ^ 3.440 0(12) ° ( 5 ) y 3.661

0(4) C(7)v 3.562 0(12) C(7)y 3.817

0(4) C(9)v 3.624 0(12) 0 ( l 2 ) y 3.650

The subscripts  refer  to the fol lowing transformations o f  the  

atomic co-ordinatess

( I )  x ,  y ,  z-1 (IV) 1 - x ,  i + y ,  - z

( I I )  x ,  1+y, z (V) 1 - x ,  i + y ,  1-z

( I I I )  1+x,  y ,  z
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Table 26 

Miscandenin

Intermolecular contacts  (A) of  l e s s  than 3.85 A

0 ( 3 ) C ( 2 ) x 3 .5 0 2 0 ( 2 ) o ( 5 ) VI 3 .4 6 6

0 ( 6 ) ° ( 4 ) IX 3 .2 8 0 0 ( 2 )
°(®>VX 3 .4 2 9

0 ( 1 3 ) ° ( 4 ) IX 3 . 7 5 4 0 ( 2 ) C (9 )VI 3 .8 0 5

0 ( 5 ) C^1 5 ^IXI 3 .3 5 8 0 ( 1 ) ° ( 4 ) VI 3 .5 0 0

0 ( 1 )
0 ( 2 ) i v 3 .4 8 3 0 ( 2 ) ° ( 4 ) Vi 3 .5 7 2

0 ( 1 ) ° ( 3 ) ct 3 .6 9 0 0 ( 3 ) ° ( 4 ) v i 3 .7 7 6

0 ( 1 ) c ( 7 ) r v 3 . 4 6 4 0 ( 3 ) ° ( 5 ) r a 3 .6 4 9

0 ( 1 ) 0 (1 1  V 3.600 0 ( 3 ) 0 ( 1 2 ) ^ 3 .5 4 7

0 ( 1 ) 0 ( 1 4 ) ^ 3 .4 6 6 0 ( 4 ) ° ( 4 ) v i 3 .4 9 5

c ( 3 ) ° ( 2 ) IV 3 . 7 9 0 0 ( 4 ) O

H 3 . 2 7 3

0 ( 3 ) 0 ( 3 ) IV 3 .8 4 3 0 ( 4 ) 0 ( 1 2 ) ^ 3 .4 3 8

0 ( 3 ) 0 ( 1 1 ) OT 3 .6 8 0 0 ( 5 ) ° ( 4 ) v i 3 . 2 9 2

0 ( 3 ) 0 ( 1 3 ) ^ 3 .7 0 9 0 ( 5 ) °< 5 > v i 3 . 7 0 0

0 ( 9 ) 0 ( 2 ) x v 3 .5 0 1 0 ( 5 ) C (1 2 )VI 3 . 7 0 4

0 ( 3 ) c(15)v 3 .8 1 7 0 ( 1 0 ) 0 ^ v i 3 .8 2 2

0 ( 1 ) 0 ( 1 2 ) ^ 3 .8 4 1 0 ( 1 4 ) ° ( 5 ) v i 3 .3 1 1

0 ( 1 ) C( l 3 ) y i 3 .8 4 5 0 ( 1 4 ) C ( 8 >VI 3 .7 4 3

The subscripts  refer to the fol lowing transformations o f  the

atomic co-ordinates:

(X) x  -  1 ,  y , z (IV ) x + i, -y  + 3
2* -  2

( I I ) —x + 2" j -y  + 1 ,  2 + ■§■ (V) x -  i, -y + 3 
2 9 -  2 +

( I I I ) -X + -y + 1,  2 -  i (V I) - x  + 1 ,  y  + 1
21—Z + "2
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Table 27 

Berlandin

C t>
Intermolecular contacts  (A) o f  l e s s  than 3>&5 A

0(3) C(2)j 3.295 0(7) 0 (2 2 )lH 3.796

0(3) C(3)I 3-390 0(15) C (2 2 )u i 3.784

C(11) C(2)j 3.813 0(2) ° ( 3 ) ! v 3.494

C(12) 0(2)^. 3.704 0(2) ° ( 3 )Iv 3.745

0(13) 0(2) j 3.720 0(3) ° ( 3 )iv ,3.376

0(20) 0(15)! 3.597 0(3) C(12)iv 3.695

0(1) C(10)n 3.760 0(4) 0(3 }iv 3.501

0(1) 0(15)1! 3.197 0(6) 0 (3 ) iV 3.491

C(5) ° ( 5 ) i ! 3.588 0(14) ° ( 3 )IV 3.583

0(7) 0 ( 5 ) i ! 3.548 0(14) C(13)i V 3.839

C(9) 0 (5 ) i ! 3.656 0(3) C(14)V 3.552

0(1) 0 (1 3 )! !! 3.713

The subscripts  refer  to the fol lowing transformations of  the atomic 

co-ordinates:

( I )  x,  y,  1 + z (IV) J- -  x ,  -  y ,  J  + z

( I I )  x -  1, y,  z (V) -  J -  x ,  -  y ,  -  J  + z

( I I I )  x -  1, y ,  1 + z
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Appendix I

The cry s ta l structu re o f 17, 20(3,21 -lrihydroxypregn-4-en-3-one  

17, 21 -jQ-bromophenylboronat e*

■%\

x o

0

' X BrB

The c r y s ta ls  o f th is  compound, were very small and. the lim ited  data which 

were co llected , le d  to  high standard dev iations fo r  the parameters involved* 

Br* P. D* Cradwick was re'sponsible fo r  so lv in g  the structure by P atterson  

techniques and by applying tangent formula ca lcu la tio n s  to  the phases o f  

p a r t ia l  structure factors* The author completed th e refinement o f the 

atom parameters*

C rystal data 

Molecular formula 

M olecular weight 

C rystal system  

Space group

C27H3 A BrB
513.3  a.m .u. 

orthorhombic

P2.2 .2 , 1 1 1



C ell dimensions a = 16.847(28) A 

b = 13.294(18) A. 

c = 11.082(10) A

C e ll volume (u)

D ensity (o b s .)

D ensity  ( c a lc .)

M olecules per u n it c e l l  (z )

No. e lec tro n s per u n it c e l l  (F (qqq) )  

Linear absorption c o e f f ic ie n t ,  

n(MoKa)

2482.0 A' 

1.42  g.cm 

1.37  g.cm 

4  

1072

-3

-3

17*90 cm-1

The space group P2^2^2  ̂ -was deduced from Weissenberg and p recession  

photographs, and a fte r  c o lle c t in g  data on the diffractom eter 3053 

independent structure  amplitudes were obtained. Many o f the structure  

amplitudes were unobserved or not very in te n se , so only 1382 amplitudes 

were used in  the ca lcu la tio n  o f  a sharpened Patterson . The bromine 

co-ord inates were lo ca ted  and p a r t ia l  structure fa c to rs  were ca lcu la ted  

on the b asis  o f t h is  p o s it io n . The phases o f  th ese structure fac to rs  

were used in  tangent formula ca lcu la tio n s  for 274 E values > 1 . 0  and much 

of the structure was found from the r esu lt in g  E map. When a l l  the atoms 

were lo ca ted  only those r e f le c t io n s  w ith I  ^ 2.5^1 were accepted as 

s ig n if ic a n t ly  above background, th is  l e f t  776 r e f le c t io n s . The structure  

refin ed  to  R = 0.136 and a t th is  stage those r e f le c t io n s  where sinO/lwas 

> 0 .52 were removed as the agreement between the observed and ca lcu la ted  

structure fa c to rs  in  th is  region  was low. The remaining 699 r e f le c t io n s  

refin ed  to  a f in a l  R value o f 0.056; un it w eights were used in  the le a s t



squares c a lcu la tio n s . Determining the ab so lu te  configu ration  o f the ' 

molecule was not experim entally achieved = 0.0960 or 0 .0 9 6 j7  so the  

absolute configu ration  o f the s te r o id  molecule' was assumed.

D iscussion

The stereochem istry o f  the m olecule has been determined and i s  

shown in  Figure 1 , a lso  the atom p o s it io n s , bond length s and valency  

angles are l i s t e d  in  tab les 1 , 2  and 3*

•C(20) and 0(22) are d isp laced  from the plane defined by atoms 

C (17), C (21), 0 (2 ) ,  0 (3) and B by -0 .6 9  A and 0 .26  A r e sp e c tiv e ly  

( ta b le  4)* Although i t  i s  p o s s ib le  for an in ter a c tio n  in vo lv in g  the 

u n f il le d  jg o rb ita l o f  the boron and the lon e p a ir  on the oxygen the 

d istan ce 0 (4 ) -  B i s  3*05 A (van der Y/aals contact 3 .07  A) which i s  

la rg er  than that required fo r  such a case .
o

There i s  a short interm olecular contact o f 2 .77  A between 0(1) and 

the atom 0(4) through x , y - 1 , z ,  which in d ic a te s  hydrogen bonding.

The remaining interm olecular separations are a l l  o f  the normal 

van der Waals type.
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A general view of the 17,20 (3,21-Trihydroxypregn-4~en-3-one 

17, 21-p-bromophenylboronate.

Cfl5>

<*)

/ ^ (
*> C £ =(>») q * r ^ c C„)

\ a  x cW
<=(s)

c^ )H  C ><*)
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TABLE 1

Fractional Atomic co-ordinates, p osition a l standard deviations and
zi* 2\temperature fa c to rs  (A )

Atom X y z B

Br - 0. 1469( 3 ) 0 .3054(4) 0 .4776(5) /

0 (1 ) 0. 4029( 16) -0 .3465(20) 0.1703(35) /

0 (2 ) 0 . 1921( 17) 0.3373(22) 0.1116(28) 4 .6 5

0 (3 ) 0 . 1632( 20) 0.5152(25) 0.1409(32) /

0 (4 ) 0. 3236( 13) 0.4718(18) 0 .1844(21) /

0 (1 ) 0 . 4193( 23) - 0 . 0721( 32) 0.2239(39) 3.46

0 (2 ) 0.4484(17) -0 .1840(24) 0.2339(28) 3.08

0 (3 ) 0.4044(16) -0 .2571(22) 0.1423(29) 4.51

0 (4 ) 0.3760(24) -0 .2081(28) 0.0391(33) 3.51

0 (5 ) 0.3801(20) -0 .1077(28) 0.0045(33) 3 .0 2

0 (6 ) 0.3545(17) -0 .0770(19) - 0 . 1224(27) 4 .7 4

0 (7 ) 0 .3006(17) 0.0224(26) -0 .1089(31) 4 .22

0(8 ) 0 .3424(23) 0.0997(28) -0 .0362(34) 2.03

0 (9 ) 0.3546(20) 0.0585(29) 0.0978(31) 3 .80

C(10) 0.4141(22) -0 .0348(32) 0.0992(37) 2.16

0(11) 0.3900(16) 0 .1418(20) 0.1906(25) 3 .1 4

0(12) 0.3311(21) 0 . 2361( 26) 0.1860(31) 3.89

0(13) 0.3199(19) 0 .2739(25) 0.0540(31) 1.62

0(14) 0.2874(23) 0 .1951(25) -0 .0250(29) 4 .06

0(15) 0.2635(19) 0.2491(22) -0 .1443(27) 4 .83

0 ( 16) 0.2393(20) 0.3557(26) -0 .0997(31) 3.71

0(17) 0.2595(18) 0 . 3616( 27) 0.0337(27) 5.31

0(18) 0.4989(18) - 0 . 0070( 23) 0.0539(27) 2.86
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TABLE 1

F ractional Atomic co -o rd in a tes , p o s it io n a l standard d ev ia tion s and 

temperature fac to rs  (A^) (c o n t .)

Atom X y Z B

C(19) 0.4062(18) 0. 3181( 24) 0. 0075(31) 4 .1 2

C(20) 0 .2891(26) 0 . 4710( 34) 0. 0625(42) 6 .2 4

C(21) 0.2289(23) 0. 5479( 29) 0. 0458(36) 5 .38

0(22) 0.0742(17) 0. 3847( 24) 0. 2348( 26) 2.03

C(23) 0.0420(23) 0 . 2809( 28) 0 . 2457(32) 4 .5 4

C(24) -0 .0237(21) 0 . 2565( 27) 0 . 3104(33) 3 .9 4

C(25) -0 .0575(21) 0 . 3362(30) 0. 3729( 35) 4 .9 2

0 ( 26) - 0 . 0266( 20) 0 . 4325( 28) 0. 3829( 32) 3.79

C(27) 0.0356(22) 0. 4564( 27) 0 . 3110(33) 4 .0 4

B 0.1493(33) 0 . 4121(38) 0 . 0549(43) 5 .22

The average standard d ev ia tion  o f the iso tr o p ic  temperature fac to rs  i s
 ̂2 o.a/r.

/  For th ese  atoms a n iso tro p ic  temperature fa c to rs  were employed*



TABLE 1 ( c o n t . )

The a n iso tro p ic  thermal parameters (x  10 )

Atom bH b22 b33 b12 b13 b23

Br 75(3) 134(5) 155(6) -92 (6 ) 83(8) -67(11)

0 (1 ) 50(14) 36(19) 338(65) -11(31) 6(50) 7(57)

0 (3 ) 42(15) 100(26) 197(39) 1(32) 50(42) -92(55)

0(4) 85(22) 119(33) 202(45) -7 (41 ) 102(53) 18(69)



TABLE 2

Intramolecular bonded distances and estimated standard deviations (A)

Br — 0(25) 1 .95 (4 ) 0 (9 ) _ 0(11) 1 .62 (5 )

0 (1 ) - c (3 ) 1 .23 (5 ) C(10) - 0(18) 1 .56 (4 )

0(2) - 0(17) 1 .46 (5 ) 0(11) - 0(12) 1 .60 (5 )

0 (2 ) - B 1 .3 8 (6 ) 0(12) - 0(13) 1 .56 (4 )

0(3) - 0(21) 1 .59(5 ) 0(13) - 0(14) 1 .4 7 (4 )

0(3) - B 1 .42 (6 ) 0(13) - 0(17) 1 .5 6 (5 )

0 (4 ) — 0(20) 1 .47 (6 ) 0(13) - 0(19) 1 .6 5 (4 )

0 (1 ) - 0(2) 1 .5 7 (5 ) 0(14) - 0(15) 1 .5 6 (5 )

0 (1 ) - 0(10) 1 .4 7 (5 ) 0(15) - 0 ( 16) 1 .5 6 (5 )

0 (2 ) - c (3 ) 1 .5 9 (5 ) 0 ( 16) - 0 (17) 1 .52 (5 )

0 (3 ) - c (4 ) 1 .40 (5 ) 0(17) - 0(20) 1 .57 (6 )

0 (4 ) - c (5 ) 1 .39 (4 ) 0(20) - 0(21) 1 .45 (6 )

0 (5 ) - 0 (6 ) 1 .53(5 ) 0(22) - 0(23) 1 .49 (5 )

c (5 ) - C(10) 1 .54 (4 ) 0(22) - 0(27) 1 .4 3 (5 )

0 (6 ) - c (7 ) 1 .6 1 (5 ) C(22) - B 1 .51 (6 )

0 (7 ) - 0 (8 ) 1 .48 (5 ) 0(23) - 0(24) 1 .36 (5 )

0 (8 ) ■ - 0 (9 ) 1 .6 0 (4 ) 0(24) - 0(25) 1 .3 9 (5 )

0 (8 ) “ 0(14) 1 .5 8 (4 ) 0(25) - 0(26) 1 .3 9 (5 )

0 (9 ) - C(10) 1 .60(5 ) 0 ( 26) - 0(27) 1 .36 (5 )



TABLE 3

Valency angles (degrees) and estimated standard deviations

0(24) - C(24) - Br 117(2

C(26) - 0(25) - Br 116(2

C(2) - 0 (3 ) - 0(1) 116(3

0 (4 ) - 0(3) - 0 (1) 130(3

B - 0(2) - 0(17) 121(3

0(13) - 0(17) - 0(2) 105(2

0 ( 16) - 0(17) - 0 (2 ) 113(2

C(20) - 0(17) - 0 (2 ) 109(3

0(3) - B - 0(2) 121(2

C(22) - B - 0(2) 119(2

B - 0(3) - 0(21) 121(3

C( 20) - 0(21) - 0 (3 ) 102(2

0(22) - B - 0(3) 118(3

0(17) - C(20) - 0 (4) 109(3

0(21) - C(20) - 0(4) 113(3

0(10) - 0(1) - 0 (2 ) 114(2

0 (3 ) - 0 (2 ) - 0 (1 ) 113(2

c (5 ) - C(10) - 0 (1 ) 117(2

0 (9 ) - C(10) - 0 (1 ) 108(2

0(18) - 0(10) - 0 (1 ) 109(2

0 (4 ) 0 (3 ) - 0 (2 ) 113(2

0 (5 ) - 0(4) - 0 (3 ) 130(2

0 (6 ) - 0 (5 ) - 0 (4 ) 120(2

0(10) - 0 (5) - 0 (4 ) 116(2

0(10) - 0 (5 ) - 0 (6 ) 124(2

c(7) - 0(6) - c (5 ) 107(2



TABLE 3

Valency angles (depyees) and estimated standard deviations (contQ

C(9) - C(10)

0(18) - C(10)

0 (8 ) - c(7)

0(9) - 0(8 )

C(14) - 0 (8 )

0(14) - 0(8)

C(10) - 0(9 )

0(11) - 0(9)

0(13) - 0(14)

0 (15) - 0(14)

0(11) - 0(9)

0(18) - 0(10)

0(12) - 0(11)

0(13) - 0(12)

0(14) - 0(13)

0(17) - 0(13)

0(19) - 0(13)

0(17) - 0(13)

0(19) 0(13)

0(15) - 0(14)

0(19) - 0(13)

0 ( 16) - 0(17)

0(20) - 0(17)

0 (16) - 0(15)

0(17) - 0 ( 16)

0(20) - 0(17)

- 0 (5 ) 104(2

- 0 (5 ) 106(2

- 0 (6 ) 111(2

- c (7 ) 109(2

- c (7 ) 109(2#•
- c (9 ) 106(2

- 0 (8 ) 111(2

- 0(8 ) 114(2

-

00cT 114(2

- 0(8 ) 117(2

- C(10) 107(2

- c (9 ) 113(2

- 0 (9 ) 107(2

- 0(11) 111(2

- 0(12) 112(2

- 0(12) 117(2

- 0(12) 107(2

- 0(14) 102(2

- 0(14) 113(2

- 0(13). 106(2

- 0(17) 105(2

- 0(13) 104(3

- 0(13) 117(2

- 0(14) 103(2

- 0(15) 107(3

- C(16) 108(3
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TABLE 3

Valency angles (degrees) and estimated, standard d ev ia tion s ( cont.

C(21) -  C(20) -  C(17) 114(3

C(27) -  C(22) -  C(23) 114(2

B - C{22) -  C(23) 125(3

C(24) -  C(23) -  C(22) 124(2

B - C(22) -  C(27) 121(3

C(26) -  C(27) -  C(22) 123(2

C(25) -  C(24) -  C(23) 115(3

0(26) -  C(25) -  C(24) 126(2

C(27) -  C(26) -  0(25) 117(2



TABLE 4

Mean Plane calcu lations

A terns in  plane Atoms out o f plane D eviation

(1) 0(2) 0.04

0 (3 ) -0 .0 4

C(21) 0.04

0(17) -0 .0 4

0 ( 20) - 0 .69

B -0 .0 3

(2) 0(2) 0.05

0 (3 ) -0 .03

C(21) 0.03

C(17) -0 .0 4

B -0.01

0 (20) -0.70

0(22) 0.26



Appendix II

The c r y s ta l stru cture o f  N -2 -(2 ,4 -d im eth y lH -p y rro lid in y l)-e th y l-j> -  

io  dob enzene-sulphonamide

The s tru ctu ra l study o f  th is  compound, was undertaken to  v e r ify  the  

r e s u lt s  obtained frcm the W eissenberg X-ray data o f the bromo d er iva tive  

(unpublished)*

IO

I

3 ¥ IS

The iodo compound c r y s t a l l i s e s  in  space group PJ whereas the space group 

for  the bromo d er ivative  i s  P2^/c. Although the structure o f the compound 

was so lved  by th is  study, very high iso tr o p ic  temperature fa c to rs  (B(max.) = 

18*6) were found to  be a sso c ia te d  w ith a number o f atoms* The high 

temperature fa c to rs  were a lso  a featu re o f  the bromo d er iv a tiv e  (B(max.) = 

15*0) and both s e t s  o f data produced high standard d eviation s for  a l l  the  

required parameters*



C rystal data 

Molecular formula 

M olecular weight 

C rysta l system  

Space group 

C ell dimensions

C e ll volume (u)

D ensity (o b s .)

D ensity ( c a lc .)

M olecules per unit c e l l  (z )

No. e lectron s per un it c e l l  (P^QOOp 

Linear absorption c o e f f ic ie n t ,

[x (MoKd)

C14H21N2°2SI 
408.3 a.m .u.

t r i c l i n i c

PT (Cl) 

a = 12 .575(9) A 

b = 13.280(8) A 

c = 10.535(6) A

a  = 9 5 .6 5 (5 )°

1  = 9 5 .5 8 (5 )°

X  = 85 .55(5°)

-3
1738.4 A'

1 .36  g.cm 
—31*56 g.cm J

4

816

19*83 can-1

The cry sta l used in  the a n a ly s is  was co lo u r le ss  and rectangular in  shape. 

Weissenberg and precession  photographs showed the cry s ta l system to  be 

t r i c l i n i c  and the u n it c e l l  dimensions were obtained.

The c ry sta l was transferred  to  the d iffractom eter and data fo r  the 

octants hk l, h k l, hkl and hlcl were c o lle c te d  out to  0 ^ 2 7 ° . The data 

were corrected fo r  Lorentz and p o la r isa tio n  e f f e c t s  and only those



r e f le c t io n s  w ith I  ^ 2 .5a I  were accepted as s ig n if ic a n t ly  above 

background, 3104 independent stru ctu re  amplitudes being obtained.

Structure a n a ly s is

With the assumption that the space group was P̂ - the co-ord inates o f  

the io d in e  atoms in  th e  2 m olecules o f th e assym etric u n it were deduced 

from a sharpened P atterson  sy n th es is . S tru ctu re-factor  ca lcu la tio n s  

based on th ese  co-ord inates gave R = 0*391* The remaining atoms were 

lo ca ted  a f te r  a number o f  d ifferen ce  Fourier-syntheses; the atoms o f the  

p yrro lid in e  r in g  were c le a r ly  lo ca ted  but the peak heights were very sm all. 

Unit w eights were app lied  in  a l l  lea st-sq u ares c a lc u la tio n s , w ith  the  

io d in e  and sulphur atoms assigned  an iso trop ic  thermal parameters and the  

oxygen, n itrogen  and carbon atoms iso tr o p ic  parameters. The lea st-sq u a res  

ca lcu la tio n s  converged to  R = 0.130*

D iscu ssion

The methyl groups are in  a c is-co n fig u ra tio n  on the p yrro lid in e  r in g  

as shown in  Figure 1; t h is  configuration  i s  in  agreement w ith  th a t found 

in  the bromo d er iv a tiv e . The packing of the m olecules in  the cry s ta l i s  

shown in  Figure 2 and ta b les  1 , 2  and 3 l i s t  the atomic p o s it io n s , the 

bond len gth s and the valency angles r esp ec tiv e ly . For both the iodo and 

bromo d er iv a tiv es  the atoms of the pyrro lid in e  r in g  have not been 

accu rately  determined and i t  i s  here that the h ighest temperature fa c to rs  

are found.

I t  i s  p o ss ib le  the m olecules o f the cry s ta l are disordered but the 

mode o f d isord er, i f  p resen t, i s  not c lea r .
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Figure 1

A general view o f  the N -2 -(2 ,4-dim ethyl-1 -p y rro lid in y l) -e th y l  

iodobenzene-sulphonamide m olecule.

C(16)- j r
c ( i 8X 3

a 0(20)

N (1 1 D ^ )C (1 2 )

0(1o)C k r x S (8 )

C (6)C  "<-»™Qc(5)

0 (7 )(') p  OW

0(2  ) f
r “ " < 5 c(3 )
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Figure 2

The packing o f the m olecules in  N -2 -(2 ,4-dim ethyl-1 -pyrrolid ir^rl)-  

ethyl-p-iodobenzene-sulphonamide viewed on the ba p lane.



TABLE 1

Molecule 1

F ractional atomic co -ord in a tes, p o s it io n a l standard d ev ia tion s and 

temperature fac to rs

Atom X Y Z B

1 ( 1) -0 .2 1 3 7 (2 ) 0 .9 3 7 0 (2 ) -0 .1 0 9 2 (3 ) /

C(2) -0 .1 0 8 5 (4 1 ) 0 .8 4 2 5 (3 9 ) 0 .0 0 02 (40 ) 5 .6 5

C(3) -0 .1 2 0 8 (4 2 ) 0 .7331 (41 ) -0 .0 2 9 7 (4 2 ) 5 .8 3

C(4) -0 .0 4 2 6 (4 2 ) 0 .6 728 (40 ) 0 .0377 (41 ) 5 .8 2

C(3) 0 .0370 (41 ) 0 .7090 (38 ) 0 .1 222 (40 ) 5 .3 5

C(6 ) 0 .0393 (32 ) 0 .8242 (50 ) 0 .1444 (30 ) 6 .9 0

C(7) ' -0 .0 3 6 6 (3 6 ) 0 .8853 (32 ) 0 .0817 (35 ) 4 .66

S (8 ) 0 .1 3 3 2 (7 ) 0 .6 3 6 1 (5 ) 0 .2 0 2 2 (7 ) /

0 (9 ) 0 . 1179(2 0 ) 0 . 5308( 18) 0 .1520 (23 ) 8 .6 4

0 ( 10) 0 . 1388( 16) 0 .6658 (14 ) 0 .3379 (19 ) 6 .55

N(11) 0 .2543 (20 ) 0 . 6611( 18)
*

0 .1656(24 ) 6 .1 4

C(12) 0 .2746(33) 0 .6440 (30 ) 0 .0 252 (39 ) 9 .34

C(13) 0 .3916(45) 0 .6 2 47 (39 ) 0 .0 2 4 K 5 D * 12.80

N(14) 0 .4525(27) 0 .7032(25) 0 .0970(31) 9 .34

C(13) 0 .5661(46) 0 .6680(41) 0 .1305 (52 ) 13.36

0 ( 16) 0 .6293(33) 0 . 7808( 49 ) 0 .1818(63) 16.32

0 ( 17) 0 .5 4 7 2 (3 8 ) 0 .8349 (33 ) 0 .0824 (69 ) .16 .46

0 ( 18) 0 .4456(51) 0 .7892(46) 0 .0083 (58 ) 17.13

0 (19 ) 0 .5261(58) 0 .9405(33) 0 .1 8 59 (70 )  . 18.53
\

0 (2 0 ) 0 .6017(37) 0 .6063(32) 0 . 2619( 70) 18.60



TABLE 1 (con t.)

Molecule 2

F r a c t io n a l  atomic c o -o r d in a te s ,  p o s i t io n a l  standard d e v ia t io n s  and 

temperature fa c to r s

Atom X Y Z B

1 ( 1 ) 0 .3 3 8 5 (2 ) 0 .4 1 2 4 (2 ) 0 . 2996(2 ) /

C(2) 0 .4600 (37 ) 0 .3214 (37 ) 0 .3 8 3 2 (4 0 ) 5 .3 0

C(3) 0 .4375(47) 0 .2069(44) 0 .3818 (45 ) 7 .53

0 (4 ) 0 .5167(41) 0 .1396 (40 ) 0 .4399 (41 ) 6 .94

0 (5 ) 0 .6133 (35 ) 0 .1773 (32 ) 0 .4 882 (33 ) 4 .5 5

C(6 ) 0 .6363 (48 ) 0 .2857(45) 0 .4854(47) 5 .7 0

C(7) 0 . 5600(38 ) 0 .3475 (34 ) 0 .4258 (36 ) 5 .2 7

S (8 ) 0 .7 0 8 1 (7 ) 0 .0 0 9 1 (5 ) 0 . 5623(8 ) /

0 (9 ) 0 .6780 (17 ) -0 .0 0 4 8 (1 5 ) 0 . 5260(2 0 ) 7 .22

0 ( 10) 0 .7238 (16 ) 0 .1344(14) 0 .6942(19) 6 .33

N(11) 0 .8241(18) 0 . 1081( 16) 0 .5075(22) 5 .6 2

C(12) 0 .8315(27) 0 .0720(24) 0 . 3680(3 1 ) 6 .9 3

C(13) 0 .9448 (40 ) 0 .1052(37) 0 .3382 (46 ) 11.97

N(14) 0 .9447(22) 0 . 2182(2 0 ) 0 .3699 (25 ) 7 .24

C(15) 1 . 0628(3 2 ) 0 .2572 (29 ) 0 . 3883(38) 8 .9 6

C(16) 1.0248(31) 0 .3724 (28 ) 0 .3927(36) 8.71

C(17) 0 .9309(38) 0 .3753(34) 0 .2969 (42 ) 10.41

C(18) 0 .8822(33) 0 .2729 (31 ) 0 .2777(39) 9 .40

0(19) 0 .8356 (44 ) 0 .4 526 (40 ) 0 .3257 (51 ) 13.51

C(2 0 ) 1 .1280(35) 0 .2359(32) 0 .5203(42) 10.52



TABLE 1

Molecule 1 (o o n t.)

/  For th e  iod ine and sulphur atoms a n iso tro p ic  temperature fa c to rs  

were employed, having the fon n :-

T = e x p . /^ b ^ h 2 + b22k2 + + ^ 2 * *  + b13h l + b23KL) - 7

b11 b22 b33 b12 b13 b23

1 (1 ) 0.0134 0.0078 0.0227 -0 .0004 -0 .0010 0.0063

S (8 ) 0.0147 0.0043 0.0141 -0 .0034 -0.0021 0.0019
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TABLE 1

M olecule 2 ( c o n t .)

/  For th e  iod in e  and sulphur atoms a n iso trop ic  temperature factors  

were employed, having the fo m :-

2 2 2 T = e x p ./^ b ^ h  + b22k + b ^ l  + b12hk + b ^ h l  +

- b11
CMCM

.a
b33 b12 bl3

O'
Vx

1 (1) 0.0142 0.0066 0.0216 -0.0022 -0 .0028 0.0060

S ( 8 ) 0.0129 0.0035 0.0157 -0.0051 -0.0009 0.0036



TABLE 2

Intermolecular bonded distances and estim ated standard deviations (a )

M olecule 1 Molecule 2

1(1) - 0(2) 2.11(5) 2 . 0 6 ( 5

C(2) •“ 0(3) 1.45(8) 1.57(9

0(3) - 0(4) 1.42(8) 1.42(9

0(4) - c(5) . 1.36(7) 1.38(8

0(5) - 0(6) 1.53(8) 1.49(7

0(6) - c(7) 1.37(8) 1.36(7

0(5) - 3(8) 1*72(5) 1.70(5

8( 8) - 0(9) 1.47(3) 1.46(3

8(8) -• 0(10) 1.44(2) 1.42(2

8(8) - N(11) 1.65(3) 1.64(3

N(11) - 0(12) 1-52(5) 1.51(4

0(12) - 0(13) 1.48(8) 1.59(6

0(13) - N(14) 1.45(7) 1.51(6

N(14) - 0(15) 1.49(7) 1.60(5

0(15) - 0(20) 1.68(10) 1.58(6

0(15) - 0 (1 6 ) 1.76(10) 1.57(6

0 (1 6 ) - 0(17) 1.58(10) 1.48(6

0(17) - 0(19) 1.71(10) 1.55(8

0(17) - 0(18) 1.56(10) 1.52(7

N(14) - 0(18) 1.54(8) 1.41(5



TABLE 3

Valency angles (degrees) and estimated standard deviations (degrees)

Molecule 1 Molecule 2

0(3) - 0(2) - 1(1) 115(2) 1 1 6 ( 2

0(10) - 8(8) - 0(9) 121(1) 119(1

0(5) - 8(8) - 0(9) 105(2) 1 0 7 ( 2

0(5) - 8(8) - 0(10) 110(2) 109(2

C(12) - N(11) - 8(8) 117(2) 1 1 6 ( 1

0(6) - c(9) - 8(8) 118(3) 118(2

0(15) - N(14) - 0(13) 113(4) 112(3

0(12) - 0(13) - N(14) 114(4) 107(3

C(1 6 ) - 0(15) - N(14) 104(5) 95(3

0(17) - 0(18) - N(14) 91(4) 102(3

0(4) - 0(3) - 0(2) 114(3) 119(4

0(5) - 0(4) - c(3) 124(4) 118(4

0(7) - 0(6) c(5) 120(3) 117(3

0(17) - 0 (1 6 ) - 0(15) 87(4) 104(3

0(19) - 0(17) - 0 (1 6 ) 93(5) 118(3

0(7) - 0(2) - 1(1) 118(2) 127(3

N(11) - 8(8) - 0(9) 107(1) 107(1

N(11) - S(8) - 0(10) 103(1) 104(1

0(5) - 8(8) - N(11) 110(2) 110(2

0(4) - 0(5) - 8(8) 125(3) 119(3

0(13) - 0(12) - N(11) 105(3) 104(3

0(18) - N(14) - 0(13) 104(4) 113(3



TABLE 3

Valency angfl.es (degrees) and estimated standard deviations ( d e g r e e s )  (c o n t.)

Molecule 1 Molecule 2

C(18) -  N(14) -  C(15) 111(4) 109(2)

0 (20 )  -  C(15) -  N(14) 121(4) 115(3)

0 (7 )  -  0 (2 )  -  0 (3 )  127(3) 117(3)

0 (6 )  -  0 (7 )  -  0 (2 )  118(4) 125(4)

0 (6 )  -  0 (5 ) .  -  0 (4 )  116(5) 123(4)

0 (20)  -  0 (1 5 )  -  0 ( 16) 98(4) 109(3)

0 (1 8 )  -  0 (1 7 )  -  C ( i6 )  126(5) 110(4)
♦

0(19) -  0 (17) -  C(18) 117(5) 104(4)


