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Abstract

THE STRUCTURAL CHEMISTRY OP CHOLINERGIC NEURAL TRANSMISSION SYSTEMS

by

R ichard J .  Radna 

A dviser: P ro fe sso r David L. Beveridge

The r e s u l t s  o f  UtDO m olecu lar o r b i t a l  c a lc u la tio n s  on th e  m olecu lar 

geom etries and e le c tro n ic  s tru c tu re s  o f  a c e ty lc h o lin e , c h o lin e , 

m uscarine, n ic o t in e ,  aeetyl-©{ -m eth y lch o lin e , a c e ty l - - m e th y lc h o l in e
1,2,3,U

and acety l-°<  -d im eth y lch o lin e  a re  p re sen ted . The conform ations 

p re d ic te d  to  be p re fe r re d  in  th e  f r e e  space approxim ation a re  d iscu ssed  

in  term s o f  in tra m o le cu la r  in te r a c t io n s ,  and th e  c a lc u la te d  p o te n t ia l  

energy su rfaces  and e le c tro n ic  charge d is t r ib u t io n s  fo r  each compound 

a re  considered  in  term s o f  e ry s ta llo g ra p h ic , sp ec tro sco p ic  and b io -a ssa y  

d a ta .  Local minima in  th e  p o te n t ia l  energy su rfaces  can be  id e n t i f i e d  

w ith  c r y s ta l  geo m etrie s, th e  geom etries im p lica ted  in  m uscarin ic  and ' 

n ic o t in ic  n eu ra l tra n sm iss io n  system s, and th e  geometry fav o rab le  fo r  

h y d ro ly s is  by a c e ty lc h o lin e s te ra s e .  A t o t a l  c o n s id e ra tio n  o f  th e  above 

r e s u l t s  in  a  b io lo g ic a l  p e rs p e c t iv e ,  and a  c r i t i c a l  e v a lu a tio n  o f  th e  

e u rre n t th e o r ie s  o f  c h o lin e rg ic  a c tio n  a re  p resen ted .
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A. Introcluction:

A .l  O b jec tiv es . I t  i s  th e  aim o f  t h i s  study  to  c h a ra c te r iz e  as f u l l y  

a s  p o s s ib le  th e  s t r u c tu r a l  chem istry  o f  a c e ty lc h o lin e  (Ach) and a  s e r ie s  

o f  i t s  congeners th rough  use o f  s e l f  c o n s is te n t  f i e l d  (SCP) m olecu lar 

o r b i t a l  th e o ry  (MOT) a t  th e  in te rm e d ia te  n e g lec t o f  d i f f e r e n t i a l  

o v erlap  (IHDO) le v e l  o f  approxim ation. This work invo lves th e  sy stem atic  

c a lc u la t io n  o f  e x p e c ta tio n  v a lu es  fo r  t o t a l  energy and atomic charge 

d e n s i t ie s  a s  fu n c tio n s  o f  atomic in te r n a l  d isplacem ent co o rd in a te s .

The p o te n t ia l  en e rg ie s  c a lc u la te d  in  th e  f r e e  space approxim ations 

a re  used to  c o n s tru c t su rfa c e s  o f  conform ational energy , and d e ta i le d  

c o n s id e ra tio n s  o f  charge d e n s ity  as  a  fu n c tio n  o f  conform ation are  

c a r r ie d  ou t in  o rd e r th a t  th e y  m ight p rov ide  th e o r e t ic a l  evidence f o r  

th e  n a tu re  o f  s ta b i l iz in g  In tram o lecu la r in te ra c t io n s .  C on sid era tio n  o f  

t h e o r e t ic a l  ev idence fo r  such in te ra c t io n s  i s  f a c i l i t a t e d  th rough th e  

re d u c tio n  o f  th e  ex p ress io n  f o r  t o t a l  energy In to  monoatomic and 

d iatom ic c o n tr ib u tio n s , (energy b reakup). E v a lu a tio n  I s  made o f  th e  

s im i l a r i t i e s  and d if fe re n c e s  In  th e  above r e s u l t s  f o r  s e le c te d  c h o lin e rg ic  

compounds, and th e  r e la t io n s h ip  between th e se  r e s u l t s  and r e s u l t s  re p o r te d  

from x -ra y  c ry s ta llo g ra p h y , m o lecu lar spectroscopy and m olecular 

pharmacology i s  f u l l y  developed. C urrent thought concerning th e  r o le  

o f  s tru c tu r e  and conform ation in  c h o lin e rg ic  a c tio n  i s  developed i n  th e  

co n tex t o f  accum ulated d a ta .
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A. 2 Background. The tra n sm iss io n  o f  in fo rm atio n  i n  n e u ra l system s 

in v o lv es  th e  passage o f  im pulses o f  e l e c t r i c a l  c u r re n t  th roughou t a  

netw ork o f  nerve c e l l s  (neu rons). "When th e  membrane p o te n t ia l  o f  a  

neuron i s  decreased  "below a  c r i t i c a l  l e v e l ,  an a c t io n  p o te n t ia l  

mechanism i s  t r ig g e re d .  The a c tio n  p o te n t i a l  sweeps along th e  axonal 

f ib e r  and invades th e  te rm in a l re g io n  o f  th e  c e l l .  For im pulse 

p ro p ag a tio n , th e  e x c i ta t io n  must th e n  be t r a n s f e r r e d  across, 

th e  synapse to  th e  n e x t c e l l s  in  sequence, be th e y  o th e r  neurons o r  

o p e ra to r  c e l l s  such as  th o se  o f  smooth o r  s t r i a t e d  m uscle. In  

many nervous tra n sm iss io n  system s, t h i s  t r a n s f e r  i s  m ediated by 

th e  l ib e r a t i o n  o f  a c e ty lc h o lin e ,  w hich accord ing  to  c u r re n t ly  

accep ted  th e o ry  in te r a c t s  w ith  s p e c i f ic  re c e p to r  s i t e s ;  th e  ex ac t sequence 

o f  ev en ts  i s  s t i l l  an a re a  o f  a c t iv e  re se a rc h . This in te r a c t io n  e f f e c t s  

a  s t r u c tu r a l  re o rg a n iz a t io n  o f  th e  p o s t- s y n a p tic  membrane, r e s u l t in g  in  

an in c re a se d  io n ic  p e rm e a b ility . The in f lu x ,  p a r t i c u la r l y  o f  sodium 

io n s ,  d ep resses  th e  membrane p o te n t i a l  below  th e  c r i t i c a l  l e v e l  and 

i n i t i a t e s  an a c tio n  p o te n t i a l ,  th e re b y  t r a n s m it t in g  th e  nerve  im pulse. 

A ce ty lch o lin e  i s  r a p id ly  removed from  th e  sy n ap tic  re g io n  by  an enzyme- 

c a ta ly z e d  h y d ro ly s is , a llow ing  th e  e n t i r e  p ro c e ss  t o  be re p e a te d  a t  a  r a t e  

o f  s e v e ra l  hundred tim es a  second f o r  b r i e f  p e r io d s .

The s p a t i a l  conform ation  and e le c tro n ic  s t r u c tu r a l  c h a r a c te r i s t i c s  

o f  a c e ty lc h o lin e  in  neurohum oral tra n sm iss io n  a re  s p e c i f i c a l ly  complementary 

t o  some y e t  u n e lu c id a te d  s t r u c tu r a l  e n t i t y  in c o rp o ra te d  in  th e  p o s t-  

sy n ap tic  membrane. A number o f  neu rochem ically  a c t iv e  su b stan ces  appear 

to  fu n c tio n  by adop ting  geom etries and e le c tro n ic  charge d i s t r ib u t io n s  

resem bling  th o se  o f  a c e ty lc h o lin e ,  and in te r a c t in g  w ith  a c e ty lc h o lin e  

r e c e p to r s . C h o lin erg ic  re c e p to rs  have t r a d i t i o n a l l y  been  c h a ra c te r iz e d

2



on th e  basfts o f  th e  b io lo g ic a l  a c t i v i t i e s  o f  th e se  s t r u c tu r a l  analogs o f  

a c e ty lc h o lin e . B ata  accum ulated in  t h i s  re g a rd  make p o s s ib le  a  rough 

d i f f e r e n t ia t io n  o f  a c e ty lc h o lin e  re c e p to rs  in to  two ty p e s : m u sca rin ic , 

where th e  a c tio n  o f  a c e ty lc h o lin e  i s  mimicked by m uscarine and b locked 

by a tro p in e , and n ic o t in ic ,  where th e  a c tio n  o f  a c e ty lc h o lin e  i s
7,8

mimicked by n ic o tin e  and in h ib i te d  by cu ra re  and hexamethonlum.

F u rth e r  c l a s s i f i c a t io n  i s  no doubt p o ss ib le  s in ce  n ic o t in ic  re c e p to rs

in  motor en d p la tes  and g a n g lia  a re  p r e f e r e n t ia l ly  b locked by d i f f e r e n t
5

methonium compounds, andrsome re c e p to rs  considered  n ic o t in ic  a re  n o t
9

n e c e s s a r i ly  a c tiv a te d  by n ic o t in e .  The evidence w ith  re g a rd  to  p o ly -
10

fu n c tio n a l a c tiv e  s i t e s  com plicates m atters s t i l l  f u r th e r .  N ev e rth e le ss ,

th e  m u sc a r in ic /n ic o tin ic  term inology i s  in  wide c l i n i c a l  u se , and th e

m olecular s t r u c tu r a l  b a s is  o f  t h i s  d i f f e r e n t ia t io n ,  and o f  th e

enzymatic h y d ro ly s is  o f  c h o lin e rg ic  substances by th e  c h o lin e s te ra se s

i s  o f  co n s id e rab le  im portance in  m olecular pharmacology.

An understand ing  o f  a l l  ty p es  o f  c h o lin e rg ic  n e u ra l 
w, clearly

transmission system s re q u ire s  a  d e ta i le d  knowledge o f  th e  m olecular 

e le c tro n ic  s t r u c tu r a l  p ro p e r t ie s  o f  a c e ty lc h o lin e . For fu tu re  

re fe re n c e  th e  m olecular geom etry o f  a c e ty lch o lin e  can be s p e c if ie d  

in  term s o f  th e  fo u r  d ih e d ra l an g les : 1W(C5-C1*-N-C3), f(01-C5-C14~N), 

t“(o6-01-C5-C*0 and t(02-c6-01-C5) j d e fin ed  w ith  re sp e c t to  th e  numbering 

system  g iven  in  F ig . 1 .  In  th e  c r y s ta l  s tru c tu re s  o f  a  la rg e  number o f

Ach an alo g s, th e  co o rd in a tes  t(c5-C&-N-C3) and t(02-c6-01-C 5) a re  observed
8

to  be a n tip la n a r  and synplanar re sp e c tiv e ly . I n te r e s t in g  v a r ia t io n s  a re  

found in  T(01-C5-C^-N), which p o s it io n s  th e  e s te r  oxygen w ith  re sp e c t to  

th e  trimethylammonium c a tio n ic  head, and in  T'(c6-01~C5-C1l ) ,  which p o s it io n s  

th e  a c e ta te  m oiety w ith  re sp e c t to  th e  ch o lin e  group.
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The c r y s ta l  s tr u c tu r e  o f  a c e ty lc h o lin e  bromide has been

in v es tig a te d  by-Canepa, Pauling and Sorum follow ing e a r l ie r  work 
13

by Sorum; th e  geometry re p o r te d  i s  shown in  P ig . 1  . The C5-C&-N-C3

sequence o f  atoms does form  an a n tip la n a r  extended ch a in , ttC5-C^-N-C3)

= 180°, as expected on th e  b a s is  o f  s t e r i c  f a c to r s .  The acetoxy group

i s  p la n a r  w ith  ^ 02- 06- 01- 05) = 0° ,  presum ably s ta b i l iz e d  by  th e  p a r t i a l

double bond ch a ra c te r  o f  th e  06-01 bond. S ince no la rg e  v a r ia t io n  in

T^CS-C^-N-CB) o r  ^ 02- 06- 01- 05) i s  observed  over th e  c r y s ta l  geom etries

o f  a  number o f  Ach's  s t r u c tu r a l  ana logs, s p e c if ic a t io n  o f  th e  geometry

o f  Ach in  term s o f  T(01-C5-CU-H) and /K(c6-01-C5~Ch) i s  s u f f ic ie n t  to

c h a ra c te r iz e  th e  th re e  d im ensional m o lecu lar s tr u c tu r e .  In  th e

geometry re p o rte d  f o r  a c e ty lc h o lin e  brom ide, T(01-C5-C^-N) = 77° and

7“(c6-01-C5-c4) * 79°> h en ce fo rth  denoted as  \ 77°*79^1. The s tru c tu re
*■ J 13

o f  a c e ty lc h o lin e  c h lo r id e  was re p o rte d  by H erdklo tz  and Sass a£ (F ig .2 )

>~X6Q°}. The n a tu re  o f  th e  fo rce s  s ta b i l i z in g  T(01-C5-Ch-N)

in  a  s y n c lin a l  conform ation i s  o f  co n s id e rab le  i n t e r e s t ,  s in c e  an

a n tip la n a r  form  would be fav o red  from p u re ly  s t e r i c  c o n s id e ra tio n s .

The p o s s ib i l i t y  o f  in tram o lec u la r  N-C-H • • • 0 hydrogen bonding in
l i t

t h i s  s tr u c tu r e  was o r ig in a l ly  suggested  by  Sutor based  on th e  p ro x im ity

o f  th e  trimethylammonium hydrogens and e s te r  oxygen. A number o f  la b o ra to ry

in v e s tig a tio n s  have been  d ire c te d  tow ard g a in in g  in f ra re d  sp ec tro sco p ic
15

evidence w ith  reg ard  to  in tram o le c u la r  hydrogen bonding. No s tro n g

sup p o rtiv e  d a ta  have been re p o rte d ,b u t th e  c o l le c te d  r ^ g u lts  a re  n o t

in c o n s is t  a n t w ith  such in te ra c t io n s .  Culvenor and Ham re p o r t  n u c le a r

m agnetic resonance sp in  coup ling  evidence t h a t  a  s y n c lin a l  conform ation

o f  ^(01-05-Clf-N) p e r s i s t s  in  aqueous s o lu t io n  as w e ll as in  th e

c r y s ta l l in e  s o l id s ,  b u t s p e c i f ic  in tra m o lec u la r  hydrogen bonding was
17

u n reso lv ab le . In  a  l i v e l y  rev iew , Donahue d isco u n ts  c o lle c te d  

evidence f o r  in tram o lecu la r C-H* • • 0 hydrogen bonding on th e  grounds



th a t  unequ ivocally  observed  C-H* * * 0 d is ta n c e s  a re  n o t ap p rec iab ly  le s s

th an  th e  expected van d e r  Waals c o n ta c t d is ta n c e  o f  2.5-2.6S.

T h e o re tic a l c a lc u la t io n s  o f  th e  conform ational s t a b i l i t y  o f

a c e ty lc h o lin e  have been re p o rte d  by L iq u o r i , Damiani and de Coen using
19

p a irw ise  in te ra c t io n  p o te n t ia l  fu n c tio n s  and by K ie r u s in g  extended

Huckel m olecu lar o r b i t a l  th e o ry  (EHT). Pour energy minima in  a  fo u r

d im ensional p o te n t ia l  energy  hypersu rface  were found in  th e  L iq u o ri

e t  a l .  a n a ly s is ;  two minima . invo lve  a n tip la n a r  conform ations o f

t(01-C5-Cl{-N) and two favor. s y n c lin a l  conform ations around t h i s

co o rd in a te . EHT g iv es  a  p o s it iv e  s y n c lin a l  ^(Ol-CS-Ck-N) o f  80°.

The angle ttC^-Ol-CS-C1*-) s p e c if ie s  th e  o r ie n ta t io n  o f  th e

acetoxy group w ith  r e s p e c t  to  th e  r e s t  o f  th e  m olecule. This angle

e s ta b lis h e s  another g eo m etrica l param eter im portan t f o r  b io lo g ic a l

a c t iv i ty :  th e  d is ta n c e  between th e  trimethylammonium c a t io n ic  head

and th e  e le c tro n e g a tiv e  carbonyl oxygen atom. E a rly  s tu d ie s  o f  Ach
2 0and r e la t e d  compounds e s ta b lis h e d  t h i s  d is ta n c e  as ca . 1J-.5A; t h i s

p layed  a  key ro le  in  th e  design  o f  a  drug  (p y rid in e -2 -aldoxim e m ethlodide,

BAM) t o  in te r a c t  w ith  th e  a c e ty lc h o lin e  re c e p to r  on a c e ty lc h o lin e s te ra s e .

BAM i s  now used c l i n i c a l l y  to  t r e a t  a lk y l  fluorophosphate  po ison ing .

In  c r y s ta l l in e  a c e ty lc h o lin e  bromide w ith  T(C6-01-C5-C^)

a t  79°  > th e  acetoxy group i s  fo lded" around toward th e  c a tio n ic  head.

For a c e ty lc h o lin e  in  s o lu t io n , in f r a r e d  s p e c tr a l  s tu d ie s  o f  th e

carbonyl v ib ra t io n a l  frequency  o f  a c e ty lc h o lin e  and r e la te d  compounds
15

have been  re p o rte d , b u t th e  s t r u c tu r a l  im p lic a tio n s  a re  in co n c lu siv e .
16

The nmr s p e c tra l  d a ta  f o r  a c e ty lc h o lin e  in  D^O support an a n tip la n a r

conform ation , as norm ally  expected f o r  a  prim ary  e s t e r .  Two o f  th e
18

fo u r  minima on th e  L iq u o ri energy su rfa c e  correspond t o  a n tip la n a r
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t(c6-01-C5-c4) as  does th e  geometry re p o rte d  f o r  EHT c a lc u la t io n s .

Most r e c e n t ly ,  th e  in v e s t ig a t io n  o f  conform ational asp ec ts

o f  a c e ty lc h o lin e  has focused on th e  co o rd in a te  /h(01-C5**cU-N) •
16

Subsequent to  th e  Culvenor and Ham study , m ethylene p ro to n  sp in

coupling  analyses o f  nmr sp e c tra  o f  a c e ty lc h o lin e  have been  re p o rte d
21 22 .2 3

by Cushley and M autner, Casy, Hass an and Wu, In ch , C hittenden  and Dean,
2h

and P a r tin g to n , Feeney and Bur gen. There i s  unamiraous agreement th a t  

^(O l-C j-C^-N ) i s  s y n c lin a l  in  aqueous s o lu tio n . The d e ta i le d  a n a ly s is

o f  P a r tin g to n  e t  a l .  shows th e  system  e x c lu s iv e ly  w ith  t h i s  o r ie n ta t io n .
22

Casy e t  a l .  re p o r t  s y n c lin a l  v a lu e s  o f  T(01-C5-C4-N) fo r  a  range o f

so lv e n ts , w ith  chloroform  th e  l e a s t  p o la r .  They concluded t h a t  th e

e n e rg e t ic a l ly  p re fe r re d  conform ation on t h i s  co o rd in a te  was e s ta b lis h e d

by in tram o lecu la r  in te ra c t io n s .

M uscarine and n ic o tin e  each have reco g n izab le  analogs o f

/l,'(01-C5-CIt-N) and 'f-(c6-Ol-C5-C10  w ith  a sy m e tr ic a lly  s u b s t i tu te d  atoms

im parting  a  p o s s ib le  degree o f  s te re o  s p e c i f i c i ty .  The a c t iv e  form o f
23

m uscarine was determ ined by Waser t o  be th e  06(S),C9(R)>C5(S) isomer

shown in  P ig . 3 . The c r y s ta l  geom etry fo r  t h i s  isomer as determ ined by

J e l l in e k  corresponds t o  \ . For n ic o t in e ,  th e  n a tu r a l ly  occuring
27

2(S) isom er has been dem onstrated by Barlow and Hamilton to  be more 

a c tiv e  th an  th e  2 (R) form , bu t th e  d iffe re n c e  in  a c t iv i ty  depended

somewhat on’th e  p re p a ra tio n . The c r y s ta l  s tr u c tu r e  o f  n ic o tin e -1  (r ) ,
28

2 (S)-d ih y d ro io d id e  as  determ ined by Koo and Kim, and g iven  in  F ig . ^ ,

corresponds to  th e  {-60°,l80°}geom etry. T h e o re tic a l c a lc u la t io n s  on
29

m uscarine have been d esc rib ed  by L iq u o ri u s in g  em p irica l c la s s i c a l
19

energy c a lc u la t io n s ,  and fo r  m uscarine and n ic o tin e  by K ier and 
30

Pullman u s in g  m olecu lar quantum mechanics.
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Many o th e r  c h o lin e rg ic  substances b e a r  obvious s t r u c tu r a l  s im i la r i t i e s

to  Aeh and u s u a lly  have c le a r ly  d e fin ed  analogs o f  ^(Ql-CS-C^-N) and

^■(06-01-05-0^). Recent papers d ea lin g  w ith  th e  s t r u c tu r a l  b a s is  o f
31 32,33

o b o lin e rg ic  a c tio n  a re  due to  K ie r, P au lin g , C hothia and cow orkers,
&  35

and Beers and R eich; th e  a re a  has r e c e n t ly  been review ed by S h e f te r . The

proposed th e o r ie s  d i f f e r  m ainly in  r e l a t iv e  emphasis on fu n c tio n a l

groups and m olecu lar conform ation. The trimethylammonium group i s

g e n e ra lly  accep ted  as a  prim ary e f f e c to r  in  b o th  m uscarin ic  and n ic o t in ic

a c tio n . The id eas  t h a t  th e  e s te r  oxygen o f  Ach (o r i t s  eq u iv a len t in

a  s t r u c tu r a l  analog) f ig u re s  in  m uscarin ic  a c t i v i t y  whereas th e  carbonyl

oxygen o f  Ach o r  i t s  eq u iv a len t i s  p e r t in e n t  to  n ic o t in ic  a c tio n  a re
5 19,31

ev id en t in  e a r ly  work i n  t h i s  a rea . K ier s tu d ie d  th e  r o le  o f  con­

fo rm ation  by comparing th e  m olecular s tru c tu re  o f  Ach w ith  m uscarine, 

muscarone and n ic o tin e . He proposed th a t  th e  geom etry o f  Ach a t  

n ic o t in ic  re c e p to rs  d i f f e r s  from th a t  a t  m uscarin ic  re c e p to rs ,  and 

appears ;to_ im p lica te  th e  Ach carbonyl oxygen in  m uscarin ic  a c t iv i ty .

From P ig . 4 o f  Ref. 31 , h is  m uscarin ic  conformer appears to  be 

{-sc ,ap} w ith  7(0£-c6-01-C 5) ~ 0 ° ; h is  n ic o t in ic  Ach conform er, P ig . 12

o f  R ef. 3 1 , i s  £-sc,ap}- w ith  t(oe-c6-01-C5) = -90°.
33

C hothia and Pauling  c o r re la te d  th e  c r y s ta l  s tru c tu re  analyses 

o f  s ix  n ic o t in ic  a g o n is ts  and proposed th e  Ach geometry im p lica ted  in
32

n ic o t in ic  a c tio n  to  be £75 ,180^. Baker, c h o th ia , Pauling and F etcher 

con sid e red  t e n  m uscarin ic  ag o n is ts  o f  vary ing  po ten cy , and concluded 

th a t  th e  Ach geometry complementary to  m uscarin ic  re c e p to rs  was 

{85°,150°}. The a c e ta te  m ethyl group b u t no t th e  carbonyl oxygen was 

im p lica ted  in  th e  m uscarin ic  pharmacophore. The resonance energy 

s ta b i l i z in g  a  synplanar o r ie n ta tio n  o f  T(oe-o6-01-C5) was p re sen ted  

as 2h k ca l/m o l, which would p rec lu d e  th e  geometry proposed by K ier f o r
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36
th e  n ic o t in ic  pharmacophore. E a r l ie r  C hoth ia, reaso n in g  from th e  o b se rv a tio n  

th a t  th e  m uscarin ic  and n ic o t in ic  Ach geom etries were n e a r ly  th e  same, 

id e n t i f ie d  th e  s id e  o f  Ach having th e  c a t io n ic  head, a c e ta te  m ethyl 

group and e s te r  oxygen on th e  p e rip h e ry  w ith  m uscarin ic  a c t io n ,  and th e  

s id e  w ith  th e  c a tio n ic  head and carbonyl oxygen on th e  p e rip h e ry  w ith  

n ic o t in ic  a c t iv i ty .  The b a s is  f o r  th e se  conclusions r e s te d  on th e  

b lock ing  a c tio n s  o f  tik and C5 s u b s t i tu e n ts ,  which presum ably in t e r f e r e

w ith  th e  a g o n is t- re c e p to r  in te r a c t io n .  R e la ted  s tu d ie s  by C hothia
37 o o?

and Pau ling  d e sc rib e  c o l le c te d  evidence th a t  a  -£l50 ,180 J geometry

i s  op tim al f o r  th e  h y d ro ly s is  o f  Ach by a c e ty lc h o lin e s te ra s e ,
38

c o n s is te n t  w ith  th e  model proposed by Krupka and L a id le r .

Beers and Reich p re se n ted  s t r u c tu r a l  c o r re la t io n s  o f  

tw elve m uscarin ics  and e ig h t n ic o t in ic s  in  support o f  th e  r o le  o f  th e  

c a t io n ic  head and e s te r  oxygen in  m uscarin ic  a c t io n ,  and th e  c a t io n ic  

head and carbonyl oxygen in  n ic o t in ic  a c tio n . The p resence o f  th e  

a c e ta te  m ethyl group o r  i t s  eq u iv a len t was no t n ecessary  fo r. m uscarin ic  

a c tio n , b u t when p re se n t seemed to  p o te n t ia te  th e  e f f e c t .  No r o le  

fo r  a  carbonyl oxygen in  m uscarin ic  a c tio n  was in d ic a te d . The c o r re la t io n s  

were based on p o s s ib le  conform ations deduced from m olecular m odels, 

r a th e r  th a n  from c o n s id e ra tio n  o f  ex p erim en ta lly  observed o r

c a lc u la te d  p re fe r re d  s t r u c tu r e s .
80

S tu d ies  by Smissman e t  a l .  on r i g i d  r in g  analogs o f  a c e ty lc h o lin e  

and o th e r c h o lin e rg ic  substances im p lic a te  an a n tip la n a r  ^ ( 01-C5-C^-N) 

in  m uscarin ic  a c t iv i ty .

Of a l l  th e  c h o lin e rg ic  substances con sid e red  in  th e  c o r re la t io n s  

d esc rib ed  above, th e  compounds most c lo s e ly  r e l a t e d  to  Ach b u t w ith  r a r e  

s p e c if ic  a c t i v i t i e s  a re  th e  and ft m ethyl and d im ethyl Ach d e r iv a t iv e s .
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C onsiderab le  s t r u c tu r a l  in fo rm atio n  i s  a v a i la b le  on each compound. In  

a d d it io n , t h i s  s e t  o f  compounds in c lu d e s  s ig n i f ic a n t  p o s s ib le  

ex cep tio n s  t o  each o f  th e  th e o r ie s  p re v io u s ly  d e sc rib e d . The m ethyl 

and d im ethy l d e r iv a t iv e s  o f  Ach f ig u r e  s ig n i f i c a n t ly  in  c u r re n t 

s t r u c tu r a l  th e o r ie s  o f  c h o lin e rg ic  a c tio n ?  b u t th e  a c tu a l  r o le s  o f  

th e  and p m ethyl groups a re  n o t c l e a r ly  e s ta b lis h e d .  There a re  s e v e ra l  

mechanisms b y  which a  change such as  a d d it io n  o f  a  s u b s t i tu e n t  m ethyl 

group t o  a  n e u ro tra n s m itte r  may in f lu e n c e  I t s  b io lo g ic a l  a c t i v i t y .

The s u b s t i tu e n t  may s t e r i c  a l l y  p re v e n t th e  compound from accessin g  

a  b io lo g ic a l ly  a c t iv e  conform ation  which p ro p e r ly  o r ie n ts  t h e  fu n c tio n a l  

g roups, o r  e l e c t r o n ic a l ly  in flu e n c e  th e  p o s i t io n  o f  p r e fe r r e d  

confo rm ations. A l te r n a t iv e ly ,  th e  s u b s t i tu e n t  group may conceivab ly  

cause a  charge r e d i s t r ib u t io n  on fu n c t io n a l  groups le a d in g  to  e i th e r  

enhancement o r  d ec rease  in  b io lo g ic a l l a c t i v i ty .  F in a l ly ,  i t  i s  p o s s ib le  

f o r  s u b s t i tu e n t  groups t o  have d i r e c t  bonded o r  non-bonded in te r a c t io n s  

w ith  b io lo g ic a l  r e c e p to rs .  Such in te r a c t io n s  m ight be o f  a  s t e r i c ,  

hydrophobic o r  e l e c t r o s t a t i c  n a tu re ,  and m ight enhance o r  d im in ish  

b io lo g ic a l  a c t i v i t y .

The c r y s t a l  s t r u c tu r e  a n a ly s is  o f  a c e ty l -  (R ) -m eth y lch o lin e
39

by C hoth ia and P au ling  re v e a le d  two polym orphic fo rm s, X 90°,170°f and
36

^212°, 176^  . In  C hoth ia*s th e o ry  the<=<(R) s u b s t i tu e n t  b lo c k s  th e  

m ethyl (m uscarin ic) s id e ,  le a v in g  th e  n ic o t in ic  s id e  a v a i la b le .  A c e ty l-

o< (r ) -m ethy lcho line  i s  indeed  a  n ic o t in ic  a g o n is t ,  bub acco rd ing  to
9

L e sse r so i s  a c e ty l - ^ ( s ) - m e th y lc h o l in e ,  w herein  th e  carbony l

( n ic o t in ic )  s id e  o f  Ach would be a t  l e a s t  p a r t i a l l y  b locked . The

a c tiv e  enantlom er o f  th e  f  -m ethyl d e r iv a t iv e  as  determ ined  by
40 Itf.

E llen b ro ek  and van Rossum and B e c k e tt, H arper and C litherow  I s
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■b2
a c e ty l-  ( s ) -m ethylcholine, which Chothia and Pauling have found to  be in  th e

£85° , 203°5 conform ation in  th e  c r y s ta l l in e  s o l id .  B eckett e t  a l .  observed

th a t  th e -^ (R ) d e r iv a t iv e  i s  no t hydrolyzed by a c e ty lc h o lin e s te ra s e ,  and

in fe r r e d  th a t  a  p o s i t iv e  o r ie n ta t io n  o f  ̂ "(01-C5-CJ+-N) i s  complementary

to  th e  c h o lin e s te ra s e  re c e p to r ;  t h i s  i s  no t in c o n s is ta n t  w ith  th e

(+ )-a n tip e rip lan a r form proposed by Pauling and Chothia. Casy, Has a an

and Wu p re se n te d  n u c lea r  m agnetic resonance d a ta  showing th a t  a

£sc,ap£ conform ation o f  a c e ty l-^ -m e th y lc h o lin e  in  s o lu tio n , w h ile

a  la c k  o f  conform ational p re fe ren c e  was re p o rte d  fo r  ^  (Q1-C5-C&-N)

in  a c e ty l -  ̂ -m e th y lc h o lin e .

The pharm acological p ro p e r t ie s  o f  e ry th ro  and th re o

d im eth y lace ty lch o lin e  have been s tu d ie d  by Smissman, N elson, LaPidus,

and Day. The e ry th ro ( - )  d e r iv a t iv e  has 10$ th e  m uscarin ic  a c t i v i t y  o f

Ach, and i s  n e g lig ib ly  hydrolyzed by c h o lin e s te ra s e ,  whereas th e  th r e o ( - )

d e r iv a t iv e  shows n e g lig ib le  m uscarin ic  a c t iv i ty  and 10$ th e  h y d ro ly s is

r a t e  o f  Ach. The c ry s ta llo g ra p h y  o f  e ry th ro -  °< (s ),3  (r )-  and tb re o -

V  (R )p< (R )-d im eth y lace ty lch o lin e  was determ ined to  be ^284°,155°? and 
<- o  k5 35
\2 1 7  ,9 5 7  r e s p e c t iv e ly .  S h e fte r  t e s t e d  th e  C hothia th eo ry  w ith  th e se  

compounds and p o in te d  ou t t h a t  whereas th e  m uscarin ic  s id e  would be  p re ­

d ic te d  to  be b locked in  e ry th ro -  °c(R), ^ ( S )-d im eth y lace ty lch o lin e  and 

open in  th reo -« * .(S ),'7 * (S )-d im eth y lace ty lch o lin e , th e  e ry th ro  isom er 

i s  observed to  be a  more p o te n t m uscarin ic  a g o n is t. A l l  o f th e  m ethyl 

and d im ethyl d e r iv a t iv e s  p o ssess  th e  fu n c tio n a l groups necessary

f o r  d u a l m uscarin ic  and n ic o t in ic  a c tio n  along th e  l in e s  d esc rib ed  by
■3k

Beers and Reich; th e  observed s p e c i f i c i ty  in d ic a te i  t h a t  th e se  

c o n d itio n s  can be n ecessary  b u t n o t s u f f ic ie n t  f o r  a g o n is t a c tio n .

10



Conform ational energy maps as fu n c tio n s  o f  t'(01-C5-cU-N)

and T(c6-01-C 5-c4) f o r  a c e ty l - - m e th y lc h o l in e ,  a c e ty l—̂ -m e th y lch o lin e ,

and a c e ty l-  c*,* 4 -d im eth y lch o lin e  a s  -w ell as fo r  Ach i t s e l f  have
■H6 3h7

re c e n tly  been c o n tr ib u te d  by Pullman e t  a l .  u s in g  th e  PCILO-CNDO

method. These s tu d ie s  a s  w e ll as th e  re c e n t th e o r e t ic a l  c a lc u la tio n s
.48 .k9

on Ach by A^o e t  a l .  and Froimowitz and G ^ p  u s in g  p a irw ise  p o te n t ia l

fu n c tio n s , and by Genson and C r is to f fe rso n  and P o rt and Pullman using

non -em p irica l th e o r e t ic a l  methods w i l l  be d iscu ssed  w ith  th e  p re se n ta tio n

o f  th e  INDO r e s u l t s .
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A .3 R a tio n a le . As d e sc rib ed  in  th e  p rece  d ing s e c t io n ,  th e  r e la t io n s h ip  

f o r  c h o lin e rg ic  a g o n is ts  between s t r u c tu r e ,  conform ation  and b io lo g ic a l  

a c t i v i t y  has been s tu d ie d  th rough  means o f  x - ra y  c ry s ta llo g ra p h y , 

m o lecu la r sp ec tro sco p y , m olecu lar quantum m echanics and b io -a s s a y  

te c h n iq u e s . At th e  o u ts e t  o f  th e  th e s i s  r e s e a rc h  d e sc rib ed  h e re in ,  

however, th e  s ta b i l i z a t i o n  o f  'f(0l-C5-Clf-N) in  c h o lin e rg ic  compounds 

was inco m p le te ly  u n d ers to o d , and s e v e ra l  g eo m etrie s  fo r  Ach and 

c h o lin e rg ic  a g o n is ts  were im p lic a te d  in  th e  c r y s ta l l in e  s o l id ,  

s o lu t io n  and in  th e  t h e o r e t ic a l  f r e e  space approxim ation . Thus a  

t o t a l  energy m in im iza tio n  o f  Ach as a  fu n c tio n  o f  conform ation was in  

o rd e r . The aim h e re  was to  lo c a te  energy minima in  th e  s u r fa c e ,  to  

develop  an u n d erstan d in g  o f  th e  minima in  te rm s o f  s t r u c tu r a l  f o rc e s ,  

and t o  co n s id e r  th e  r e la t io n s h ip  betw een th e  c a lc u la te d  minima and 

m o lecu la r geom etries con sid e red  i n  experim en ta l s tu d ie s .

Exam ination o f  F ig . 1 shows th a t  i f  bond, len g th s  and an g les  

f o r  heavy atoms a re  d i r e c t ly  adopted  from c ry s ta l lo g ra p h ic  d a ta ,  and 

i f  hydrogen bond le n g th s  and an g le s  a re  assumed to  be s ta n d a rd , 

co n fo rm ational d e s ig n a tio n  o f  Ach reduces to  an 8 param eter problem : 

r(C 5-(& -N -C 3), t(01-C5-C^-H ), T(C6-01-C5-CU), 1 (02 -06 -01 -05 ) and th e  

fo u r  d ih e d ra l  an g le s  which p o s i t io n  th e  m ethyl hydrogens o f  th e  

a c e ta te  and trlmethylammonium groups. I t  has been  noted in  th e  p r e ­

ce d in g  s e c tio n  t h a t  1(C5“C&-N-C3) and 1(02-06-01-05) can b e  ta k e n  

to  be a n t ip la n a r  and synp lanar r e s p e c t iv e ly ,  b ased  gpon th e  c ry s ta l lo g ra p h ic

r e s u l t s  on a  la rg e  number o f  c h o lin e rg ic  compounds. The v a l i d i t y  o f
• 3

th e s e  assum ptions a re  r e a d i ly  confirm ed by INDO MOT. The m ethyl 

hydrogens a re  exp ec ted  to  be f r e e ly  r o ta t in g  in  a  b io lo g ic a l  s o lu tio n  

b u t should  be p o s it io n e d  a t  a  minimum energy c o n f ig u ra tio n  f o r  in p u t
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t o  th e  INDO w avefunction ro u tin e . This c o n f ig u ra tio n  o f  m ethyl hydrogens

can be determ ined through study  o f  Ach and model compounds such as
2

tetramethylammonium (IMA) and ch o lin e . Thus w ith  s ix  param eters  f ix e d ,

a  t o t a l  energy m inim ization  o f  Ach reduces to  a  c o n s id e ra tio n  o f

TXOl-CJ-C^-N) and 7(C6-01-C5-C4). A ccordingly  th e  INDO p o te n t ia l

energy su rfac e  o f  Ach as a  fu n c tio n  o f  T(01-C5- c4-N) and 'T('C6-01-C5-CA-) 
1 ,3

was g en era ted . Accumulated d a ta  were s tu d ie d  bo th  in  term s o f  b a s ic

s tereo ch em ical p r in c ip le s ,  and th e  conform ations o f  Ach proposed to

be a c t iv e  a t  c h o lin e rg ic  re c e p to rs . F u rth e r  c h a ra c te r iz a tio n  o f  th e

n a tu re  o f  th e  in tram o lecu la r fo rc e s  s ta b i l i z in g  a  gauche conform ation

o f  th e  c h o lin e rg ic  O-C-C-N group i s  developed th rough  s tu d y  o f  th e
2

model compound ch o lin e  w ith  an energy brealcup.

With th e  m olecular e le c tro n ic  s tru c tu re  o f  a c e ty lc h o lin e  w e ll

c h a ra c te r iz e d  on a  th e o r e t ic a l  b a s is ,  th e  n ex t lo g ic a l  s te p  in 'a n

approach to  a  comprehensive th e o r e t ic a l  tre a tm e n t o f  c h o lin e rg ic

n e u ra l tra n sm iss io n  systems invo lves a  system atic  study  o f  th e

p o te n t ia l  energy su rfa ce s  and e le c tro n ic  s t ru c tu r e s  o f  n ic o t in ic

and m uscarin ic  substances a t  a  comparable l e v e l  o f  approxim ation,

and a  d e ta i le d  co n s id e ra tio n  o f  th e  s im i l a r i t i e s  and d if fe re n c e s

between e n e rg e t ic a l ly  p re fe r re d  conform ations o f  c h o lin e rg ic

substances and th o se  found f o r  a c e ty lc h o lin e . The ©< and /  m ethyl

d e r iv a t iv e s  o f  Ach a re  o f  p a r t ic u la r  in t e r e s t  in  t h i s  re g a rd , and th u s

a re  su b jec ted  to  sy stem atic  study  in  term s o f  con fo rm ational energy
3

and atom ic charge d e n s i t ie s .  The s t r u c tu r a l  s im i l a r i t i e s  and 

d if fe re n c e s  o f  th e se  m uscarin ic  and n ic o t in ic  substances should 

m an ife s t them selves n a tu r a l ly  from t h i s  approach, and th e  e n e rg e t ic a l ly  

p re fe r re d  conform ations should  match w ith  th e  analogous lo c a l  minima

on th e  Ach p o te n t ia l  su rfa c e . T heories c u r re n tly  o ffe re d  on th e
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s t r u c tu r a l  chem istry  o f  c h o lin e rg ic  a c tio n  may he c o n s tru c tiv e ly  

c r i t i c iz e d  on t h i s  "basis, and reo rg an ized  to  a  more comprehensive 

form.



B. S p ec if ic  Aims:

The s p e c if ic  aims o f  t h i s  study  a re  as fo llo w s:

1. The quantum th e o r e t ic a l  c a lc u la t io n  o f  Ach 's  T(01-C5“C^-K) 
v s . 'f(c6-01-C 5-c4) p o te n t ia l  energy su rfa ce  and. m olecular 
e le c tro n ic  s t r u c tu re  u s in g  approxim ate SCF MOT inc lu d in g  
a l l  va len ce  e le c tro n s .

a . Methyl hydrogens a re  p o s itio n e d  through p re lim in a ry  
c a lc u la t io n s  on Ach, ch o lin e  and IMA..

b . The synplanar o r ie n ta t io n  o f  /\i02-C&~GL~C5) i s  
confirm ed th rough  c a lc u la t io n  o f  a  p re lim in a ry  
INDO p o te n t ia l  energy su rfa ce  as a  fu n c tio n  o f  
T(oe-c6-O i-C5) and 'r(c6-OEL-C5-C10 ,  (T(01-C5-(&-lT) 
i s  h e ld  a n t ip la n a r ) .

2 . C onsidera tion  o f  th e  above r e s u l t s  in  term s o f  b a s ic  
s te reochem ical p r in c ip le s ,  and s p e c if ic  ev a lu a tio n  
o f  in tra m o le cu la r  in te r a c t io n s  which s ta b i l i z e  th e  
gauche o r ie n ta t io n  o f  th e  O-C-C-N grot® in  th e  model 
c h o lin e rg ic  compound c h o lin e . The l a t t e r  i s  
accom plished th rough  use  o f  an energy breakup.

3. The c a lc u la t io n  o f  p o te n t i a l  energy su rfaces  and p r o f i l e s ,  
and atom ic charge d e n s i t ie s  analogous to  th o se  genera ted  
f o r  Ach f o r  th e  compounds:

m uscarine
n ic o t in e
a c e ty l-  o< -m ethy lcho line  
a c e ty l-  -m ethy lcho line  
e ry th ro -* * , -d im e th y lace ty lch o lin e  
th re o -  -d im e th y la ce ty lc h o lin e .

k .  The com puterized p lo t t in g  o f  th e  p o te n t ia l  energy su rfa ce s  
f o r  a c c u ra te  p re s e n ta t io n  and lo c a t io n  o f  minima, and th e  
com puterized s te re o g rap h ic  d is p la y  o f  e n e rg e t ic a l ly  
p re fe r re d  conform ations o f  each substance under c o n s id e ra tio n ..

5 . A d e ta i le d  development o f  th e  r e la t io n s h ip  between th e  r e s u l t s  
o f  th e  quantum th e o r e t ic a l  c a lc u la t io n s  and r e s u l t s  re p o rte d  
from x -ra y  c ry s ta llo g ra p h y  and m olecu lar spectroscopy f o r  
each m olecule.

6 . A d e ta i le d  com parison and c o r r e la t io n  o f  e n e rg e tic a l ly  
p re fe r re d  conform ations o f  th e  m uscarin ic  conpounds, th e  
n ic o t in ic  conpounds, and o f  th e  p re fe r re d  m uscarin ic and 
n ic o t in ic  conform ations w ith  Ach conform ations corresponding 
to  minima on th e  Ach p o te n t i a l  energy su rfa ce .

7 . T o ta l c o n s id e ra tio n  o f  th e  above r e s u l t s  in  a  b io lo g ic a l  
p e rsp e c tiv e  and a  c r i t i c a l  e v a lu a tio n  and re c o n s id e ra tio n
d f  c u rre n t th e o r ie s  o f  th e  s t r u c tu r a l  chem istry  o f  c h o lin e rg ic  
a c tio n .
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C, Methods and Theory;

The c a lc u la tio n  o f  a  p o te n t ia l  energy su rface  fo r  a 

m olecule inv o lv es  th e  c a lc u la t io n  o f  th e  t o t a l  energy o f  th e  system 

a s  a  fu n c tio n  o f  in te rn a l  atom ic d isp lacem ent c o o rd in a te s . In  

quantum m echanical system s, th e  energy i s  an ex p ec ta tio n  va lue  o f 

o f  th e  H am iltonian o p e ra to r  and m olecu lar w avefunction, and th u s  a  

c a lc u la tio n  o f  th e  w avefunction a t  a  number o f  p o in ts  in  c o n f ig u ra tio n  

space i s  re q u ire d . For th e  H am iltonian o p e ra to r  H and m olecular 

w avefunction ¥ energy i s  given as

based on s p in - r e s t r i c te d  m olecu lar o r b i t a l  th e o ry , w ith  th e  2n - 

e le c tro n  wave fu n c tio n  y considered  as  a  S la te r  determ inan t o f  

th e  m olecu lar o r b i t a l s  ^

The m olecu lar o r b i t a l s  a r e  in d iv id u a lly  expanded a s  l in e a r  com binations 

o f  atom ic o r b i t a l s  (l>CAO) ^ cen te red  on c o n s ti tu e n t  atoms

where th e  a re  l in e a r  expansion c o e f f ic ie n t s .  The c a lc u la t io n  o f  

th e  m olecular w avefunction reduces to  th e  d e te rm in a tio n  o f  th e

c o e f f ic ie n ts  by  m atrix  H artree-F ock  s e l f - c o n s is te n t  f i e ld  p ro ced u res- 

The t o t a l  energy o f  -the system  a t  a  g iven  geometry i s  g iven by  th e  

exp ression

(1 )

M olecular w avefunctions computed in  t h i s  re sea rc h  a re

(2 )

(3)

0 0
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where th e  summations over greek and l a t i n  l e t t e r s  r e f e r  to  o r b i t a l s

and atoms r e s p e c t iv e ly .  The f i r s t  term  on th e  r ig h t  h a n d . s id e  o f

equation  4 i s  th e  e le c tro n ic  energy o f  th e  system  and invo lves

, th e  o n e -e le c tro n  m a trix  elem ents between atom ic o r b i t a l s

and ^  j ^<3 i s  re p re s e n ta t iv e  o f  th e  k in e t ic  and n u c le a r

a t t r a c t io n  o p e ra to rs . The a re  elem ents o f  th e  m a trix  r e p re s e n ta t iv e

o f  e le c tro n  re p u ls io n  o p e ra to rs . The d e n s ity  m a trix  elem ents

a re  d efin ed  in  term s o f  th e  LCAO c o e f f ic ie n ts  a s
n

P = 2 2 c .c . (5)y-y £ y i  y±  w

and s p e c ify  th e  d i s t r ib u t io n  o f  e le c tro n ic  charge in  th e  system . The 

second term  on th e  r ig h t  s id e  o f  equation  ^ accoun ts  f o r  in te m u c le a r

re p u ls io n s , and in v o lv es th e  co re  charges Z^, Zg and th e  in te rn u c le a r

se p a ra tio n  between atoms A and B, R^g.

T h e o re tic a l s tu d ie s  o f  n e u ro t r a n s o i t te r  s t r u c tu r e  have used 

methods rang ing  from em p irica l p a irw ise  p o te n t i a l  fu n c tio n s  t o  a  

v a r ie ty  o f  approaches based on m olecu lar quantum m echanics. The 

quantum m echanical methods c u r re n t ly  be ing  used t r e a t  a and ir 

e le c tro n s  e x p l i c i t l y ,  and f a l l  in to  fo u r b a s ic  c a te g o r ie s :  

approxim ate independent m olecu lar o r b i t a l  th e o ry , approxim ate s e l f  

c o n s is te n t  f i e ld  m o lecu lar o r b i t a l  th e o ry , approxim ate c o n f ig u ra tio n a l 

in te r a c t io n  (C l) methods and ab i n i t i o  SCF-MO m ethods.

In  c a lc u la t in g  e le c tro n ic  w av efu n ctio n s, one c o n s id e rs  

sim u ltan eo u sly  th e  a t t r a c t i v e  between e le c tro n s  and atom ic n u c le i  o f  

a  m olecule and th e  in te r e le c t ro n  re p u ls io n s  in  th e  framework o f  

m o lecu lar o r b i t a l  th e o ry . However, th e  s iz e  o f  th e  m athem atical 

problem goes up a s  l e a s t  a s  l i \  where N i s  th e  number o f  e le c tro n s .
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Thus f o r  la rg e  b io -o rg an ic  m olecules th e  c a lc u la t io n  o f  p re c is e  

w avefunctions i s  beyond th e  tim e l im ita tio n s  o f  our p re se n t 

g en e ra tio n  o f  com puters. In  view o f  t h i s ,  co n s id e rab le  e f f o r t  has 

been devoted to  developing m olecular o r b i t a l  methods capab ie  o f  

t r e a t in g  la rg e  o rg an ic  and b io -o rg an ic  m olecules w ith  s u f f i c i e n t

accuracy  to  p rov ide  th e  in form ation  n ecessa ry  fo r  th e  tre a tm e n t o f
53

s c i e n t i f i c  problem s in  chem istry  and m olecular b io lo g y . The quantum

m echanical methods which a re  c u r re n tly  being  used a re  m entioned above,

and th e se  methods a s  w e ll as  th o se  used in  e a r ly  work a re  d iscu ssed  in

th e  fo llow ing  p arag rap h s.

Approximate m olecu lar o r b i t a l  th e o r ie s  began w ith  methods

l im ite d  to  p i- e le c tro n s  o f  u n sa tu ra te d  m olecules such a s  in  Huckel

th e o ry , which has been e x te n s iv e ly  ap p lied  to  problems in  b io ch em istry

by  Pullman and c o lla b o ra to rs .  Methods o f  t h i s  type  have o f te n  been

c r i t i c i z e d  on th e  grounds o f  g iv in g  too  many approxim ations to

to  b e  a  b a s is  fo r  r e l ia b le  th e o ry , s in c e  in te r - e le c t r o n  re p u ls io n s

a re  n eg le c te d . A more re f in e d  approach to  p i- e le c tro n  th eo ry

in c lu d in g  in te r - e le c t r o n  re p u ls io n  in  a  s e lf - c o n s is te n t  f i e ld  manner
56

was in troduced  by F a r is e r ,  F a rr  and Fople and has been h ig h ly  su c c e ss fu l 

in  accoun ting  e s p e c ia l ly  fo r  th e  wavelengths o f  e le c tro n  ab so rp tio n  

bands, in  u l t r a v io l e t  s p e c tra .  The c o n s id e ra tio n  o f  a l l  chem ically  

e f f e c t iv e  e le c tro n s  in  a  m olecule in  approxim ate m olecular o r b i t a l
V

th eo ry  was developed in  th e  form o f  Extended Huckel Theory by Hoffman 

b u t i s  su b je c t to  c r i t ic i s m  w ith  reg ard  to  in te r - e le c t r o n  re p u ls io n s , 

j u s t  a s  was sim ple Huckel th e o ry . EHT f a l l s  in to  th e  ca teg o ry  o f  

approxim ate independent e le c tro n  m olecu lar o r b i t a l  th eo ry  and has
58

been w idely  used by  Hofftoan in  in n o v a tiv e  s tu d ie s  o f  o rgan ic  re a c tio n  

mechanisms. The q u a n t i ta t iv e  a p p lic a tio n  o f  t h i s  method to  conform ational
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problem s has proved le s s  su c c e ss fu l, w ith  bond len g th s  sometimes 

u n re lia b le , and bond ang les  and d ih e d ra l ang les  g iv in g  some reaso n ab le  

agreem ent w ith  experim ent in  c e r ta in  system s. The w e ll known 

l im ita t io n s  o f  independent e le c tro n  m olecu lar o r b i t a l  th eo ry  in  

t r e a t in g  heteroatam ic  system s is  a  s p e c ia l  d isadvan tage fo r  neuro­

tra n s m it te r  s t r u c tu r e s ,  a s  evidenced in  th e  m olecular e le c tro n ic  charge
19

d is t r ib u t io n s  computed u sin g  EHT.

S e lf - c o n s is te n t  f i e ld  m olecu lar o r b i t a l  th e o ry  has p rov ided

a  framework fo r  th e  development o f  a  s e r ie s  o f  approxim ate methods fo r

th e o r e t ic a l  s tu d ie s  o f  polyatom ic m olecu les. The p r in c ip le  approxim ations

a re  th e  n e g lec t o f  d i f f e r e n t i a l  overlap  in  tw o -e lec tro n  re p u ls io n

in te g r a ls ,  and a  sem i-em pirica l p a ram e te riz a tio n  o f  c e r ta in  one

e le c tro n  in te g r a ls .  Valence e le c tro n  SCF th e o r ie s  invo lv ing  com plete

n e g le c t o f  d i f f e r e n t i a l  o verlap  (CHDO) and in te rm ed ia te  n e g le c t o f

d i f f e r e n t i a l  overlap  (IHDO), where d i f f e r e n t i a l  overlap  is  n eg lec ted

on ly  in  p o ly c e n tr ic  e le c tro n  re p u ls io n  in te g ra ls  were developed by
59,60

F op le , S eg a l, S an try , Beveridge and Dobosh, and param eterized  fo r

elem ents o f  th e  f i r s t  row o f  th e  p e r io d ic  ta b le .  G enera lly  th e se

methods produce good e le c tro n ic  charge d is t r ib u t io n s  a s  evidenced b y  ^

th e  agreement between th eo ry  and experim ent:;for e l e c t r i c  d ip o le  moments,

and th ey  a re  among th e  b e s t  approxim ate m olecu lar o r b i t a l  methods

c u r re n t ly  a v a ila b le  fo r  t r e a t in g  la rg e  o rgan ic  and b io -o rg a n ic

m olecu les. Bond len g th s  and ang les  a r e  reaso n ab ly  w e ll accomodated,
53

w ith  c e r ta in  ex cep tio n s . The agreement between th e o ry  and experim ent

to  be expected fo r  r o ta t io n a l  b a r r ie r s  and d ih e d ra l an g le s  has been 
61

w e ll documented. The methods have shown success tempered w ith

s ig n i f ic a n t  in ad eq u acies , such as  f a i lu r e  to  reproduce th e  p la n a r
62

geometry o f u n sa tu ra ted  po ly en ic  hydrocarbons. Bond io n iz a tio n
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53
e x c ita t io n  en e rg ie s  a re  p o o rly  reproduced^by IHDO and CNDO, b u t a  

m o d ifica tio n  o f  INDO due to  Dewar (MINDO) has proved to  acgjimodate 

bond en e rg ie s  and io n iz a tio n  e n e rg ie s . J a f f e  and d e l  Bene have 

reworked th e  CKDO method fo r  e x c i ta t io n  en e rg ie s . E xtension  o f 

th e  methodology to  second row elem ents and t r a n s i t io n  m etals

has proved to  be q u ite  com plicated , a lthough  some p ro g re ss  has been65,66
re c e n tly  ach ieved .

An a l te r n a t iv e  approach to  th e  quantum median i c a l  c a lc u la tio n
67

o f  conform ational energy i s  th e  PCILO method, where th e  energy i s  

developed u s in g  p e r tu rb a tiv e  c o n fig u ra tio n  in te ra c t io n  methods on 

a  lo c a liz e d  m olecular o r b i t a l  b a s is .  A wide range o f  a p p lic a tio n s

o f  th e  PCILO method to  b io lo g ic a l  m olecules has been re p o rte d  by
68

Pullman and coworkers, u s in g  atomic in te g ra ls  ev a lua ted  in  th e  CKDO 

approxim ation. This approach has some b a s ic  th e o r e t ic a l  and te c h n ic a l  

advantages fo r  conform ational problem s, s in c e  w ith  th e  p u r tu rb a tio n  

expansion c a r r ie d  to  t h i r d  o rder some re p re s e n ta tio n  o f  e le c tro n  

c o r re la t io n  i s  in tro d u ced , and s in c e  th e re  i s  no i t e r a t i v e  m atrix  

e igenvalue problem  to  so lv e , th e  c a lc u la t io n s  a re  r e l a t iv e ly  f a s t  

even fo r  la rg e  m olecu les. Energy v a r ia t io n  •with re sp e c t  to  d ih e d ra l 

an g les  in  PCHO/CKDO c a lc u la tio n s  i s  s ig n i f ic a n t ly  l e s s  than  th a t  fo r  

SCF/CHDO c a lc u la tio n s  due to  a  n a tu r a l  tendency o f  c o n fig u ra tio n  

in te ra c t io n  to  depress h ig h e r  energy reg io n s  r e l a t iv e ly  more than  

lower energy re g io n s , and r o ta t io n a l  b a r r i e r s  may b e  too  low* The 

PCILO lo c a liz e d  o r b i t a l  b a s is  may be designed u sin g  b a s ic  chem ical 

i n tu i t io n ,  and a s  chosen appears to  c o r re c t  fo r  ten d en c ies  in  th e  

approxim ate SCF methods to  o v erestim ate  in tram o lecu la r e f f e c ts  such 

a s  hydrogen bonding,
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M olecules th e  s iz e  o f  chem ical n e u ro tra n s m itte rs  a re

j u s t  coming w ith in  th e  reach  o f  ab i n i t i o  m o lecu lar quantum m echanical
" 50,69

c a lc u la t io n s .  The m olecu lar fragm ents approach o f  C h r is to f fe rs o n , and
51

ab i n i t i o  SCF MO c a lc u la t io n s  (P o rt and Pullm an) have been a p p lie d  to  

a c e ty lc h o l in e .

W ith modest amounts o f  computer tim e a v a i la b le ,  however, 

m o lecu lar o r b i t a l  th e o ry  w ith  atom ic in te g ra ls  ev a lu a ted  a t  th e  INDO 

le v e l  o f  approxim ation does p rov ide  a  quantum m echnanical com putational 

van tage p o in t  t r a c ta b le  fo r  e x ten s iv e  c a lc u la t io n  o f  con fo rm ational 

energy maps o f  m olecu les o f  th e  s iz e  considered  h e re in .

Using th e  INDO method, th e  t o t a l  energy o f  th e  system  i s  

c a lc u la te d  u sin g  equation  ^ w ith  th e  a p p ro p ria te  in te g r a l  approxim ations 

in c lu d e d . The n e t e l e c t r i c a l  charges AqA a s so c ia te d  w ith  each o f  th e  

atoms A in  th e  m olecule i s  given by

Aq. = Z. -  E^P (6)MA A p pp '

where th e  summation in c lu d e s  a l l  P fo r  o r b i t a l s  ce n te red  on atom A.
VP

The e l e c t r i c  d ip o le  moment u a t  th e  INDO le v e l  i s  g iven  by  th e  

ex p ressio n

t  "S et*  + Shyb (Y)

where

Ifchg ’  2 ' 546 “ PAA?A (8)A*

an d , e .g .

s .* ,  c ’1 »a  „  ,oS
X tfH )  A XA ( 9 )

where x, i3  th e  o r b i t a l  exponent o f  th e  o r b i t a l s  c e n te red  on atom A.
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In  computing con fo rm ational s t a b i l i t y ,  th e  t o t a l  energy E

i s  c a lc u la te d  as  a  fu n c tio n  o f  th e  a p p ro p ria te  in te r n a l  d isp lacem ent

c o o rd in a te s , and th e  c a lc u la te d  energy E can be p a r t i t io n e d  in to

monoatamic and d iatom ic c o n tr ib u tio n s  E, and E._ r e s p e c t iv e ly  such 
70 AB

t h a t

E " f A  + * >  (10)
A A<B

and th e  v a r ia t io n  o f  in d iv id u a l term s examined s e p a ra te ly .  The ex p ress io n s  

fo r  E^ and E^g a r e :

e a =  1 2 V : 2 5 P SSr + P SS ( P SX+ P ST+ P S Z > (F " - - 1 6 7 G l>

+  • 5 (P m +PTT2+PZZ2 )C - 5F "+ W /5 0 ) F 2 ) + 2 ( P XXPYY+ P XXP2Z+P 'fYP ZZ) ( F ° - 7F2:i

+ .5 (P sx2+PSY2+Psz 2)(G1-F B)+(Pxy2+Pxz2+PYZ2) ( ( l l /5 0 ) F 2- ( l /2 ) F ° )  ]

CH)

“  saeb p [(B°+e°)s - ( i / 2 ) p
AB p y  PY A B PY PY ABJ

+ (1 /2 ) [PAAf f BB- 2 V +PBB<PM -2ZA) J *AB

(12)
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o p  i
w here U i s  a  monoatomic c o re  i n t e g r a l :  F ,  F and G a r e  S l a t e r -yy

Condon n o ta t io n  fo r  o n e -c e n te r  r a d i a l  atom ic i n t e g r a l s ;  y  i s  a
AB

two c e n te r  re p u ls io n  i n t e g r a l ;  ° and o a r e  bonding  p a ra m e te rs ; and
0A

S i s  an o v e rla p  betw een atom ic o r b i t a l s  a and ± . V alues fo rPY Vy
th e s e  q u a n t i t i e s  a re  a ss ig n e d  a s  d e sc rib e d  in  R ef. 53 .  E lu c id a tio n  

o f  th e  f a c to r s  r e s p o n s ib le  f o r  th e  co n fo rm a tio n a l s t a b i l i t y  o f  th e  

gauche 0-C-C-N+ grouping i s  approached by  exam ining th e  v a r i a t io n  

in  E and in d iv id u a l  and f o r  c h o lin e  and n o rc h o lin e  a s  a  

fu n c tio n  o f  T(01-C5-Clf-K). A s ig n i f i c a n t  v a r ia t io n  i n  an  term  

may be a s c r ib e d  to  charge r e d i s t r ib u t io n  and r e h y b r id iz a t io n  e f f e c t s ,

w h ile  a  v a r i a t io n  in  3 ' s ig n a ls  a  change in  b o nd ing .
a©

The f o r t r a n  r o u t in e s  which have th e  c a p a b i l i ty  o f  p erfo rm in g  

SCF-MQ c a lc u la t io n s  a t  th e  INDO le v e l  o f  app rox im ation  r e q u ir e  a s  

in p u t t o t a l  m o lecu la r c h a rg e , in d ic a t io n  i f  t h e  c a lc u la t io n  i s  t o  

b e  c a r r ie d  o u t in  th e  ground s t a t e  o r  an e x c ite d  s t a t e  (ground s t a t e  

f o r  a l l  c a lc u la t io n s  p re se n te d  h e r e in ) ,  and atom ic number and c a r te s ia n  

c o o rd in a te s  f o r  each atom in  th e  m o lecu le . Once th e s e  d a ta  a r e  p ro v id e d , 

th e  INDO w avefunction  and th e  p r o p e r t ie s  c a lc u la ta b le  th e re fro m  a r e  

u n iq u e ly  d e f in e d , and th u s  a r e  o b ta in a b le  th ro u g h  an  au to m atic  

com p u ta tio n a l p ro ced u re . j_^This system  i s  c o n v e n ie n tly  in te r f a c e d  w ith  

th e  model b u i ld e r  system  (SUBROUTINE ZMAT in  Appendix C) which a c c e p ts  

a s  in p u t in tra m o le c u la r  bond le n g th s  and a n g le s ,  and fo u r  atom to r s io n s ,  

and g e n e ra te s  c a r te s ia n  c o o rd in a te s  in  an  a r b i t r a r y  fram e. Thus th e  

com pletion  o f  INDO c a lc u la t io n s  red u ces t o  a  problem  o f  g e o m e tr ic a l 

in p u t .  F o r th e  c a lc u la t io n s  p re se n te d  h e r e in ,  g r e a t  v a lu e  h a s  been  

p la ce d  upon th e  r e s u l t s  o f  c r y s t a l  s t r u c tu r e  d e te rm in a tio n s  f o r  in p u t .  

A lthough t h i s  approach h a s  p o s s ib le  l im i t a t i o n s ,  i t  h a s  th e  advan tage
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o f  keeping th e  in p u t to  th e  MO c a lc u la tio n  w e ll in  c o n ta c t  w ith  

p h y s ic a l r e a l i t y ,  and o b v ia te s  th e  e x ten s iv e  p re lim in a ry  s e t t in g  

o f  numerous g eom etrica l p a ram eters . A fo r t r a n  ro u tin e  XTAL was 

s p e c i f ic a l ly  developed fo r  convenient workup o f  c ry s ta llo g ra p h ic  

d a ta . A p a r t  o f  t h i s  program fre q u e n tly  employed in  tl^e work 

p resen ted  h e re in  i s  SUBROUTINE UNZMAT which accep ts  c a r te s ia n  

co o rd in a tes  (derived  d i r e c t ly  from th e  c r y s ta l  u n i t  c e l l )  and 

g en era tes  in p u t to  model b u i ld e r .  A l i s t i n g  o f  XTAL i s  p resen ted  

in  Appendix A.

In tram o lecu la r s t e r i c  in te ra c t io n s  have th e  c a p a b i l i ty  o f  

s ig n i f ic a n t ly  in flu en c in g  INDO c a lc u la te d  p o te n t ia l  energy  su rfa c e s ;

Thus i t  i s  advantageous to  have access  to  a  com p u ta tio n ally  

inexpensive method o f  ev a lu a tin g  in tra m o le cu la r  s t e r i c  in te ra c t io n s  

b e fo re  th e  r e l a t iv e ly  more expensive MO c a lc u la tio n s  a re  undertaken . 

A ccordingly a  ro u tin e  SZMAT was developed which ac c e p ts  in p u t to  

model b u i ld e r ,  and a lso  param eters fo r  sy stem atic  increm enting  o f  

c r u c ia l  bond len g th s  o r a n g le s , o r more f re q u e n tly , fo u r  atom to r s io n s .  

The ro u tin e  p re se rv es  on p e r ip h e ra l  s to rag e  dev ices th e  in te ra to m ic  

d is ta n c e  a rra y s  o f  a l l  p a i r s  o f  atoms which anywhere in  th e  conform ations 

considered  have an in te ra to m ic  d is ta n c e  o f  l e s s  th an  3^ . Toward 

com pletion o f  th e  ro u tin e  th e se  a rra y s  a re  p r in te d  w ith  a  summary 

s t e r i c  g r id  which c le a r ly  d e f in e s  s t e r i c a l l y  p e rm itte d  and fo rb idden  

reg ions in  conform ational space . These s t e r i c  g r id s  can have 

s ig n if ic a n t  c o r re la t io n  w ith  INDO c a lc u la te d  p o te n t ia l  energy s u r f a c e s .

A l i s t i n g  o f SZMAT i s  provided in  Appendix B.

During th e  course o f  th e s is  re se a rc h  m o d ifica tio n s  were

in se rte d  in to  the  INDO ro u tin e s  which reduced th e  requirem ent fo r

computer c e n tr a l  memory from 57>OOOj_q 60 b i t  words to  16,000^0

60 b i t  words, ( f o r  35 atoms and 80 b a s is  fu n c t io n s ) .  T h is was
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e ffe c te d  "by use  o f  p e r ip h e ra l  dev ices fo r  s to r in g  th e  core h am ilto n ian , 

and o th e r coding changes. The sm alle r v e rs io n  does n o t req u ire  

s ig n i f ic a n t ly  g r e a te r  amounts o f  computer tim e th an  th e  o r ig in a l  

ro u tin e ,  and i s  p resen ted  in  Appendix C.

Data acqu ired  in  th e  course o f  quantum m echanical 

c a lc u la tio n s  a s  described  above must be reduced to  a  form s u ita b le  

fo r  developing a  d e ta ile d  understand ing  o f  each in d iv id u a l system 

and fo r  cross-cam parison  o f  each system w ith  o th e r s .  In  t h i s  

reg a rd , e x ten s iv e  use i s  made o f  computer g rap h ics  fo r  d isp lay  

o f  p o te n t ia l  energy su rfa ce s  and conform ations o f  m olecules. Here 

r e l ia n c e  i s  p la ce d  on two program s: COHSURF and OBTEP.

CONSURF i s  a  fo r t r a n  program fo r  g raph ic  d isp lay  o f 

contour l in e s  re p re s e n ta tiv e  o f  a  fu n c tio n  o f  two v a r ia b le s .

T his ro u tin e  i s  used to  contour p o te n t ia l  energy su rfaces  as 

fu n c tio n s  o f  atom ic in te r n a l  d isp lacem ent c o o rd in a te s . An example 

o f  COHSURF o u tp u t i s  p re sen ted  in  F ig . & .

OBTEP i s  a  m o d ifica tio n  o f  th e  f o r t r a n  coded Oak Bidge
72

Thermal E l l ip s o id  P lo t  program which was developed by C.K, Johnson, 

T h is ro u tin e  p ro v id es  fo r  au tom atic drawing o f  m olecular geom etries 

on an increm ental p lo t t e r .  In p u t o f  c a r te s ia n  o r  c ry s ta llo g ra p h ic  

co o rd in a tes  o f  a  m olecular system i s  accep ted , and ou tpu t l ik e  

th a t  p resen ted  in  F ig . 2 i s  produced. A ccurate  d isp la y  o f 

m olecular geometry in  t h i s  manner s u b s ta n tiv e ly  a id s  in  th e  

e lu c id a tio n  o f  common s t r u c tu r a l  f e a tu re s  o f  s e t s  o f  compounds.
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D. R esu lts :

As no ted  in  se c tio n s  A .3 and B, p r io r  to  th e  c a lcu la tio n ::

o f  a  1t0l-C5-cU-N) v s . ^ (cS -O l-C ?-^ ) p o te n t ia l  energy su rface  fo r

Ach o r  o th e r  c h o lin e rg ic  su b stan ces , i t  i s  v a lu ab le  to  know th e

minimum energy c o n fig u ra tio n s  o f  th e  trimethylammonium g ro u p 's

m ethyl hydrogens. A ccordingly  c a lc u la tio n s  were c a r r ie d  ou t on th e

model compound tetramethylammonium (TMA), which i s  a  s t r u c tu r a l

analogy o f  A ch 's  c a tio n ic  head, and has 1$ o f  A ch 's  n ic o tin ic

a c t iv i t y .  A p r i o r i ,  i t  i s  expected th a t  due to  s t e r i c  fa c to rs

th e  minimum energy c o n fig u ra tio n  i s  th e  one where a l l  methyl

hydrogens a re  s tag g e red , i . e .  maximally d i s ta n t  from one another

as  d ep ic ted  in  P ig . 5 . P r io r  to  studying  f (H-C-N-C), a  m in im ization

o f  th e  t o t a l  energy as a  fu n c tio n  o f  th e  N-C bondlengths was

c a r r ie d  out and th e  r e s u l t  i s  p resen ted  in  F ig . 6 , (hydrogens were

h e ld  s tag g e red ). The e n e rg e t ic a l ly  p re fe r re d  N-C bondlength i s

c a lc u la te d  to  be l . l f tS .  Using t h i s  datum, an energy was c a lc u la te d

fo r  TWA w ith  th e  hydrogens e c lip s e d , as shown in  F ig . 7 , and th e

r e s u l t  shows t h a t  th e  s tag g ered  form i s  favored  over th e  e c lip se d

by "2 5  kca l/m o l. This s t e r i c  placem ent o f  trimethylammonium m ethyl
2

hydrogens i s  r e a d i ly  dem onstra tab le  in  c h o lin e  and Ach, and i s  th u s  

ap p lied  to  th e  c a lc u la t io n s  on c h o lin e rg ic  substances d escrib ed  

h e re in .

The p o te n t ia l  energy su rface  f o r  a c e ty lc h o lin e  as a  

fu n c tio n  o f  TfOl-CS-C^-N) and *t(c6-01-C5-cU) as c a lc u la te d  from 

INDO m olecular o r b i t a l  th eo ry  i s  p re se n ted  In  F ig . 8 ,  This 

conform ational energy map was tra c e d  from a computer generated  

con tour su rface  based on lM+ c a lc u la te d  g r id  p o in ts  w ith
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contour le v e ls  spaced a t  in te rv a ls  o f  0.22 k ca l/m o l. The minima on 

th e  su rfa ce  a re  la b e l le d  A ,B ,C ...G  in  o rd er o f  in c re a s in g  energy 

and a re  summarized in  Table 1 .  O ther extrem a in  th e  su rface  are  

p o te n t ia l  energy maxima.
Q

The ab so lu te  minimum on th e  su rfa c e , la b e le d  A on F ig . , 

i s  lo c a te d  a t  £50°,270°\  and a  lo c a l  minimum a t  -^50°,50°} , p o in t B, 

is '-c& lcu la ted to  be 3-68 kcal/m ol above £ 50° , 270°^ . T he^50°,270 ĉ

and {50°,50°^ conform ers a re  c lo s e ly  r e la te d  i n  th a t  b o th  p o s i t iv e  and 

neg a tiv e  sy n c lin a l minima in  th e  *T'(c6-01-C5-c4) would be re q u ire d  by 

symetry i f  ^(Ol-CJ-C^-N) were synp lan ar. W ith T(01-C5- c4-N) -  50°, 

a  r e s id u a l  tendency tow ard th e  p a ir e d  sy n c lin a l energy minima rem ains, 

showing up as p o in ts  A and B on th e  su rface .

The conform ation a s so c ia te d  w ith  th e  c a lc u la te d  minimum 

a t ^50°,50°1 can be id e n t i f ie d  w ith  th e  ^77°,79°^ geom etry observed 

fo r  Ach in  th e  bromide c r y s ta l .  W hile t h i s  i s  no t th e  a b so lu te  

minimum in  th e  s u rfa c e , a  comparison o f  m olecu lar models o f  th e  

£50° , 50°] and £50°,270°! geom etries re v e a ls  :the  $50°,50°] would be 

more fa v o ra b le  fo r  c lo s e s t  packing o f  m olecules in  th e  c r y s ta l l in e  

s o lid . This r a t io n a le  i s  tem pered, however, by th e  f a c t  th a t  th e  

conform ation o f  Ach i n  th e  s a l t  o f  th e  c h lo r id e  i s  [sc ,app] .

Local minima D and H a t  £U 0°,l80°} and ( l8 0 ° ,l8 0 ° j- ,

r e s p e c t iv e ly ,  can be id e n t i f ie d  w ith  conform ations re le v a n t  to

b io lo g ic a l  fu n c tio n s  o f  Ach. The { 4 0 ° ,l8 o ° ]  conform ation

corresponds c lo se ly  to  th e  geometry o f  Ach im p lica ted  in  m uscarin ic
33,36

and n ic o t in ic  a sp ec ts  o f  c h o lin e rg ic  a c tio n  by C hothia and Pauling .

The $ l8 o ° ,l8 0 °^  geom etry corresponds to  th e  s tag g e red , extended 

conformer considered  by Chothia and Pauling to  be complementary
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37
t o  th e  Ach re c e p to r  o f  a c e ty lc h o lin e s te ra s e  and th e  n ic o t in ic

73
conformer d iscu ssed  by M artin-Sm ith , Sm all, and S ten lake.

The e x is te n c e  o f  a  number o f  lo c a l  minima c a lc u la te d

from quantum m echanical co n s id e ra tio n s  as d esc rib ed  above may be

re a d il jr  understood  on th e  b a s is  o f  fundam ental p r ic ip le s  o f  s t r u c tu r a l

chem istry  and o rgan ic  s te reo ch em is try . With ^(Ol-CJ-O^-N) h e ld  in

a  p o s i t iv e  sy n c lin a l p o s i t io n ,  th e  c a lc u la te d  minima in  T(c6-01-C5-C1l-)

shown in  F ig . 9 correspond roughly  to  th e  minima o f  60°,l8o°and  300°

expected  in  a  p o te n t ia l  energy p r o f i l e  f o r  r o ta t io n  o f  te t r a h e d ra l ly

h y b rid ized  atoms about an e s s e n t ia l  s in g le  bond. With /t(c6-01-C5-Ck)

h e ld  in  an a n tip la n a r  p o s i t io n ,  analogous c o n s id e ra tio n s  apply  to  th e

minima in  *t(0l-C5-Clf-N) shown in  F ig . 10. The lo c a l  minima a t  p o in ts

E and F correspond to  conform ations w herein  b o th  ^(Ol-CS-Ck-N) and

^(06-01-05-0^) f a l l  near 60° , l 80°o r  300°, and th u s ,  a l l  th e  minima

on th e  su rfa ce  w ith  th e  excep tion  o f  p o in t c can be accounted f o r  on

t h i s  b a s is .  The lo c a l  minimum a t  p o in t c appears to  a r is e  from an

in te r a c t io n  o f  m ethyl hydrogens o f  th e  trimethylammonium group and

a m ethylene hydrogen o f  c4. This in te r a c t io n  s ta b i l i z e s  T(0l-C5-C&-N) 
o

a t  120 . Wo experim en tal d a ta  w ith  reg a rd  to  th e  conform ations o f  

p o in ts  A,C,E o r  F have been re p o rte d .

For b o th  t(01-C5-Ch-W) and ^ 0 6 -0 1 -0 5 -0 ^ ), th e  s y n c lin a l  

conform ations a re  c a lc u la te d  to  be more s ta b le  th a n  th e  o th e r  a c c e ss ib le  

conform ations; c f .  F ig s . 9 and1°. An understand ing  o f  th e  fo rc e s  

s ta b i l i z in g  th e  s y n c lin a l  p o s it io n s  o f  bo th  to r s io n a l  ang les can be 

developed i a  term s o f  in tra m o lec u la r  hydrogen bonding. In tram o lecu la r 

hydrogen bonding i s  most commonly found in  circum stances in v o lv in g  an 

A-H' * *X s t r u c tu r e ,  where A and X a re  b o th  e le c tro n e g a tiv e  w ith  re sp e c t
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to  hydrogenj th e  s t r u c tu r e  i s  s ta b i l iz e d  by a  com bination o f  Coulomb,
7*t-

van d e r  W aals, and c h a rg e - tra n s fe r  fo rc e s . In  C-H bonds, th e  bond 

p o la r i ty  i s  o rd in a r i ly  v e ry  sm all, lead in g  to  l i t t l e  p ro p e n s ity  fo r  . 

hydrogen bonding. However, f o r  C-H bonds in co rp o ra ted  in to  a 

trimethylammonium. c a t io n ic  head, th e  e le c tro n e g a tiv e  q u a r te r  nary  

n itro g e n  may e f f e c t iv e ly  w ithdraw e le c tro n s  from a l l  th e  m ethyl C-H 

groups, a c t iv a t in g  th e  m ethyl hydrogens f o r  hydrogen bonding. An 

a ccu ra te  account o f  hydrogen bonding en e rg ie s  i s  somewhat beyond 

th e  c a p a b i l i ty  o f  th e  l e v e l  o f  c a lc u la tio n s  p re se n te d  h e re in , s ince  

van d e r  Waals fo rc e s  a re  no t accomodated in  th e  o r b i t a l  approxim ation 

and s in c e  th e  sem iem pirical n a tu re  o f  th e  INDO methodology in tro d u ces  

c o n s id e rab le  u n c e r ta in ty  in  th e  c a lc u la te d  en e rg ie s  and energy 

d if fe re n c e s . N ev e rth e le ss , a  c o n tr ib u tio n  from Coulomb fo rc e s  

should appear, and th e  corresponding tre n d s  in  th e  r e l a t iv e  

e n e rg ie s  and c a lc u la te d  charge d i s t r ib u t io n s  should be reco g n izab le .

This i s  s ig n if ic a n t  i n  t h a t  th e  Coulomb energy i s  g e n e ra lly  h e ld  to
75

be th e  dominant a t t r a c t iv e  c o n tr ib u tio n  to  weak hydrogen bonds.

The c a lc u la te d  n e t atomic charges f o r  Ach in  th e  

conform ations { l8 0 ? ,l8 o Ĉ, ^ 0 ° , l 8 0 (̂  £50° ,2 7 0 ^ , and {50°  ,50°^ a re  shown 

in  F ig s . l i  - lH  . The extended t o t a l l y  a n tip la n a r  £ l80  ,l8o°£conform er 

serves a s  a  convenient re fe re n c e  f o r  a  d isc u ss io n  o f  g e n e ra l asp ects  

o f  Ach charge d i s t r ib u t io n s ,  s in ce  secondary in tra m o le c u la r  in te ra c t io n s  

a re  minim al in  t h i s  geom etry. As expected , th e  p o s i t iv e  charge 

a s so c ia te d  w ith  th e  q u a rte rn a ry  n itro g e n  in  th e  p r in c ip a l  valence 

s tru c tu r e  i s  d e lo c a liz e d  over th e  e n t i r e  c a t io n ic  head, and th e  

n itro g e n  atom due to  i t s  i n t r i n s i c  e le c tro n e g a t iv i ty  i s  in  f a c t  th e  

le a s t  n eg a tiv e  o f  th e  heavy atoms in  th e  trimethylammonium group. The
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m ethyl carbons and hydrogens carry n e t p o s i t iv e  charges o f  + .12 and 

+ .03 , r e s p e c t iv e ly .  The n e t atom ic charges o f  a l l  th e  atoms in  th e

and carbonyl oxygen bo th  c a rry  n e t neg a tiv e  ch arg es, and th e  high 

n e t p o s i t iv e  charge o f  th e  carbony l carbon i s  c o n s is te n t  w ith  th e  

e le e t r o p h i l i c i ty  a t t r ib u te d  to  t h i s  atom from in f r a r e d  aad re a c t io n

k in e t ic  in v e s t ig a t io n s .  The e s te r  lin k ag e  i s  no t d ip o s i t iv e  and, to  

th e  e x te n t th e se  c a lc u la te d  n e t atomic eharges a re  c o r r e c t ,  th e  

h y d ro ly s is  o f  Ach by a c e ty lc h o lin e s te ra s e  must be con sid e red  an 

excep tion  to  P u llm a n s  d ip o s i t iv e  bond th e o ry  o f  enzym atic h y d ro ly s is .

The e le c tro n ic  charge d is t r ib u t io n s  o f  Ach in  o th e r  

conform ations corresponding  to  energy minima may be b e s t  understood 

in  term s o f  p e r tu rb a tio n s  on th e  d i s t r ib u t io n  f o r  th e  f  l8 o ° , l8 o ^  

geometry. In  th e  £lK)°,l8(P? conformer th e  s y n c lin a l  o r ie n ta t io n  

o f  T(01-C5-Cfc-N) i s  marked by a  c h a rg e - re d is tr ib u tio n  in v o lv in g  th e  

e s te r  oxygen and a  m ethyl hydrogen Ha . The n e t n eg a tiv e  charge o f  th e  

e s te r  oxygen 0 ( l )  and th e  p o s i t iv e  n e t charge o f  Ha a re  b o th  in c reased  

from t h e i r  re sp e c tiv e  v a lu es  a t  £ l8o°,l8o°^  , The n e t charges in  th e  

c a t io n ic  head s t i l l  sum to  + .91 , in d ic a tin g  th a t  th e re  i s  a  charge 

p o la r iz a t io n  w ith in  th e  c a t io n ic  head w ithout s ig n i f ic a n t  charge 

t r a n s f e r  to  o th e r  reg io n s  o f  th e  m olecule. This p o la r iz a t io n  occurs 

in  such a  way as to  in c re a se  Coulombic a t t r a c t io n  between th e  e s te r  

oxygen and proxim al m ethyl hydrogens, and c o r re la te s  w ith  a  p o te n t ia l  

energy minimum. The H&**-0(1) d is ta n c e  a t  £ t0 ° , l 80^  i s  1 .8 8 8 , w e ll 

w ith in  th e  van d e r  Waals c o n ta c t d is ta n c e . The r e s u l t s  a re  a l l  

c o n s is te n t  w ith  an in te r p r e ta t io n  o f  th e  s t a b i l i z a t io n  o f  |l tO ° ,l8 c ^  

in  term s o f  in tra m o le cu la r  hydrogen bonding.

CHgWfCH^)  ̂ c a t io n ic  head grouping sum to  + .91 . The e s te r  oxygen

76

forms o f  Ach, th e
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charge p o la r iz a t io n  e f f e c ts  c h a r a c te r is t ic  o f  in tram o lecu la r 

hydrogen bonding show up f o r  th e  trimethylammonium group and 

bo th  th e  e s te r  oxygen and th e  carbonyl oxygen. In  {50°,50°j  

th e  e s te r  oxygen in te ra c t io n  invo lves two hydrogens o f  th e  same 

m ethyl group w ith  th e  c r i t i c a l  in te ra to m ic  d is ta n c e s  0 ( 1 ) . .  .Ha  and 

0 ( l ) ' 1 'Hc b e in g  I .98 and 2 .65$ ,  r e s p e c tiv e ly . A m ethylene hydrogen 

o f  c(5) i s  a lso  proxim al to  0 (2 ) and c a r r ie s  a  correspond ing ly  

h igh  n e t p o s i t iv e  charge. In  th e  ^50°,270°j' geometry 0(1) 

in te r a c ts  w ith  Ha a t  a  d is ta n c e  o f I . 98& and 0 (2 ) in te r a c t s  

w ith  a t  a  d is ta n c e  o f  2 .1 $ . The n e t charges o f  th e  atoms o f 

th e  c a tio n ic  head in  £50° , 270°} sum to  + .92 , in d ic a tin g  s l ig h t  

e le c tro n ic  charge t r a n s f e r  o u t o f t h i s  reg io n .

Thus, a  c h a r a c te r is t i c  fe a tu re  o f  s y n c lin a l  geom etries 

a s so c ia te d  w ith  energy minima in  a c e ty lc h o l in e 's  p o te n t ia l

energy su rfa ce  i s  charge p o la r iz a t io n  expected to  be concom itant
1

w ith  th e  fo rm ation  o f  weak in tra m o lec u la r  hydrogen bonds. The 

com bination o f  energy s t a b i l i z a t io n ,  charge p o la r iz a t io n ,  and 

in te rm ed ia te  d is ta n c e s  w ith in  th e  van d e r  Waals c o n ta c t value 

in d ic a te  th a t  th e  s y n c lin a l s t a b i l i z a t io n  o f  ^(Ol-C^-C^-N) and 

^ (06-01-05-0^) in  c a lc u la tio n s  a t  th e  INDO le v e l  o f  approxim ation 

i s  due to  in tram o lecu la r hydrogen bonding. More d e ta i le d  th e o r e t ic a l  

c o n s id e ra tio n s  are  in  o rd e r on th i s  p o in t and w i l l  be p re sen ted  

below.

Subsequent to  th e  c a lc u la t io n  o f  A ch 's  p o te n t ia l  energy 

su rface  which was p resen ted  in  th e  paragraphs im m ediately p reced in g , 

two o th e r Ach conform ational energy maps were g en era ted . The f i r s t  o f  

th e se  t e s t s  ou r assunption  t h a t  |(C7-C6-01-C5) i s  a n tip la n a r  fo r  a l l  

v a r ia t io n s  in  7(06-01-05-0*1-). The INDO c a lc u la te d  p o te n t ia l  energy
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su rface  o f  Ach as a  fu n c tio n  o f  't"(c6-01-C5-C10  and ^07-06-01-05)

w ith  T(01-C5-c4-N) h e ld  a n t ip la n a r  i s  given i n  F ig .1 5 . There a re

th re e  minima on th e  su rfa c e , a l l  w ith  7(07-06-01-05) = 180° .

R o ta tions o f  th e  l a t t e r  c o o rd in a te  out o f th e  a n t ip la n a r  c o n f ig u ra tio n

i s  accomplished by an in c rea se  i n  energy to  20  k ca l/m o l, c o n s is te n t

w ith  th e  expected double bond ch a ra c te r  o f th e  06-01  bond as

d iscu ssed  by Baker e t  a l .  This coordinate i s  m ain ta ined  a n t ip la n a r

in  a l l  subsequent c a lc u la t io n s .

In  o rd e r  to  o b ta in  more d e ta i l ,  a  second  SCF-IHD0 conform ational

energy map o f  Ach a s  a  fu n c tio n  o f  {f(01-C5-0ll-N ) and ^(06-01-05-0^)

w ith  a  c lo se r  g r id  o f  20°  on th e  f u l l  range o f  360°  in  both v a r ia b le s  
3

was generated . The r e s u l t s  a re  re le v a n t to  succeed ing  d isc u s s io n

and are  given in  F i g . l 6 . The g lo b a l minimum on  t h e  surface i s  I n

th e  {-scjscjr re g io n , and lo c a l  minima D and H ca n  be id e n t i f ie d  w ith

th e  bromide and ch lo rid e  c ry s ta l  geometries, re sp e c tiv e ly . The

q u a l i ta t iv e  f e a tu re s  a re  in  acco rd  w ith  chem ical in tu i t io n  as

d escrib ed  above. On a  more d e ta i le d  le v e l th e  SCF-IHDO c a lc u la t io n s

p la ce  th e  s y n c lin a l  minima o f  b o th  coordinates somewhat in s id e  th e

experim en ta lly  observed  v a lu e s , w ith  in  some c a s e s  non-bonded atom s

coming w ith in  van d e r  Waals c o n ta c t  d is ta n c e s . U sing the w avefunctions

generated  in  th e  l a t t e r  c a lc u la t io n ,  the  d ip o le  moment o f Ach was

c a lc u la te d  to  be 1 .5  to  9*8 debye, depending on th e  conform ation.

An experim en ta lly  observed v a lu e  f o r  Ach in  ch lo ro fo rm  was
77

es tim a ted  to  be 2 .6 5  debye. W hile a  number o f  assum ptions on 

s tru c tu re  and p o l a r i z a b i l i t i e s  a re  involved i n  re d u c tio n  o f th e  

experim ental d a ta ,  t h i s  r e l a t i v e ly  low value su g g e s ts  th a t  th e  

s tru c tu r e  o f  Ach i n  chloroform  may resemble t h e  c r y s ta l l in e  brom ide



geom etry r a th e r  th a n  th e  c r y s ta l l in e  c h lo r id e  geometry a ls o  observed

f o r  Ach in  DgO.

Since th e  p u b lic a tio n  o f  th e  SCF-INDO conform ational

energy map fo r  Ach, analogous c a lc u la t io n s  have been re p o rte d
30

by  Pullm an, C o u rrie re  and C oubeils using  th e  PCHO-CNDO method.

S tu d ie s  on a c e ty lc h o lin e  a t  th e  SCF-CNDO le v e l  have been re p o rte d
78

by Savran and G ovil. The pairw ise  p o te n tia l  function  method was

e la b o ra te d  to  in c lu d e  a  coulombic term  and ap p lie d  to  Ach by A jo ,
48

Bossa, Damianl, F id e n z i, O ig l i ,  Lanzi and L a p ic c in e lla . Net atomic

charges were adopted from EHT and CHDO c a lc u la t io n s  on a  s in g le
49

conform er. Froim owitz and Gans re p o rte d  s im ila r  c a lc u la tio n s

based  on th e  n e t atom ic charges computed i n  th e  INDO approxim ation.

The o n ly  n o n -em p irica l th e o r e t ic a l  s tu d ie s  re p o rte d  to  d a te  a re  th e
50

SCF-FSGO m olecu lar fragm ent c a lc u la t io n  by Genson and C r is to f fe rs o n ,
51

and th e  SCF-MO study by Port and Pullman.

There i s  co n s id e rab le  b u t no t t o t a l  accord in  th e  r e s u l t s  

on Ach from th e se  d iv e rse  th e o r e t ic a l  p o in ts  o f  view. The SCF-CNDO 

should  and do g ive  r e s u l t s  id e n t ic a l  to  th o se  ob ta ined  a t  th e  

INDO le v e l .  The corresponding PCILO-CNDO su rfa ce  i s  somewhat 

f l a t t e r ,  w ith  a  t o t a l  v a r ia t io n  o f  6 k cal/m o l in  s t e r i c a l l y  p e rm itted  

re g io n s , ( 11 kca l/m o l f o r  SCF-INDO). Pullman and C ourre ire  have 

s tu d ie d  th e  s e n s i t i v i t y  o f  th e  r e s u l t s  to  th e  geom etrica l in p u t o f  

the- c a lc u la tio n s  and have found th a t  c a lc u la tio n s  based on th e  

bromide geom etries g iv e  low -energy {sc,sc^ minima, and c a lc u la t io n s  

based  oh th e  c h lo r id e  geometry g iv e  low energy (sc ,ap j minima. 

Froim owitz and gang have prov ided  a  d e ta i le d  comparison between 

th e  p a irw ise  p o te n t ia l  fu n c tio n  methods and th e  quantum m echanical
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s tu d ie s , showing s im ila r  r e s u l t s  to  th o se  o f  F ig . 8 .  A s l ig h t  

tendency o f  th e  INDO method to  a llow  non-bonded atoms to  come w ith in  

van d er Waals r a d i i  o f  one ano ther was e m p ir ic a lly  ad ju s te d  in  t h e i r  

r e p u ls iv e  p o te n t ia l s .  This problem  i s  probably avoided in  th e  PCILO 

c a lc u la tio n s  by th e  choice o f  lo c a l iz e d  m olecu lar o r b i t a l  b a s is  

fu n c tio n s .

^  The non-em pirica l c a lc u la t io n  o f  Ach by Genson and C r is to f fe r

son produced s ig n ig ic a n tly  d i f f e r e n t  r e s u l t s ,  w ith  a  co n sid e rab ly

w ider v a r ia t io n  in  energy w ith  re sp e c t  to  b o th  c o o rd in a te s , and

minima sy n p e rip lan a r and an t ip  e r  ip la n a r  in  V(01-C5- cA-N). The

ex p erim en ta lly  observed sy n c lin a l value  i s  n ea r an energy maximum,

with a variation  in  energy with respect to T(01-C5-C&-N) with

t(c6-01-C5-C^) = l8o° o f  50 k ca l/m o l, v s . 5 k cal/m o l f o r  INDO

and 3 kca l/m o l f o r  PCILO. The s y n c lin a l  minimum i s  developed by

non-covalen t in tram o lec u la r  bonding in te r a c t io n s ,  and t h i s

q u es tio n s  th e  a b i l i t y  o f  th e  m olecu lar fragm ents procedure to

d e sc rib e  t h i s  e f f e c t  w ith  fu n c tio n s  p o s itio n e d  i n  covalen t

bonding re g io n s , although  evidence from c a lc u la t io n s  on o th e r

systems in d ic a te  no s p e c ia l  problem s on t h i s  p o in t .  Recent though ts

r e l a t e  th e  problem  to  th e  l im ite d  b a s is  s e t . The ab i n i t i o  SCF

c a lc u la t io n  a t  th e  ST0-3G le v e l  g iv es  a  s y n c lin a l  minimum in

T(01-C5-CU-N) w ith  a  b a r r i e r  to  th e  an t ip  e r ip la n a r  form  o f  3 k c a l /
51

mol.

Most o f  th e  th e o r e t ic a l  and experim en tal s tu d ie s  o f  

conform ation in  c h o lin e rg ic  substances p re se n te d  above in d ic a te d  

a ^ sy n c lin a l s ta b i l i z a t io n  o f  TfOl-CS-C^-N). In  o rd e r to  

q u a n t i ta t iv e ly  determ ine th e  s ta b i l i z in g  fo rc e  on th e  0-C-C-H group4



a  p a r t i t io n in g  on th e  model compound c h o lin e  o f  th e  INDO t o t a l

energy in to  in d iv id u a l monoatomic and d ia tom ic  c o n tr ib u tio n s  Was
•2

c a r r ie d  o u t. C a lcu la tio n s  on ch o lin e  a re  compared w ith  th o se  o b ta in ed  

fo r  e l e c t r i c a l l y  n e u tr a l  n o rch o lin e , where a c t iv a t io n  o f  hydrogens by
85

S u to r 's  mechanism i s  p rec lu d ed . Fig. ̂ presents the structure of choline.

The c a lc u la te d  t o t a l  en e rg ies  o f  ch o lin e  and n o rcho line  

a re  d isp lay ed  as a  fu n c tio n  o f  .^01-C5-g4-N) in  P ig . $8. N orcholine 

shows s y n c lin a l  and a n tip la n a r  minima i n  th e  range d isp lay ed . The 

p a t te r n  i s  c h a r a c te r is t i c  o f  th e  to r s io n a l  p o te n t ia l  expected  in  

ro ta tio n : , about s a tu ra te d  carbon atom s, w ith  a l l  minima f a l l i n g  

in  a  range o f  1 kca l/m o l. Analogous minima can be id e n t i f i e d  on 

th e  ch o lin e  cu rv e , b u t h e re  th e  s y n c lin a l  minimum i s  p r e f e r e n t i a l ly  

s ta b i l iz e d  to  th e  e x te n t o f  k-5  kca l/m o l. The 0**-H d is ta n c e  in  

th e  s y n c lin a l  minimum o f  ch o lin e  (^0°) i s  2 . 07S.

The e le c tro n ic  charge d i s t r ib u t io n  c a lc u la te d  fo r  ch o lin e
IQ 20i s  g iven  in  Pigs. -7*. The a n tip la n a r  conform er serves a s  a  convenient 

p o in t o f  r e fe re n c e , s in ce  in tra m o le cu la r  in te ra c t io n s  a re  minimal in  

t h i s  geom etry. As expected , th e  p o s i t iv e  charge a s so c ia te d  w ith  th e  

q u a rte rn a ry  n itro g e n  in  th e  p r in c ip a l  va len ce  s tru c tu re  i s  d e lo c a liz e d  

over th e  e n t i r e  c a t io n ic  head , and th e  m ethyl carbons and hydrogens 

c a r ry  n e t p o s i t iv e  charges o f  0 ,12  and 0 .0 3 , r e s p e c t iv e ly .  The n itro g e n  

atom, c o n s is te n t  w ith  i t s  i n t r i n s i c  e le c tro n e g a t iv i ty  I s  th e  l e a s t  

p o s i t iv e  (0 . 0907) o f  th e  heavy atoms in  th e  trimethylammonium group.

The charge on th e  acyloxy oxygen i s  -0,279* and th e  n e t  charge on th e  

atoms -CHg-NCCHg)^ co n p ris in g  th e  c a t io n ic  head sum to  0 .901.

The p r in c ip a l  change in  charge d e n s ity  from th e  a n tip la n a r  

to  s y n c lin a l  geom etries o f  ch o lin e  i s  th e  in c rea sed  n e t p o s i t iv e
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charge (0 .048) found on th e  m ethyl hydrogen proxim al to  th e  oxygen, 

and in c reased  n e t n eg a tiv e  charge on th e  oxygen ( - 0 .3 H ) .  The n itro g e n  

a lso  has a  sm all in c re a se  i n  n e t p o s i t iv e  charge, from O.091  to  0 . 09*f. 

The n e t charges o f  th e  c a t io n ic  heads fo r  th e  a n tip la n a r  and sy n c lin a l 

conform ers a re  0.907  and 0 . 906,  r e s p e c tiv e ly .

The c a lc u la te d  e le c tro n ic  charge d i s t r ib u t io n  f o r  n o rcho line

i s  p re sen te d  in  Fig$21 ,22 ,.In th e  a n tip la n a r  conform er, th e  d im ethy l-

ammonium group i s  n e a r ly  e l e c t r i c a l l y  n e u tr a l .  The n itro g e n  and

m ethyl hydrogens a re  n e t n e g a tiv e , and th e  m ethyl carbons show

n e t p o s i t iv e  charges; a  charge a l te r n a t io n  e f f e c t  d iscu ssed  more
79

g e n e ra lly  by-Pople and Gordon. The oxygen n e t charge i s  -0 .302 .

Going over to  th e  s y n c lin a l  conform er, th e r e  i s  a  d ecrease  in  

n eg a tiv e  charge on th e  oxygen and an in c re a se  in  n eg a tiv e  charge 

on th e  n itro g e n , d i r e c t ly  o p p o site  to  th e  tre n d  c a lc u la te d  f o r  

c h o lin e . AS in  c h o lin e , th e re  i s  a  d ecrease  in  n eg a tiv e  charge 

on th e  m ethyl hydrogen proxim al to  th e  oxygen.

Before p roceeding  to  a  d e ta i le d  c o n s id e ra tio n  o f  th e  

r e s u l t s  o f  P ig .26 > i t  i s  u s e fu l  to  co n s id e r th e  e x te n t to  which 

th e  minima a re  s e n s i t iv e  to  th e  s p e c if ic  o r ie n ta t io n  o f  th e  

trimethylammonium hydrogens assumed f o r  c a lc u la t io n . To co n sid e r 

th fe o r ie n ta tio n  o f  th e  m ethyl groups, an energy su rface  fo r  each 

compound was g en era ted  as a  fu n c tio n  o f  f(01-C5-C&-N) and 

T(H-C1-N-C2), w ith  th e  o th e r  m ethyl hydrogens geared  fo r  minimal 

s te r i c  re p u ls io n s . The r e s u l t s  fo r  ch o lin e  and n o rch o lin e  a re  g iven  

in  P ig s .^ a n d 2^ ,  r e s p e c t iv e ly .  The minima fo r  bo th  sy n c lin a l 

and a n tip la n a r  conform ers occur fo r  T(H -d-N -C2) = 60° in  bo th  

compounds; fu rtherm ore  th e  s y n c lin a l  and a n tip la n a r  conform ers
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are  minimal fo r  any s l i c e  o f  T(H-Cl-If-C2 ) . The r e s u l t s  o f  P ig . I& 

a re  th u s independent o f methyl group o r ie n ta t io n .

A t t h i s  p o in t  a  more d e ta i le d  c h a ra c te r iz a t io n  o f  th e  

f a c to r s  c o n tr ib u tin g  to  th e  v a r ia t io n  i n  energy as  a  fu n c tio n  o f  

T(01-C5-Cfc-N) i s  in  o rd e r . For each v a lu e  o f  ^(Ol-CS-O^-N) 

c o n s id e red , th e  c a lc u la te d  t o t a l  energy was p a r t i t i o n e d  in to  

monoatomic and d ia tom ic  c o n tr ib u tio n s .  The v a r ia t io n  in  many 

in d iv id u a l  c o n tr ib u tio n s  exceeded th e  v a r ia t io n  in  th e  c a lc u la te d  

t o t a l  energy , en ^h as iz in g  th e  e x te n t to  which th e  t o t a l  energy  i s  

a  s u b tle  b a lan ce  o f  w id e ly  v a ry in g  te rm s . Each E^ and E^g was 

in d iv id u a l ly  examined a s  a  fu n c tio n  o f  ^ (01-C5-cU-N), and th e  

s ig n i f ic a n t  r e s u l t s  a re  c o l le c te d  in  F ig s . 250*1126 • A l l  r e le v a n t  

c o n tr ib u tio n s  d e c rea s in g  in  th e  s y n c lin a l  re g io n  o f  f(01-C5-C1J-N) 

a re  re p re se n te d  i n  th e s e  f ig u r e s ,  as  a re  p a r t i c u la r ly  in te r e s t in g  

c o n tr ib u tio n s  on th e  in c re a se .

S e le c te d  monoatomic c o n tr ib u tio n s  to  th e  t o t a l  energy  o f  

ch o lin e  a re  p lo t te d  to g e th e r  w ith  th e  t o t a l  energy  as fu n c tio n s  o f  

(T(01-C5-CJf~lO in  F ig . 25, and th e  analogous p lo t s  f o r  s e le c te d  

d ia tom ic  c o n tr ib u tio n s  Ore g iv en  in  F ig . 26. The c a lc u la te d  n e t 

s t a b i l i z a t i o n  o f  syn conform ers over a n t i  conform ers i s  c o r re la te d  

w ith  s ta b i l i z in g  c o n tr ib u tio n s  f ro m .th e  monoatomic oxygen te rm , th e  

th e  monoatomic c o n tr ib u tio n  o f  th e  m ethyl carbon p rox im al to  th e  

oxygen and th e  d ia tom ic oxygen-hydrogen term  f o r  th e  m ethyl hydrogen 

p rox im al to  th e  oxygen. The d ia tom ic  oxygen-n itrogen  te rm  shows on ly  

a  sm all v a r ia t io n  over th e  ran g e  o f  1“ s tu d ie d . For th e  s t a b i l i z a t i o n  

o f  th e  s y n c lin a l  conform er w ith  r e s p e c t  to  th e  sy n p lan a r, th e  

s t a b i l i z a t i o n  c o n tr ib u te d  by th e  oxygen-m ethyl hydrogen in te r a c t io n
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i s  dom inant, a c tin g  in  concert w ith  th e  monoatomic n itro g e n  term .

Thus th e  c a lc u la te d  s ta b i l i z a t io n  o f  th e  e n e rg e t ic a l ly  p re fe r re d  

conform ation w ith  re s p e c t  to t(C£L-C5-C^-N) i s  d i r e c t ly  a s so c ia te d  

w ith  th e  in te r a c t io n  between th e  oxygen and th e  c a t io n ic  head, w ith  

th e  in te r a c t io n  between th e  oxygen and th e  proxim al methyl hydrogen 

in d ic a te d  as a  s ig n i f ic a n t  f a c to r .

An im portan t p o in t to  co n s id e r i s  th e  comparison between 

th e  c a lc u la te d  r e s u l t s  and experim en tal o b se rv a tio n . Theory and 

experim ent concur on th e  e x is te n c e  o f  a  p re fe r re d  conform ation in  

th e  s y n c lin a l  re g io n  o f  'r(01-C5-C^-N). The c a lc u la te d  energy 

minimum f a l l s  a t  '/'(01-C5-C&-N) = 4 0 ° , as compared to  th e  experim en ta lly  

observed v a lu e  o f  E&°. in  view o f  th e  f a c t  th a t  th e  th e  energy curve 

i s  r a th e r  f l a t  ( t o t a l  c a lc u la te d  v a r ia t io n  o f  th e  o rd e r  o f  5 k c a l/m o l) , 

t h i s  can be considered  reaso n ab le  accord between approximate 

m olecu lar o r b i t a l  th e o ry  and experim ent. A p o in t o f  co n ten tio n  

a r is e s  in  th e  c o n s id e ra tio n  o f  th e  n a tu re  o f  th e  0 * •*H-C-N in te ra c t io n .

At T = 1*0°, Rq. . .  = 2&, w e ll w ith in  th e  sum o f  th e  van der Waals

r a d i i  o f  hydrogen and oxygen. At T = 84°, R g , . .h  = 2 *5&> ju s t  beyond 

th e  sum o f  th e  van d e r  Waals r a d i i  and ju s t  beyond th e  0***H d is ta n c e  

expected  f o r  hydrogen bond fo rm ation . The 0* • *H in te ra c t io n  p la y s  a  

s ig n i f ic a n t  r o le  in  th e  s ta b i l i z a t io n  o f  th e  INDO c a lc u la te d  s y n c lin a l  

energy minimum, bu t th e  p o s s ib i l i t y  th a t  t h i s  in te r a c t io n  i s  over­

es tim a ted  by th e  INDO method must no t be excluded. The INDO c a lc u la tio n s  

in d ic a te  th a t  a  hydrogen -bonding in te ra c t io n  would go smoothly over 

to  an e l e c t r o s t a t i c  in te r a c t io n  as th e  0* • *H d is ta n c e  in c rea se s  in  

c h o lin e , and th u s  th e  q u es tio n  h e re  i s  more one o f  degree th an  o f

38



fundam ental c h a ra c te r .

W ith th e  s t r u c tu r a l  chem istry  o f  a c e ty lc h o lin e  and th e

c h o lin e rg ic  O-C-C-N grouping w e ll c h a ra c te r is e d  by m olecular

quantum m echanics a t  th e  INDO le v e l  o f  approxim ation, study  a t  t h i s

le v e l  o f  approxim ation was add ressed  to  th e  im portan t c h o lin e rg ic

a g o n is ts : m uscarine , n ic o t in e ,  a c e ty l-^ -m e th y lc h o lin e , a c e ty l- f t  -
3

m ethy lcho line  and a c e ty l - <*, 0 -d im eth y lch o lin e . The r e s u l t  o f  t h i s  

work is 'p r e s e n te d  in  th e  fo llo w in g  parag raphs.

M uscarine. M uscarine has been s tu d ied  from a th e o r e t ic a l  ' '
----------------  18 ,19 ,30

view point by a  v a r ie ty  o f  methods w ith  no su b s ta n tiv e  d isagreem ent.

A con fo rm ational study o f  m uscarine reduces to  a  one param eter

problem , w ith  T (c6-0l-C 5-c4) co n s tra in ed  to  lMf° by th e  in tram o lecu la r

f iv e  raembered r in g .  C a lcu la tio n s  were c a r r ie d  ou t on th e  06(s ) , c9(R ),

C5(S) isom er shown in  F ig  .3 ,  and f o r  th e  r e la te d  compounds

C6(S),C9(S),C5(S) ep i-m uscarine , C6(R),C9(S),C5(S) a lio -m u scarin e  and

C6(R),C9(R),C5(S) ep ia llo -m u sca rin e . The INDO conform ational energy

o f  m uscarine p lo t te d  as a  fu n c tio n  o f  ^O l-CJ-Ck-N ) i s  p re se n te d  in

F ig  .27 , The c a lc u la tio n s  show a  g lo b a l minimum a t  60° in  accord w ith

th e  observed c r y s ta l  geom etry. A lo c a l  minimum appears a t  160° in

T(QL-C5-cU-N) a t  an energy 7  k ca l/m o l above th e  lo c a l  minimum. The

r e s u l t s  f o r  ep i-m uscarine , a llo -m u se a rin e , and ep ia llo -m u scarin e  a re

e s s e n t ia l ly  id e n t ic a l ;  th e se  compounds d i f f e r  from m uscarine on ly  in

th e  a b so lu te  c o n fig u ra tio n  o f  th e  m ethylated  and hydroxyla ted  r in g

carbon atoms and in  t h e i r  b io lo g ic a l  a c t iv i t i e s '- to  be d iscu ssed  in

th e  nex t s e c t io n . The c a lc u la te d  n e t atom ic charges f o r  m uscarine

in  th e  {60° , l W ^  conform ation a re  g iven  in  F ig . 3 . The c a lc u la te d

e l e c t r i c  d ip o le  moment i s  8 .0 5  debye.
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N ic o tin e . The c r y s ta l  geometry f o r  n ic o tin e  d ihydro-2g

io d id e  as determ ined by Koo and Kim i s  shown in  F ig . ^ . Here 

^(C8-C7-C2-N) i s  analogous to  T(oi-C5-C&-N) in  Ach, and t(C9-C8-C7-C2) 

ho lds some analogy to  'T(c6-01-C5-C4). W ith th e  l a t t e r  co o rd in a te  

co n s tra in ed  a n t ip la n a r  by th e  p y r id in e  r in g ,  th e  c r y s ta l  geometry 

can be rep re sen ted  a s  £ -60°,l80°?  . R o ta tio n  o f  th e  p y rid in e  

r in g  by l8 o °  p la c e s  N2 in  a  p o s it io n  analogous to  th e  carbonyl 

oxygen o f  Ach in  th e  {60°,l80°£conform ation . The p y ro ll id in e  

r in g  d e v ia te s  scmewhat from p la n a r i ty ,  w ith  /t(C5-C2-Nl-C3) = 17° 

and T(N1-C3-C6-C5) = • Simple s te r i c  co n s id e ra tio n s  in d ic a te

th a t  in te ra c t io n s  between p y r id in e  hydrogens and hydrogens a tta ch ed  to  

th e  p y ro ll id in e  r in g  and N-methyl group may s tro n g ly  in flu en c e  th e  

conform ational energy about t(c8-C7-C2-Nl).

While rap id  in v e rs io n  o f  th e  a b so lu te  c o n fig u ra tio n  around 

n ic o t in e 's  p y ro ll id in e  n itro g e n  i s  l ik e ly  in  s o lu t io n , th e  th e  l (R ) ,  2 (s ) 

c o n fig u ra tio n  o f  n ic o tin e  i s  s tu d ie d  h e re  s in c e  c r y s ta l  d a ta  i s  

a v a i la b le  fo r  t h i s  epim er.

In  th e  i n i t i a l  SCF-INDO c a lc u la t io n s  on n ic o t in e ,  a  conform ational 

energy map was generated  as a  fu n c tio n  o f  0*(c8-C7-C2-Nl) and 

rt'(Ha -C&-C2-Nl), th e  l a t t e r  co o rd in a te  sp e c ify in g  th e  o r ie n ta t io n  o f 

th e  N-methyl hydrogens. Two energy minima were found, d i f f e r in g  in  

energy by l e s s  than  1 kcal/m ol and b o th  corresponding  to  'Kh -CU-N1-C3)Or

= 80° .  The c a lc u la te d  energy v s . T(c8-C7-C2-Nl) w ith  ^(Ha-cU-Nl-C3) =

80°  i s  shown F i g .25. The energy minima correspond to  (C8-C7-C2-N1) =

0° and 160° ,  b o th  scmewhat removed from th e  observed value  o f  -60° .

In  an a ttem pt to  understand th e  d iscrepancy  between th e  c a lc u la te d  and 

observed v a lu e s , we explored th e  e f f e c t  o f  d e v ia tio n s  in  hydrogen 

p o s i t io n s  on th e  c a lc u la te d  r e s u l t .  The co o rd in a tes  sp e c ify in g  th e
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hydrogen p o s i t io n s  were a d ju s te d  s l i g h t l y  in  th e  d i r e c t io n  expected to  

reduce s t e r i c  e f f e c t s  and c a lc u la t io n  o f  co n fo rm atio n a l energy v s . 

't(c8-C7-C2-Nl)was re p e a te d . The r e s u l t in g  p l o t  i s  a ls o  p re se n te d  in  

F ig . 28* The b a r r i e r  h e ig h ts  were reduced by 1 .5 to  2 k ca l/m o le , b u t 

th e  p o s i t io n s  o f  th e  minima were e s s e n t i a l ly  unchanged. Superimposed 

on th e  same p lo t  a re  th e  in te ra to m ic  d is ta n c e s  o f  hydrogen atoms coming 

w ith in  van d e r Waals c o n ta c t d is ta n c e  o f  one a n o th e r . At rf"(c8-C7-C2-Nl)

= k0°  t o  80° ,  th e  Ha-Hfl d is ta n c e  and th e  a re  v e ry  low r e s u l t in g

in  an in c reased  co nfo rm ational energy . A t ?'(C8-C7-C2-Hi) = 220° to  260° 

th e  Ha -Hc and H^-H^ d is ta n c e s  a re  c lo s e ,  a ls o  d e s ta b i l iz in g  th e  system .

Our c a lc u la te d  minima correspond rough ly  to  re g io n s  where a l l  th e se  

in te ra to m ic  d is ta n c e s  a re  - s im u ltan eo u sly  m axim al. Thus in  s p i t e  o f  th e  

la c k  o f  a  c a lc u la te d  energy minimum in  th e  reg io n  o f  th e  observed geom etry, 

our r e s u l t s  a re  u n d e rs tan d a b le , and re p re s e n t th e  degree o f  agreem ent 

to  be achieved  assum ing th e  c r y s t a l  geom etry f o r  non-hydrogen atom s. 

Conform ations o f  n ic o t in e  w ith  ,t(c8-C7-C2-Hl) from 100° to  200° and 

from -Uo° to  20°  a re  e n e r g e t ic a l ly  removed from th e  a b so lu te  minimum 

b y  l e s s  th an  2 .5  k c a l /  m ole. The c a lc u la te d  charge d i s t r ib u t io n  fo r  

n ic o t in e  a t  th e  c r y s ta l  geom etry i s  reco rded  in  F ig . H", and th e  c a lc u la te d  

d ip o le  moment ranged from 7 -*+ to  8 .9  debye.

The c a lc u la t io n s  on n ic o t in e  re p o rte d  by o th e r  in v e s t ig a to r s

le a v e  th e  r e l a t io n  between c a lc u la te d  and observed geom etries  in co m p le te ly
1 9re so lv e d . The s tu d y  rep o rted  by K ier u s in g  extended Huckel th e o ry  gave 

good agreem ent w ith  experim ent b u t  assumed a  p la n a r  p y r o l l id in e  r in g  

and computed en e rg ie s  on a  60° g r id .  IND0 c a lc u la t io n s  perform ed on 

l ( B ) ,  2 ( s )  n ic o t in e  w ith  th e  p y r o l l id in e  r in g  p la n a r  y ie ld  minima in  

T(C8-C7-C2-N1) a t  -k0 °  and lUo°. However, i t  i s  d i f f i c u l t  t o  j u s t i f y
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com parison o f  t h i s  r e s u l t  w ith  t h a t  o f  th e  c ry s ta l lo g ra p h ic  s tu d y .
30

Pullman e t  a l .  u s in g  th e  PCILO method and an u n s p e c if ie d  l ( R ) ,  2 ( s )  

s ta n d a rd  geom etry o b ta in ed  minima a t  'KC8-C7-C2-H1) = -Uo° and 120°, 

in  improved agreem ent w ith  th e  c r y s t a l  geom etry.

Acetyl-o<. -m e th y lch o lin e . The SCF-H0X) co n fo rm atio n a l energy 

map o f  c*(r)-m ethy l a c e ty lc h o lin e  i s  p re se n ted  in  F ig .29 . The confoim a- 

t i o n a l  map fo r  c*(s)-m ethyl a c e ty lc h o l in e ,  th e  enan tiom er, can b e  gen era ted  

th ro u g h  th e  tra n sfo rm a tio n  £x,yj-*-£x,-:y£ . The g lo b a l minimum f o r  th e  

<*.(R) d e r iv a t iv e  occurs in  th e  v i c i n i t y  o f  -^80°, 2h0oJ . The n in e  o th e r  

lo c a l  minima a r e  l i s t e d  in  T able 2 . The c r y s t a l  geom etry a t  ^90°,170°| 

i s  c a lc u la te d  to  be 4 kca l/m o le  above th e  a b s o lu te  minimum, and th e  

{212° ,  176°} c r y s t a l  r e s u l t  can b e  id e n t i f i e d  w ith  a  lo c a l  minimum a t  

£l80°, l8 0 ° ] . In  th e  l a t t e r  c a se , w ith  T(oi-C5-CU-N) = 180° th e  shape 

o f  th e  su rfa c e  in d ic a te s  c o n s id e ra b le  l a b i l i t y  in  0,(c6-Ol-C5-df) from 

80°  to  2h0°. S te r ic  in te r f e re n c e  o f  th e  ot(R) m ethy l group w ith  th e  a c e ta te  

c a rb o n y l group p re c lu d e s  conform ations w ith  ^(01-05-0*4—N) and lf(c6-01-C5-C10  

s im u ltan eo u sly  in  th e  range o f  ^ 0°  to  200° ,  and -40° to  60° ,  r e s p e c t iv e ly .  

The c a lc u la te d  m agnitudes o f  a n g le s  o f  th e  £sc,sc} minima a r e  in c reased  

o v er t h a t  c a lc u la te d  fo r  Ach, b u t  comparison o f  F ig  and F ig  show 

t h a t  th e  o v e ra l l  e f f e c t  o f  -m ethyl s u b s t i tu t io n  o f  th e  co n fo rm atio n a l 

energy  map i s  r e l a t iv e ly  m inor. None o f  th e  l o c a l  minima on th e  Ach 

p o te n t i a l  s u rfa c e  a r e  e n e r g e t ic a l ly  p rec lu d ed  f o r  th e  o^-methyl d e r iv a t iv e .  

The of -m ethyl s u rfa c e  i s  s l i g h t l y  f l a t t e r  th an  t h a t  o f  Ach, c o n s is te n t  

w ith  th e  r e s u l t s  in d ic a te d  in  NMR s tu d ie s .

The c a lc u la te d  n e t  atom ic charges f o r  th e  |8 0 ° ,  2k0°^ co n fo r-
OQ

m ation o f  0t(R )-m ethyl a c e ty lc h o lin e  a r e  p re se n te d  in  F ig . . Comparison
p

o f  F ig .30 w ith  th e  charge d i s t r ib u t io n  re p o rte d  f o r  a c e ty lc h o lin e  in  F ig .
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show th a t  th e re  i s  a charge r e d i s t r ib u t io n  induced by -m ethyl sub­

s t i t u t i o n ,  There i s  a  decrease  in  p o s i t iv e  charge oh N, Cl and C6 , 

and a  decrease  an in c re a se  in  n e g a tiv e  charge o? 01  and 02 , r e s p e c t iv e ly .  

The c a lc u la te d  d ip o le  moment ranges from 0 .5  to  debye.

A ce ty l-  )*-m ethyl a c e ty lc h o lin e .  The con fo rm ational energy 

map computed fo r  p>(S ) m ethyl a c e ty lc h o lin e  u sin g  th e  IKDO method i s  

given in  F ig .31 . The s u rfa c e  may be viewed in  marked c o n tr a s t  to  

t h a t  o f  Ach, w ith  50$ o f  th e  con fo rm ational space s t e r i c a l l y  excluded.

The prim ary  source o f  th e  s t e r i c  e f f e c t  i s  th e  in te r a c t io n  between th e  

f t -m ethyl group and th e  trimethylammonium m ethyl g roups, im portan t f o r  

a l l  v a lu es  o f  T(0l-C5-Ch~N) above 180°. The g lo b a l minimum on th e  s u r ­

face  i s  lo c a te d  a t  \6 o ° , 30°^ , w ith  a  lo c a l  minimum a t  {60° ,  2^ 0° |  

computed to  be about k.Q  kcal/m ole h ig h e r  in  energy . The l a t t e r  l o c a l  

minimum may be id e n t i f ie d  w ith  th e  c r y s t a l  geom etry a t  £85° ,  203°}.

The c a lc u la te d  charge d i s t r ib u t io n  fo r  th e  {60°, 2h0°^ conform er 

o f  f*(S)methyl Ach i s  g iven in  F ig .31. A comparison w ith  th e  c a lc u la te d  

charge d i s t r ib u t io n  fo r  Ach show th a t  th e  e f f e c t  o f  /5-m ethyl s u b s t i tu t io n  

i s  to  decrease  p o s i t iv e  charge on N, Cl and C6, and to  d ecrease  and in ­

c rea se  n eg a tiv e  charge on 01 and 02, r e s p e c t iv e ly .  These charge 

r e d is t r ib u t io n s  a re  d i r e c t ly  analogous to  th o se  which occur on <*- m ethyl 

s u b s t i tu t io n .  The c a lc u la te d  d ip o le  ranges from l A  to  1 1 .h debye 

in  th e  s t e r i c a l l y  allow ed reg ion  o f  space.

A c e ty l-  -d lm e th y lch o lin e . The ECF-INDO conform ational 

map c a lc u la te d  fo r  th reo-c* .(R ), /> (R )-d im eth y lace ty lch o lin e  i s  p re se n ted  

in F ig . 33 . Here 87$ o f  th e  su rfa ce  i s  s t e r i c a l l y  unfavo red . A ll  

conform ers w ith  ?'(01-C5-CU-U) between Uo° and 200° a re  excluded due to  

in te ra c t io n s  between ^ -m eth y l and trimethylammonium hydrogens, and
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conform ers w ith  ftc6-01-C 5-c4) between 200° and 260° have unfavorab le  

in te ra c t io n s  between th e  ^ -m ethy l group and th e  carbonyl oxygen.

The g lo b a l minimum on th e  su rface  i s  a t  {280°, lU o ° l, w ith  a  lo c a l  

minimum a t  about th e  same energy a t  {220°, 60°]-, sep a ra ted  by a  b a r r i e r  

computed to  be l e s s  than  2 k ca l/m o le . A second lo c a l  minimum i s  p re se n t 

a t  {280° ,  300°}, sep a ra ted  from th e  f i r s t  by a  b a r r i e r  o f  some 25 kcal/m ole. 

The ex p erim en ta lly  observed c r y s ta l  geometry fo r  th e  th re o -  <X(R), 0{r) 

d e r iv a t iv e  i s  {217°j95°} • .F igu re  3I* p re se n ts  th e  computed n e t  atomic 

charges fo r  th e  ^80° , 220°^ conformer o f  th r e o - o ( ( s ) ,  £ (s )-d im e th y la c e ty l-  

c h o lin e . In  comparison w ith  th e  c a lc u la te d  n e t  atom ic charge d e n s it ie s  

fo r  a c e ty lc h o lin e , th e re  i s  a  decrease  in  p o s i t iv e  charge on N, an 

in c re a se  on C6, and an in c rea se  in  n eg a tiv e  charge on 01 . Charges 

on o th e r  atoms a re  e s s e n t ia l ly  unchanged from th o se  o f  a c e ty lc h o lin e .

The c a lc u la te d  e l e c t r i c  d ip o le  moment ranges from 0 .9  to  8 .8  debye.

The conform ational energy map f o r  e r y th r o - c t ( s ) , 0 (R )-dim ethyl- 

a c e ty lc h o lin e  i s  given in  F ig . 3 5  . S te r ic  in te ra c t io n s  analogous to  

th o se  d escribed  above exclude above 86$ o f  th e  conform ers on t h i s  su rface  

In  th e  rem aining a r e a ,  th e  g lo y o l minimum i s  lo c a te d  a t  £280° ,  120°^ , 

w ith  a  lo c a l  minimum a t  {2 t0°, 80°} and £280° ,  280°} a t  r e l a t iv e

en e rg ie s  o f  I .91 and 3*3^ k ca l/m o le , re sp e c t iv e ly .  The l a t t e r  two 

minima a re  sep ara ted  by a  computed b a r r i e r  o f  6 k ca l/m o le . The c r y s ta l  

geometry i s  ,  160°£ , a  p o in t  computed to  be 1 .7  kcal/m ole above

th e  g lo b a l minimum. The charge d is t r ib u t io n  fo r  e ry th ro -  o( (R)} ^ ( s ) -dim ethyl 

a c e ty lc h o lin e , a s  p re sen ted  in  F i g .36, i s  s im ila r  to  th a t  p resen ted  fo r  

th e  th re o  d e r iv a t iv e  except t h a t  C6 does n o t ev idence an in c re a se  

in  p o s i t iv e  charge over th e  analogous atom in  Ach. The c a lc u la te d  

d ip o le  ranges front .9  to  $ .0  debye.
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E. Discussion:

The r e s u l t s  o f  th e  p re c e d in g  s e c tio n  can he  used  to g e th e r  

w ith  th e  b io lo g ic a l  a c t i v i t y  d a ta  to  approach a  deeper understand ing  

o f  th e  r o le  o f  c< -and ^  -m ethyl s u b s t i tu e n ts  in  c h o lin e rg ic  a c t io n ,  

and to  ga in  p e rs p e c tiv e  on g e n e ra l a sp e c ts  o f  th e  s t r u c t u r a l  chem istry  

o f  c h o lin e rg ic  t  ran  su as io n . S in ce  th e  m ethyl d e r iv a t iv e s  o f  Ach have 

a l l  o f  th e  fu n c t io n a l  groups n e c e ssa ry  fo r  e i th e r  m u scarin ic  o r  

n ic o t in ic  a c t i v i t y ,  th e  p r e s e n t  d a ta  may he  used  to  examine th e  ro le  

o f  m o lecu lar conform ation  v i s - a - v i s  th e  d i r e c t  in te ra c t io n o f  th e  

m ethy l groups w ith  th e  c h o lin e rg ic  r e c e p to r .  To th e  e x te n t m olecular 

conform ation  i s  a  dominant f a c to r ,  compounds in  t h i s  s e r ie s  w ith  a  

p a r t i c u la r  ty p e  o f  a c t i v i t y  should  have th e  a p p ro p r ia te  fu n c tio n a l  

groups d isposed  in c th re e  d im ensional space in  a  common p a t te r n .

In  term s o f  s t r u c tu r a l  p a ra m e te rs , t h i s  d is p o s i t io n  i s  s p e c if ie d  hy 

s t e r i c a l l y  p e rm itte d  o r e n e r g e t ic a l ly  p re fe r re d  v a lu es  o f  f(oi-C5- 

CU-N) and *ttc6-Ol-C5-C&), and any common p a t te r n  should  he rev ea led  

h y  a  comparison o f  allow ed re g io n s  o r  energy minima in  th e £ f(0 l-C 5 -  

cU-N) ,  f(c6-01-C5-ClOj- co n fo rm atio n a l maps.

The co n fo rm atio n a l d a ta  p re se n te d  in  th e  p reced in g  s e c tio n  

h as  been reduced to  ta b u la r  form and c o lle c te d  w ith  th e  b io lo g ic a l  

a c t i v i t y  d a ta  in  T able 2 , Each compound con sid e red  i s  re p re se n te d  by 

a  row o f  th e  t a b l e ,  co n ta in in g  from  l e f t  to  r i g h t  i t s  m u sca rin ic  

a c t i v i t y ,  n ic o t in ic  a c t i v i t y  and enzym atic h y d ro ly s is  r a t e ;  each 

g iven  a s  p e rcen tag es  w ith  re s p e c t  to  a v a i la b le  d a ta  on Ach. The 

b io lo g ic a l  d a ta  r e p re s e n t  r e s u l t s  from a  v a r ie ty  o f  p re p a ra tio n s  

and ex p erim en ta l c o n d it io n s , and th e  r e l a t iv e  a c t i v i t i e s  l i s t e d  a re  

th u s  o f  q u a l i t a t iv e  o r  s e m i-q u a n ti ta t iv e  s ig n if ic a n c e  a t  b e s t .
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F u rth er to  th e  r i g h t  o f  Table 2 > th e  p o s it io n s  o f  energy minima 

c a lcu la ted  fo r  th e  substance a re  enum erated. The columns o f  th e  

ta b le  in  t h i s  re g io n  a re  o rgan ized  w ith  re sp e c t  to  th e  c a lc u la te d  

energy minima f o r  Ach given in  th e  top  row; e n t r ie s  in  th e  same 

column down th e  ta b le  in d ic a te  corresponding e n e rg e t ic a l ly  p re fe r re d  

conform ations in  d i f f e r e n t  su b stan ces . A l l  p re fe r re d  conform ations 

e n e rg e tic a lly  w ith in  20kcal/m ole o f  th e  g lo b a l minimum o f  each 

compound a re  in c lu d e d .

In  exam ination o f  th e  d a ta  fo r  compounds w ith  s ig n if in c a n t  

m uscarinic a c t i v i t y ,  i t  i s  ag a in  ev id en t th a t  th e  geometry common 

to  m uscarinic a g o n is ts  i s  ^sc,ac-apj; , c o n s is te n t  w ith  id eas  

proposed by P au lin g  and co-w orkers. For Ach and m uscarine t h i s  

geometry (column 2 in  th e  confo rm ational en e rg ie s  o f  Table 2 )  

corresponds to  a  c a lc u la te d  energy minimum and i s  th u s  e n e rg e t ic a l ly  

p re fe r re d . For th e  a c tiv e  ^ (S )-m eth y l d e r iv a t iv e  and th e  e ry th ro -  ot(R), 

f? (S)-dim ethyl d e r iv a t iv e  (p robab ly  th e  a c t iv e  e ry th ro -d im e th y l enantiom er) , 

t h i s  geometry does n o t correspond to  lo c a l  energy minima b u t i s  n o t 

s te r i c a l ly  ex clu d ed . Beyond t h i s ,  i t  appears th a t  /J(S)-m ethyl o r 

m ethylenic s u b s t i tu t io n  a c tu a l ly  enhances th e  m uscarin ic  a c t i v i t y  

o f  an a g o n is t. B ioassay  d a ta  (se e  Table 2.) f o r  m uscarine, a c e ty l -  

^ (S )-m ethy lcho line  and e ry th ro -  < rt(R ),/J(S)-dim ethylacetylcholine 

shtiw' th ese  compounds to  have 270$ , 133$ and 1^$ o f  th e  m uscarin ic  

a c t iv i ty  o f  Ach, r e s p e c t iv e ly .  The m uscarin ic  a c t i v i t i e s  o f  e ry th ro -  

<A (R ),|3(S)-dim ethylacetylcholine and <*(R )-m ethylacety lcholine a re  

1^$ and .6$ r e l a t i v e  to  Ach. Examination o f  th e  conform ational 

maps and c a lc u la te d  e le c tro n ic  charge d is t r ib u t io n s  fo r  th e se  m olecules 

shows no o u ts ta n d in g  d e ta i l  which could  ex p la in  th e  enhancement o f 

m uscarinic a c t i v i t y  fo r  a  ^ ( s )  s u b s t i tu e n t  sim ply in  term s o f  m olecu lar



conform ation and o th e r  m o lecu lar p r o p e r t ie s .  T h erefo re  i t  appears  

th a t  th e  v a r ia t io n  in  th e  l e v e l  o f  m uscarin ic  a c t i v i t y  in  th e se  

compounds may invo lve  a  d i r e c t  in te r a c t io n  o f  th e  m ethyl s u b s t i tu e n ts  

w ith  th e  m u scarin ic  r e c e p to r .

T ab le  2 a ls o  l i s t s  a  number o f  compounds which have c a lc u la te d  

e n e r g e t ic a l ly  p re fe r re d  conform ations in  th e  v i c i n i t y  o f  £ sc ,-a c j 

y e t  have low m uscarin ic  a c t i v i t y .  Bothe<(R)- and c((s)-m ethy l 

d e r iv a t iv e s  f a l l  in to  t h i s  c a te g o ry , w ith  o<(S)-m ethyl s u b s t i tu t io n  

d im in ish in g  m uscarin ic  a c t i v i t y  by a  f a c to r  o f  10 more th an  °< (R) - 

m ethyl s u b s t i tu t io n .  S in ce  no s ig n i f i c a n t  p o r tio n  o f  th e  Ach 

co n fo rm atio n a l map i s  s t e r i c a l l y  p rec lu d ed  f o r  th e c t (R ) -  o r  a; (S )-m ethy l 

d e r iv a t iv e ,  sim ple con fo rm atio n a l e f f e c t s  cannot be  re sp o n s ib le .

A d i r e c t  in te r a c t io n  o f  th e  -m ethyl s u b s t i tu e n ts  w ith  th e  re c e p to rs 

c o n tr ib u tin g  d e s tr u c t iv e ly  to  a g o n is t  a c t i v i t y ,  can ex p la in  th e  

observed re d u c tio n  in  m u sca rin ic  p o ten cy . The lo s s  o f  m u sca rin ic  

a c t i v i t y  upon cK-methyl s u b s t i tu t io n  i s  a ls o  seen in  th e  d im ethy l 

d e r iv a t iv e s .  E ry th ro -  i*(R), $ (S )-d im e th y lac e ty lc h o lin e  has an 

e n e r g e t ic a l ly  p re fe r re d  conform ation a t  £ sc ,-ac jan d  a  m uscarin ic  

a c t i v i t y  in  th e  racem ate o f  lU$ r e l a t i v e  to  Ach, compared to  133$ 

fo r  ^ (S ) -m e th y la c e ty ls h o lin e . The g r e a te r  re d u c tio n  in  m u scarin ic  

a c t i v i t y  f o r  ^ ( s ) -m e th y l  s u b s t i tu t io n  a s  compared w ith  c<(r ) sub­

s t i t u t i o n  i s  evidenced a g a in  by th e  la c k  o f  a c t i v i t y  in  th re o -  

c < (s ) , ^ (S )-d im e th y la c e ty lc h o lin e  w hereas th e  e ry th ro -  o<(R ),/^(S) 

d e r iv a t iv e  e l i c i t s  small, b u t  s ig n i f ic a n t  m u sca rin ic  a c t i v i t y .

Analogous c o n c lu s io n s  can b e  drawn from a  c o n s id e ra tio n  o f  

th e  c a lc u la te d  energy p r o f i l e r o f  m u scarin e , g iven  in  F ig . 27;, a s  

compared w ith  th o se  fo r  ep i-m u sca rin e , a lio -m u sc a rin e  and e p i a l l o -  

m uscarine . The energy p r o f i l e s  a re  s im i la r  w h ile  th e  observed a c t i v i t i e s
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a s  l i s t e d  in  Table 2 a re  q u ite  d i f f e r e n t . N either conform ational 

e f f e c t s  o r a  v a r ia t io n  in  e le c tro n ic  charge d is t r ib u t io n  can ex p la in  

th e  v a rian ce  in  a c t i v i t y ,  and a  d i r e c t  in te ra c t io n  o f  fu n c tio n a l 

groups w ith  th e  re c e p to r  i s  in d ic a te d . The observed a c t i v i t i e s  

appear to  im p lica te  m uscarine’s hydroxyl oxygen and r in g  m ethyl 

group in  p o s it io n s  analogous to  th e  carbonyl oxygen and a c e ta te  

m ethyl o f  Ach in  m uscarin ic  a c t io n .

C onsidera tion  o f  th e  d a ta  f o r  compounds w ith  s ig n i f ic a n t  

n ic o t in ic  a c t i v i t y  le a d s  to  a d d it io n a l  in fo rm ation  on th e  r o le  o f  

conform ational e f f e c ts  in  n ic o t in ic  a c t io n .  As no ted  by o th e r s ,  

n ic o t in ic  a c t i v i t y  i s  c le a r ly  l e s s  s te re o s p e c if ic  th an  m uscarin ic  

a c t io n ,  b u t a  £sc, ac-ap} conform ation has been Im p lica ted . Both 

«K(R)- and ^ (S )-m e th y l d e r iv a t iv e s  a re  n e a r ly  a s  a c t iv e  a t  n ic o t in ic  

s i t e s  as  Ach. Methyl s u b s t i tu t io n  a t  e i th e r  yS(R )-or/^(S)-  p o s it io n s  

s ig n i f ic a n t ly  reduces th e  n ic o t in ic  a c t i v i t y  o f  an a g o n is t .  In  

c o n s id e ra tio n  o f  th e  w idely  d i f f e r e n t  e f f e c ts  o f  /3(r ) and ^ (S )  

s u b s t i tu t io n  on conform ational p re fe re n c e s , and th a t  th e  £sc ,-ac} 

i s  p e rm itted  i f  n o t p re fe r re d  in  th e  /2(s) d e r iv a t iv e ,  a  d i r e c t  

in te ra c t io n  o f  m ethyl groups w ith  th e  n ic o t in ic  re c e p to r  i s  in d ic a te d .

C onsidera tion  o f  th e  r e la t iv e  r a te s  o f  c h o lin e s te ra s e  

m ediated h y d ro ly s is  fo r  th e  v a rio u s  compounds a lo n g sid e  th e  c a lc u la te d  

r e s u l t s  on s t ru c tu r e  and p ro p e r t ie s  fo r  m ethyl Ach d e r iv a tiv e s  p o in ts  

a ls o  tow ards some d i r e c t  in te ra c t io n  o f  th e  m ethyl groups w ith  th e  

a c t iv e  s i t e  o f  th e  enzyme. Both p4(S)- and ^ (S j-m e th y la ce ty lc h o lin e  

can ach ieve any p o in t on th e  £ ^ 01 -C5-C^-N),T(c6 -01 -C5“CU)J 

conform ational map a c c e s s ib le  to  Ach, and have no s ig n if ic a n t  

d if fe re n c e s  in  charge d i s t r ib u t io n s .  Thus th e  observed decreased 

h y d ro ly s is  r a t e  o f  th e  c<(r) d e r iv a t iv e  compared to  th e e < (s )  d e r iv a tiv e  

o f  Ach does n o t appear to  be dependent upon conform ational e f f e c t s ,
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and may l i k e l y  in v o lv e  m ethyl groups d i r e c t ly .  For th e  ^-m ethy l 

d e r iv a t iv e s ,  ${R) s u b s t i tu t io n  reduces th e  h y d ro ly s is  r a t e  to  zero  

w hereas /KS) s u b s t i tu t io n  shows th e  h y d ro ly s is  o f  Ach. This 

in d ic a te s  p o s i t iv e  s y n c lin a l  and a n t i c l i n a l  v a lu es  o f  f(01-C5- 

C^-N) le a d  to  conform ations complementary to  th e  c h o lin e s te ra s e  

re c e p to r .  The c a lc u la te d  co n fo rm ational map f o r  £ (S )-m e th y la c e ty l-  

ch o lin e  shows lo c a l  minima f o r  (+ )- s y n c l in a l  v a lu es  o f  f(01-C5- 

C&-N), b u t  none f o r  ac  to  ap v a lu e s . The £l50°, 180^  geometry 

im p lica ted  by P au lin g  e t  a l .  in  enzym atic h y d ro ly s is  l i e s  12 kca l/m o le  

above th e  g lo b a l minimum.

For h y d ro ly s is ,  th e  e f f e c t s  o f  =*- and 0 - s u b s t i tu t io n  

may ag a in  be  e x tra p o la te d  to  th e  U , $ -d im eth y l d e r iv a t iv e s .  The 

decreased  h y d ro ly s is  r a t e  f o r  an *>(R) d e r iv a t iv e  e x p la in s  th e  

n e g l ig ib le  r a t e  observed  fo r  e ry th ro -£ * (R ), £ (S )-d im e th y la c e ty l 

c h o lin e . We p r e d ic t  th e  h y d ro ly s is  r a t e  f o r  th re o -  ^ ( S ) ,  $ (£ )-  

d im e th y lac e ty lch o lin e  to  be  h ig h e r .

O v e ra ll ,  we can a s c e r ta in  from th e s e  r e s u l t s  -that s t r u c tu r e s  

im p lica ted  in  v a r io u s  a sp e c ts  o f  c h o lin e rg ic  a c tio n  can b e  id e n t i f i e d  

w ith  re g io n s  o f  con fo rm atio n a l energy  s t e r i c a l l y  p e rm itte d  b u t  n o t 

n e c e s s a r i ly  e n e rg e t ic a l ly  p re fe r re d  in  th e  i s o la te d  m olecu le . T h is  

seems reaso n ab le  s in c e  a  change in  membrane p e rm e a b il ity  i s  p ro b ab ly  

a  s t r u c t u r a l  a d a p ta tio n  to  a g o n is t- r e c e p to r  in t e r a c t io n ,  and a  

con fo rm atio n a l e f f e c t  on th e  a g o n is t  i s  c e r ta in ly  p o s s ib le .  S t r u c tu r a l  

m o d if ic a tio n s  in  b o th  enzyme and s u b s t r a te  a re  e v id e n t from s p e c t r a l  

s tu d ie s  o f  enzym atic r e a c t io n s .

In  comparing th eo ry  and experim en t, th e  s t r u c tu r a l  d e t a i l  

p re se n te d  in  th e  r e s u l t s  s e c tio n  m ust b e  co n sid e red  in  th e  p e rsp e c tiv e  

o f  a  physiochem ical system . A t p h y s io lo g ic a l  and room tem p era tu res
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many conform ations w i l l  b e  th e rm a lly  po p u la ted , and in  s o lid  and 

s o lu t io n , environm ental e f f e c ts  a re  s u re ly  im p o rtan t. In tram o lecu la r 

hydrogen bonding and th e  v ario u s  conform ations o f  Ach in  th e  

{*t(01-C5-CA~N) ,  r (c 6 -Ol-C5-C^)J su rfac e  would b e  in fluenced  s ig n i f ic a n t ly

by  so lv en t p o la r i ty .  The bromide c r y s ta l  geometry B and th e  r e la te d  

conform ation A in  F ig  16 have b o th  th e  acetoxy and acyloxy oxygen atoms 

in  th e  in t e r io r  o f  a  roughly  sp h e ro id a l s tru c tu r e  w ith  C-H bonds on 

th e  e x te r io r .  In  s o lu tio n  th e se  geom etries would l ik e ly  be favored  

by  low so lv en t p o la r i ty ,  a lthough  Ach a s  a  c a tio n  has proved s p a rin g ly  

so lu b le  in  such s o lv e n ts .  Geometries such a s  D and G exposing one o r 

b o th  oxygens could be  p r e f e r e n t ia l ly  s ta b i l iz e d  by h ig h ly  p o la r ,  

in te rm o le c u la rly  hydrogen bonding so lv e n ts .

The n a tu r a l  s e le c t io n  o f  a c e ty lc h o lin e  as  a  chem ical 

n e u ro tra n sm itte r  has been a t t r ib u te d  in  p a r t  to  i t s  r e la t iv e ly  

n o n -su b s titu te d  s tru c tu r e  and subsequent conform ational f l e x i b i l i t y ;  

be ing  ad ap tab le  to  n ic o t in ic ,  m uscarin ic  and p o s s ib ly  many o th e r  

re c e p to r  s i t e s .  In  l i g h t  o f  th e  p o s s ib le  so lv en t e f f e c ts  on A ch's 

conform ational f l e x i b i l i t y ,  lo c a l  b io lo g ic a l  environm ents could 

a ls o  serve  to  p r e f e r e n t ia l ly  s t a b i l i z e  conform ations complementary 

to  s p e c if ic  re c e p to r  s i t e s ,  and th u s .c o n trib u te  to  optimum b io lo g ic a l  

fu n c tio n .



F . Summary and C onclusions;

The INDO m olecu lar o r b i t a l  c a lc u la t io n s  on a c e ty lc h o lin e  

r e v e a l  a  number o f  energy minima w ith  r e s p e c t  to  th e  to r s io n a l  

a n g le s  f(01-C5-c4-N) and /f'(c6-01-C5-C^). C e rta in  o f  th e  minima 

can be c lo s e ly  id e n t i f i e d  w ith  th e  Ach c r y s t a l  g eo m etrie s , th e  

g eo m etrie s  im p lica ted  in  m u sca rin ic  and n ic o t in ic  a sp e c ts  o f  

c h o lin e rg ic  a c t io n ,  and th e  geom etry co n s id e red  fa v o ra b le  f o r  

h y d ro ly s is  by c h o l in e s te r a s e . The energy s t a b i l i z a t i o n  o f  

s y n c l in a l  v a lu es  o f  b o th  O^Ol-GS-C^-N) and /Kc6-01-C5-d+) in  

Ach i s  a t t r ib u te d  to  in tra m o le c u la r  hydrogen bonding a s  ev idenced 

by  an e le c tro n ic  charge r e d i s t r ib u t io n  in  a  manner c o n s is te n t  w ith  

p o la r iz a t io n  e f f e c t s  expected fo r  hydrogen bonding s t r u c tu r e s .

Thus a  number o f  proposed s t r u c t u r a l  a sp e c ts  o f  th e  

n e u ro b io lo g ic a l a c t io n  o f  Ach can be understood  and u n if ie d  on 

th e  b a s is  o f  quantum m echanical c a lc u la t io n s ,  co n s id e rin g  lo c a l  

minima in  th e  p o t e n t i a l  energy s u rfa c e  and co rrespond ing  m o lecu lar 

e le c t r o n ic  p r o p e r t ie s .

The co n fo rm atio n a l energy  maps and e le c tro n ic  charge 

d i s t r ib u t io n s  f o r  m u sca rin e , n ic o t in e ,  th e  o< and ft m ethy l, and 

d im ethy l d e r iv a t iv e s  o f  Ach have been co n s id e red  in  term s o f  

physiochem ical s tu d ie s ,  th e  a v a i la b le  b io a s s a y  d a ta  on c h o lin e rg ic  

su b s ta n c e s , and c u r re n t  th e o r ie s  o f  th e  s t r u c t u r a l  ch em istry  o f  

c h o lin e rg ic  tra n sm iss io n . G eom etries observed  from c ry s ta i lo g ra p h ic  

and s o lu t io n  s p e c t r a l  s tu d ie s  f o r  each compound may be id e n t i f i e d  

w ith  e n e rg e t ic a l ly  p re fe r re d  g eo m e trie s . ( lo c a l  minima) on th e  

c a lc u la te d  con fo rm atio n a l energy maps: G eneral a sp e c ts  o f
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c h o lin e rg ic  a c t i v i t y  a re  seen to  he r e la te d  to  reg io n s  o f  con fo rm atio n a l 

space  s t e r i c a l l y  a llow ed , b u t a re  n o t alw ays d i r e c t ly  a s s o c ia te d  

w ith  e n e r g e t ic a l ly  p re fe r re d  g eo m etrie s . The v a ria n ce  in  b io a ssa y  

d a ta  fo r  a c t iv e  compounds cannot be  e x p la in ed  in  term s o f  sim ple 

co n fo rm atio n a l e f f e c t s  and d i s t r ib u t io n s  o f  e le c tro n ic  ch a rg e , 

and d i r e c t  in te ra c t io n s  o f  m ethyl s u b s t i tu e n ts  w ith  c h o lin e rg ic  

r e c e p to rs  a re  in d ic a te d .
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Table 1
Id e n t i f ic a t io n  

on F igu re  8
R e la tiv e  energy, 

kcal/m ol Calcd
Geometry

E x p tl
Physiochem ical o r  b io lo g ic a l  

_________s ig n if ic a n c e ________

A

B

C

D

E

F

G

0.00

3.68

U.98

6.27

7.72

7.8U
9.98

[50°, 270°} 

l5CP, 50°(

[120°, 300°] 
& o°, l8 o °i

1200°, 330°i
* o Ol

p-60 , 30 s

f l80° ,  180°3

177°, 79°]

[7 5 °, 180°I 
160°-120°, z 

llA °-2 1 3  3

[ l 80° ,  1500}

See te x t

Observed in  c r y s ta l l in e  
a c e ty lc h o lin e  bromide

See te x t

Im p lica ted  in  n ic o t in ic  a c tio n  
Im p lica ted  in  m uscarin ic  a c tio n

See t e x t  

See te x t

Im p lica ted  in  n ic o t in ic  a c tio n  and 
h y d ro ly s is  by c h o lin e s te ra s e
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Key for Table 2:

a. Guinea p ig  ileum , Ref. 81.

b . Cat b lood p re s s u re , Ref. 8 l .

c . Prog re c tu s  m uscle, Ref. 44 and Ref. 82.

d. Blood p re ssu re  r i s e  w ith  a tro p in e , and c a t  gastrocnem ius 
s tim u la tio n , Ref. 83 .

e . H ydro lysis by a  s tan d ard  bovine e ry th ro c y te  a c e ty lc h o lin e s te ra s e  
homogenate, Ref. 4 l .

f .  Guinea p ig  ileum , Ref. 44.

g. H ydrolysis by tim e a c e ty lc h o lin e s te ra s e  from th e  e l e c t r i c  
organ o f  th e  e e l ,  Ref. 44.

h. Cat b lood p re s s u re , Ref. 25.

i .  Blockage o f  c a t su p e rio r  c e rv ic a l  g an g lio n , Ref. 2 5 .

j .  C urariform  a c tio n  on c a t  gastrocnem ius m uscle, R ef. 25- 

k . Guinea p ig  ileum  during  anox ia , Ref. 84.

1. Cat su p e rio r  c e rv ic a l  gan g lio n , Ref. 7-

JL.
B io-assay  d a ta  a re  g iven  as p e rcen tag es  r e l a t i v e  t o  Ach.

x  -  s t e r i c a l l y  fo rb id d en  conform ations, 
y -  s t e r i c a l l y  allowed conform ations.
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Appendix A;

XTAL accep ts  th e  co o rd in a te s  o f  an orthorhom bic c r y s ta l  u n it  c e l l ,  

and th e  dim ensions o f  th e  u n i t  c e l l .  From t h i s  d a ta  i t  g en e ra te s  

th e  c a r te s ia n  co o rd in a te s  o f  th e  system , and an in te ra to m ic  d is ta n c e  

a rra y . The c a r te s ia n  co o rd in a tes  a re  transfo rm ed  in to  th e  model 

"builder frame where th e  f i r s t  atom i s  a t  th e  o r ig in  o f  a  r ig h t  

handed co o rd in a te  system , th e  second atom l i e s  on th e  Z a x is ,  and 

th e  th i r d  atom l i e s  in  th e  X-Z p lan e . XTAD th e n  c a l l s  SUBROUTINE 

UNZMA.T which g en era tes  a l l  bond ang les and fo u r atom to r s io n s ,  and 

w r i te s  inpu t to  M. G ordon's model b u ild e r  ro u tin e  ZMA.T. The 

g en era ted  in p u t to  ZMA.T i s  te s te d  by SUBROUTINE ZTEST which c a l l s  

SUBROUTINE ZMfLT. The l a t t e r  ro u tin e  g e n e ra te s  an in te ra to m ic  

d is ta n c e  a rra y  from ;the  UNZMA.T g en era ted  in p u t to  ZMAT, and compares 

t h i s  new in te ra to m ic  d is ta n c e  a rra y  to  th e  one c a lc u la te d  from th e  

in p u t c r y s ta l  d a ta . The in p u t form at f o r  th e  dim ensions o f  th e  u n i t  

c e l l  and u n i t  c e l l  coordinate®  i s  (3F20.10).
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D A T A  ( <  F  L  < I ) . I  =  1 , 2 >  =  A H C K  T . 4 H R A N S )  C

C  $ ] ( : # i ( ( # # i { ; a ; s j ' , c # $ ; ! c j ! c s p $ s M < J t : s ,l: j! tJ p : a t : * * *  f

C  I N P U T  S E C T I O N  ‘
9 9  9  C O N T I N U E  C

C A L L  M 0 U T P T ( A . 3 . 3 . 3 , 3 . A L )  (
C A L L  M O U T P T ( B . 3 . 3 , 3 , 3 . R L )  C
ft#####*### * fc# =!< # C
S O L U T I O N  F O R  T  I S  T  =  B * A - I N V E R S E  ' 0
F O R M  I N V E R S E  O F  A  C
C A L C U L A T E  M A T R I X  O F  C O F A C T O R S  O F  A  I N  D  
D ( l . l )  =  A ( 2 . ? > * A ( 3 , 3 ) - A ( 2 , 3 ) * A ( 3 , 2 >
D { 1 . 2 ) = - ( A { 2 , 1 > * A ( 3 . 3 ) - A { 2 , 3 > * A ( 3 . 1 ) >  C
D l l , 3 )  =  A ( 2 , 1 ) * A ( 3 . 2 ) - A I 2 . 2 > * A < 3 . 1 >  C
D ( 2  , 1) =  - ( A ( 1 « 2 > # A ( 3 . 3 ) - M 1 » 3 ) * A 1 3 . 2 > >  C
D  ( 2 » 2  ) = A ( l . l ) # A ( 3 , 3 ) - A ( l , 3 ) * A ( 3 . 1 )  I.
D ( 2 . 3 )  = - < A i 1 , 1 ) * A t 3 , 2 ) - A (  1 . 2 ) * A ( 3  , 1 > ) C
0 1 3 . 1 )  =  A ( 1 , 2 > * A ( 2 , 3 ) - A { 1 , 3 ) * A I 2 . 2 )  C
D ( 3  . 2 )  =  —  C A ( 1 ,  1  ) * A ( 2 . 3 > - A t 1 , 3 ) # A ( 2 . 1 ) >  C
D ( 3 »3 ) = A < l . n * A { 2 , 2 ) - A U , 2 > * A < 2 . 1 )  C
afc a£ afc ajt 1/  ajt aj: v  >{= $  >!t $  >r #  aft ❖  #  '-Si t  *  #  #  #  a<e ajc air a): >}= ijs # #  a(t £

C A L C U L A T E  D E T E R M I N A N T  O F  A  A N D  O U T P U T  C
D E T  =  A ( 1 . 1 ) * D < 1 . 1 ) + A ( 1 , 2 > * D ( I . 2 ) + A ( 1 , 3 ) * D l 1 , 3 )  C
I F (  A B S <  D E T ) « L T ■ l . O E - 5 )  G O  T O  3  C
G O  T O  6  C

5  P R I N T  1 0 0 2 ,  D E T  0
1 0 0 2  F O R M A T ( / / , 2 4 H  M A T R I X  S I N G U L A R ,  D E T  =  , 0 1 5 . 5 , / / )  C

S T O P  0
6  C O N T I N U E  0

P R I N T  I C O O ,  D E T  C
1 0 0 0  F O R M A T ( / / , 7 H  D E T  =  , 0 1 5 . 5 , / / )      0

f .  a ! t a f r ^ i i< a f : a ^ a : ( a ) t # * a ( ( * a j ( ^ * ^ a ^ a ! c j ! t ^ a ! : a ^ j ! c * a j t f l : < t a ^ ^ * i { e a { c a ^ a { t  0

C  F O R M  E L E M E N T S  O F  I N V E R S E  C
D O  1  1 = 1 . 3  C



A
A

N F W  M A S T E R  *   I E B U P D T E  L O G  P A G E  ' 0 0 1 3
A

DD I J  = 1 t 3
1 C ( I , J 1  =  0 ( J . I » / O E T

C A L L  M 0 U T P T ( C , 3 , 3 » 3 , 3 » C L )
C 'afie $  $  *  l i t * #  9 jJc*  # # > } ( $ #
C C H E C K  I N V E R S E

D O  2  1 = 1 . 3  
D O  2  J = 1 • 3  
0 1  I  . J )  =  0 .
D O  2  K = 1 , 3

2  D ( I . J )  =  D U *  J ) + A (  I , K ) * C ( K .  J l  
C A L L  M O U T P T ( D . 3 . 3 . 3  * 3 * D L )

C £ >'fi & # ’l* # V *!< rfi >fS V V*(>
C F O R M  T R A N S F O R M A T I O N  M A T R I X  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

D O  3  1 =  1 . 3  
D O  3  J  =  1 . 3  
T ( I .  J  I =  C 
D O  3  K = 1 . 3

 3  T ( I . J )  =  T U . J > + B ( I , K ) * C ( K . J )
- -  C A L L M C ! U T P T ( T , 3 , 3 , 3 , 3 , E L >

£ 4ĉ c){ĉ 4#>tc
C  C H E C K  T R A N S F O R M A T I O N  M A T R I X

D O  A  1 = 1 , 3  
D O  4  J  =  1 . 3
c ( t  .  J )  =  0
DO 4 K=1.3 

4  E ( I . J )  =  F U . J ) + T { I . K > * A i K . J »
C A L L  M O U T P T I E . 3 . 3 . 3 . 3 . F L )

T i l l  C O N T I N U E  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
R E T U R N
E N D
S U B R O U T I N E  M O U T P T { A * M« N » M D I M » N D I M , N A M E  >

C O U T P U T  O F  M X N M A T R I X  D I M E N S I O N E D  T O  M D I M  X N D I M
D I M E N S I O N  N A M E  I 2 )
D I M E N S I O N  A ( MO I M . N D I M )
R E A L  N A M E  
P R I N T  1 0 C 0 . N A M E  

1 0 0 0  F O R M A T  ( / .  3 X  . 2  A 4 . / / )  "  * '
K I T E  =  0  

. 2 0  L O W  =  K I T E + 1
K I T E  =  K I T E  +  1 4  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .
K I T E  =  M I N 0 ( K I T E . N )
P R I N T  1 9 . t I . I = L O W . K I T E >

1 9  F O R M A T ( / /  , 4 X . 1 4 ( 6 X , 1 2 ) . / )
D O  3 2  1 = 1 , M 

3 2  P R  T N T  1 B . T ,  ( A ( I » J ) , J  =  L G W * K I T E >
1 3  F O R M A T  I I 4 , 2  X « 1 4  F 1 0 • 4 )

I F ( N - K I T F ) 4 0 . 4 0 , 2 0  
4 0  R E T U R N  

E N D
S U B R O U T I N E  I J N I M A T  ( C ♦ R .  N N , A N  .  I N T E R >

C T H I S  R O U T I N E  A C C F P T S  A C O O R D I N A T E  S Y S T E M ,  A N D  A N  I N T E R A T O M I C
G D I S T A N C E  M A T R T X ,  A N D  G E N E R A T E S  B O N D  A N G L E S  A N D  D I H E D R A L  A N G L E S . o 

0 
n 

o 
o 

0
0

0
0

0
 

n 
o 

o 
o 

o 
o 

o 
o 

o 
n 

o 
o 

o 
o 

P 
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o 
o 

o 
o 

o 
o 

o 
n 

o 
r> 

o 
o 

o 
o 

n 
o 

o 
o 

o 
o 

o 
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o 

n



NE W M A S T E R  A I E B U P D T E  L O G  P A G E  0 0 1 A

I T  T H E N  G E N E R A T E S  A N D  T E S T S  I N P U T  T O  Z M A T .
C O M M O N / I  I I I / L T E S T  
C O M M O N / 8 G N D S / N N C I M I  4 0 , 4 0  ) ,  N C I M  
C O M M O N / J I M / I  J I M  
C C M M O N / I N F O / O R S  
C O M M O N / J J J J / B O N D B L
I N T E G E R  A N     '  ’  ' • ' . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . . . . . .

D I M E N S I O N  E L < 9 )
D I M E N S I O N  R ! 6 0 »  6 0 ) , R R ( 4 C , 4 0 )
D I M E N S I O N  L U U ( A O )
D I M E N S I O N  O R S I 6 0 . 3 )
D A T A ! ! E L ( I ) . 1  =  1 , 9 ) = 4 H  H t  A H  H E . A H  L I , A H  B E , A H  B . A H  C ,  -

* A H  N . A H  0 , A H  F >
I N T E G E R  Z

D I M E N S I O N  T I  A O . A C , A O  J
D I M E N S I O N  I N T E R  ( 6 0 ) . . . . . . . . . . .         ~. . . . . . . . . . . . . . . . . . . .  -
D I M E N S I O N  A M ( A G ) , Z ( 6 0 » 4 ) » B L ( 4 0 > , A L P H A ( A O ) , B E T A ( A Q )
D I M E N S I O N  C ( 6 G . 3 ) , R A ( b O , 6 Q ) ,

'* " *  ’ A  ( 3 , 3 )
D A T A ( H O U S = A H H O U S )
L  T  E  S  T = 0
D O  3 1 8 0  1 = 1 ,  N N . . . . . . . . . . . . . . . . . . . . . . . . . . .     " . . . . .   “ . . . . . . . . . . . .
D O  8 1 R 0  . 1 = 1 , N N
D O  8 1 8 0  K = 1 . N N  „  _
R R  (  I  ,  J  )  =  Q  .  ~  *
T ! I , J , K )  =  0 ,
Z ( I  . 4 )  =  0
7 .  (  I  .  3  > =  0         '
Z ! I  . ? )  =  0
Z  ( 1 . 1  > =  0  .
ALPHA! I ) = 0 .
B E T A ! I )  =  0 .
B L (  I  )  =  0 .

8 I R C  C O N T I N U E
C A L C U L A T E  B O N D  A N G L E S  
D O  7 7 7 7  J J  =  l . N N  
D O  7 7 7  7  K K  =  l . N N  
D O  7 7 7 7  L L  =  l . N N  
I F I J J  . E O . L L )  G O  T O  7 7 7 7
I F !  J J  » E O  •  K K )  G O  T O  7 7 7 7          ■
I F ( L L  . E D .  K K )  G O  T O  7 7 7 7  
I F ! J J  • L T .  L L )  G O  T O  7 7 7 7  
I F ! J J  . L T .  K K )  G O  T O  7 7 7 7
I F ! ( N C I M . E O . I ) . A N D . ( N N C I M ! J J . K K ) . E O . l ) . A N D , ( N N C I M t K K . L L ) , E 0 . 1 ) > G 0  

# T 0  1 C 0 1
I F !  ( R ( J J , K K >  . L T .  B O N D B L )  .  A N D .  t R ( K K , L L )  . L T .  B O N D B L ) )  G O  T O  

*1001  
G O  T O  7 7 7 7

1 0 0 1  C O N T I N U E          " "
C T  =  C . O  
D O  1 1 3 0  I  =  1 . 3  

1 1 3 0  C T  =  C  T - ( C ! L  L  » I > -  C ( K K , I ) )  *  ( C  I K K ,  I )  -  C ! J J , I > )

O 
O 

O 
O 

O 
U 

O 
O 

o 
O 

O 
O 

O 
O 

O 
O 

O 
O 

O 
C 

L-* 
O 

Q 
O 

CJ 
O 

L.J 
ij' 

o 
u 

O 
O 

Q 
o 

o 
U 

o 
o 

o 
o 

o 
c 

 ̂
o 

o 
c



N F W  M A S T E R  ?A I E B U P D T E  L O U  P A G E  O C  L■ v
.A

C T  =  C T / < R ( J J , K K ) * R ( K K , L L ) )
X X X X  =  ( 1 . 0  “  C T * C T )
I  F ( X  X X  X  . L T .  0 - 0 )  G O  T O  I 2 C 0  

G O  T O  1 2 0 1  
1 2 C 0  P R I N T  1 2 0 ?
1 2 0 ?  F O R M A T  (  /  » 3 X , 1 1 H X X X X  I S  N E G , / >
1 2 0 1  C O N T I N U E

S T  =  S O R T  t  A B S I 1 . 0  -  C T * C T >  >
T t J J . K K . L L )  = ( 1 8 0 . / 3 . 1 4 1 5 9 ? 6 5 4 >  *  . A T  A N ? { S T . C T  )
P R I N T  R .  J J . K K . L L . T t J J , K K , L L ) . R t J J . K K ) , 8 ( K K . L L )

8  F O R M A T  ( / 3 X . 6 H A N G L E I , I 2 . 1 H , . 1 2 . 1 H « * I 2 , 2 H ) = . F 1 0 . 5 . 2 C X , 2 F 1 C . 5 )
7 7 7 7  C O N T I N U E  

C * * * * * C A L C U L A T F  D I H Y D R A L  A N G L E S  
D D  1 9 4 9  J J =  l . N N  
D D  1 9 4 9  K K  =  l . N N  
D Q  1 9 4 9  L L  =  l . N N
I F !  T I J J , K K . L L )  . E Q >  0 )  G O  T O  1 9 4 9  

D O  1 9 4  8  M M -  l . N N  
■' '  I F ( J J . L T . M M )  G O  T O  1 9 4 8

I F < ( J J . E Q . L D . O R . < J J . E Q . K K ) . O R . ( L L . E O . K K ) . O R . ( L L . E G . M M J  > G 0  T O  
* 1 9 4 8

I F l C M M . E O . K K )  . O R .  ( M M . F Q . J J ) >  G O  T O  1 9 4 8  
I F ( ( N C I M . t Q . l > . A N D . < N N C I M ( L L . M M > . E Q . 1 ) )  G O  T O  1 3  
I F ( R t L L . M M )  . L T .  B O N D B L )  G O  T O  1 3  
G O  T O  1 4  

1 3  C O N T I N U E
C  A T  T H I S  P O I N T  J J , K K . L L . M M  A R E  S E Q U E N T I A L L Y  B O N D E D  A T O M S .  W H E R E  J J
C  I S  G R E A T E R  T H A N  M M

C C  =  O . C ?
D O  1 2 4 0  I  *  1 . 3  

1 2 4 0  C C  =  C C + ( C ( K K , I  > - C ( J J . I ) > * ( C ( L L . I ) - C I K K ,  I )  )
C C  =  C C / ( R ( J J , K K > * R ( K K , L L > )
D O  1 2 3 0  I  =  1 . 3  

1 2 3 0  A l l , I > = ( C I L L . I ) - C t K K , I ) > / R ( K K . L L )
D O  1 2 5 0  I  -  1 . 3  
Y Y Y Y  =  ( 1 . 0 -  C C * C C  )
I F  ( Y Y Y Y  . L T .  0 . 0 )  G O  T O  1 2 0 5  

G O  T O  1 2 C 6
1 2 0 5  P R I N T  1 2 0 ?
1 2 0 6  C O N T I N U E
1 2 5 0  A t  2 . 1 ) = ( - ( C ( K K , I  ) - C ( J J , I ) ) / R ( J J , K K > + C C * ( C ( L L , I ) - C { K K  ,  I ) ) / R ( K K . L L  )  )  C 

* /  S O R T  (  A B S d . O  - C C * C C )  >
A ( 3 , l ) = A ( 1 . 2 ) * A 1 2 . 3 ) - A ( 1 , 3 ) * A ( 2 . 2 )  (
A ( 3 » 2 > — A ( 2 . 1 ) * A ( 1 , 3 ) —  A (  1 . 1 ) * A ( 2 , 3 )  C
A ( 3 . 3 ) = A ( 1 , 1 > * A ( 2 , 2 ) - A ( 2 . 1 ) * A ( 1 , 2 )  C

Z O = O . G  C
Y G = 0 . 0  C
D O  1 . 2 6 0  1  =  1 , 3  C
Z 0 =  Z O + A ( 3 , I ) * ( C ( M M . I ) - C { K K . I ) )  C

1 2 6 0  Y O = Y O + A ( 2  » I ) * ( C ( M M .  I  > - C ( K K , I )  )  C
C T  =  Y D  C
S T  =  / .  0



N F h  ' M A S T E R I E B U P D T E  L G G  P A G E  0 0 1 *

T A U  =  ( 1 8 C . / 3 . 1 4 1 5 9 2 6 5 4 )  *  A T A N 2 ( S T « C T )
I F ( J J  . E G .  4 )  H E T A 4  =  T A U  
I F ( M:! . F Q .  5 )  P R I N T  2 7 1 2  

2  7 1 2  F T  I? MA T  I I X *  6 H M ‘1 =  5 )
P R I N T  9 ,  J  J . K K  , L L .  M M . T - M J . K  ( J J  , K K >  , R ( K K . L L ) , R { L L . M M >

9  F O R M A T  ( / 1  G X * 4  H T AIJ [ , I 2 . 1 H . . I ? . 1 H , , I 2 . 1 H . , I 2 , 2 H ) = , F 1 C . 5 , 2 C X , 3 F 1 G . 5  
*  1

f .  G E N E P A T f c  7. M A T
I F ( 7 . U J ,  L > . M E .  0 )  G Q  T O  1 9 4 9
Z I J J  ,  1 ) =  K K  
I J L ( J J )  =  R ( J J . K K )
7. ( J J . 2 )  =  L L
A L P H A ( J  J  > =  T [ J J , KK » L L )
I F I I N T E R ( J J )  . F G .  H O U S  1 G O  T O  6 2 3 8  
A A A A = C •
0 0  6 1 3 9  L 0  =  1  * i MN
I F ( ( L O . r O . K K )  . O R . ( L O . E 0 . J J ) ) G O  T O  6 1 3 9  
I F d O  . E G .  L L i  G O  T O  6 1 7 9

,  .  I F ( T ( J J . K K . L O )  * N E • 0 • )  G O  T O  6 1 3 8
G O  T O  6 1 3 9  

6  1 3 8  Z ( J  J  ,  3  ) =  L O
R F T A ( J J )  =  T 1 J J . K K . L 0 )
Z 1 J  J  « 9  ) =  1  
A A A A  = 1 .

6 1 3 9  C O N T I N U E
1 F ( A A A A o E O . O . )  G O  T O  6 2 3 0  
G O  T O  1 9 4 9

6 2 3 8  B E T A ( J J ) =  T A U  
Z ( J J . 3 >  =  MM 
Z ( J  J  ,  4  ) =  0  

1 4  C O N T I N U E
1 9 4 8  C 0 N T 1 N I J F
1 9 4 9  C O N T I N U E

C 7 M A T  F O R  A T O M  2
B L ( 2 )  =  R ( 1 . 2 )
Z (  2  , 1  > =  1 

C Z M A T  F O R  A T O M  3
I F ( Z ( 3 . 1 )  . N E .  0 )  G O  T O  7 6 1 2  
D O  1 2 9 7  1 = 1 , 2
I F ( ( N C I  - U F C ) .  1 ) « A N D .  I N N C I M t  3 .  I )  . E Q . l  ) ) 7 ( 3 , 1 )  =  I  
I F ( R n . I )  . L T .  B O N D B L ) 7 ( 3 , 1 )  =  I 

1 2 9  7  C O N T I N U E
K A  = 2 ( 3 , 1 )
B L ( 3 )  =  R ( 3 ,  K A )
D O  1 2 9  6  1 = 1 . 2  
K A  = Z ( 3 , 1 )
I F ( T ( 3 , K A  , 1 )  . N E « 0 )  Z ( 3 , 2 )  =  I  

1 2 9 6  C O N T I N U E
K A  = 2 1 3 , 1 )
K B  =  2 ( 3 . 2 )

A L  P H A ( 3 )  =  T ( 3 . K A , K B )
7 6 1 2  C O N T I N U E



N F W  M A S T E R

•I

M I E B U P D T E  l o g  P A G E  0 0  L 7

0 )  G O  T O  7 6 1 3
7.MAT I-Or, ATOM 
IE( 7 ( 4 , I) .OF
00 1 2 9 ‘i 1 =  1 . 3
If ( i n c i . o i . i ) .  Ar;o. ( n n c im( a . n  . f u . i n  
IF ( P I * .  I) .LT.  B O N D B L )  Z ( 4 . 1 )  =  I  

1 2  9  5  C O  N T I  MO T

K C  =  I ( A . 1 )
IU(4> = R(4,KC)
NMM = 0
1 K =0

1 9 0  9  C O N T I N U E
o n  1 2 9 4  1 = 1 . 3  
KC = 7 ( 4 , 1 )

0 )  . A N D . ( T I 4 . K C
1 )  . A M O . ( T ( 4 , K C

7 . 1 4 . 1 )  =  1

I  f ( ( N M N . E O . ,  I  > » N E  . 0 )  ) G O  T O  1 3 3 6  
,  I  )  . N E . O )  ) G O  T O  1 3 3 7

1  3 3 6

1  3 3 7  
1 2 9 4

I  F  (  (  M M  N .  F  0  
G O  T O  1 2  9 4  
I  J  =  I
N M M  =  N M N + l  
G O  T O  1 9 0 9  
I K  =  I  

C O M T I N I J F
C  1 F  C I K  .  E O .  0 . )  A T O M  4  F O R M S
C  B E  O E  S  I G N A T F O  B Y  A  D I H E D R A L

i n  I K  . E O .  0 )  G O  T O  1 2 0  7  
G O  T O  1 2 C B

1 2 0 7  7 ( 4 , 2 )  =  I J  
K C  =  2 ( 4 , 1 )

K D  =  7 ( 4 , 2 )
A L  P H A ( 4 )  =  T ( 4 , K C , K D )
7 ( 4 . 3 )  =  1 6 -  ( K C + K D ) )
K E  =  Z  (  4 ,  3  )
7 ( 4 , 4 )  =  0  
B  E  T  A  (  4  )  =  B E T A 4  
G O  T O  7 6 1 3

1 2 0 8  2 ( 4 , 2 )  =  I K  
2 ( 4 , 3 )  =  I J  
Z( 4 . 4 )  = 1 
K C  =  Z ( 4 , 1  )
K D  =  Z ( 4 , 2 )
A L  P H A ( 4 )  =  T ( 4 , K  C . K  D )
K F  =  7 ( 4 , 3 )

B  F  T  A  (  4  )  =  T  (  4  ,  K  C  ,  K  E  )
7 6 1 3  C O N T I N U E

C H E C K  T D  S E E  IF A T O M  5 I S  D E S I G N A T E D  P R O P E R L Y .  
T O  D E S I G N A T E  5  B Y  A  D I H Y D R A L ,  T H E  Z M A T  F O R  A T O M

O N L Y  O N E  B O N D  A N G L E  A N D  T H E R E F O R E  M J S

f

C
C
C PROPER L Y .

IT MOW•
I F ( 7 ( 6 . 1 )  . M E .  

D O  9 1 8 0  1 = 1 , M M  
I  F ( ( N C I M . E O . i )  
I  F ( R [ 6 , I  )  . L T .  
G O  T O  9 1 8 0

I F  I T  I S  P O S S I B L E  
5  I S  W R I T T E N

I F  H O T ,  N O  Z M A T  I S  W R 1 1  T E N  F O R  5 .  1 J N Z M A T  M U S T  W R I T E

0 )  G O  T O  9 1 9 0

A N D . ( M N C I M 1 5 , I ) . E O . 1 ) )  
B O N D B L )  G O  T O  9 1 8 1

G O  T O  9 1 8 1



n
 o 

r>
N F W  M A S T F R  M ' I E B U P D T E  L O G  P A G E  C O ’

9 1 0 1  7 1 5 . U  =  I
B L ( 5 )  =  R ( 5 , I )
G O  T O  9 1 8 5  

9 1 3 0  C O N T I N U E  
9 1 0 5  C O N T I N U E  

L G i l S  =  0  
D O  9 1 8 2  1 = 1 . N N  
J  J = Z  £ 5 * 1 >
I F K T 1 5 . J J . I )  * N E .  0 )  . A M D .  (  L G f c S  . E Q . O M  G O  T O  9 1 8 3  
I F  f t i t  5 . J J .  i  )  . M E .  0 )  . A N D .  ( L Q R S  . M E . G ) )  G O  T O  9 1 8 9  
G O  T O  9 1 8 2

9 1 8 3  K K =  I
L O R S  =  L O R S . +  1  
G O  T O  9 1 8 6

9 1 8 4  L  L = I
G O  T n  9 1 3 7

9 1 8 6  C O N T I N U E  
9 1 8 2  C O N T I N U E
9 1 8 7  C O N T I N U E

A L P H A I 5 )  =  K 5 . J J . L L )
Z I 5 . 2 )  =  L L  
B  E T A { 5  )  =  T I 5 . J J . K K )
Z I  5 . 3 )  =  K K  
ZI 5 . 4 )  = 1.

9 1 9 0  C O N T I N U E
T H I S  C u O E  T E S T S  I F  A N  A T O M  I S  D E S I G N A T E D  B Y  A  D I H Y D R A L .  A N D  
D E T E R M I N E S  I F  D E S I G N A T I O N  B Y  M O R E  T H A N  O N E  D I H Y D R A L  I S  P O S S I B L E .  
I F  T H E  L A T T E R  C A S E  I S  T R U E ,  A N D  T H E  P O S S I B L E  D I H Y D R A L S  I N  O U E S T I O  

C  A P E  T  A  U ( J  »  K «  L  * M ) *  T H E  D I H Y D R A L  W I T H  T H E  L A R G E R  V A L U E  O F  K
C  I S  E M P L O Y E D .  T H I S  F R E Q U E N T L Y  I S  O F  V A L U E  I N  G E A R I N G  R I N G S .

D O  8 3 2  2  J = 5 , N N
I F ( Z { J . 4 >  , N E .  0 )  G O  T O  7 0 1 5  
L W I N  =  0  
D O  7 0 1 0  K = 1 • N N  
D O  7 0 1 6  L - l . N M
I f ( T t J . K . L )  . E O .  0 )  G O  T O  7 0 1 6
D O  7 0 1 0  M = 1 • N N
I F ( J  . L T .  M )  G O  T O  7 0 1 8
I F ( ( J . L T . K 1 . 0 R . ( J . L T . L )  )  G O  T O  7 C 1 8
I  F  I  (  J  . E G .  L )  . O R .  ( J . E O . K )  . D R .  I L  .  E O . K  )  . O R .  (  L . E O . I - 1 )  )  G O  T O  7 0 1 8  
I  F  < ( M . E O . K ) . O R . ( M . E O . J ) )  G O  T O  7 0 1 3
I  F ( { N C  1 M • E  0 • 1 > • A N D ■ ( N N C I  M I L , M l . N E . l ) ) G O  T O  7 C 1 8
I  F  (  (  R  {  L  »  M  )  . G T .  B O N D B L ) )  G O  T O  7 0 1 8  
T F I L K I N  . G T .  0 )  G O  T O  7 0 1 2  

G O  T O  7 0 9 9
7 0 1 2  P R I N T  7 0 1 3 .  J
7 0 1 3  F O R M A T  t / / / ,  3 X  ,  4 H A T  O M .  3  X  . . 1 4  .  3 X  ,  5  I H C  A N  B E  D E S I G N A T E D  B Y  M O R E  T H A N  

* D N E  D I H Y D R A L  A N G L E . )
C A L L  T A U F I X t  B L . A L P H A , B E T  A , J . K , L . M , T . R ,  Z . C >

7 0 9 9  C D N T I N U E
L W I N  =  L W I N  + 1  

7 0 1 8  C O N T I N U E



(J 
u

N F W  M A S T E R

H
4
-A

l E L H J P D T E  l o g  P A G F  0 0 1 0

7 0 1 6  C O N T I N U E  
7 0 1 0  C O N T I N U E  
7 0 1 5  C O N T I N U E  
8 3 7 2  C O N T I N U E  

C  M U T E  O U T  C O M P L E T E D  7 . M A T
P R I N T  1 9 9  7

1 9 9 7  F O R M A T ! / / / / )
C  P R I N T  1 9 9 8

1 9 9 8  F O R M A T  U X . R H Z  M A T R I X * / / ,  4 2 H  M O  A N  ( 1 )  B L  ( 2 >  A L P H A  ( 3 )
*  ,  1 0 H B E T A  1 4 ) )

0 0  9 0 C  J  =  I  ,  N N  
I ND1 a AN( j )
P R  I  N T  1 9  9 9 * I J , A N ( J ) ,  Z t J  t 1 ) ,  B L I J ) * L { J . 2  » *  A L P H A ! J ) , 1 1 J . 3 ) . B E T A  I J ) *  

* Z ( J . 4 ) >
9 0 0  C O N T I N U E

1 9 9 9  F O R M A T  I 2  I  3 , 1 4 , F 7 . 4 . 2 ( 1 4 . F I  1 . 6 ) , I 4 >

D A T  A  (  H 0 U S = 4 H H G U S  )
D O  7 1 9 6  I  M E  =  4 . N N

1 3 2  5  F O R M A T  ( 1 X . 2 M H I )
I F l  I Z ( I  M E , 4 )  - E O .  0 )  . O R .  ( Z U M E . 4 )  . E O .  2 ) >  G O  T O  7 1 9 6  

C A L L  Z 4 F I X ( C . Z . I M E )
7 1 9 6  C O N T I N U E

C A L L  Z T F S T  f R . R R  .  A N . Z . B L . A L P H A , B F T A , N N )
I F ( L T E S T  . E O .  1 )  G O  T O  1 9 8 4  
N M N . J  =  1  
D O  1 9 7 9  1 = 1 , N N
I F U I I . 4 )  . N F .  0 )  G O  T O  1 9 7 8  

G O  T O  1 9 7 9  
1 9 7  8  L U U t N M M J )  =  I  

N H N J  =  N M N J + 1  
1 9 7 9  C O N T I N U E

• N M N J  = N M N J - 1  
D O  4 2 2 4  J = l , N M N J  
1 =  L  U U ( J )

4 2 2 4  Z  C I  . 4 )  =  1
C A L L  Z T e S T I R . R R . A N . Z . B L . A L P H A , B E T A . N N )
I F t L T E S T  • E 0 . 1 )  G O  T O  1 9 8 4  
I A O K  =  0  
L O S T  =  N M N J  +  1  
D O  7 0 0 7  J  K  K  =  1 • L O S T  
L J K K  =  J  K K — 1
I F I I A D K  . F O .  0 )  G O  T O  7 0 0 0  
L K K  =  L U I J  I  L J K K )
Z I L K K . 4 )  =  Z I L K K , 4 ) * ( - 1 )

7 0 0 8  C O N T I N U E
D O  7 0 0 0  1 = 1 , N M N J  
D O  7 0 0 1  J = 1 . N M N J  
I F t J c F Q . l )  G O  T O  7 0 0 2  
K M 1 = K
/ .  I K M 1 . 4 )  =  Z ( K M 1 , 4  ) * ( - l )

7 0 0 ?  K  =  L U I J (  J  )
Z  (  K  ,  4  )  =  Z  (  K  ,  4  )  *  ( - 1  >
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CALL ZTFSTIR.RR.AN.Z.HL.ALPHA.BETA,NN) .
IFlLTEST . EO. l )  GO TO 19B9 
DO 70CA IK=1,NMNJ 
I I = L UU(IK)
n  t i .*• ) = /: ( 1 1 .4 i * ( - n

7 0 0 A fXMIMIF
CALL ZTESTU.KR.AN,Z.BL.ALPHA.BETA,NN>
IFlLTEST • F0 • 1. ) GO TO 19B4 
DO 7CC5 IL=1,NMNJ 
I I = LUIJ ( I D
I  ( I I . M = 7. ( I I , A ) * I -  U

700 5 CONTINUE 
70C1 CONTINUE 

K = L UU t I )
7CCG I ( K, M = ZI K, 4 ) * { - 1 >

IF HACK .EO.  0)  GO TO 7C09 
ZILKK.M = Z ( L K K . 4 ) * t - l )

7 009 CONTINUE 
• - I A0 K = IACK + 1 

7007 CONTINUE 
RETURN
SUBROUTINE Z-YFIX IC.Z.IME)

C THIS ROUTINE THANKS TO CLINT COCK PROPERLY SETS Z( I . A)  IN THE
C l r ,  AT . v H I C H  IS GENERATED BY IJN /.MAT» IFTHE ATOM I IS
C SPECIFIED BY TWO BOND ANGLES.

INTEGER Z
DIMENSION C(6 0 » 3 ) » ZI 6 0 , 4 ) .  0 1 ( 3 ) , 0 2 { 3  I . 0 3 ( 3 ) , MY{A ) ,

*0CI 3) ,01)13) . OF( 3)  , QLl 1 3 ) .QL2I 3 ) , 0L313) , DI M1( 3 ) , DIM2(3 >
MYl 1) = Z( IMF, 2>
MY I 2 > = 7. ( IMF , 1 )
M Y{3)  = Z( IME.3)
M Y ( 4-) = I M E 

1202 FORMAT 12HB0)
DO I a l . 3  
I E( I .EO.  1) GU TO 5  
GO TO ft

5 CGNTINUF 
MOS=MY(2)
MCR=MY(1>

6 CUNTINUF
I F ( I . E 0 . 2 )  GO TO 7 
GO TO 5

7 CONTINUE 
MOS=MY(3)
MOlUMYI2)

8 CONTINUE
1FI I . E0 . 3 )  GO TO 9 
GO TO 10

9 CONTINUE 
MQS=MY(4)
MQR=MY(2)

10 CONTINUE



N E W  M A S T E R \ I E B U P D T E  L O G  P A G E  0 0 2 1

no u  j = i , 3
0 C ( J )  =  C ( M O S , J ) - C <  M O R . J )

1 1  C O N T I N U E
I F U . F O . l )  C A L L  U N I V E C I  « L 1  » G C  )  
i r t l . E O . 2 )  C A L L  U N I V E C I 0 L 2 . 0 C )
I F  I  I » F  Q *  3 )  C A L L  U N  I  V E C I Q L  3 , O C )

1 4  C O N T I N U E
C A L L  V E C P P 0 ( D 1 M 1 , U L 1 , Q L 2 )
C A L L  S  C  L  P  R  D I  0 1 M  2  ,  D I M  i  ,  Q  L  3 )
A  L  P  A  =  C  a  0  
0 0  2  5  K  =  I ,  3  
A  L  P  A  =  D  I  M  2 ( l O  M L P A  

2  5  C O N T I N U E
I F I A L P A . G T . O . O )  G O  T O  1 0 0  

G O  T O  1 0 1  
I C O  C O N T I N U E

Z I I M E . 4 )  =  1  
G O  T O  1 0  3  

I O C  C O N T I N U E
7.1 I  M E ,  4 )  = ~ 1  

1 0 3  C O N T I N U E  

R E T U R N  
E N D
S U B R O U T I N E  S C L P R D I V P . X . Y )

! s  T H E  V F C T D k  P R O D U C T  O F  X  D O T  Y .
D I M E N S I O N  V P ( 3 ) , X ( 3 ) , Y ( 3 )  C
D O  1  1 = 1 * 3  r
v p f n  -  x c i )  *  Y t i i  ;

1  C O N T I N U E
R E T U R N  t
E N D  f
S U B R O U T I N E  R E F I E . N N )  C
D I M E N S I O N  E  I  6  C ,  3 ) ,  A l l , 3 ) ,  R I 6 0 . 6 0 )  C

9 9  F O R M A T  ( / / , 1 X ,  4  C H C A R  T E S  I A N  C O O R D I N A T E S  S U B J E C T E D  T O  C L I N T , / / )  f.
D O  1  1 = 1 , 3  r
A l l , I )  =  E ( ) , I )  C

1  C O N T I N U E  C
D O  2  1 = 1 , N N  C
D O  2 J = 1 , 3  f
E ( I , J >  =  E l I . J )  -  A (  1 ,  J  )  C

2  C D N T I N U F  (.
1 0 0  F O R M A T  I / / . 1 X ,  6 6 H C A T E S I  A N  C O O R D I N A T E S  S U B J E C T E D  T O  C L I N T  A N D  R S F E t .

* R R E D  T O  T H E  U R I G I N . / / )  C
R E T U R N  C
E N D  r
S I J R P  C U T  I N F  C F I  X  I  C  ,  A P H . B E T , G A M . N M  )  C
C O M M O M / T R A N Z /  A ( 3 , 3 )  I

. D I M E N S I O N  C ( 6 0  * 3  >
A A P H  =  A P H  v  3 . 1 4 1 5 9 2 6 5 4 / 1 6 0 .
A B E T  =  B E T  *  3 . 1 4 1 5 9 2 6 5 4 / 1 8 0 ,  0
A G A M  =  G A M  *  3 . 1 4 1 5 9 2 6 5 4 / 1 8 0 .
A C O N  =  9 0 ,  4  3 .  1 4 1 5 9 2 6 5 4 / 1 8 0 .  <"



N F W  M A S T E R  I E B U P D T E  L D G  PAGE:  0 0 2

S I N A  =  S I N ( A A  P H  -  A G O N )
C D S A  =  C O S ( A A P H  -  A C O N )
S I N G  =  S I N U 8 E T  -  A C n N )
C O S - 1  =  C D S  f  A r t  F T  -  A C O N )
S I N G  =  S I N  U G A M  -  A C O N )
C O S G  =  C O S U G A M  -  A G O N )
I F I  I A  P M  . E O .  9 0 . )  . A N D *  ( G A M  , E 0 .  9 C  .  )  )  G O  T O  5 5  
G O  T O  6 6

5 5  C O N T I N U E  
P S  I  N T  9 3

9 8  F O R M A T  { / / , 1 X , 2 A H T H F  S Y S T E M  I S  M O N O C L I N I C . / / )
G O  T O  5 6  

6  6  C O N T I N U E
I F ( {  A P H  . E O .  9 0 . )  . A N D .  I B E T  . E O .  9 0 . )  • A N D .  I  G A M  . F O .  1 2 0 . ) )  G  

* T 0  6 1  
G O  T O  6 2

6 1  C O N T I N U E  
P R I N T  5 9

• 9 9  F O R M A T  I / / , 1 X , 2 3 H T H E  S Y S T E M  I S  H E X A G O N A L * / / ) '
G O  T O  6 7

6 2  C O N T I N U E
I F ! ( A P H  . N E .  B F T )  » A M D .  ( B E T  . N E .  G A M )  . A N D .  I G A M . N E .  A P H ) )  G O  T O  

£ 8 1  
G O  T O  0 2  

8 1  C O N T I N U E  
P R I N T  1 0 0

1 0 0  F O R M A T  ( / / . 2 X  « 2 3 H T H E  S Y S T E M  I S  T R I C L I N I C * / / )
G O  T O  8 3

8 2  C O N T I N U E
I F M A P H  . F Q .  S F T )  . A N D .  ( A P H  . E O .  G A M ) )  G O  T O  9 1  
G O  T O  9 2  

9 1  C O N T I N U E
I F I ( A P H  . L T .  1 2 0 . ) )  G O  T O  9 3  

G O  T O  9 A  
9 3  C O N T I N U E  

P R I N T  1 0 1
1 0 1  F O R M A T  (  / /  , 2 X . 2 2 H T H E  S Y S T E M  I S  T R I G O N A L , / / )

G O  T O  9  5
9 A  C O N T I N U E  
9 ?  C O N T I N U E  

P R I N T  1 0 2
1 C 2  F O R M A T  ( / / ,  I X * 7 7 H T H E  S Y S T F M  I S  N O T  O R T H O R H O M B I C ,  M O N O C L I N I C ,  H E X A  

& O N A L .  T R I C L I N I C  O R  T R I G O N A L . , / / )
G O  T O  7 0

5 6  C O N T I N U E  
D  =  C O S B  
A l l . l )  =  C O S B / D  
A (  1  , 2 )  =  C .
A ( 1 . 3 )  =  0 .
A(2  »1 ) = 0 .
A ( 2 . 2 )  =  1 .
A( 2 , 3)  = 0 .



'■1
n

rj t - ri  M A S T f : P  , I E R U P D T E  L O G  P A G E  G 0 2 '

A £ 3 . 1 )  =  S I N t i / D  
A t  3 , 2 )  =  C .
A ( 3 , 3 >  =  l . O / O  
G O  T O  7 0  

6  7  C O N T I N U E  
o  =  c n s G  
A I  1 . 1 )  =  C G S G / D  
A { 1 . 2 )  =  0  .
A t  I  . 3 )  =  0  .
A ( 2 , 1 )  =  S I M O / D  
A ( 2 ,  ?)  =  1 . C 7 D  
A ( 2  ,  3 ) =  0  .
A ( 3  , 1  ) =  0  .
A ( 3  » 2  ) =  0  .
A t  3 . 3 )  =  1 .
G O  T O  7 0  

3 3  C O N T I N U E  
G O  T O  7 0  

9  5  C O N T I  MU' :
G O  T O  7 0  

7 0  C O N T I N U E  
a f  T U R N  
F D D
S U B R O U T I N E  D I S T ( C , N N , R )

C T h i s  R O U T I N E  A C C E P T S  A S E T  O F  C A R T E S I A N  C O O R D I N A T E S  A N D  G E N E R A T E S
C T H E  I N T E R A T O M I C  D I S T A N C E  M A T R I X

D I  M E N S  I O N  0 ( 6 0 , 3 ) ,  R ( 6 0 , 6 0 )
D O  I 1 = 1 , U N  
D O  1 J  =  1 » N N
r t f l . J )  =  S O R T ( ( C t I , 1 ) - C ( J , 1 ) > * * 2  +  ( C ( I , 2 ) - C ( J , 2 ) > 4 * 2  +

* ( C ( 1 , 3 ) -  C ( J . 3 ) 1 * * 2 )
1 C O N T I N U F  

R E T U R N  
E N D
S U B R O U T I N E  R R E D t A ' - ' A T  ,  I  R O W S ,  T R A N S  )

D I M E N S I O N  T !■'.;■ I S  ( 3 ,  3 )  ,  A M A T 1 6 C . 3  )
D I M E N S I O N  C O P Y ( 6 0 , 3 )
D O  1 I = 1 , 1  R O W S  
D O  1 J = 1 , 3  

1 C O P Y ( I . J ) = A M A T ( I , J )
L =  0
o n  3 0  1 =  1 , 3
I F  ( C O P Y ( 1 * 1 ) )  8 , A , 8

4  L = L + 1
I F  ( I +  L - I R  O J S ) 5 , 5 . 3 0

5  I F  ( C . O P Y t  I h L .  I ) ) 6 . 4 , 6
6  C O N T I N U E  

D O  7 r i = l , 3  
M =  I
H O L D  =  C O P Y (  1 1 , M )
C O P Y ( I I , M ) = C D P Y  t I I L , M )

7  C 0 P Y ( I I +  L ,  M ) =  H O L D



N E W  M A S T F k I E B U P D T E  L O G  P A G E  0 0 2

L  =  0  
8  C O N T I N U F  

n n  2  J = 1 , 3  
3  C O P  Y  (  1  .  J  )  =  C O P  Y (  I  ,  J  )  / C  O P  Y  ( I  *  I  )

0 0  0  K - l . T R O w S
I F  I K + I - I R H w S )  1 0 . 1 C . 3 0  

1 0  C O N T I N U E
D O  9  J = I , 3  '

9  C G P  Y ( I  -t-K * J  > = C u P  Y  ( I  + K  ,  J  )  -  C O P Y ( I + K , I ) * C D P Y ( I  . J >
3 0  C O N T I N U F

D O  A C  1  =  1 .  I  R O W S  
A O  P i *  I  N T  5 0 ,  ( C Q P Y C  I . J ) » J  =  L , 3 )
5 0  F O R M A T ( 3 F 2 0 . 1 0 )

D O  6 0  1 = 1 . 3  
D O  6 0  J = 1 , 3  

6 0  T R A N S ( I , J ) = C O P Y ( I . J )
R E T U R N
E N D

;  .  S U B R O U T I N E  Z T E S T ( R , R R , A N , Z , 3 L , A L P H A , B E T A , N N  )
C  T H I S  R O U T I N E  A C C E P T S  A S  I N P U T  T H F  Z M A T  G E N E R A T E D  B Y  U N Z M A T .  A N D
C  U S E S  S U B R O U T I N E  Z M A T  T O  G E N E R A T E  T H F  I N T F R A T O M I C  D I S T A N C E  M A T R I X ,

Z  T E S T  T H E N  C O M P A R E S  T H I S  I N T F R A T O M I C  D I S T A N C E  M A T R I X  T O  T H A T  
G E N E R A T E D  F R O M  T H E  C A R T E S I A N  C O O R D I N A T E S  A C C E P T E D  A S  I N P U T  T O  X T '  
I F  T H E  Z M A T  W O R K S ,  Z T E S T  S A Y S  S O ,  A N D  A L S O  S E T S  L T E S T  =  1  S O  T H A T  

U P O N  R E T U R N  T O  U N Z M A T  T H E  M A C H I N E  E X I T S  T O  X T A L .
I N T E G E R  Z  

C O M M O N / I  I  I  I / L T F S T  
C O M M O N / J I M / 1  J I M  
C O M M O N / I N F O / O R S  
D I M E N S I O N  O R S 1 6 0 , 3 )
D I M E N S I O N  R R R f U  4 0 . 4 0 )
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1 9 9 8  F O R M A T  ( 1 X . B H Z  M A T R I X . / / , 4 2 H  N O  A N  ( 1 1  B L  ( 2 )  A L P H A  ( 3 1  
*  . 2 0 H B E T A  ( 4 )  E L  , 8 X , 1 H X , 1 1 X , 1 H Y . 1 2 X » 1 H Z )

? O C T  F O R M A T ( / / , 1 5 H  O U T P U T  D A T A - . . . / )
G 1 9 9 8  F O R M A T  ( / / , 2 0 X . 1 1 M C 0 D R D 1 N 4 T E S . / / 4 X . I C H N O  O F  A T O M ,  3 X  » 6 H S  Y M B C L  .  1 C X  « 
C  1 1 H X . 1 0 X . J H Y , 1 0 X . 1 H Z , / I  

DO 9 0 0  J  =  1 , M  
I N D 1 = A N I J 1

9 0 0  P R I N T  1 9 9 9 , J , A N (  J )  , Z ( J ,  D . B L I H  J ) , Z I J , 2 > , A L B  I J ) , Z ( J , 3 ) , B T B I J ) ,
* Z <  J , 4 ) . E L !  I N D 1  ) ,  I f .  (  J ,  H  .  1 =  1 , 3 )

1 9 9 9  F O R M A T  ( 2  I  3 , 1 4 , F 7 . 4 , 2 (  1 4 , F 1 1 . 6 ) , 1 4 , 6 X , A 4 , 4 X , 3  F I  2 . 8 1  
f  9 0 0  P R I N T  1 9 9 9  *  J  »  E L ( I N O L ) » (  C t J . I ) , I = 1 , 3 )
C 1 9 9 9  F O R M A T ( 3 X , I  2 . 5 X , A 4 , 4 X . 3 F 1 2 , 8 )
C  I F (  I D E N T ( 1 0 ) * E Q . P U N C H )  7 , 1 1
C  7  P U N C H  9 , ( A N i l ) , ( C ( I , J ) , J = l , 3 ) , I = l , N A T O M S )

9  F O R M A T ( j 4 » 3 t 3 X » F 1 2 » 7 > )
1 ]  C O N T I N U E

0 0  1 0 1 = 1 , N A T O M S  
o n  1 0 J = 1 . N A T O M S

1 0  k ( I . J )  =  S O R T ! ( C (  I  , 1  ) - C ( J . 1 ) > * * 2 + ( C ( I , 2 > -  C ! J ♦ 2 >  )  * * 2 + I C i 1 , 3 ) - C ( J ,
*) ) *"*?)

C  C A L L  M P U T P  ( R . N A T O M S , N A T O M S ,  4 0 , 4 0 ,  1 0 H  D I S T A N C E S )
D O  1 5 0 2  J = 1  *  M
A L P M A ( J )  =  A L P H A ( J )  *  1 8 0 . / 3 . 1 4 1 5 9 2 6 5 4  
B  F T  A ! J )  =  B E T A t J )  *  1 3 0 . / 3 . 1 4 1 5 9 2 6 5 4  

1 5 0 2  C O N T I N U E  
R E T U R N  
E N D
S U B R O U T I N E  R E L V E C ( R , J  , K >
C O M M O N / I N F O / C  
D 1 M F N S I 0 N C 1 6 0 , 3 )

0  I M F  M S  I O N  R ( 3 )
T Y P E  R E A L  C , R  
T Y P E  I N T E G E R  J . K . I



o 
o

N E W M A S T F R

a

:\ I F S U P D T E  L O G  P A G E  CD

on 1 1=1,3
1  R U ) = C (  J . l  > ~ C I K , I )

C  p .  I S  T H E  R E L A T I V E  V E C T O R  F R O M  A T O M  K  T O  A T O M  J
P . F T I J R N  
E N D

' S U f i P O U T T  ' J E  U N I V E C ( L . R )
D I M E N S I O N  L I  3  > * R ( 3 )

S Q R T F  (  X )  = S Q R T (  X )
T Y P E  R E A L  L . R  
T Y P E  I N T E G E R  I
n o  2 1 * 1 . 1  '

2  L U ) = R U ) / S Q R T F ( R t  1 ) * * 2  +  R ( 2 > * * 2  +  R ( 3 > * * 2 >
C  L  I S  T H E  U N I T V F C T G R  O F  R

R F T U R N
E N D
S U B R O U T I N E  V E C P R D ( V P , X , Y >

D I M E N S I O N  V P I 3 ) . X ( 3 ) . Y ( 3 >
T Y P E  R F A L  V P . X . Y
V P t l > = X ( 2 > ^ Y C 3 > - X i 3 ) ^ V ( 2 )

•  -  ‘V P ( 2 )  =  X ( 3 ) * Y ( 1 ) - X ( 1 )  # Y  ( 3 )
V P < 3 ) = X { l ) * Y { 2 > - X ( 2 > * Y l I )

C  V P  I S  T H E  V E C T O R  P R O D U C T  O F  X  C R O S S E D  Y
R E T U R N  
E N D
S U B R O U T I N E  M Q U T P  ( A , M , N . M D I M , N D I M , N A M E >

C  O U T P U T  O F  M  X  N  M A T R I X  D I M E N S I O N E D  T O  M D I M  X  N O  I M
D I M E N S I O N  A ( M D I M . N D I M )
X M I  N O  F ( I . J )  =  M I  N O ( I »  J )
P R I N T  1 0 0 0 , N A M E  

J O O O  F O R M A T ( / / , A 1 C >

K I T E  =  0  
2 0  L O W  =  K I T E + 1  

K I T E  ~  K I T E + 1 4  
K I T E  =  X M I N O F ( K I T F . N )
PRINT 19,(1,I=L0WtKIT6)

1 9  F O R M A T (  / /  . 4 X . ) M f e X , 1 2 ) , / >
D O  3 2  1 = 1 , M  

3 2  P R I N T  1 8 . I , ( A t  I , J ) . J = L O W , K I T E >
1 8  F Q R M A T U A . 2 X . 1 4 F 8 .  A )

I  F  {  N -  K  I  T  F  > 4 0 , 4 0 . 2 0  
4 0  R F T U R N  

E N D
SUBROUTINE TAUFI X (BL.ALPHA.BETA,JJ,KK,LL,MM,T,R,Z.C>

C  T H I S  R O U T I N E  C A L C U L T A E S  T A U f J . K . L . M )  A N D  I S  U S E D  B Y  U N Z M A T  T O
C  G F A R  R I N G S .

I N T E G E R  I 
D I M E N S I O N  A  1 3 , 3 )
D I M E N S I O N  C l  6 0 , 3 )

D I M E N S I O N  R L  (  4 0  )  *  A L P H A  (  4 0 )  *  B E T  A (  4 0  )  «  T  (  4 Q «  4 C  , 4 - 0 )  ,  R  (  6 0  *  6 0  )  
D I M E N S I O N  Z I 6 0 . 4 )
A T  T H I S  P O I N T  J J . K K . L L . M M  A R E  S E Q U E N T I A L L Y  B O N D E D  A T O M S  W H E R E  J J  
I S  G R E A T E R  T H A N  M M



N E W M A S T E R I E B U P D T E  L O G  P A

C O O . C
D O  1 2 A O  I  =  1 , 3  

1 2 4 0  C C  =  C C  +  i C U K , I ) ~ C ( J J , I > ) * < C ( L L . I ) - C I K K ,  I  ) )
C C  =  C C . / I P ,  ( J J  , K K ) * R  (  K K .  L L >  )
0 0  1 2 3 0  I  -  1 , 3  

1 2 3 0  A <  l . I )  =  t C I  L L . I  > - C U K . I )  ) / R < K K , L L >
D O  1 2 5 C  1 = 1 , 3  
Y Y Y Y  =  ( L . O  -  C C * C C >
I F  ( Y Y Y Y  =  L  T  n  0 * 0 )  G O  T O  1 2 C 5  

G O  T O  1 2 0  6
1 2 0 5  P R  T N T  1 2 0 2
1 2 0 2  F O R M A T ( / / / , 3 6 M S 0 R T  H A S  N E G A T I V E  A R G U M E N T  I N  T A U F I X . / / / I
1 2 0 6  C C N T I N U E
1 2  5 0  A ( 2 » I ) = £ - ( C ( K K » I  ) - C  £ J J »  I  ) )  /  R  (  J  J  »  K K  > +  C C #  £ C  t  L t _  *  I  ) - C  U K ,  1  > > / R  (  

* /  S O R T  ( A  LI  S  (  1 - 0  - C C # C C )  >
A  {  3 , 1  > * A £ 1 . 2  > * A ( 2 , 3  > - A I  1 , 3 ) * A £ 2 , 2 1  
A £ ' J » 2 ) = A { 2 » 1 ) * A (  1 ,  3  ) - A (  1 , 1 >  * A <  2 *  3 )
A { 3 ,  3 > = A  £ 1  ,  1  ) * A {  2 , 2  ) - A  £ 2 , 1  > * A t  1  . 2 )
z o = d . o
Y 0 = 0 * 0
D O  1 2 6 0  1 = 1 , 3
Z O s Z O + A t 3 , I  > * { C ( M M . I > r C  U K .  I ) )

1 2 6 0  Y G = Y O + A £ 2 , I J * ( C ( M M , I ) - C { K K ,  I ) )
C T  =  Y O  
S T  =  z n
T A U = {  1 6 C . / 3 . 1 4 - 1 5 9 2 6 5 4 )  *  A T A N 2 t  S T , C T )
Z ( J J t l )  =  K K
B L  £ J J )  =  R ( J J , K K >
Z  (  J  J  ,  2  )  =  L L  
A  I. P H A (  J J  )  =  T  £ J  J  ,  K K  ,  L L  )
Z ( J J . 3 >  =  M M  
B E T A ( J J )  =  T A U  
R F T U R N  
E N D

F O U N D  I N  N M -  D I R E C T O R Y .  S T O W E D  V / I T H  T T R * . .
• C C . G t . C G O O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   . . .  •



Appendix Bi

SZMAT accep ts  as Input a  d e s c r ip t io n  o f  a  g eo m etrica l system  o f  

atoms In  term s o f  bond le n g th s  and a n g le s , and fo u r atom to r s io n s ,

(model b u ild e r  in p u t to  ZMAT o f  M. Gordon). I t  a lso  accep ts  

param eters f o r  th e  system atic  Increm enting o f  up to  two bond le n g th s , 

bond angles o r fo u r  atom to r s io n s .  Having read  th e  above in p u t,  SZMAT 

c a lc u la te s  an in te ra to m ic  d is ta n c e  a rra y  f o r  each o f  th e  c o n fig u ra tio n s  

d e s ig n a ted  by th e  inpub. I f  any in te ra to m ic  d is ta n c e  i n  any o f  th e  

c o n fig u ra tio n s  goes below th e  a r b i t r a r i l y  s e t  v a lu e  o f  3 *08 , th e  atoms 

w hich d id  t h i s  a re  recorded  in  an a r ra y , KNCW1. Having th e  knowledge 

o f  which in te ra to m ic  d is ta n c e s  a re  s t e r i c a l l y  s ig n i f ic a n t ,  SZMAT 

re c a lc u la te s  th e s e  d is ta n c e s  and s to re s  them on a  p e r ip h e ra l  d isk .

A f te r  a l l  th e  d is ta n c e s  a re  w r i t te n  on th e  d is k ,  th e y  a re  sy s te m a tic a lly  

examined to  determ ine i f  th e y  change as a  fu n c tio n  o f  conform ation.

I f  th e y  do n o t,  th e y  cannot account f o r  changes in  conform ational 

en erg y , and SZMAT makes n o te  o f  t h i s  in  an a rra y  LCIM. SZMAT 

th e n  g en era tes  a  summary s t e r i c  g r id  (rhich fo r  a l l  in te ra to m ic  

d is tan ces  which change as a  fu n c tio n  o f  conform ation^ w ±ites f o r  a  

conform ation th e  fo llow ing  words based on th e  low est In te ra to m ic  

d is ta n c e :
o

BAD under A_ „
FAIL between .7  A^and 1 .5  A 
CLOS between 1 .5  A and 2 .0  fi

The symbol . . . .  i s  p r in te d  i f  a l l  changing in te ra to m ic  d is ta n c e s  

a re  above 2 .0  8.. The appearance o f  th e  s t e r i c  g r id  i s  c o n s tru c ted  fo r  

ease  i n  v is u a l  scanning , and t h i s  r e l a t iv e ly  f a s t  g eo m etrica l procedure 

can y ie ld  in te r e s t in g  in fo rm atio n  reg a rd in g  s te r i c  in tram o le cu la r  

in te r a c t io n s .

BO



N E W  M A S T E R I D R  U P D T E  L H C i  P A G E  S C O ]

K J k « L I S T - A L L
1 0 C . N F > a = 1 0 0  . . .

. - B L O C K  D A T A  -
I M P L I C I T  R t A L * O l A - H . G - Z >

C t J M M O N / L  I 7 / I B L A N K ,  I T M A T , I D L . I A L P H A . I O E T A , I C L E A P . 1  1 1 . I I 2  
C T P  S T  I N S E R T  I CM
C CC M M O N / A  R P A Y S / A B C ( 1 9 2 C 0 )
C C O M M O N / T  A P  F /  P. vJT A P  E » T P O S  T N ,  A D D R  S S  £ A C  )
C. C O M M O N  / A U X  I N T / A C  1 7 >  - B (  1 7 >
c r. c m non / pert rl / p l u s )
C D I M E N S I O N  E L  ( 1 6 )
C C O M M O N / O R B / O R B t  9  )
C C O M M O N / I / X Y Z ( 2 0 0 0 )
C C C M . M O N  /  I N F  G 1 / C Z (33 I . U ( 8 0 ) . U L I M <  3 5 ) . L L I M ( 3 5 ) »N E L E C S . O C C A . D C C B
C C O M M O N / O P T  I O N / O  P T I G N  » u P N C L D  » H U C K E L  « C N D O  * I N D O , C L G S D D . O P E N , I O N O F F
C C r i M ' - T I N / E N G Y / I C . f l O E O i . P . O E O )
C C O M M O N / S I f - i R O N / I  D ,  I I  .  I 2 . I I , I I I , D L ( R C ) » A N G 1 ( S C >  . A N G 2 ( 8 0 ) ,  I E ,  D E L T A ,  I S
C A .  I S  S .  P M I  N
C  - - D A T A  E L I  1 )  * E L { 2  ) , E L  ( 3  ) .  E L I  A )  , T : L (  5 )  , E L (  6 )  , E L ( 7 )  , E L (  B )  ,  E L I  9 )  / ' H * .
C *  '  H E  ‘ ' L I '  » ' B E '  ♦ '  B ' ,  ' C  '  ,  '  N • ,  '  0  * ,  ' F  • /
C C O M M O N / N T M A T / L T M A T , N V A R . L I D

, C I N T E G E R  O P T I O N ,  Q P N C L O ,  H U C K E L .  C N D O .  I N D G ,  C L O S E D ,  O P E N .  I G M O F F
C I N T E G E R  O F F
C I N T E G E R  O R  D ,  E L , A N , C H A R G E
C  C O M M D N / Z E T  A / F M U <  1 3 )
C  C C K M O N / G U E S S / I G E S , I G U F S S
C 0  I M r  N S  1 0  N E G •< I  L> ( 1 6  0  C )
C 1 4 H  D Y Z . A I I D X - Y . 4 H  D X Y )
C D A T A t  I N D O *  H I . N D O )
C  O A T  A £ O P E  N =  6 H O P  E N >
C D A T A t C L G S F D = 6 H C L G S E D )
C D A T A  I Z M A T / ' Z M A T ' /
C D A T A  ( I 7 M A T  =  A H / M A T )
C D A T  A ( O F  F =  3 H Q F F )
C D A T A ! I G U F S S  =  5 H G U F S S )
C  D A T A t  I f l U T  =  A H  G U T )

C O M M O N / I P R / 1 O U T , L Q U T T  
D A T A  I O U T / *  O U T ' /
D A T A  I I I / ' I I ' /  • f

D A T A  I I  2 / ' I ?  1 /  I
D A T A  I A L P H A / ' A L P H ' /  t

D A T A  I D E T A / •  B E T A  ' /  <
D A T A  I B L A N K / '  « /  •
D A T A  I C L F A R / '  • /  (
D A T A  I B L / ' B L  • /  (
D A T A  I T M A T / ' T M A T ' /  l

C D A T A t  I 3 F T A  =  C H - 3 E T A  ) (
C  D A T A  £ I t i l  A N K  =  f l H )  ' ■ (
C D A T A t I  C L E A R S 5 H  ) *
C D A T  A ( I B L  =  B H 3 L  ) i
C D A T  A £ I I 1=2 H 11) i
G  ■ D A T A  (  ( L C A L t  1 )  •  1 =  1 , 6  )  =  A H  , < * H  ,  A H  ,  A H  ,  A H  ,  A H  )



N i* '.i A S T E R I E B U P D T E  L O G  P A G E  OGC

C  0  A T  A  (  I  I  2  =  2  H  I  2  )
C  D A T A  I I  A  L  P  H  A  =  5  H  A  L  P  H  A  )
C D A T A t  I T M A T  =  4  H T M A T  )

F N D
I M P L I C I T  R F A L * 3 ( A - H » 0 - Z )

C P R O G R A M  S Z M A T

C  * (  I N P U T , O U T  P U T , T A P L 5  =  I N P U T , T A P E 6  =  0 U T P U T , P U N C H , T A P E 1 0 . T A P E l l )  
I  N T  E G E R * 2  L G  I M , K N O W  1 , K N u w 2  
D I M E N S I O N  L C A L 1 6 )
C O M M O N / L I T / I  B L A N K ,  I T M A T ,  I B L . I  A L P H A , I  B E T A , I  C L E A R , 1 1 1 , 1 1 2
C O M M O N  /  I  P R  /  I  O U T  ,  L O U T  T
C  C.  M  N O N  /  L  A  H  /  I  1  S  T  D  R  ,  I  2  S  T  0  R  »  T  0  P
C G M M 0 N / S T R / J S 1 , J S S 1 , J S 2 , J S S 2
C O M M D N / K N O W / K N O W l  ( 6 C 0 )  ,  K N 0 W 2 (  6 0 0

C  G M  M G M  / C  I  M  /  J  K  J  L  ,  J  K  J I M r J ,  L C  I  M
C O M M O N / C O U N T / N O D C J

C I N P U T  I S  R E A L )  I N  T H E  F O L L O W I N G  O R D E R

C ( 1 )  O P T I O N  C A R D  W I T H  T H E  F O L L O W I N G  I N F O R M A T I O N

C * '  ( A ) O P T  I  O N  ( W A V E F U N C T I O M  O P T I O N )  I N  C O L U M N S  1 -  4 .  T H E  K E Y

C W O R D S  A R E  I N O O  C N D O

C ( 0 )  Q P N C L O  ( Q P F N  O R  C L O S E D  S H E L L )  I N  C O L U M N S  5  -  1 C .  T H E  K E Y

C  W O R D S  A R E  O P E N  C L O S E D

C  ( C >  I N P U T  ( T O  R F A D  I N  T H E  M O L E C U L E  I N  T E R M S  O F  B O N D L E N G T H S ,  B O N

C A . N G L F S ,  A N D  D I H E D R A L  A N G L E S .  I N  C O L U M N S  1 1  -  1 4 .  T H E  K E Y

C  W O R D  I S  Z M A T

C  I D )  I O N O F F  ( T O  S U P P R E S S  M O S T  P R I N T E D  O U T P U T )  I N  C O L U M N S  1 5  -  1 7

C A N G L E ! S ) .  O R  D I H E D R A L  A N G L E ! S )  S P E C I F I E D  I N  L V A R l , I S i ,  A N D

C I  S S I  I S  ( O R  A R E ) T O  B E  V A R I E D  B Y  T H E  A M O U N T  D E L T A  1 .  I I  I S

C  S P E C I F I E D  I N  1 3  F O R M A T  I N  C O L U M N S  2 7  -  2 9 .

C ( H )  L V A R  1 ( W H I C H  S P E C I F I E S  W H A T  I S  T O  B E  V A R I E D )  I N  C O L U M N S

C  3 0  -  3 4 .  T H E  K E Y  W Q k D S  A R E

C A L P H A  B E T A  5 L

C ( I  -  J )  I S L  A N D  I S S 1  ( T H E  S U B S C R I P T  O F  LVAR1) I N  C O L U M N S

C 3 5  -  3 8  A M D  3 9  -  4 2  R E S P E C T I V E L Y  ( E A C H )  I N  1 4  F O R M A T .  F A C H

C M A Y  B E  A N Y  P O S I T I V E  I N T E G E R  F R O M  i  T O  T H E  N U M B E R  O F  A T O M S  I

C T H E  M O L E C U L E .  I F  O N L Y  O N E  I S  B E I N G  V A R I E D ,  L E A V E  I S S I  B L A N

C t  K ) D E L T A 1  ( T H E  A M O U N T  B Y  W H I C H  L V A R K I S 1 )  A N D / O R  L V A R U U S S U  I

C O R  A R E  B E I N G  V A R I E D )  I N  C O L U M N S  4 3  -  5 3  ( I N  F 1 L . 6  F O R M A T )

C ( L  -  P )  G -  K A R E  R E P E A T E D  T O  P E R M I T  A S E C O N D  V A R I A B L E .  L V A K 2 ,

C S U B S C R I P T E D  B Y  I S 2  A N D  I S S 2  T O  B E  V A R I E D  B Y  D E L T A 2  S O  T H A T

C A G R I D  S E A R C H  C A N  B E  C O N D U C T E D  1 2  T I M E S .

C 1 2  U N  1 3  F O R M A T )  I S  I N  C O L U M N S  5 4  -  5 6 .

C L V A R 2  I S  I N  C O L U M N S  5 7  -  6 1 .

C I S 2  A N D  I S S 2  A R E  I N  C O L U M N S  6 2  -  6 5  A N D  6 6  -  6 9

C O F  T H F  R U N .
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I F I R C I . J )  . L T .  3 . 0 0 )  G O  T O  2  

G O  T O  3  
2  C O N T I N U E

D O  5  1 1 = 1 , J K J L
I F I  I I  » E O ,  K N Q k l U I M  . A N D .  ( J  . E O .  K N 0 W 2 ( I I ) ) »  G O  T O  I  
I F ( I J  . E O .  K N O W  1 ( 1 1 ) )  . A N D .  ( I  . E O .  K N 0 W 2 I I I ) ) )  G O  T O  1  

5  C O N T I N U E
P R I N T  7 ,  J K J L , I » J » R (  I , J  )  . B E T A ( J S l ) , 3 E T A ( J S 2 )

7  F O R M A T  ( 3 1 3 . 3 1 3 X . F 1 0 . 5 )  )
K N O W l ( J K J L )  =  I  
K N O W ? ( J K J L )  =  J  
J K J L  =  J K J L  +  1  

3  C O N T I N U E

j



N P W  M A S T E R  «  I E B U P D T E  L O G  P A G
t i

M
1  C O N T I N U E

D O  1 0  1 = 1 , N A T O M S
A L P H A  t I )  =  A L P H A t I ) * 3 . 1 4 1 5 9 2 6 5 4 / 1 8 0 .
B E T A * I )  =  B E T A t I > * 3 . 1 4 1 5 9 2 6 5 A / 1 3 0 .

1 0  C O N T I N U E  
R E T U R N  
E N D
S U B R O U T I N E  O U T ( A G R  )
I M P L I C I T  R E A L * 8 1 A - H . 0 - Z >
D I M E N S I O N  A G R M f t . 1 8 )
C O M M O N / L A B / L R O W ,  L C O L • A  
D I M E N S I O N  A t  3 6 )
K I T E  =  0  

2 0  L O W  =  K I T E  +  1  
K I T E  =  K I T E  +  1 2  
K I T E  =  A M I N O t K I T E . L C O L )
P R I N T  1 9 ,  (  A t  I )  .  I = L O W , K I T F )

1 9  F O R M A T  ( / / , 6 X , 1 2 F 1 0 .  1 . / / / )  _  _ _
-■ -  P R I N T  2 1 2  

2 1 2  F O R M A T  ( / / >
D O  3 2  I  = 1 , L R 0 W

‘  3 2  P R I N T  1 8 , A  t  I  )  ,  ( A G R  (  I  » J  )  ,  J  =  L O W . K I T E ) . . . . . .
1 8  F O R M A T ( 2 X . F 5 . 1 . 2 X , 1 2  F 1 0  •  4 )

I  F  (  L C O L - K I  T E  )  4 0 . 4 0 , 2 0  . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
4 0  R E T U R N  

E N D
S U B R O U T I N E  D O U T ( R )
I M P L I C I T  R E A L * 8 ( A - H . O - Z )
I N T E G E R S 2  L C I M , K N O W  I , K N 0 W 2  

C O M M O N / T  A U / A L P H A ( 6 C  I  •  B E T A (  6 0  )
C O M M O N / S T R / J S 1 . J S S 1 . J S 2 . J S S 2  
C O M M n N / C I M / J K J L . J K J L  M N , L C I M
C  O M M O N / 1 N F  0 / C  t  6 0 , 3 ) , N A T O M S , C H A R G E , M U L T  I P , A N ( 6 0 ) . N  
D I M E N S I O N  L C I M 1 6 0 . 6 G )
I N T E G E R  C H A R G E , A N

.C O M M O N / K  N O W  /  K N O W l . t  6 C 0 .) . . K N O W ?  t  6 0 0 _ >   . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
D I M E N S I O N  R ( 6 0 , 6 0 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0 0  2 0  1 = 1 , N A T O M S
A L P H A t I )  =  A L P H A t  I  )  4  1 B C . / 3 .  1 4 1 5 9 2 6 5 4  
B E T A t I )  =  B E T A t l > * 1 8 0 . / 3 . 1 4 1 5 9 2 6 5 4  

2 0  C O N T I N U E  
N D I S K  = 1 1  
D O  1  1 = 1 , N A T O M S
1  M 1  =  I  -  1  '

. D O  1  J  =  l , I  M l  
D O  1  K = 1 , J K J L  
L L  =  K N O W  1 { K )
MM = K N O w  2 ( K )

c I  F  ( t  I •  E  ( J , L L ) . A N D . ( J .  E Q . M M )  ) W R I T E ( N D I S K ) R ( I , J  )
c I F  ( t  I •  E Q  . M M ) . A N D . ( J . E Q . L L )  ) W R I T E ( N D I S K ) R ( I , J )

I - ' F t  ( I •  t  Q  . L L ) •  A N D . t  J .  E 0  . M M )  ) G D  T O  5
G O  T O  6

i4

0 0 1 9

(
r
r



N F W M A S T E R I E B U P D T E  L O G  P A G E  0 0 2 ' '

5  C O N T I N U E  (
W R I T E  ( N D I S K )  M I . J )  t
P R I N T  R . R t I . J ) .  I ,  J . B F T A t J S 1 ) , B E T A ( J S ? )  (

B  F O R M A T  t  3 X  > 1 1 H L  L  M M  N D I  S K ,  3 X , F 1 C . 5 , 2 1  3 , 2 F 1 C  .  5 >  (
6  C O N T I N U E  '

I F ( ( I  . E O .  M M )  . A N D .  ( J  . E O . L L > )  G O  T O  9  <
G O  T O  1 0  

9  C O N T I N U E
W R I T E  ( N D I S K )  P.  (  I  .  J  )  >
P R  I N T 1 1 . R (  I , J ) . I , J , B E T A ( J S 1 ) , B E T A ( J S 2 )

1 1  F O R M A T  ( 3 X . 1 J . H M M  L L  N D I S K ,  3 X ,  F  1  0 .  5  .  2  I  3  .  2 F  1 0 .  5  )  <
1 0 .  C O N T I N U E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .      . . . . .     . <

1  C O N T I N U E  (
D O  3 0  1 = 1 . N A T O M S
A L P H A ( I )  =  A L P H A t I > * 3 . 1 4 1 5 9 2 6 5 4 / 1 8 0 .  '
r ) E T A ( l )  =  B E T A ! I ) * 3 . 1 4 1 5 9 2 6 5 4 / 1 8 0 .  '

3 0  C O N T I N U E  ;
R F T U R N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .         (

-  -  E N D  • . ■
S U B R O U T I N E  K F I X  
I M P L I C I T  R E A L * 8 < A - H . 0 - 2 1  

I N T E G E R * 2  L C I M , K N O W 1 , K N O W ?  *
A R S F ( X )  =  D A B S t  X )
C O M M G N / K  N O W / K N D n  1  (  6 0 0  )  ,  K N O W ?  (  6 0 0  )  . . . .  •:
C O M M O N / C  I M / J K J L . J K J L M N , L C I M  (
D I  M E N S  I O N  L C I M ( 6 0 . 6 0  > <
K K L L  =  J K J L  -  1  . '

2  3 9 4  C O N T I N U E
M O O S E  =  0  :
D O  2 3 3 3  I H  =  1 , K K L L  '
I  F  I  K N 0 W 1  (  I  H  )  . E D .  K N O W K I H + l ) )  G O  T O  2  3 9 5

G O  T O  2  3  9 6  (
2  3 9 5  C O N T I N U E  <

I  F  {  K N 0 W 2  (  I  H )  . G T .  K N 0 W 2 U H + 1 ) )  G O  T O  2 3 9 7  (
G O  T O  2 3  9 8  i

2 3 9 7  C O N T I N U E  (
M O O S E  =  M O O S E  +  1  (
I H 0 L D 2  =  K N 0 W 2 { I H )  t
J H 0 L D 2  a  K N O W ? ( I H + 1 )
K N O W ? I I H )  =  J H 0 L D 2  " .  <
K N D W 2 U H  +  1 )  =  I H 0 L D 2  <

2  3 9 8  C O N T I N U E  (
2  3 9 6  C O N T I N U E    ~  (

I F ( K N O W l ( I H )  . G T .  K N O W !  ( I H + 1 >  >  G O  T O  2 3 8 7  (
G O  T O  3 3 9 8  f

2 3 8 7  C O N T I N U E  '
M O O S E  =  M O O S E  + 1  (
I H 0 L 0 1  =  K N O W l  ( I H )  .  <
J H 0 L D 1  =  K N O W l  (  I H + 1  )        (
I H 0 L D 2  =  K  N O W 2 ( I H )  (
J H 0 L D 2  =  K  N O  W 2 (  I H + 1 )  i
K N O W l I I H )  =  J H O L D I      <



N F W  M A S T E R  d  I E B U P D T E  L O G  P A G E  0 0 2 1
ri
H

K N Q W 2 (  I H )  =  J H O L D 2  ’           (
K N O W l I I H + 1 )  =  I H O L D 1  
K N O W Z U H  +  i )  =  I H 0 L D 2  

3 3 9 8  C O N T I N U E  
2 3 3 3  C O N T I N U E

I F ! M O O S E  . N E .  0 )  G O  T O  2 3 9 4  
R E T U R N  

E N D
S U B R O U T I N E  R O U T  ( F E E  E E » M H O )
I M P L I C I T  R E A L * 8 (  A - H . 0 - 2  )

I N T E G E R S  L C  I M , K N O W 1  *  K N O W 2  
D I M E N S I O N  F E E E F I 1 8 . 1 8 )  _ _ _ _ _ _ _ _
C O M M O N / K N O W / K N O W  1  { 6 0 0  > , K N 0 W 2 (  6 0 0  V  "  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C O M M O N / C  I M / J K J L . J K J L M N * L C I M  
C O M M O N / L A B / I I ,  I  2 . A  
D T  M E N S  I O N  A t  3 6 )

X)
6 0  )

A B S F ( X ) = D A B S  ( X )
D I  M E N S  I O N L C I M t 6 0
D O 1 1 7  8 1 0 =  1 , I  1
D O 1 1 7 8 J O =  1 . 1 2
D O 1 1 7 8 I R =  1 , 1 1
D O 1 1 7 8 J R =  1 . 1 2
I F  ( A B S F ( E E E E E  ( . JO) -  EEEEEIIR.JRM -GT. *00001)  GO TO 1179

1178 CONTINUE 
EDO = ESEEEt1 , 1 )
PRINT 1174,  KNOW II MHO), KN0W2(MH0) .EDD

1174 FORMAT ( 3 X • 2 H R ( • I 3 , 3 H , , I 3 . 5 H  )  =  , F10 . 5 , 3 X , 48H ,  AND IS CONSTANT
* FOR THE ROTATIONS CONSIDERED-)

IHEL = KNOWl(MHO )
IHEV = KN0W2( M H O )
L C I M (  I H E V ,  I H E L )  =  I . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .
LCIMUHEL, I H E V )  = 1 
GO TO 1364

1179 CONTINUE 
PRINT 1171 .KNOWl(MHO). KNOW2 t MHO)

1171 FORMAT ( / / / , 1 IH GRID OF R I . I 3 . 3 H  , , 1 3 ,  3H ) ,31H AS A FUNCTION OF
* CONFORMATION.,///)

CALL OUT(FEFFE)
1864 CONTINUF

RETURN     . C
END 0

NOT:’FOUND IN NM DIRECTORY. STOWED WITH TTR.
wAS-ooo-cocoo-. • ■ ■ -  ' ........................................ .............
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Appendix C:

The fo llow ing  ro u tin e  i s  a  m o d ific a tio n  o f  th e  XKDO ro u tin e  o f  

Bople, Beveridge and Dobosh which allow s fo r  a  s ig n i f ic a n t  

red u c tio n  in  re q u ire d  computer c e n t r a l  memory. C en tra l to  

t h i s  m o d ifica tio n  i s  th e  EIGN subrou tine  o f  P . Dobosh which 

d iag o n a liz e s  an a r ra y  and o u tp u ts  th e  r e s u l t in g  a rra y  w ith in

th e  same a re a  o f  computer memory. Other changes i n  th e  ro u tin e

were in  SUBROUTINES INTGRL, HUCKCL, SCFCL and CFRINT. The c e n tr a l  

change in  th e  SCFCL c i r c u i t r y  was th e  s to rag e  o f  th e  core hami.ltonian

on p e r ip h e ra l  d is k ,  and th e  read in g  o f  t h i s  d isk  f i l e  upon th e

e n try  to  SCFCL. Thus one a re a  o f  c e n tra l  memory a t  d i f f e r e n t  tim es 

s to re s  th e  overlap  i n tg r a l  m a trix  (INTGRL),=core ham ilton ian  (HUCKCL)> 

Fock m atrix  (SCFCL) and d e n s ity  m a trix  (SCFCL). These changes were 

designed by P ro fe sso r B everidge, and coded by R .J .R .

CO



NEW M A S T !"R I E B U P D T E  L O G  P A G E  O O O l

= R.!S .1 1 S T = ! L
si'"1 ' ! = K 0

I V . P L I C I T  R t A L * 3 l A - H , n - Z >  O C
C  T O  C H A N G F  T H t  S I / . H  O F  T H E  K O U T I N F  A S  A  F U N C T I O N  O F  I A  T  A M D  I B F  C C
C  C H A N G F  A L L  D I M E N S I O N  S T A T E M E N T S  I N  T H E  M A I N  P R O G R A M ,  A N D  A L S O  0 0
C  T E S T  I  M S " R T I O N  C :
C  T E S T  r N S t : R T  I j N  <?■
C  I N  E I G N  A N D  E l  G O U T  - O C
C  A L S O  R E S E T  T H F  V A L U E S  F O R  I  A T  A N D  I B F  I N  T H E  M A I N  P R O G R A M .

D T MENS I ON PDIAGI 90 ) , 0( 9 0 > , C7I5C) , U( 9 0 ) . ULIM{ 5C) , LLIM( 5 0 ) .  C
*XXX( 9C).ASnA{ 90,  90 ) , GAMMA ( S O  . 50 ) , Z  t  50 , A) , BL t 50 ) , ALPH A ( 50 ) , C<~
*BETA(5 0 ) ,NJM( 9 0 ) • C t 50 » 3 )» A M { 5 C ) 0

INTEGERS tJ.IJLLM C C
I M T E G T R * A C 7. CC

C O M M O N / b M G Y / B U T ( 3 > , R O F ( 3 > , F T O T  .  V O L , D P , I C . . . . . . . . . . . . . . . . . . .  C C
C  0  f ' M  i  ■ M  /  I M  F  Ci  /  N  ,  M  A  T  0  M  S  ,  C  H  A  R  G  E  ,  M  U  L  T I  P  ' 0  C

C  P  M  O N  /  S  I  M  R  U N  /  D  E  L  T  A  f  R  M I  N  ,  I  D  •  1 1  ,  1 2 . I I . I I I . I F . I S . I S S  O C
I  N  T  E  G  F  F  *  A  7 O C
C O M M O N / J  R C  O V /  I  R C O V  ,  I  J C ,  I 0 I 5 K . I R C C C . J D I S K  O C

C  I P . r . r ; V  =  T F S T  F o r  c o n v e r g e n c e  c c

C  - I J C  =  P l A C E  I N  G R I D  C C
C  I 0 I S K = S E 3 1 J E N T I A L  D I S K  A S S I G N M E N T  O C .
c. i r c c c  = t e s t  f o p  i n i t i a l l y  c o n v e r g e d  c a l c u l a t i o n  o c

C  U M M O U / N T M  A T / L  T M A T ,  N V A K , L I Q  C C
I N T E G E R  O F F  C

C O M  M O N / P E D T G L / F L (  9) C C
C O M M O N / O R B / O R B  ( 9) O C
C O M M O N / O P T  I O N / O P T  I O N , G P N C L 0 , H U C K F L , C N D O , I N D G . C L O S E D . O P E N , I O N O F F  C M  
C 0 M  M O N / l i t / t b l a m k , i t m a t , i b l , i a l p h a , i b e t a , I C L F A R . I U , 1 1 2  O t

1 N T E G F R  O P T I O N , O P N C L C , H U C k E L . C N D O . I N D C . C L O S E D . O P E N . I  O N O F F  C C  
I N T E G E R  O R R , E L . A N , C H A R G E  O C

D I M E N S I O N  E G R D ( 1 8 , 1 8 ) . V G R D ( 1 8 . 1 8 ) . D G R D 1 1 8 .  1 8 )  O C
C O M M O N / O P  1 D / L R  O W , L C G L  O C

D A T A  U M A T / ' 7 . M A T ‘ /  O C
D A T A  1 8  L K / *  ' /  O C
D A T A  O F F / * O F F ' /  O C

C  I N P U T  I S  F £ A D  I N  T H E  F O L L O W I N G  O R D E R  O C
c  < n  o p t i o n  c a r d  w i t h  t h e  f o l l o w i n g  i n f o r m a t i o n  c c

C  ( A )  O P T I O N  ( W A V E F U N C T 1  O N  O P T I O N )  I N  C O L U M N S  1  -  A .  T H E  K E Y  C C
C  W O R D S  A R E  I N D O  C N D O  O C
C  ( B )  O P N C L O  ( O P E N  O R  C L O S E D  S H E L L )  I N  C O L U M N S  5  -  1 0 .  T H E  K E Y  O C
f .  W O R D S  A R F  O P E N  C L O S E D  • O C
C  W O R D S  A R E  O P E N  C L S D  '  C.  C
C,  ( C )  I N P U T  ( T O  R E A D  I N  T H F  M Q L F C U L F  I N  T E R M S  O F  B O N D L E N G T H S .  B O N D C C
d  A N G L E S ,  A N D  D I H E D R A L  A N G L E S .  I N  C O L U M N S  1 1  -  U .  T H E  K E Y  C C
D  W O R D  I S  7 . M A T  O C
C l  ( D )  I O N O F F  ( T O  S U P P R E S S  M O S T  P R I N T E D  O U T P U T )  . I N  C O L U M N S  1 5  -  1 7 . O C
C i  T H F  K E Y  W O R D  I S  O F F  O C
C  ( F )  I G E S  I N  C O L U M N S  I B  -  ? ? .,  T H E  K E Y .  W O R D  I S  . G U E S S  O C
C |  ( F )  L T M A T  ( T O  S F T  T H E  E N E R G I E S  O F  T H R E E  C O N S E C U T I V E  O U T P U T  S E T S  O C
C  j  T O  A  P A R A B O L A  I N  O R D F R  T O  F I N D  T H E  M I N I M U M  E N E R G Y  O C
C  C O N F I G U R A T I O N )  I N  C O L U M N S  2 3  -  2 6 .  T H E  K E Y  W O R D  I S  O C



c
g

N E W M A S T E R  ^  I E B U P D T E  L O G  P A G E  0 0 0 2
C

f .  T M A T  * '  O C
C  _ I G )  I I  I T H E  N U M B E R  O F  T I M E S  T H A T  T H E  B O M D L E N G T H t S » .  B O N D  O C
C  A N G L E ( S ) .  O R  D I H E D R A L  A N G L E ( S )  S P E C I F I E D  I N  L V A R 1 . I S 1 ,  A N D  O C
C  I S S 1  I S  ( O R  A R E )  T O  B E  V A R I E D  B Y  T H E  A M O U N T  D E L T A 1 .  I I  I S  O C
C  S P F C I F I F D  I N  1 3  F O R M A T  I N  C O L U M N S  2 7  -  2 9 .  G C
C . . . . . . . . . . . . . . . ( H )  L V A R  1  ( W H I C H  S P E C I F I E S  W H A T  I S  T O  B E  V A R I E D )  I N  C O L U M N S  O C
C  3 0  -  3 4 .  T H E  K E Y  W O R D S  A R E  .  O C
C  _  A L P H A  B E T A  B L  C C
C  ( I  -  J )  I S I  A N D  I S S I  I T H E  S U B S C R I P T  O F  L V A R 1 )  I N  C O L U M N S  O C
C  3 5  -  3 8  A N D  3 9  -  4 2  R E S P E C T I V E L Y  ( E A C H )  I N  1 4  F O R M A T .  E A C H  C C
C  M A Y  R E  A N Y  P O S I T I V E  I N T E G E R  F R O M  I  T O  T H E  N U M B E R  O F  A T O M S  I N O C
C .  T H F  M O L E C U L E .  I F  O N L Y  O N E  I S  B E I N G  V A R I E D .  L E A V E  I S S I  B L A N K C C

3 1 2 8  C O N T I N L J F  O C
C  _ ( K >  D E L T A 1  ( T H E  A M O U N T  B Y  W H I C H  L V A R 1 U S 1 )  A N D / O R  L V A R l ( U S S l )  I S O C
C  O R  A R E  B E I N G  V A R I F D )  I N  C O L U M N S  4 3  -  5 3  ( I N  F 1 1 . 6  F O R M A T )  O C
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1002

1000

INPUT SECTION 
DO 9 J = 1.3 
A{1 • J )= 1 * 0 0 0  
At2»J)=RIJ)
At 3,J)=R(J>*RtJ)
CALL M0UTPTtA,3,3,3,3»9H 
CALL M0UTPTt8.1,3.1.3.9H

MATRIX
MATRIX

A)
B)

OC
OC
oc
oc
oc
oc
oc

IN D

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * **Q f
SOLUTION FOR T IS T = B*A-INVERSE 
FORM INVERSE OF A
CALCULATE MATRIX OF COFACTORS OF A 
D( 1,1)=A(2.2)*AI3,3)-At2,3>*A< 3.21 
Otl,2>=-(At2.1>*At3.3)-At2,3)*At3,l>)
Dt1.3>=A(2.1)*A(3,2)-A<2,2>*A{3,1)
DI 2.1)= -1 A (1.2)*A(3,3)-A f1,3)*At 3.2 >1 
D( 2,2)=A(1,1>*A< 3,3)-A(1,3)*A(3.1)
D(2.3>=-( At 1,1 >*A(3.2>-AU.2)*A{3.1) J 
D(3.1>=A(1.2)*Al2.3J-AC1.3)*At2,2)
D(3.2)=-tAI1,1)*AI2,3)“A(1,3>*A(2,1>)
Dt3.3)=A(l»l)#At2»2)-At1,2)*A(2.1)

OC
Of
Of
Ot
0<
Of
Cl

Of
0
0
c
0

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * r  
CALCULATE DETERMINANT OF A AND OUTPUT, 0
DET=AI 1,1 > *D (1» l')+A( 1.2 )*Di( 1.2 ) + At 1»3) #Dt 1,3) 0
IF tDABStDETJ.LT.1.0D-18) GO TO 5    ’ ~ C
GO TO 6 C
PRINT 1002, DET _ „  _ _ _  0
FORMAT (/ /, 24H MATRIX SINGULAR. DET = tE15.5 tV'/T' ~  C
STOP 0
CONTINUE 0
PRINT 1000, DET .......   0
FORMAT(//,7H DET = ,E15.5.//> C
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0
FORM ELEMENTS OF INVERSE ' “.       C
DO 1 1=1.3 C
on i  j = i , 3 o
CtI,J)=D(J,I)/DET C
CALL M0UTPT(C»3,3,3»3»8H INVERSEl C
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * f
CHECK INVERSE....................       *.......... 0
DO 2 1=1.3 C

DO 2 J=1.3 _  _ c
DC I, J) =0,0D0 '    " C
DO 2 K=l,3 C
D(I.J)=DtI.J)+A(I.K)*C(K,J)
CALL MOUTPT(D,3,3,3,3,7H CK INV) C
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
FORM TRANSFORMATIONv,MATRIX C
DO 3 J=1.3 C
T (J)=O.ODO C
DO 3 K = 1 • 3  ̂ c
TtJ)=T(J)+B(K)*C(K,j) C
CALL MOUTPTtT.l,3.1.3.10H TRANS MAT) C



c :
NEW MASTER ^ IEBUPDTE LOG PAGE 0008

RMI N = -T ( 2) / t 2• CDC#T ( 3 > >- * OOC
PRINT 750. RMIN   _ _____ „  _ 001

750 FORMAT I//.8H RMIN = .F20.16T "" '  " ” . " OOC
RETURN OOC
END OOf
SUBROUTINE TIM............ ~ "..      C0<
IMPLICIT R.FAL4B ( A-H. 0-Z ) 00<;

C CALL S19V L (TIME)    _ _ OO-
C PRINT U  U. TIME " ' ' OC I;
Cllll FORMAT(IX,A8) OOC

RETURN 0 0 vEND --   - -.......     OC-
SUBROUTJNE DMAT ( PD I AG. XXX . B ,C, N.OCCA. I BF, AN , I AT, CZ ,U, ULIM.LL I M.NUOO':

 ~*M) _____ ______  _ ___ ______  ̂ 00 i
im pl i c i t' re a l*b (a-h .o-z )   " ’ ~ ‘ OOC
DIMENSION CZ(IAT).U(IBF>,ULIM{IA T >.LLIMlI AT > OOC

DIMENSION NUM(IBF) ___     00(
INTFGER*4 CZ........      ‘......... . ~ OOC

INTEGER *4 U.ULIM OOC
_ DIMENSION C (I AT »3 )» AN ( I AT >  ______________     _ __ OOC
DIMENSION XXX(IBF)    ' ' OOf
DIMENSION PDIAGdBFI OOC

C THIS ROUTINE ACCEPTS THE COEFFICIENTS OR EIGENVECTORS IN B 00'
C   AND GENERATES THE DENSITY MATRIX ALSO IN B OOC

INTEGER OCCA O'OC
DIMENSION B(IBF.IBF)   _ GO.
COMMON/OPT ION/OPTION. OPNCLO.HUCKEL, CNDO. INDO, CLOSED. OPEN. lONOFF" OOC
INTEGER OPTION,OPNCLO,HUCKEL,CNDO.CLOSED,OPEN 00'
INTEGER OFF __ ’ 00'DATA OFF/'OFF*/................ -...-----.......  -------.......... - ^
I.FdONOFF .EO. OFF) GO TO 2222 OOC
PRINT 1111    __   OOC

1111 FORMAT(13H COEFFICIENTS) 00<
CALL SCFOUTtC.AN.B.CZ.U.ULIM.LLIM.NUM.O.l.IBF, IAT) OOf

2222 CONTINUP-   _ 00!
DO 1 AO 1 = 1, N ' ~ ..."......  *   00 i
DO 120 J=1» N OOC
XXX(J) = 0.DO __ __    OGC

on n o  k =i .occa 7"..........   “ " .......  ‘ OOC
110 XXX(J) = XXX(J) + 2.D0*B(I,K)#B<J,K) OCC
120 CONTINUF _ _ _ _ 00*

on 130 j = i.n            r' ' 00!
130 R(I,J) = XXXIJ) 00!
140 CONTINUE __ __________ ______________ __ 00<

..... DO 150 I = 1, N ' "          - - --- ..  - 00'
DO 150 J=1.N 001
PDIAGIII = B(I,I) 00

150 B (.1,1) = BI I , J )   ~           ~ 00
C WRITE THE DIAGONAL OF THE NEWLY GENERATED DENSITY MATRIX ON DISK 00‘
C ■ KDISK = 11 _ • .  _  _   OCC IKDI SK = 12 “ - - - ■ .oq
C REWIND [KDISK 00-



N F W  M A S T E R  0  I E B U P D T E  L O G  P A G E  0 0 0 9
C

  ....... '.' ' ' C .. ....
C REWIND KDISK , 0 ’ OOC
C DO 2222 IY=1.N . .      OOC
C DO 2222 JY = 1»M OOC
C IF ( IY .NE. JY > GO TO 2222 OOC.
C WRITE (KDISK) B(IY.JY) _ _ OOC
C ’ WRITF (I KDISK) B(IY.JY)  " "   OOl
C 2 2 2 2 CONTINUE OOC

IF ( IDNOFF .EQ. OFF) GO TO 4444      OOf
PRINT 3333 ’ ' OOf

3333 FORMAT {15H DENSITY MATRIX) OCt
CALL SCFC)UT(C.AN»D,CZ»U»ULIM,LLIM.NUM,0»1,IBF»TAT) 00'

4444 CONTINUE ~ " 00'
RETURN 00 i

__ END _ _       OCC
SUBROUTINE" ETON INN, RHQ.IBF. A)'  ...~ ~ " ~ OOf
IMPLICIT REAL*8(A-H.Q-Z) OOf

C ONE MATRIX VERSION   _ OOf
C   RHO= UPPER LIMIT FOR OFF-DI AGONAL-'ELEMENT  ........    * OOi
C NN= SIZE OF MATRIX CO*
C .. A = F .MATRIX (ONLY LOWER TRIANGLE IS USED + THIS IS DESTROYED) 00 =
C   FIG = RETURNED EIGENVALUES IN ALGEBRAIC ASCEND ING ORDER 00
C VEC = RETURNED EIGENVECTORS IN COLUMNS 00

DIMENSION A(IBF.IBF) 00=
DIMENSION W( 90),GAMMA(" 90).BETA* 90),BETASG! 90).IPOSVl 90J.IVP0SGC- 

*( 9C).IORD( 90) OOi
COMMON/BYE/EIG( 90) _ _ OC

C ’ THE FOLLOW ING DI MENS IONED VARI ABLET a RE’EOUIVALeNCED " 00-
C DIMENSION VEC(IBF.IBF) OC
C EQUIVALENCE (A(I).VEC(1)) _ COC EQUIVALENCE (VFC.A)............    ------..-----.....  - QC
— ■ • DIMFNSION P(50),0(50) CO

EQUIVALENCE (PI 1).RETA{1)),(Q(1),BETA(1) ) _    00
  "EQUIVALENCE ( IPOSVl 1 ) .GAMMA! 1) ) . ( I VPOSt 1)»8ETA(1) ) , "  00

1(IORDII),BETASQ(1) ) 00
ABSF (X) =DABS(X) ■   00
SQRTF(X) =DSQRT(X) " " “         * 00

C PRINT L917 00
1917 FORMAT! BH IN EIGN) _ _ _     __    _00

  ""rHDSQ=Rh6*RH0   ”  ~ " ~....................................................   oc
N=NN 00
IF(N .EQ. 0) GO TO 560 _ 00

 1' N1=N-1    ' ' -   ' " ............  v OC
N2=N-2 00
GAMMA t 1 ) =A( 1 ,1 ) _      OC
I FIN?) 2B0.270, 120 ..... *...."*™..    " ““ " OC

120 DO 260 NP = 1,N2 00
B=A(MR+l.NR) CC
S=0 .DO                   ' " OC
DP 130 I =NR,N2 OC

130 S=S+A(I+2.NR)**2 _   CC
C 'PREPARE FOR POSSIBLE BYPASS 0F_ TRANSFORMAT IGN ............... OC

A(NF + 1«NR > =0•DO OC
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H* C r ,2 !T~ Ll L-> ~r~ ■—* C- __ c: u w Z ■ 1 O. io o » *4Q 7L C,‘ 7 O •— CL C  U o g w -W G ll r> 4', f-', C- JZ to- to-- c: —' (NJ —■ (NJ
1/5 G j - / 4 »— G C 22: c: 1— o h H > > > ' c O o f— LJ iy i O a I—I o k—< -a G *—4 C k—1 C < 0 •— < < LJ CO LO G <J 1 < +
< «“1
7 c_ C r_\ c C- O O i"_ O o G c_ a 0 G

, * * ir- ■r r- or. o C r-* (X (<1 LO -c h - er <r

u

t



tn
CM
oo

a  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

o  o  o  a  o  c  o  o  
o o o o o o o o

-1 r i r  -*i r~ i r—« M T=r 3 3 3  3 r—4» !-—47TTT3 »—1rJo o  o o o o o c o a o  o o O o o o  o o o o O O O Oo o  o o o o o o o o Cl o o o o o o  o o o o o o o o

LU
o
Cl.

o
o

LU
3oc.
COLU

cc
LL'

—
CM
■»
.4.

' 3
3  2
LO- 3
r  lo
o o
t  I r o
H- ' C CM
2  c \ * i
3  ■* CM C
l / l  -K 3
■H- 3 C
—  i / i H G
r o  3 e
>  O C

— G —
1 «• c

CM — X
3  > or
> • *
—  + c? 3

Li : a G  O

o
O'

c
o
LO
UJ
Uj
ccoLU
o
oO'

o
tn
CM

u .

— — c
2  
r  ■ LL c

LL
0  o  

oLU
A

X> O
2  oVH ON
s:  cv o
3  o  

o
1 «x  o  + •

t-2  —I
>— i •  O
X '  — cI O•—i "3 •
j£ * o

m  ro >-« o'r . t/i — I)
H H 1“  1/1 —II tl — O
—  O  \L  IL -C •

_J LO f\ *—
x  7 '. o  o  o  m  —II O 3  c  C -• cz cc 2  < C LuH - l - h l - M ' K - l - JC X LL C

2  a  u. c  c. c* c  o  u. •— o  2

o
occ
r-
in
O'
cm•
f-
i n
•#-

LO
"h
CVJ
*■M-

LO
Ioco

oh-
CM

o  —

oo

U.I—
rv
a
LO

LL
—r

<h~<II

oo
o

LU_l
o
2<
+oa
o•
o00
I—I

II

• CM O • ’tO lL  OfMOC-CCCMtnO

i/i <  O  — 0  — 0 G G  C  G 3 G  <

S o c o O e o
o CM ro •J- in

3
UJ

CM rvi CMCM CM

O  -3
cc- »CM —
C  LL I- -I

gO X G C

— 0*0UJ cc » 
J  Cl15 —
71 Cl UJ < K _l— ou. G X—■ e  <

iLcs

2
<

3
*

3
fsj
o►
<

<1M
s

LO _ l  
2  •□ —I-1 I— h* <

3
O3
<u

< o  0  — 0  •> fj zr O I o  • aLO » cc— x  o  
3  | u.
OH <To  —►— CD
X *

l/l

3  -• I”— <t
U_ —  3  I I ----
W <  z
—  —  c

m •
• 1— —

CO m 
3
<

ii
<r

2  -<1 fC|
»  w

LU LUo  •a; — 
<L O' 
X  — o  o  - rr 
3  *

#4 —1

r*J O'
o  — • o

<rLL1 IL 
2  O'

<
ct
COLL
3
T.

3  —
2  C. O
L i LC *—
3  CC 3  
3  O  3  CL 
il 2  lo >:CC LU —

— <1 
3  *3  < 3
1-4 < f
— rCM T  
U <to2
C 2*—• Q
LO *—
2  LO3  2  2 3
•—1 X
o  •—o

c c

3  O  * 22  —t~> co

a  * 
2O 3
3 1  3• a2  2  
3  a  a. ■—* c  -* 2  
O  3

—  3 Q .
CO LO o— o  .
nj  3  O  0  0  3  

*  k  LO
— a  a  
m c  3
— 2 0

32  cC oLU oo  o  
c c  *< <X o  
o  o  * aLO •

—  2  l o  
U - C U f l l
CD 3  UJ 

<

o  *
* o— o

O' 2* o
O' »
— 3  3  LU 2  ^ 3  o  
3  3

* X
—  *  
O' c

oo
2

oa

3
m:
o
3
X

oo

O' o  
— 2  *
LO CL O  
Ci C  —I• o
<12 2 a  n  a. 

* 3 ,  C

2  3  0  0-

3  —# c
2  2<

24 Z C  * 2  — (i — LO
3  LO 2  0  2  3  
3  3  2
3  2  3 t
2  3  C3  a

3  iC  3  *  2( C 7 \ <3  's. 3  O
— 0 3 0  LO LL U_ c

2 2 2  — M"O ■N. v. »
— 2  2  ac
LO 3  O 3

M
o
3
occ<r
X
o
3oc 
a  o

<
2
*4-4

LO3
LO<r3
o<
3c:

03ooo
<o
oo
LO
o
LU—1LU
2

O' 3m o  
m  cc
3  <

X  
3  O  
2  •
3  2
DC »

c

C  CL

LO
J r . C IL L

3  >r. x  3  X C 3  3  1—0 0 2  C 3 O G
o

o•o
CM

o  o
r~  cc  
<M CM

CL LO
LU-J

“3 M c: <~- a—* t» LLi—i—c 3 i/i LL <—*— 2: cX o LLM
N <i X G • LL
m a J" <i LL C

LL LL cs: 2 2 H-
LL U- U_ Q II a «3 c C t/S l ■ X * O• II c * 3 o IL<r s It < LL H ►*•

LL A 2 —c a - occy. LL *— X 3-4 zUJ C LL LL JT 3 c t-
O J—LL C a: '-I *—»H ■4< < h* X U. X ZI— o a; < h- cr LL OC< o *s_ LL c i-C C;c: LL i/: X C LL CL IX

O*r**CM
c o o



n o  o n  
*—»

*0 CJ3 -~i O' LT oJ to r—* L*Jo O O -D a o o :d o 00 -J
2̂ i- r* r - 1” n I- r- 4>-iZ Z a Jw2 Z) 2 2 31 2 ■>c O i“ Wr r- 3 n n c o n 2 0 0 2 7> O 2 n ■ ■< 7. r* o 2 T3 “no n n n n o O n o. n n LO n o T n 3 n n r~ r- L/> —■ a r* r~ 3 -1 «m« O 1“ o to II 3 to II ■n3 to IT o Tl ll r- 3 11 Tn 3

A y—. a « *-* 4« C/I *** -** C/1 e_ II X 7=. 7C H r“ 2 M 31 2 *—■ —- —* 2 >-• O tj
to i— O os -si O' LO nj 1—» (—4 *-* JO oc to H to H-•* — -4 > r~ H jifc -H •—< + H -H + r> —1 M + —! > T O' 0

V w *w» •w •m* w CO 4̂* o o w w '>>>' 7> I- o II II II O n M ***• w 3 •w' -f> 3 O Q « o —i
11 u u 11 11 II It ll 11 It 11 11 II II II ll It tl tl 2: ii r" X Cl V *—* II 11 -H

o to >0 ro to NJ r-“ I—1 CD V LO ►—* • to J—■ J—1 h-• j* 7C M c ( - 7C n * c vjr II •—4 ui > to w »—I t—•
m • II LO tl • ♦ rn 7C + II I- r~ f II 3 > .n Tl > O 3 O II >j ■Ui

O' h- f\J UJ to 2 fr—4 I—* X y— i—■ II 2 : > • • tl H LjJ c
-4 Ul I-* Ul * 3 3 -1 1 • + 3f X « m T) « ■y {— —1 o *

a * a M O O H-* r* >—1 ***> — 2 • > 2 - t - i 2 ~y* toCl o •—• o o a ►—< 1 7C P- < hH • 1 • T *>
TI # 00 * Tl X f - •M* w> —1 • 1 w UJ I-* H* —1

o sj (" 3 1 1 o o 3 m
> T *n 3 7C X Cl t to —y ■ŝ
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