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ABSTRACT

Synthesis of Novel M uscarinic Agonists 

By

Jo h n  Boulos 

Advisor: Professor Jerom e Schulm an

We have synthesized a  series of imidazole and oxazole-containing 

heterocyclic com pounds, based  upon  a  theore tica l m odel of th e  

s tru c tu ra l  req u irem en ts  for m u sca rin ic  recep to r activ ity . The 

com pounds are  in tended  a s  m im ics of acetylcholine a n d  o th e r 

cholinergic agon ists  (cholinom im etics) a t  m u scarin ic  cholinergic 

receptors in  the b rain  and the  peripheral nervous system . M uscarinic 

receptors are of im portance in  Alzheimer's disease and problem s of 

in te s tin a l m obility. C om pounds w hich  a c t selectively  a t  th e se  

receptors could be desirable therapeu tic  agents as  well a s  research  

probes of cholinergic pharmacology. Biological d a ta  have been obtained 

for some of these compounds.
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Chapter 1

General Introduction

I. Som e R elevant A spects o f th e Nervous System :1 The nervous 

system  is composed of the central nervous system  (brain and 

sp inal cord) and  the peripheral nervous system  (somatic and 

autonom ic). B rain  regions of p a rticu la r in te re s t here  are  the 

h ippocam pus, th e  cerebral cortex and  the b asa l ganglia (e.g. 

nucleus of Meynert) which appear to be involved in  memory and 

w hich  con ta in  m uscarin ic  M i a s  well a s  o ther sub types of 

m u sc a rin ic  recep to rs . It is es tim a ted  th a t  80% of th e  

m uscarin ic  receptors in  the  b ra in  are  M i. The autonom ic 

periphera l nervous system  is  divided in to  sym pathetic  and  

p a rasy m p a th e tic  su b sy s tem s b ased  u p o n  an a to m ica l and  

physiological differences. The parasym pathetic  system  utilizes 

presynaptic neurons which em anate from the cranial and sacral 

nerves an d  w hich  synapse w ith  p o stsy n ap tic  n eu ro n s  on 

nicotinic cholinergic receptors. These postsynaptic neurons in 

tu rn  synapse w ith the  m uscarin ic  recep to rs of th e  various 

effector cells, using  acetylcholine (1 ) a s  the  neuro transm itter. 

An example is the ten th  cranial or vagus nerve w hich innervates 

the  lungs, trachea, esophagus, heart, stom ach, pancreas, kidneys 

an d  intestine.

N(CH3)3 I

1
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Acetylcholine an d  o ther m uscarin ic agonists b ind  to 

m uscarinic receptors and  effect intracellular changes by three 

m echanism s: opening ion channels selective to  po tassium 2 or 

calcium ;3 stim ulating guanylate cyclase and inhibiting adenylate 

cyclase4 through a  pathw ay involving proteins th a t bind GTP (G 

proteins); and  hydrolyzing inosito lb iphosphate .5 The la tte r two 

"second messenger" m echanism s also lead to the opening of ion 

channels th a t  lead to depolarization of th e  cell m em brane to 

facilitate an  action potential. Hyperpolarized m em branes inhibit 

action potentials.

II. M u scarin ic R ecep to r  S u b typ es: In th e  m id -1 9 6 0 ’s, 

suggestions were m ade th a t subtypes of m uscarin ic receptors 

exist. B urgen and  Spero6 examined the ratio of potencies of a  

v arie ty  of ag o n ists  a t  m u scarin ic  recep to rs  to  s tim u la te  

contraction of guinea-pig ileum and potassium  efflux from the 

sam e tissue. They reported th a t the  properties of the receptors 

m ediating these responses m ight be different, b u t they  were 

unable to find selective antagonists for these receptors.

The ea rlie s t re p o rts  of selective a n ta g o n is ts  a t 

m uscarin ic receptors cam e from F isher e t a l.7 However, th e ir  

com pounds were n o t veiy  po ten t an tagon ists. Barlow et a l .8 

described a  compound, 4-DAMP (2), th a t showed selectivity in 

blocking m uscarinic receptor-m ediated responses in  the  ileum, 

v e rsu s  to those in  th e  h ea rt. G ardier e t a l .9 p re se n te d  

physiological evidence for two d istinc t types of m uscarin ic  

receptors in  the superior cervical ganglion of the cat.
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In other experiments, Goyal and R attan10 m easured the 

potencies of McN-A343 (12) and  bethanechol a t  m uscarinic 

receptors on in tem eurons in the lower esophageal sphincter of 

th e  opossum  an d  com pared  them  to  th e  po tencies for 

stim ulation of m uscarinic receptors in the smooth muscle of the 

esophageal sphincter itself. They suggested th a t the  observed 

selectivity w as consistent with the hypothesis th a t subtypes of 

m uscarinic receptors exist proposing th a t ganglionic receptors 

be term ed M i, and smooth m uscle receptors be term ed M2 .

An advance in  the characterization  of m uscarin ic  

receptor subtypes came about with the discovery of pirenzepine

(3), an  M i selective an tagon ist.11 M i and M2  receptors have 

high and low affinity for pirenzepine, respectively.

2 3
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M u tsch le r  a n d  L am b re c h t12 suggested  th a t  th e  M2 

re ce p to rs  m ay  need  to  b e  div ided  fu r th e r  in to  su b g ro u p s . 

M oreover, G iachetti e t a l . 13 have show n th a t  th e  com pound  

AF-DX 116 d istingu ishes betw een M i and  M2  sub types an d  also 

recognizes card iac  M2  recep tors w ith  a n  affinity 30-fold h igher 

th a n  for M2  recep to rs located on sm ooth  m u sc les o r secre to ry  

glands. T hese d a ta  a re  con sisten t w ith  th e  idea  th a t  m ore th a n  

two types of m u scarin ic  recep to rs ex ist an d  th a t  th e  recep to rs  

M2  should  be  subclassified.

I t  is  now  g en e ra lly  ag reed  th a t  th e re  ex is t th re e  

pharm acologically  defined m u scarin ic  re c ep to rs :14 M i, w ith  a  

h igh  affinity for pirenzepine; M2 , w ith  a  h igh  affinity for AF-DX 

116 an d  gallam ine; an d  M3 , having a  h igh  affinity for 4-DAMP 

a n d  h ex a h y d ro s ilad ife n o l (HHSD). (The 4-D A M P-sensitive 

receptor w as previously designated  a s  M2 .)

i) M olecu lar form s: W ithin  th e  p a s t  few y e a rs  five d is tin c t 

m u sca rin ic  recep to rs  have been  cloned. R eferred to  a s  m i 

th ro u g h  1115, th e y  a re  single c h a in  p ro te in s  w ith  m o lecu la r 

w eights rang ing  from  51 ,452  to 66 ,127  D altons .15 (The c u rren t 

p ractice  is to  denote pharm acologically defined recep to rs w ith  a  

cap ita l M, cloned m olecu lar form s w ith  a  lower case  m.) The 

m i ,  m 3  an d  m s  recep to rs sh a re  a  sequence hom ology of over 

40% ; m 2  an d  1114 re ce p to rs  s h a re  a n  overall am ino  ac id  

hom ology of 44% , b u t  a re  only  32-33%  id en tic a l to  e ith e r  

recep to r of th e  f irs t g ro u p . T he pharm aco log ica lly  defined  

recep to rs M i, M2 , M3  correspond to th e ir  m olecular form s m i .
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m 2 t m 3 , respectively.

The m i receptors have been  show n to p lay  a  role in

senile dem entias of the Alzheimer's type. T h u s trea tm en t

w ith  selective m i  ag o n is ts  could  prove efficacious a s  a

replacem ent therapy  to alleviate sym ptom s of the  disease.

F rom  th e ir  know n seq u en ces , it  is  believed th a t

m u sc a rin ic  re ce p to rs  belong  to  th e  fam ily of seven-helix  

receptors (Fig. 1, pg 18 ) .16 Such  receptors sp an  th e  cell p lasm a 

m em brane seven tim es, crea ting  four ex trace llu la r dom ains,

o l-o4 , seven helical hydrophobic transm em brane dom ains I-VII, 

and  four in tracellu lar dom ains il- i4 . M uscarinic receptors bind 

th e ir  cholinergic ligands a t  sites w ithin th e  cell m em brane; th is  

re su lts  in  in trace llu la r signals by  an  unknow n  tran sd u c tio n  

m echan ism  to one or m ore species of cytoplasm ic G pro te ins 

w hich in te rac t w ith th e  receptor a t  its  innerloop 3.

ii) B ind ing s ite s: The m olecular b as is  for th e  pharm acologic 

se lectiv ities of m u scarin ic  recep to rs  is  unkn o w n  since  th e  

b in d in g  s ite s  on  th e  recep to rs  have y e t to be determ ined . 

A sparta te  group (D) in transm em brane dom ain III is a  candidate 

b inding site  for the  positively charged head  group of m uscarin ic 

ag en ts . The serine (S), in  transm em brane dom ain III, could also 

be involved in  hydrogen bonding  w ith  regions of electrostatic  

po ten tia ls on cholinergic agents. These resid u es are  conserved 

in  all five cloned receptors.
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m . Aspects o f the Structural Chemistry o f Muscarinic Agonists, 

i) C lassical m uscarin ic ch o lin erg ic agon ists: Although five 

m uscarin ic  recep to rs have been  sequenced , th e ir  detailed  

three-dim ensional features rem ain unknow n. It therefore is still 

necessary to examine structure-activity data  on acetylcholine and 

other agonists in  order to infer inform ation abou t the  receptor 

binding sites.

Ing 17 h as  noted th a t for m axim al m uscarinic potency 

there should be a  quaternary  nitrogen atom  having th ree methyl 

groups and a  fourth  group w ith  a  chain  of five atom s, e.g , 

(C-C-O-C-C ). This "five-atom rule" h as  received confirm ation 

from the  work S tephenson , 18 van Rossum  and  A riens19 who 

showed maximum activity for n=4 in CH3(CH2)nN(CH3)3+*

A series of com pounds exam ined by Ing, Kordik and 

Tudor-W illiam s20 had  m ethylene groups replaced either by an  

oxygen atom  or a  carbonyl group a t various loci in  the  chain. 

These analogues were found to be more potent th a n  the  alkyl 

com pounds: m axim al activity w as observed w ith a  divalent 

oxygen in  position  3 of the  chain . Moreover, activ ity  w as 

increased when the oxygen was incorporated into a  furan  ring 4 . 

It is worth noting th a t the 2-methyl group of the furan  ring was 

found to be necesary for high activity, in  accordance w ith  the  

five-atom rule. It perhaps increases the  electron density  on the 

ether oxygen or leads to an  increase in van der W aals binding 

interactions. O ther potent m uscarinic agonists are m uscarine 5 

and the 1,3-dioxolane 6, shown here as their iodide salts.
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6

B a se d  o n  th o s e  s tu d ie s ,  i t  w as  c o n c lu d e d  t h a t  a 

trim ethylam m onium  group or o ther su c h  group an d  a  divalent 

oxygen are p resen t in  m ost active m uscarin ic  agonists.

ii. N onclassical m uscarinic agon ists lacking th e  NCCOCC chain:

One exam ple is th e  p a rtia l agon ist pilocarpine (7), an  

a lka lo id  o b ta in ed  from  th e  S o u th  A m erican  p la n t g e n u s  

p i l o c a r p u s  w h ich  is  a  p e r ip h e ra l  s t im u la n t  of th e  

p arasy m p a th e tic  system , hav ing  d iaphore tic , m iotic an d  CNS 

e f f e c t s .21 I t p o s se s se s  m a n y  c h a ra c te r is t ic  a c tio n s  of 

acety lcholine a n d  its  ac tion  is  an tagon ized  by  a tro p in e  (8 ). 

Pilocarpine is curren tly  used  clinically to  tre a t g laucom a .21-22 In 

a  recen t s tu d y  by S chulm an e t al. on the  active conform ation of 

p ilo ca rp in e ,23 th e  s tru c tu re  of p ilocarpine w as fitted to th a t  of 

m u scarin e  active conform er ob ta ined  in  a  previous theoretical 

s tu d y .24 A com puter search  showed no low-energy conform ers of 

pilocarpine w hich jux tapose th e  lactone o r carbonyl oxygen w ith 

th e  e th e r  oxygen of m u s c a r in e , w h ile  s im u lta n e o u s ly  

su p e rim p o sin g  n itro g en s  a n d  te rm in a l m ethy ls  of th e  two 

m olecules. A lthough the m uscarine ether-oxygen is im portan t
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for high efficacy, it is not a  stringent requirem ent since weaker 

m uscarinic agonists lacking th is oxygen are known. Low energy 

conformers of pilocarpine are found when the carbonyl oxygen of 

the lactone ring is jux taposed  w ith the  hydroxyl oxygen of 

m uscarine. The NCC-CC spacing is m aintained in  p art by the cis 

fusion  of th e  two ch ira l groups in  p ilocarpine. The c is  

configuration (R.S) of th e  two chiral groups is essen tial for 

activity since its trans epimer (R,R), isopilocarpine is less active 

as a  miotic.25 The carbons of the ethyl group presum ably play the 

role of atom s four and five of the "five-atom rule", as  shown in 

the hypothetical agonist (9).

9
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Oxotrem orine (10) also h as  a  s tru c tu re  quite different 

from th a t of acetylcholine and  is equipotent w ith it. Cho et a l .26 

suggested th a t its  activity m ight be explained on th e  basis of an  

"induced fit" hypothesis; an  alternative explanation w as proposed 

by  Bebbington, Brimblecombe and  Shakeshaft27 who noted th a t 

oxotrem orine can  exist in  two possible p lan ar form s, cisoid or 

transo id .  They argued  th a t  if th e  g roups involved in  the  

in te rac tio n  betw een d rug  an d  recep to r w ere th e  pyrrolidine 

nitrogen, the  acetylenic bond  and  th e  carbonyl group, these  

would be well placed in  the  transoid form to in te rac t w ith the 

receptor. It w as fu rth e r suggested th a t  th e  acetylenic bond, a  

region of h igh electron density, is  capable of interaction w ith the 

sam e recep tor site  a s  th e  ether-oxygens of acetylcholine and  

m uscarine.

R ecen t w ork  by  R ingdal28 a n d  L am b rech t29 on 

oxotremorine analogues should be discussed briefly. In Ringdal's 

work, a  series of tertiary  3- and  4-haloalkylam ines (11) re la ted  

to  oxotrem orine were synthesized and tested  for activity. It w as 

show n th a t  cen tral potency w as critically dependent on th e  ra te  

of in vivo cyclization of th e  p a re n t haloalky lam ines to  th e  

corresponding azirid inium  ions (n=2), azetid in ium  ions (n=3), 

and  pyrrolidinium  ions (n=4). For example, the  rapidly cyclizing

2 -brom oethylam ine w as show n to be considerably m ore potent 

th a n  its  (2 -chloroethyl)amino analogue in producing trem or and 

analgesia. However, these  agonists effects generally were quite 

sh o rt lasting  and  were replaced by long-lasting an ti-m uscarin ic 

effects due to alkylation of m uscarinic receptors by the  reactive
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aziridinium ion.

y (CH2)nX 
I N— CH2C m CCH^r

^Me

10 11

Lam brecht reported a  series of tertiary  and quaternary  

analogues of McN-A-343 (12), a  som ewhat selective agonist, 

w hich were synthesized an d  tested . It w as show n th a t some 

activity w as retained w hen the flexibility of the  cationic head 

group w as reduced by its incorporation into a  ring system  (13). 

However, no activity was observed w hen the  (E ) double bond 

w as reduced. This suggests th a t the acetylenic group or a t least 

some double bond character is involved in the interaction of the 

d rug w ith the receptor.

NHCOCH-C =  CCH2N(CH&

12 13
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As part of a  study aimed a t improving the clinical profile 

of th e  m uscarin ic agonist arecoline (14), a  Merck group30 

replaced the methyl ester functionality by  methyloxadiazole (15). 

This replacem ent is claimed to have led to the discovery of the 

m ost potent m uscarinic agonist, although no selectivity d a ta  for 

the compound h as  been reported.

Finally, M ichaud et a l.31 synthesized SR 95639A (16), 

w hich  is claim ed to be a  selective M i agonist a t  cen tral 

m uscarinic receptors.

0 n -w

Me Me

14 15

NHCH,CH2 N O 2 HCI

16
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IV. A Model o f th e m uscarinic binding site: In 1983, Schulm an 

et a l .24 m ade detailed  conform ational an a ly ses  of know n 

m u sc a r in ic  a g o n is ts  to  o b ta in  b o th  th e  m u sc a r in ic  

pharm acophore and the biogically active conform ation of each 

agonist. It was based on the following assum ptions:

(1) All p o ten t agonists have a  cationic head  group 

usually, a  trim ethylam m onium  group or a  protonated nitrogen 

head group, which can in teract directly with an  anionic receptor 

site, such  as the  carboxylate ion of an  asparta te  or glutam ate. 

Assuming a  specific orientation of the agonist head group to the 

receptor oxygen, one possibility is th a t the receptor oxygen lies 

on the th ree fold axis of the trim ethylam m onium  group (or is 

nearly colinear with the NH bond in  the case of protonated head 

group so as to provide a  linear N-H— O hydrogen bond). In 

Figure 2, P represents the anionic site of the receptor.

|PC ,|
+

R— C — O— C— C— N(CH3)3
iii
a
Q

|PQ |

Fig. 2



(2) A region of negative e lectrostatic  po ten tia l proxim al 

to  th e  es te r  or e th e r oxygen co n stitu tes a  second b ind ing  site. It 

in te ra c ts  w ith  a  positive recep to r residue  o r a  hydrogen bond  a t 

po in t Q.

(3) S ince  ag o n is t b in d in g  is  o f h ig h  affin ity  a n d  

stereoselectiv ity , i t  is  reaso n ab le  to  a ssu m e  th a t  th e  d is tan ce  

IPQI is a  n ea rly  in v a rian t p roperty  of th e  recep to r in  its  active 

conform ation. A reasonable assum ption  is  th a t  IPQI varies by  no 

m ore th a n  0 .3  A over a  se t of agonists.

(4) In o rder to  acco u n t for th e  relative o rien ta tio n  of 

th e  d ru g  to  th e  receptor, a n  "in teraction  d ihed ra l angle" PNOQ 

should  also rem ain  nearly  invarian t over a  se t of sim ilar agonists. 

T his ang le  re s u lts  from  su p erim p o sin g  0 ->Q  on  a  s ta tio n a ry  

N->P, an d  viewing along  th e  n on -bonded  0->N  d irec tion . The 

new  variab les PNOQ an d  IPQI can  be u sed  as alternatives to  th e  

d ihedral angles t j  (NCCO) and  t2 (CCOC) w hich m ore custom arily  

define th e  backbone of th e  drug.

(5) T he m odel a s s u m e d  th a t  a  co n fo rm a tio n  is 

a c c e ss ib le  if  i t s  en e rg y  is  w ith in  3 -4  k c a l /m o l  of th e  

m in im um -energy  conform er. Therefore, an y  ag o n ist w ith  a  se t 

of PNOQ an d  IPQI values th a t  lie w ith in  th is  energy range should  

have co n s id erab le  potency, a ssu m in g  th a t  th e re  is  no  s te ric  

in h ib itio n  elsew here. The range of accessib le  PNOQ valu es is 

100° to  117°, w ith  positive s ig n s  acco rd in g  to  th e  Prelog 

convention.

(6 ) Finally, th e  re la tio n sh ip  betw een  ch a in -len g th  an d  

potency w as tak en  into accoun t th rough  th e  d istance  PCt,
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w here C t is th e  term inal m ethyl group. A typical exam ple of 

chain -leng th  requ irem en ts is  found in  th e  furm eth ide series, 

w h ere  5 -m eth y lfu rm eth id e  (PCt = 8,5 A) is  35 tim es m ore 

p o ten t th a n  furm ethide (PCt=7.1A) itse lf and  105 tim es m ore 

po ten t th a n  5-ethylfurm ethide (PCt=9.7A). These resu lts  suggest 

th a t  for high potency, the  d istance between the anionic receptor 

site P and  the term inal atom, R, usually  a  m ethyl carbon, should 

be sim ilar to th a t of 5-m ethylfurm ethide. High potencies are also 

observed w hen  R=C1, B r , I in  5-R  furm eth ide. W hen th e  

term inal atom  R is farther from P th a n  9.7 A, partia l agonism  or 

an tagonism  is usually  observed. Conversely, w hen the  term inal 

atom  is m uch closer to P th a n  8.5 A, a  full agonist of low potency 

is found.
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V) Pharmacological attributes for m uscarinic agonist activity:

(1) We desire com pounds th a t  exhibit full or partia l agonist 

activity. A full agonist provides 100% response; a  partia l agonist 

does n o t reach the  100% response even a t  large dosages.

(2) Selective M j agonists could help alleviate sym ptom s of 

A lzheim er's desease  while having little  effect on m uscarin ic  

recep tors in  cardiac an d  sm ooth m uscles w hich are  largely of 

th e  M2  type. The desired agonists shou ld  be highly selective 

tow ard th e  M i receptors in order to prevent side effects.

(3) The agonists m u st be able to penetrate  th e  blood-brain 

b a rr ie r  in  o rder to reach  th e  recep tors. T ertiary  am ines are  

rea so n ab le  can d id a tes  since  th e y  can  b e  p ro to n a te d  an d  

deprotonated a t  physiological pH and  can cross the blood-barrier 

in  th e ir n eu tra l forms; charged organic species u su a lly  do no t 

en ter th e  brain.

(4) S ince q u a te rn a ry  am m onium  sa lts  a re  u n ab le  to 

pen e tra te  th e  blood-brain b arrie r they  still could be used , for 

exam ple pharm aco log ically  a s  g as tro p ro k in e tic  ag en ts  to 

increase gastro in testinal motility.

(5) An effective d ru g  sh o u ld  n o t be a  s u b s tra te  for 

acety lcholine-esterase and  shou ld  have a  lifetime of a t  leas t 

several hours.
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VI) C andidate C om pounds (Figure 3, Pg 17): O ur ta rg e t 

com pounds had  the following general properties:

(1) They were tertiary  am ines having a  basic head  group, 

th e  term inal m ethyl or equivalent and  oxygen functionalities 

which are arrayed so as to satisfy the theoretical model. Tertiary 

am ines for Alzheimer's applications and quaternary  am m onium  

salts for gastroprokinetic drugs.

(2) Selectivity for the M i receptors will be obtained by  use 

of an  im idazole ring  or equivalent. The imidazole ring also 

provides two equivalent electrophilic sites for in teraction  with 

the receptor.

(3) The com pounds contained no hydrolyzable or o ther 

reactive groups.

(4) The num ber of asym m etric centers w as minimized as 

to entail a s  few optical and  geometrical isomers as  possible.

(5) All com pounds contained the NCCOCC backbone, so as 

to satisfy the 5-atom rule. The nitrogen atom s of the imidazolium 

rings can in teract w ith a  carboxylate of an  aspartate  group of the 

receptor while th e  oxygen atom  can  form hydrogen bonding 

w ith a  serine group; it is believed th a t both  amino acid residues 

are located in transm em brane domain III of the receptor and  are 

conserved in all 5 subtypes.
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Chapter 2

Furanyllmidazoles: Syntheses, M echanisms, pH m easurements. 

Introduction: Substituted imidazoles can be prepared by several 

synthetic  m ethods . 1 Few, however, offer a  straightforw ard route 

to  1 ,5 -d isu b stitu ted  im idazoles 1 since, for one thing, the 

2-position is susceptible to alkylation. One successful synthetic 

route to 1 is the  dipolar cycloaddition of tosylm ethylisocyanide 

(TosMIC) 2  to an  aldimine in  basic so lu tion .2 The "CH-N=C 

moiety of TosMIC adds to the polarized imine double bond3 as 

shown in  Scheme 1:

R'CB=NR'

Schem e 1
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T he TosM IC ro u te  to  im id azo le  1 h a s  b e e n  

im plem ented  by v an  L eusen  e t a l .2 in  th re e  d ifferen t w ays 

(Schem e 2): (i) TosMIC an d  th e  a ld im ine w ere dissolved in  

pyridine; (ii) TosMIC an d  th e  aldim ine were allowed to reac t in  

th e  presence of po tassium  carbonate in  m ethano l or RNH2  in  

d im ethoxyethane; (iii) TosMIC a n d  th e  a ld im ine  w ere firs t 

trea ted  w ith  NaH in  d im ethoxyethane, th e n  w ith  p o ta ss iu m  

carb o n a te  in  m ethanol. In each  case th e  reaction  w as ru n  a t 

room  tem peratu re and  m onitored by  TLC.

i .  TosCH2NC + 
2

pyridine
R"

N. n*

R" K2C 03 in MeOH 
r  n -------------- ► 1

or RNH2 in DME.

1) NaH/DME
2) H20

KgCCyMeOH

3

Schem e 2

R egardless of w hich m ethod is u sed , th e  form ation of 

the  d isubstitu ted  imidazole occurs via deprotonation of the
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corresponding 2-im idazoline 3 . The acidity of the hydrogen on 

C5 d ep en d s on th e  n a tu re  of R1; for exam ple, e lec tro n  

w ithdraw ing groups R' allow facile elim ination of th e  ad jacen t 

tosyl group. Finally, the yield of 1 also depends upon  th e  stability 

of the aldim ine since it is susceptible to hydrolysis. The yields of

1 ,5 -d isu b stitu ted  im idazoles 1 are greatly  influenced by the  

relative ra te s  of cycloaddition an d  decom position of TosMIC 

itse lf in to  th e  side p ro d u c ts  show n in  Schem e 3. Reactions 

carried o u t w ith potassium  carbonate in  m ethanol give all three 

side products (a, b, c).3 W ith the pyridine route, b is  the m ajor 

by-product since the  formation of a and  c require alcohols.

B ecause cycloaddition is slower th a n  form ation of the 

side products, higher yields of 1 are obtained u n d e r condition 

w here TosMIC is long-lived. The half-life of TosMIC (7 mM in  

MeOH-DME, 2:1) is 40 m inutes w hen stirred  w ith 2 equivalents 

of K2 CO3  a t  room tem perature in  the  absence of the aldimine; 

its  half-life in  dim ethoxyethane w ith 1 equivalent of NaH is 15 

m in u te s . O n th e  o th e r  h an d , TosMIC is  s ta b le  a t  room  

te m p e ra tu re  for a t  le a s t  65  h o u r s  in  m e th a n o l or 

dim ethoxyethane w ith 0.5-20 equivalent of t-BuNH2  an d  we have 

found i t  to  be  stab le  in  pyridine for several days a t  room  

tem peratu re. Of course, a t  h igher tem peratu res th e  half-life of 

TosMIC decreases considerably  in  any  basic  m edium . These 

considerations led u s  to ru n  our reactions a t  room tem perature 

w ith the reaction followed by TLC.



25

base _
TosCH2NC ««- ~*T TosCHNC ------- ► TosCH2N=CCH(Tos)NC

| |  +MeOH /T osCH2N=COMe r  TosCHN=CHCH(Tos)NC

TosCH2N=CHC(Tos)NC j

TosCHN=COM e

+ MeOH
- TosH N̂ \

l —unoiub y  i
j * * /  W

IM—CH2Tos CH(OR)2

MeOCH2N=CHOMe Tos-

(a) (b) (c)

Schem e 3

D isc u ss io n  and re su lts: The f irs t se rie s  of com pounds 

synthesized were the  5-furanylim idazole sa lts  1-4 according to 

Schem e 4.

Me, Me.

crMe H Me

1 2

Me 1

Me^ Me^
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The a ld im in e  p re c u rs o rs  of th e  fo u r ca tio n ic

com pounds were ob tained  by  trea tin g  th e ir  co rresponding  

aldehydes w ith 40% aqueous methylam ine. The aldim ines were 

isolated as  liquids a t room tem peratu re and  th e ir s tru c tu re s  

were confirm ed by IR and  NMR spectroscopy. The aldim ines 

were allowed to react w ith TosMIC in  pyridine w hich served as 

bo th  th e  b ase  and  solvent (route (i)). Both imidazole bases were 

obtained in low yields (26-38%), significant am ounts of p roduct 

being lost during work-up and purification. The structu res of the 

b ases  were confirmed by NMR spectroscopy. The b ases  were 

converted to the ir hydrochloride sa lts  by bubbling HC1 gas into 

th e ir  m ethylene chloride so lu tions; th e  iodide s a lts  were 

formed by treating  the bases w ith m ethyl iodide in  acetonitrile. 

S tru c tu res of the sa lts  were confirmed by elem ental analyses, 

NMR and m ass spectroscopy.

Me,

•ONCH3

HCI

Me,\ Me,\

Schem e 4
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pH M easurem ents: A queous 0.50 N solutions of 1 and  3  were 

titra ted  w ith  a  0 .10  N solu tion  of sodium  hydroxyde. The pH 

m easu rem en ts of th e  hydrochloride so lu tions w ere m ade after 

th e  addition of 0 .50 m l of th e  base  using  a  pH m eter calibrated 

w ith buffers of pH 4  and  7 a t  25°C. Both com pounds cam e ou t of 

solution as  oils a t  a  pH value of ca. 6 . Due to the  low solubility of 

the  bases in  w ater, the  pKa values could n o t be m easured , even 

in  30% ethanol. N onetheless, one expects th ese  com pounds (1 

and  3) to be less basic th an  imidazole (pKa =7.4) and  pilocarpine 

(pKa =7.2) due to the withdrawing effects of the fu r an  ring.
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E x p e r im e n t a l :  R eag en ts  w ere p u rc h a s e d  from  A ld rich  

C hem ical Co. u n le ss  o therw ise no ted  an d  all s ta rtin g  m ateria ls  

w ere distilled before u se . S ilica gel (230-400 m esh) an d  n eu tra l 

A lum ina (Brockm an activity I, 80-200  m esh) w ere u sed  for flash  

chrom atography. All NMR sp ec tra  were recorded a t  60  MHz on  a  

EM 360 V arian  o r a t  2 0 0  MHz o n  a  IB M -B ruker W P200SY 

sp ec tro m eter. Solvents w ere u se d  w ith o u t fu r th e r  d istilla tio n  

except for m ethano l w hich w as distilled over m agnesium  m etal. 

M elting p o in ts  a re  u n co rrec ted . A P erk in -E lm er 1600 S eries 

FT-IR w as u sed  to  record  IR sp ec tra . E lem ental an a ly ses  were 

ca rried  o u t by  G alb ra ith  L aborato ries an d  m a ss  sp e c tra  were 

re c o rd e d  b y  D r. D avid  Locke a t  Q u een s  College o n  a  

H ew lett-Packard 5988 A G C / q uad rup le  MS w ith  H-P 1000 d a ta  

system .

1. Synthesis o f 1 and 2

a . A ld im in e  (General Procedure, Ref. 4): 59.6 g  of 40%  aqueous 

m e th y lam in e  w ere p laced  in  a  125 m L erlen m ey er f la sk  

contain ing  a  m agnetic bar. This so lu tion  w as subm erged in  a n  ice 

b a th  an d  to it were added 55.3 g (0.50 mole) of 5-m ethylfurfural 

over 30  m in u te s , keep ing  th e  te m p e ra tu re  betw een  15 an d  

20°C. The ice b a th  w as rem oved after an  additional 5 m in u tes  of 

cooling a n d  th e  reaction  m ix tu re  stoppered  an d  s tirred  a t  room  

te m p era tu re  for 1 /2  h o u r. Over a  few m in u tes , 45 g of KOH 

p e lle ts  w ere ad d ed  w ith  cooling a n d  s tirr in g , k eep in g  th e  

tem p era tu re  below 15°C. Two layers developed, a  lower aqueous 

layer and  a n  upper am ber organic layer. The aqueous layer w as
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ex tracted  w ith m ethylene chloride; all organic ex trac ts  were 

com bined and  dried over KOH pellets. The solution w as filtered, 

evaporated and  distilled u n d er reduced p ressu re ; the  fraction 

boiling a t  82-83°C /16-17  mm  Hg afforded 46 .4  g of th e  imine 

(76%). lH  NMR (CDCI3 , 60 MHz) 81.9 (s, 3H, CH3 O ) ,  3 .0  (s, 

3H, CH3 N=), 5 .7  (d, 1H, =CH), 6 .3  (d, 1H, =CH), 7.6  (s, 1H, 

HC=N).

b. Furanylim idazole base (General procedure, Ref. 2): A solution 

containing 11.18 g (60 mmol) of TosMIC, 8.20 g of the aldimine 

(70 mmole) an d  70 mL of pyrid ine w as s tirre d  a t  room  

te m p e ra tu re  for 12 days. The m ix tu re  w as co n cen tra ted , 

dissolved in  m ethylene chloride, and  ex tracted  w ith  10% HC1 

solution; the  com bined aqueous ex tracts w as m ade basic  w ith 

KOH pellets to  pH 8 . The solution w as extracted 3 tim es w ith 

m ethylene chloride and th e  com bined ex tracts were dried over 

MgS0 4 . After filtration, the solution w as concentrated to furnish  

a  crude residue of the base contam inated w ith traces of pyridine. 

The b ase  crystallized afte r th e  pyrid ine w as rem oved; m .p. 

30-33°C , yield 2 .54  g (26%), Rf 0.5  in  ethylacetate. The crude 

b ase  w as chrom atographed on silica gel (230-400 mesh) w ith 

e thy l a c e ta te . 12 frac tio n s  w ere collected  (50 m l each). 

Fractions 7-12 were com bined and concentrated to yield 1.60 g 

(16%) of clear yellow crystals, m .p. 33-35°C. *H NMR (CDCI3 , 

60  MHz) 52.2 (s, 3H, =CCH3 ), 3.7 (s, 3H, NCH3 ), 6 .0  (d, 1H, 

=CH), 6.2 (d, 1H, =CH), 7.1(s, 1H, =CH), 7.3 (s, 1H, =CH).
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c. Furanylim idazole hydrochloride sa lt 1. HC1 gas was bubbled 

slowly into a  solution of 0.75 g of the  chrom atographed base  (5 

mmole) in  20 mL of m ethylene chloride for 5 m inu tes. The 

solution w as concentrated and  the  residue recxystallized from 

n-butanol to afford 0.50 g  of 1 (60%), w hich decom posed a t 

235-237°C .lH  NMR (D20 , 60 MHz) 82 .2  (s, 3H, CH3 C=), 3.8 (s, 

3H, NCH3), 6.1 (d, 1H, =CH), 6.6  (d, 1H, =CH), 7.5 (s, 1H, =CH),

8.6  (s, 1H, N=CH), Fig. 1. The m olecular ion obtained from m ass 

spectroscopy had  a m ass of 162, as  expected for th e  free base 

with loss of HC1.

Elemental Analysis:

Calculated: C 54.41; H 5.58; N 14.10; Cl 17.85.

Found: C 53.98; H 5.57; N 14.17; Cl 17.83.

d. Furanylimidazole m ethyl iodide salt 2: To a  solution containing 

0.80 g of the chrom atographed base (5 mmole) and  12 mL of 

acetonitrile, 2.20 g of m ethyl iodide (7 mmole) were added. The 

solution w as stirred  a t  room tem perature for abou t 1 /2  hour, 

concen trated  and  th e  residue  recrystallized from 50 mL of 

t-butyl alcohol to afford 0.75 g of 2  (50%). The crysta ls were 

dried in  a  pistol dryer, m .p .l74-177°C . *H NMR (CDC13 , 60 

MHz) 82.4 (s, 3H, =CCH3), 4.1 (s, 6H, =NCH3), 6.1 (d, 1H, =CH),

6.7  (d, 1H, =CH), 7.7 (s, 1H, =CH), 10.1 (s, 1H, N=CH), Fig. 2. 

Elemental analysis:

Calculated: C 39.49, H 4.31, N 9.21, I 41.70 

Found: C 39.33, H 4.34, N 9 .1 0 ,1 41.67
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n. Synthesis o f 3  and 4

a . A ld im ine: The procedure w as th e  sam e a s  described  in  la  

u sing  th e  following reagents: 17.4 g of fu rfural (0.18 mole) and  

20  m l of 40% aq u eo u s m ethylam ine so lu tion . The reac tion  

afforded 14.1 g  of th e  aldim ine (72 %), b .p  7 0 -7 6 °C /15-20 mm 

Hg. lH  NMR (CDCI3 , 60 MHz) 82.8 (s. 3H, NCH3 ), 5.8 (m. 1H, 

=CH), 6.2 (d, 1H, =CH), 7.0 (s, 1H, N=CH), 7.4 (d, 1H, OCH).

b . F uranylim idazole base: A solu tion  con tain ing  6 .72  g of the 

p refo rm ed  ald im ine (60 mmole), 10 g ram s of TosMIC (50 

mmole) and  75 mL of pyridine w as stirred  a t  room  tem peratu re  

for 12 days. The w ork up  w as th e  sam e a s  described in  lb . The 

reaction afforded 3 .5  g of crude base (38%). The b ase  (3.1 g) w as 

ch ro m a to g rap h ed  on  s ilica  gel (230-400 m esh) w ith  e thy l 

ace ta te . A to ta l of 20 fractions (50 m l each) w ere collected. 

F ractions 4  to 12 were com bined and  concentrated  to  yield 1.65 

g of p u re  base. l U NMR (CDCI3 , 60 MHz) 83.7 (s, 3H, NCH3 ),

6 .4  (s, 2H), 7.2 (s, 1H), 7 .4  (s, 2H).

c. Furanylim idazole hydrochloride sa lt 3: HC1 gas w as bubbled 

slowly in to  a  solution containing 1.05 g of chrom atographed  

b ase  (7 mmole) in  20 mL of m ethylene chloride for 5 m inu tes. 

T he re a c tio n  m ix tu re  w as co n c e n tra te d  a n d  th e  re s id u e  

recrystallized 3. tim es from n-bu tano l to yield 0 .47  gram  of 3  

(35%), m .p . 228-229°C . *H NMR (D2 O, 60 MHz) 83.9 (s, 3H, 

NCH3 ), 6 .6  (m, 1H, =CH), 6 .8  (d, 1H, =CH), 7 .6  (s, 2H), 8 .6  (s, 

1H, N=CH), Fig. 3.
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Elem ental analysis:

Calulated: C 52.04, H 4.91, N 15.17, Cl 19.20 

Found: C 52.30, H 5.00, N 15.15, Cl 18.53

d. Furanylim idazole m ethyl iodide sa lt 4: To a  solution containing 

0.60  g of th e  pu re  base (4 mmole) in  20 mL of acetonitrile w as 

added 0 .90 g (6 mmole) of m ethyl iodide. The reaction m ixture 

w as stirred  a t room tem peratu re  for 30  m inu tes, concentrated  

a n d  th e  re s id u e  re c ry s ta ll iz e d  from  a  m ix tu re  of 

t-bu tan o l/n -b u tan o l (5:1) to yield 0.5 g of 4 , m .p. 152-153°C. 

NMR (D2 O, 60 MHz) 83.9 (2s, 6H, NCH3 ), 6.6  (m, 1H), 6.9 (d, 

1H), 7.7 (m, 2H), Fig. 4 . The m olecular ion obtained from m ass 

spectroscopy h ad  a  m ass of 148, as expected for the  free base 

w ith loss of Mel.

Elem ental Analysis:

Calculated: C 37.26; H 3.82; N 9.66; I 43.74.

Found: C 37.25; H 3.94; N 9.58; I 44.73.
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Chapter 3

O xazolylim idazoles: S y n th eses, M echan ism s, pH  m easu rem en ts. 

I n t r o d u c t i o n :  T here  a re  sev e ra l s y n th e tic  ro u te s  to

4 ,5 -d is u b s ti tu te d  oxazoles 1. O ne conven ien t m e th o d 1 is 

trea tm en t of a-m etala ted  alkyl isocyanides 3  (prepared from 

iso c y a n id e s  2 ) w ith  acylating agen ts su c h  as  acyl chlorides, 

carboxylic esters, an d  N ,N -disubstitu ted  am ides (Scheme 1). 

In term ediates in  th is  synthesis are the  2-oxoalkyl isocyanides 4  

w hich cyclize during work up  by way of the ir enolic forms 5.

NC

RCH2NC
BuLi

►  RCHNC
R'COX

2 3
O
4

,o. CN R'

R
1 5

S ch em e 1

A second route2 is the trea tm en t of alkylam ides 6  with 

a-chlorocarbonyl com pounds 7  in  acidic m edium  (Scheme 2).
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D isc u ssio n  an d  resu lts: The strategy employed in our laboratory 

for synthesizing com pounds 8  and 9  (Scheme 3) w as to form the 

oxazole moiety according to Scheme 2 and th en  build  on the 

imidazole ring v ia the TosMIC route. The oxazolylimidazolium 

salts described in th is chapter were synthesized first by treating 

the appropriate am ides with ethylchloroacetoacetate to form the 

corresponding esters in 25 to 26% yield (Scheme 3). The esters 

were then  reduced with LAH in anhydrous ether a t -10°C to the 

co rresp o n d in g  a lcoho ls  in  60  to 80% yield . At low er 

tem peratures, the  esters precipitated out of solution leading to 

m uch lower yields of alcohols. The alcohols were then  oxidized 

to  th e  co rrespond ing  aldehydes by  th e  Sw ern m ethod^  

(DMSO/oxalylchloride) in 50 to 65% yield. A ttem pts a t oxidizing 

the alcohols by o ther m ethods su ch  as  th e  Moffat oxidation, 

pyridinium  dichrom ate, MnC>2 , or nitric acid resulted either in  a
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very low yield of aldehyde or recovery of starting  m aterials. The 

aldehydes were then  treated with 40% aqueous m ethylam ine to 

obtain the  aldim ines in 38 to 49% yield. The reaction m ixture 

w as ex trac ted  5 m in u te s  a fte r th e  ad d itio n  of th e  C2 

u n su b s titu te d  oxazole aldehyde to th e  aqueous m ethylam ine 

so lu tion . W ith longer reac tio n  tim es, th e  yield dropped  

considerably. It is believed th a t C2 of the  oxazole ring is the  site 

for nucleophilic a ttack ; prolonged exposure to m ethylam ine 

leads to struc tu re  10 according to Scheme 4. While s truc tu re  10 

w as no t confirmed in our laboratory, the observation th a t methyl 

substitu tion  a t C2, which would prevent such attack, furnished a  

yield independent of reaction time, suggests th a t com pund 10  is 

indeed the side product. The aldim ines were th en  trea ted  with 

TosM IC/pyridine and the oxazolylimidazole bases were obtained 

in  3 to 20% yield. All s tru c tu re s  were confirm ed by  NMR 

spectroscopy and  some by IR and elem ental analysis. HC1 gas 

was bubbled through methylene chloride solutions of the bases 

to furn ish  the corresponding hydrochloride sa lts. S truc tu res of 

the sa lts  were confirmed by NMR, m ass spectroscopy and  by 

elemental analysis.

Me Me Me Me

H H

8 9
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MeNH

o o o  o

R ^ ^ / ^ O C H z C H s  S(a)Cl2*  R '^ ^ ^ O C H z C H a

R’CONH2

Cl
R

N - /  LAH N - / "
RCOOH R, ^ , o J>vCOOEt ether^ R. x ^ QyX*CH2OH

(b)

oxalylchloride

(c)

R

j T C  - ^ NH2-R' ^ \ 0 -^ C H O  HzO r > ̂ Q/ XvCHNMeDMSO

(d) (e)

TosMIC

Pyridine r >

Me

✓H a
N +

A \  ff \>
R' ̂  Q N 

(8 ) Me

R’ = CH3, H; R = CH3

Schem e 3

Me MeNH2 S -  Me Me

K  — — j ~ L  —
N 0  CH0 M e N H ^ O /^ C N M e  MeNH O r^C N M e

Me >Me y Me

N—^   ► N \
'M eN ^ CNMe MeNH^N^CNMe ^ N̂ C N M e

Me I
Me

10
Scheme 4



42

pH m easurem ents: In order to m easure the pH of 9 , 300 mg of 

the compound were dissolved in  4.7  g of distilled w ater and the 

resu ltin g  so lu tion  titra ted  w ith a  0 .10  N aqueous sodium  

hydroxide solution. The pH m easurem ents of the  hydrochloride 

sa lt were m ade after the addition of 0.50 ml of the  base with a 

pH m eter calibrated with buffers of pH 4  and 7 a t  25°C. The pH 

values were plotted against volume of NaOH (Figure 1) and a  pKa 

value of ca. 5.2 was obtained from the inflection point.

In a n  a lternate  m ethod, a  0 .45 M solu tion  of the 

hydrochloride sa lt was titrated  with a  0.10N sodium  hydroxide 

solution. The NMR spectra  of th e  sa lt were m ade after the 

addition of 0.50 ml of the base. The chemical shifts of the most 

acidic hydrogen C2 of the  imidazole ring were plotted against 

the pH m easurem ents (Figure 2), leading to a  pKa value of ca. 

5.0.
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Experim ental 

I. Synthesis o f 8

a. E thyl ch loroacetoacetate (Procedure was taken  from reference 

4): A 500 mL 3-necked flask, fitted w ith a  dropping funnel an d  

m echanical stirrer, w as connected to a  gas-absorption trap . 130 

g (1 mole) of ethyl acetoacetate were added to  th e  flask. 135 g 

of su lfu ry l chloride (1 mole) w ere th e n  added dropw ise w ith  

external cooling (ice-bath) for 2 hours. The solution w as allowed 

to s tan d  overnight and  rem aining  SO2  and  HC1 were removed by 

evaporation . The so lu tion  w as th e n  d istilled  w ith  a  V igreux 

colum n a t  a  p ressu re  of 25 m m  Hg and  the  fraction  boiling a t 

9 5 -1 0 0 °C  collected to afford 95 g of e thy lch lo roacetoacetate  

(64%); lite ra tu re  values: b .p . 85 -89°C /17  m m  Hg, 93-97% . *H 

NMR (CDCI3 , 60 MHz) 51.1-1.5 (t, 3H, OCH2 CH 3 ), 2 .4  (s, 3H, 

CH3 CO), 4.1-4.5 (q, 2H, OCH2 CH3), 4 .8  (s, 1H, CHC1).

b. O xazo ly lester  (Procedure w as tak en  from reference 2): A 

m ixture of 66.1 g (0.40 mol) of ethyl chloroacetoacetate, 36 .3  g 

of form am ide (0.80 mole) and  110 g of 88% aqueous formic acid 

w as refluxed  a t  140-145°C  for 6  h o u rs . The re s id u a l d a rk  

so lu tio n  w as allow ed to  cool to  room  te m p e ra tu re , th e n  

subm erged in  a n  ice b a th  an d  m ade alkaline w ith  6N sodium  

hydroxide. The m ix tu re  w as ex trac ted  w ith  e th e r  an d  the  

ex tracts com bined and  dried over sodium  sulfate. After filtration, 

th e  e th er w as rem oved an d  the  rem aining b lack  residue  (30 g) 

distilled under vacuum  a t 75°C /4-5 m m  Hg to give 18.8 g of a
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colorless liquid. The distillate w as shaken  w ith 25 m l of ice cold 

half-concen tra ted  su lfu ric  acid. Two layers w ere form ed, the 

u p p e r one u n reac ted  e thy lch lo roacetoacetate  an d  th e  lower 

su lfu ric  acid  con tain ing  th e  oxazole. The su lfu ric  layer w as 

d ilu ted w ith cold w ater an d  m ade alkaline w ith  6N KOH. The 

solution w as th en  extracted w ith e ther and  the  com bined ether 

ex trac ts  were dried  over m agnesium  sulfate. The solvent w as 

removed and  th e  residue w as distilled a t  6 0 -6 2 °C /l-2  m m  Hg to 

afford 15 g of th e  ester (25%). L iterature values: b .p  9 8 °C /1 3  

m m  Hg, 35% . *H NMR (CDCI3 , 60 MHz) 81 .3 -1 .6  (t, 3H, 

OCH2 CH 3 ), 2 .6  (s, 3H, =CCH3 ), 4.3-4.7 (q, 2H, OCH2 ), 8.0  (s, 

1H, N=CH). IR (CCI4): 1720 (C=0), 1610, 1490, 1450 cm "1.

c . O xazolylalcohol (Procedure w as taken  from reference 2): To 

abou t 50 ml of dry e th er a t  -10°C  u n d er n itrogen w ere added 

sim ultaneously, w ith m echanical stirring, a  solution of 11.5 g (74 

mmole) of the  ester in 15 mL of anhydrous e ther and  a  solution 

of 2.66 g (70 mmole) of LAH in  56 mL of anhydrous ether. After 

2 .5  h o u rs  (including one h o u r for initial dropwise addition), 11 

mL of ethyl aceta te  were added  slowly and  th e  so lu tion  w as 

allow ed to  w arm  to  room  te m p era tu re . E xcess LAH w as 

d estro y ed  w ith  95%  e th an o l. The reac tio n  m ix tu re  w as 

hydrolyzed w ith 19 g of ta rta ric  acid in  w ater and  th e n  m ade 

alkaline w ith 6N NaOH. The solution w as sa tu ra ted  w ith K2CO3 

an d  th e  two layers were sep ara ted . The aq u eo u s layer w as 

extracted w ith benzene and  th e  benzene solution w as dried over 

MgSC>4 ; ether layer w as also dried over MgSC>4 . Both layers



4 5

w ere concen tra ted  an d  th e  resid u es com bined an d  distilled; th e  

fraction  boiling a t  119-120°C /13-14 m m  Hg afforded 4 .3  g of the  

alcohol (60%). L iterature values: b .p  120°C /13 m m  Hg, 63%. *H 

NMR (CDCI3 , 60 MHz) 62.2 (s,3H, =CCH3 ), 3.1 (s, 1H, OH), 4 .6  

(s, 2H, CH 2 O), 7 .8  (s, 1H, N=CH). IR (CCI4 ): 3 6 0 0 -3 2 0 0  (OH), 

1600, 1490, 1440 cm "1.

d . O xazo ly la ld eh yd e (G eneral p rocedu re , Ref. 3): A so lu tion  

con ta in ing  75 mL of m ethylene chloride an d  3 mL (33 mmol) of 

oxalyl chloride w as added to a  250  mL 3-necked flask  equipped 

w ith  a  m echan ical s tirre r  an d  two p ressu re-equaliz ing  funnels. 

O ne co n ta in ed  a  so lu tion  of 5.1 mL of d im ethylsulfoxide (66 

mmol) in  15 mL of m ethylene chloride; th e  o th e r con ta ined  a  

so lu tio n  of 3 .4  g (30 m m ole) of th e  a lcoho l in  30  m L of 

m e th y le n e  ch lo rid e . T he f la sk  w as su b m e rg e d  in  a  d ry  

ice-acetone b a th  and  th e  dim ethyl sulfoxide so lu tion  w as added 

over 5 m in u tes . Im m ediately thereafte r, th e  alcohol w as added  

over 5 m in u tes ; s tirrin g  w as co n tin u ed  for a n  ad d itio n a l 15 

m in u tes . T riethylam ine (21 mL, 50  mmol) w as th e n  added  and  

th e  reaction  m ixture w as allowed to  w arm  to  room  tem peratu re . 

150 mL of w ate r w as th e n  added  an d  s tirred  w ith  th e  m ixture. 

T he so lu tio n  w as tran sfe rred  to  a  se p a ra to ry  fu n n e l a n d  th e  

layers  w ere sep ara ted . The aq u eo u s layer w as ex trac ted  w ith  

m ethylene chloride an d  all organic ex trac ts  w ere com bined an d  

w ashed  w ith: 1) sa tu ra ted  sodium  chloride, 2) 5% HC1, 3) w ater,

4) d ilu te  Na2 CC>3 , an d  5) w ^ter. The organic so lu tion  w as dried 

over MgSC>4 , filtered and  concen trated  to afford 2.2 g of the
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aldehyde (65%). l H NMR (CDCI3 , 60 MHz) 52.6 (s, 3H, =CCH3 ),

8 .2  (s, 1H, N=CH), 9 .9  (s ,lH , CHO). IR (CCI4 ): 1690 (0=0), 

1595, 1490, 1475, 1440 cm "1.

e . O xazo ly la ld im in e (General procedure, Ref. 5): A so lu tion  

containing 10 g of the  aldehyde (90 mmol) in  distilled w ater w as 

added slowly to excess 40% aqueous m ethylam ine solution w ith 

stirring  and  cooling. After exactly 5 m inutes additional stirring, 

the  solution w as quickly extracted w ith m ethylene chloride a n d  

th e  com bined organic extracts were dried over MgSC>4 , filtered, 

and  concentrated. The residue w as distilled; th e  fraction boiling 

a t  40-41°C /3  m m  Hg afforded 4 .24  g of the aldim ine (38%). *H 

NMR (CDCI3 , 60 MHz) 52.3  (s, 3H, =C-CH3 ), 3 .5  (s, 3H, 

=N-CH3 ), 7 .8  (s, 1H, N=CH), 8.2 (s, 1H, CHN). IR (CCI4 ): 1655, 

1640, 1490,1430 cm "1.

f. O xazolylim idazole base (General procedure, Ref. 6): A solution 

containing 4.1 g of the  aldim ine (33 mmol), 7 .4  g of TosMIC (38 

mmol) and  56 mL of pyridine w as stirred  a t  room tem peratu re  

for 7 days. The reaction m ixture w as concentrated, diluted w ith 

40 mL of m ethylene chloride and extracted twice w ith 40 mL of 

10% aq u eo u s  HC1. The com bined aq u eo u s  ex tra c ts  w ere 

backw ashed  w ith m ethylene chloride and  th e n  m ade alkaline 

w ith  6  N KOH solu tion  w ith  stirring  an d  cooling. The basic  

m ix tu re  w as ex trac ted  w ith  m ethy lene  ch lo ride an d  th e  

com bined organic ex trac ts  dried  over MgSC>4 , filtered and  

concentrated to afford 900 mg of crude base. The base w as
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chrom atographed from a  m ixture of 2 :1:1 e th an o l/ h ex an e / 

m ethylene chloride on silica gel (grade 950, 60-200 mesh). A 

total of 23 fractions (20 mL each) were collected. Fractions 2-22 

showed a  single spo t and  together afforded 150 mg of base 

(2.8%). *H NMR (CDCI3 , 60MHz) 82.3 (s, 3H, =CCH3 ), 3.8 (s, 

3H, NCH3 ), 7.2 (s, 1H, imidazole), 7.5 (s, 1H, oxazole), 7.9 (s, 

1H, imidazole).

g. O xazolylim idazole hydrochloride sa lt 8: HC1 gas was slowly 

bubbled into a  solution containing 150 mg (0.9 mmole) of the 

b ase  in  20 mL of m ethylene chloride. After 5 m inu tes, the  

solvent was evaporated and  the residual solid w as recrystallized 

twice from a  1:1 m ixture of butanol and hexane. About 120 mg 

of the  hydrochloride sa lt were recovered (yellowish, 226-229°C). 

Sublimation under vacuum  afforded 80 mg of the white salt, m.p. 

232-234°C. *H NMR P 2O, 60 MHz) 82.2 (s, 3H, oxazole), 3.8 (s, 

3H, imidazole), 4.8  (s, D2 O), 7.7 (s, 1H, imidazole), 8 .2  (s, 1H, 

oxazole), 8.8  (s, 1H, imidazole), F ig .3 . The downfield signals 

d isappeared  after a  while due to deu terium  exchange. The 

m olecular ion obtained from m ass spectroscopy had  a  m ass of 

163, a s  expected for the free base with loss of HC1.

Elemental Analysis:

Found (%): C 48.10; H 4.93; N 20.71; Cl 17.78 

Calculated (%): C 48.12; H 5.01; N 21.05; Cl 17.79

/
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n . Synthesis of 9

a. O xazo ly lester: A so lu tion  contain ing  33 .05  g of ethyl 

chloroacetoacetate (0.20 mole), 23.7 g of acetam ide (0.40 mole) 

and  73 g of glacial acetic acid (1.20 mole) w as refluxed for 22 

hours. Work u p  was the sam e as described in lb . The ester was 

collected a t 60°C /4-5 mm Hg, 8.9 g (26%). *H NMR (CDCI3 , 60 

MHz) 51.2-1.6 (t, 3H, OCH2 CH3 ), 2 .4  (s,3H, C=CCH3 ), 2.5 (s, 

3H, N=CCH3), 4.2-4.6 (q, 2H, OCH2). IR (CCI4 ): 1720 (C=OJ, 

1610, 1560, 1440 c m '1.

Elemental analysis:

Calculated (%): C 56.80, H 6.55, N 8.28 

Found (%): C 56.96, H 6.57, N 8.19

b. O xazolylalcohol: 13 g of the ester (70 mmole) and  3.47 g of 

LAH (90 mmole) were used. The procedure w as the  sam e as 

describe in  Ic . About 7 .67 g of the  alcohol were recovered 

(80%). lH  NMR (CDCI3 , 60 MHz) 82.1 (s, 3H, C=CCH3), 2.4 (s, 

3H, N=CCH3 ), 4 .1-4 .3  (broad singlet, 1H, OH), 4.6 (s, 2H, 

CH2 OH). IR (CCI4 ): 3600-3200 (OH), 1640, 1570, 1440 cm’ 1. 

Elemental analysis:

Calculated (%): C 56.68, H 7.13, N 11.02 

Found (%): C 56.75, H 6.98, N 11.15

c . O xazolylaldehyde: The sam e Swem procedure a s  describe in 

Id w as followed. From 7.67 g of the alcohol (70 mmole) used, 

3 .70 g of the  aldehyde were recovered as yellowish crysta ls 

(49%), m .p 29-30°C. *H NMR (CDCI3 , 60MHz) 82.5 (s, 3H,
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C=C-CH3), 2.6 (s, 3H, N=C-CH3 ), 9.8 (s, 1H, CHO). IR (CCI4 ): 

1690 (C=0), 1670, 1590, 1550, 1440 cm "1.

Elemental analysis:

Calculated (%): C 57.59, H 5.64, N 11.19 

Found (%): C 57.83, H 5.58, N 11.09

d. Oxazolylaldim ine: A solution containing 3.70 g of the aldehyde 

(30 mmol) in  5 mL of w ater was added dropwise to excess 40% 

aqueous m ethylam ine solution w ith cooling and  stirring . The 

reac tion  m ix tu re  w as s tirred  a t  room  tem p era tu re  for an  

additional 30 m inutes. The m ixture w as cooled again and KOH 

pellets were added un til two layers formed. The aqueous layer 

w as extracted with methylene chloride and all organic extracts 

were com bined and  dried over KOH pellets. The solution w as 

concentrated, distilled under vacuum  and the  fraction boiling a t 

65-66°C /4-5  mm Hg afforded 1.84 g of the aldimine (49%). *H 

NMR (CDCI3 , 60MHz) 52.3 (s, 3H, C=CCH3 ), 2 .5  (s, 3H, 

N=CCH3 ), 3.6 (s, 3H, C=NCH3 ), 8.2 (d, 1H, CH=N). IR (CCI4 ): 

1650, 1615, 1560, 1440 cm "!.

e. O xazolylim idazole base: A solution containing 2.5 g of the 

aldim ine (20 mmole), 8 .8  g of TosMIC and 45 mL of pyridine 

was stirred for 5 days. Work up  was the sam e as described in if. 

About 1.1 g of crude base w as recovered. The crude base was 

chrom atographed on 25 g of silica gel (grade 950, 60-200 mesh) 

w ith  n -bu tano l. A to ta l of 39 fractions (8 mL each) were 

collected. Fractions 4 to 23 were combined and concentrated to
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afford 700 mg of pu re  base (20%). l H NMR (CDCI3 , 60 MHz)

52.2 (s. 3H, C=CCH3), 2.5  (s. 3H, N=CCH3 ), 3 .7  (s, 3H, NCH3 ),

7.2 (broad singlet. 1H, C=CH), 7.5 (broad singlet, 1H, N=CH). 

The downfield broad singlets were due to deuterium  exchanged.

f. O xazolylim idazole hydrochloride sa lt 9: Excess 20% aqueous 

HC1 w as added to 700 mg of the chrom atographed base and the 

m ixture w as stirred  for 10 m inutes. The reaction m ixture was 

concentrated to dryness and the solid residue w as recrystallized 

from a  m ixture of ethyl acetate and dimethylsulfoxide. First, 10 

mL of ethyl acetate were added to the residue and  warmed, then  

ju s t  enough dimethylsulfoxide was added to completely dissolve 

the solid. The solution w as allowed to cool to room tem perature 

and  the crystals filtered off, washed with ethyl acetate, and  dried 

u n d er vacuum . 170 mg of pure sa lt were recovered (20%). *H 

NMR (CDC13 , 60 MHz) 52.2 (s, 3H, C=CCH3), 2.5  (s, N=CH3),

4.0 (s, 3H, NCH3), 7.5 (s, 1H, C=CH), 10 (s, 1H, N=CH), F ig .4 . 

The m olecular ion obtained from m ass spectroscopy had  a  m ass 

of 177, as  expected for the free base with loss of HC1.

Elemental Analysis:

Calculated (%): C 50.59, H 5.66, N 19.67, Cl 16.59.

Found (%): C 50.44, H 5.72, N 19.67, Cl 16.63.
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Chapter 4

Im idazolyl-1,3-dioxolane: Synthesis

I n t r o d u c t i o n :  Follow ing th e  p ro c e d u re  of B a e r  a n d

F ish e r , 1D -m annito l 1 w as trea ted  w ith  zinc chloride to  form 

d ia ce to n e  D -m an n ito l 2, w hich  w as th e n  cleaved w ith  lead 

te tr a a c e ta te  to  give 4(R )-form yldioxolane 3 (Schem e 1). 

T rea tm en t of aldehyde 3  w ith  40%  a q u e o u s  m eth y lam in e  

afforded  th e  co rresp o n d in g  a ld im ine  4 .  C om pound 5  w as 

o b ta ined  in  le ss  th a n  1% (Schem e 2) b y  tre a tin g  4  w ith  a  

solution of TosMIC and  liquid m ethylam ine for 16 h o u rs  a t  room 

tem p era tu re . A ttem pts to  form  5  by  all th ree  TosMIC ro u tes  

described in  chap ter 2 failed. Also, a ttem pts to  convert th e  free 

b ase  to its  hydrochloride sa lt w ith HC1 gas failed, perh ap s due to 

d eco m p o sitio n  of th e  h y d ro ch lo rid e  sa lt .  The b a s e  w as 

successfu lly  converted to its  N-m ethyl iodide sa lt  6 , b u t  could 

n o t be ob tained  p u re  enough for elem ental analysis due to  the  

fa c t th a t  w e cou ld  n o t find  a n  a p p ro p ria te  so lv en t for 

recrysta lliza tion . C om pound 6  w as observed to  be  soluble in  

slightly polar organic solvents su ch  a s  chloroform  an d  also in  

w ater and  alcohols. The s tru c tu re s  of 2, 3, 4 ,  6  w ere confirm ed 

by NMR spectroscopy; 3, 4  by IR spectroscopy. Com pound 5  w as 

also confirm ed by  NMR, IR, m ass  spectroscopy  an d  elem ental
analysis.
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EXPERIMENTAL

a. 1 ,2 ,5 ,6 -d iaceton e D -m annltol 2  (Procedure w as th a t  of Ref. 1): 

A solu tion  of 120 g of anhydrous ZnCl2  (0.88 mole) dissolved in  

600  mL of acetone w as filtered to rem ove undissolved ZnCl2 - 

D -m annito l (20 g, 0.11 mole) w ere added  to th e  filtrate; th e  

m ix tu re  w as s tirred  a t  room  te m p e ra tu re  for 3 h o u rs  an d  

allowed to  stan d  overnight. A solution of 140 g of K2 CO 3  (0.90 

mole) in  140 mL of w ater w as added, followed by  600  mL of 

e th e r an d  th e  m ixture w as stirred  for ab o u t 30 m inu tes. The 

ace to n e -e th e r layer w as rem oved an d  th e  rem ain ing  ZnC0 3  

by-product w as w ashed twice w ith  200  mL of a  1; 1 m ix ture of 

acetone-e ther solution. All organic fractions were com bined and 

co n cen tra ted  to  d ryness. The resid u e  w as th e n  refluxed five 

tim es in  ligroin. A fter each  reflux, th e  so lu tion  w as rap id ly  

filtered th rough  a  steam -heated  funnel. All ligroin fractions were 

com bined and  allowed to cool a t  room tem peratu re. The crystals 

w hich  form ed were filtered off and  w ashed  w ith  cold ligroin to 

afford 9 .18  g of 2  (32%), m .p. 117-119°C. L iterature values: m .p. 

119-122°C , 54.8%  yield. *H NMR (CDCI3 , 60 MHz) 51.3 (s, 3H, 

CCH3 ), 1.4 (s, 3H, CCH3 ), 3 .6-4 .4  (m, 8H).

b. 1 ,3-d ioxolane 4-carboxaldehyde 3  (Procedure w as th a t  of Ref.

1): A so lu tion  con tain ing  12.4 g of 2  (50 mmole) in  440 mL of 

th io p h en e -free  b en zen e  w as tre a te d  w ith  2 1 .3  g o f lead  

te traace ta te  (50 mmole) and  stirred  for 30  m inu tes. The residue 

in  th e  m ixture w as crushed  to a  fine powder and  filtered off. The
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rem aining solution w as concentrated and  distilled 3 5 -4 0 °C /8 - ll  

m m  Hg to afford 8.1 g of 3  (6 8 %). L ite ra tu re  v a lu es: b .p . 

3 5 -4 2 ° C /8 - ll  m m  Hg (79.3% ). ! h  NMR (CDCI3 , 60 MHz) 51.4 

(s, 3H, CCH3 ), 1.5 (s, 3H, CCH3 ), 4 .0-4.5 (m, 3H, dioxolane), 9.8 

(d, 1H, CHO). IR: 1710 (C=0) c m '1.

c. 1 ,3-d ioxolane 4-aldim ine 4  (General procedure, Ref. 2): 8.0 g 

of th e  aldehyde (0.07 mole) were added dropwise w ith  stirring  

to  excess ice-cold 40% aqueous m ethylam ine so lu tion . The 

reaction  m ixture w as th en  stirred  a t  room  tem peratu re  for 30 

m inu tes. The solution w as cooled again  and  KOH pellets were 

added  w ith stirring  un til two layers formed. The aqueous layer 

w as extracted 3 tim es with chloroform. All organic extracts were 

com bined and  dried over KOH pellets. The solution w as filtered, 

co n cen tra ted  an d  distilled  45 -50°C / 2-3 m m  Hg to  yield 6.5 

gram s of 4  (65%), [a]25D + 45.2° (ethanol). l H NMR (CDCI3 , 200 

MHz) 81 .4  (s, 3H, CC H 3 ), 1.5 (s, 3H, CCH 3 ), 3 .3  (s, 3H, 

C=NCH3 ), 3 .9-4 .0  (q, 1H, dioxolane), 4 .1-4 .2  (q, 1H, dioxolane), 

4 .5 -4 .6  (q, 1H, dioxolane), 7.7 (s, 1H, CH=N), F igure 1. IR ( 

c m " 1): 1675 (C=N), 1453, 1380, 1372, 1252, 1213, 1150, 

1064.

d. Im id azoly l-1 ,3-d ioxolane 5 (General procedure, Ref. 3): A 

so lu tion  con tain ing  7.0 g of the  aldim ine (50 mmole), 19.5 g of 

TosMIC (0.1 mole), 6 .8  g of liquid  m ethy lam ine in  10 mL 

absolute ethanol, and 50 mL of m ethylenechloride w as stirred  a t 

room tem perature for 16 hours. The solution w as concentrated.
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th e  resid u e  d ilu ted  w ith  m ethy lene chloride and  ex tracted  

several tim es w ith  a  1% HC1 solution. The com bined aqueous 

ex trac ts  were m ade alkaline w ith  6  M NaOH so lu tion  and  

ex tracted  w ith  m ethylene chloride. All organic ex trac ts  were 

com bined, d ried  over MgS0 4 , filtered and  concen tra ted  to 

affo rd  a b o u t 1 g of th e  c ru d e  b a s e . The b a s e  w as 

chrom atographed on 20 g of neu tra l alum ina (Brockman Activity 

I, 80-200 mesh) w ith a  m ixture of 40:1 chloroform and  absolute 

ethanol. One 200 mL fraction w as collected and  concentrated to 

yield 0.50 g of by-product, Rf value of 0 .54  on a lum ina p la tes 

(40:1 chloroform :ethanol). The colum n w as th e n  elu ted  w ith 

absolu te ethanol to recover the com pound a t  th e  origin; abou t 

300 mg were collected and rechrom atographed on 10 g of silica 

gel w ith  a  m ixture of 3:1 ethyl ace ta te  and  n -b u ta n o l. 10 

fractions were collected (5 ml each). F rac tions 3 to  6  were 

com bined an d  concentrated  to yield 70 m g (0.8%) of pu re  base 

[a]25D -20.8° (ethanol). A m olecular ion of m ass  182 w as 

ob tained  from MS, a s  expected for th e  free base . NMR 

(CDCl3f 200 MHz) 51.3 (s, 6H, C(CH3)2 ), 3.6 (s, 3H, NCH3), 3.9 

(t, 1H, OCH2), 4.2 (q, 1H, OCH2), 5.1 (t, 1H, OCH), 6.9 (s, 1H, 

C=C-H), 7.4  (s, 1H, N=CH), Figure 2.

Elem ental analysis:

Found (%): C 59.00, H 7.75, N 15.21.

Calculated (%): C 59.32, H 7.74, N 15.37.
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e. N-m ethyl-Im ldazolyl 1,3-dioxolane iodide sa lt 6: To a  solution 

containing 150 mg of the  chrom atographed base in  20 mL of 

acetonitrile w as added excess of methyl iodide w ith stirring. The 

reaction m ixture was refluxed for 20  m inutes, concentrated and 

the  resid u a l solid w as dissolved in  chloroform . Then, ju s t  

enough anhydrous ether w as added to the m ixture to precipitate 

ou t the  salt. This process w as repeated several tim es un til the 

solid w as clean enough for NMR analysis; about 40 mg of the salt 

were recovered. *H NMR (D2 O, 60 MHz) 81.4 (s, 6H, C(CH3 )3 ),

3.1 (s, 3H, NCH3 ), 3.8 (s, 3H, =NCH3), 7.5 (s, 1H, imidazole), 

8.7 (s, 1H, imidazole), Figure 3.
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Chapter 5

N-Methyl Oxazolium-substituted a, [5-Butyrolactone 

In trod u ction : The m uscarinic partia l agonist (+)-pilocarpine 1 

con tinues to  be of in te re s t because  of its  pharm acological 

p ro p erties . 1*2 From the s tru c tu ra l standpoint, pilocarpine lacks 

the traditional NCCOCC backbone of natu ra l m uscarinic agonists. 

Instead, it  u ses an  imidazolium nitrogen and  its  lactone methyl 

and  carbonyl oxygen to bind to th e  m uscarin ic receptor .3 To 

determ ine w hich  of th e  two n itrogens is u tilized  in  the 

interaction, it is desirable to replace each nitrogen atom  of the 

imidazolium ring in tu rn  by oxygen to obtain oxazolium cations 2 

and  3 , com pounds whose pharm acological activity could be 

tested .

Me
Me'

Me
Me' Me'

Me

1 2  3

The route we have chosen for th e  syn thesis  of 2  is  

derived p artly  from the w ork of Hill e t a l .4 w ho ob ta ined  

hom oisopilopic ac id  4  by ac id  hydrolysis of N-m ethyl-N  

formylhomopilopamide 5 in  good yield (Scheme l ).5 While the
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configuration of the a-carbon is lost during acid hydrolysis, it is 

known from the work of Rapoport,6 th a t the desired cis lactone 

can  be regenerated  from th e  enolate an ion  u n d er 

kinetically controlled re-protonation (Scheme 2). The absolu te 

s tru c tu re  of homoisopilopic acid h a s  been confirm ed by  the 

degradation studies of Hill.4

.M e

CHCI3
0 - 0

V
C O O H

H+

M e

HoO

M e
/

S ch em e 1

5

(+)P ilocarpine w as ozonized a n d  co n v e rted  to  

N -m ethy l-N -fo rm ylhom opilopam ide 5 (not N -m ethylhom o 

pilopam ide 6  as  h ad  been suggested by  Langenbeck).5 T h e  

structu re  of 5  was confirmed in our laboratory by NMR, MS and 

IR. The amide obtained was hydrolyzed with dilute HC1 to 

hom oisopilopic acid w hich w as th e n  converted to  th e  acyl 

chloride 7. The acyl carbon w as coupled to a  methyl group using
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Me2 CuLi to generate th e  ketone 8 . Com pound 8  w as selectively 

brom inated  a t  th e  term inal carbon  w ith  brom ine in  m ethano l to 

fu rn ish  th e  a -b ro m o k eto n e  9  (Schem e 2). All s tru c tu re s  were 

confirm ed by  NMR, IR an d  8 w as fu rth e r characterized  by  m ass 

spectrom etry  an d  elem ental analysis.

W hile we were u n ab le  to  com plete th e  sy n th esis  of 2 , a  

p lausib le rou te  for doing so is  show n in  Schem e 2.

H
I

6

4 7

Br2/MeOH Me
,CH2Br

HCONHz

HCOOH

8 9

Me
epimerization: 
diisopropyl Me M eOS02F

o o ^ o ' amine/nBuLi o‘

2

S ch em e 2



6 8

EXPERIMENTAL

1-(+)pilocarpine: lOg of (+)pilocarpine hydrochloride (41 mmol) 

w ere dissolved in  d istilled  w ater an d  th e  so lu tion  w as m ade 

basic  w ith excess 50% NaOH solution w ith  stirring  and  cooling. 

The m ix tu re  w as ex trac ted  w ith  chloroform  an d  th e  organic 

ex trac ts  w ere com bined an d  dried  over MgSC>4 . T he so lu tion  

w as filtered and  concen tra ted  to yield ab o u t 6 .2  g  of th e  free 

b ase  (73%).

2- N -m ethyl-N -form ylhom opilopam ide 5  (procedure w as th a t  of 

reference 5): A solution of 6  g (29 mmol) of (+)pilocarpine base  

in  50 mL of an h y d ro u s chloroform  w as ozonized for ab o u t 3 

hours. W ater w as added an d  the  m ixture w as refluxed gently for 

45 m inu tes. The reaction m ixture w as allowed to cool to  room  

tem peratu re  and  extracted  w ith chloroform, dried over MgSC>4 , 

filtered an d  concentrated  to afford 5.5 g of the  form ylam ide (90 

%); L ite ra tu re  value: 79 %. XH NMR (200 MHz, CDCI3 ) 8 

1.05-1.15 (t, 3H, MeC); 1.25-1.55 (m); 1.65-1.95 (m); 2 .55-2 .85  

(m); 3 .15  (s, 3H, NMe); 4.0-4.1 (q, 1H, OCH); 4 .35-4 ,45  (q, 1H, 

OCH); 9 .25  (s, 1H, CHO), Figure 2 . FT-IR: (C=0) 1771, 1724, 

1680 cm -1. The m olecular ion obtained from m ass  spectroscopy 

h ad  a  m ass of 213, as  expected for th e  N-formylamide.

3- H om oisopilopic acid  4  (procedure w as th a t  of reference 4): A 

m ix ture of 4 g of th e  am ide (19 mmol) an d  48  mL of 2 M HC1 

w as refluxed for 6  hours. The solution w as extracted w ith
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chloroform , dried  over MgSC>4 filtered and  concentrated  to 

yield 1.4 g of the  acid (43%). l H NMR (CDCI3 , 200MHz) 8

1.0-1.1 (t, 3H, Me); 1.2-1.5 (m); 1.7-1.9 (m); 2 .5-2 .6  (m); 

2.9-3.1 (m); 4.0-4.2 (q, 1H, OCH); 4.4-4.5 (q, 1H, OCH); 11.3 (s, 

1H, COOH). FT-IR: 3600-3048 (OH) cm -1; 1778, 1707 (C=0) 

cm -1 .

4- Trans 4-ethyl-5-oxotetrahydrofuran-3-ethanoyl chloride (7)

(procedure w as th a t  of reference 5): A m ixture of 8 mL of 

distilled thionyl chloride and 1.4 g (8.1 mmol) of homoisopilopic 

acid w as refluxed for 3 h o u rs . The reac tion  m ix ture w as 

concentrated, followed by the  addition and  evaporation of two 

10-ml portions of toluene to yield 1.3 g of the  acid chloride 

(85%).

5- T rans 3-ethyl-4-(2-oxopropyl)-tetrahydrofuran-2-one (8)

(general procedure, reference 7): To a  dry 3-necked flask, kept 

und er nitrogen atm osphere, w as added 2.3 g (12 mmol) of Cul. 

The solid was heated with a  flame, the flask was cooled in an  ice 

ba th  and 60 mL of anhydrous ether were added to the flask with 

stirring. After 10 m inutes, 23 mL of 1.4 M MeLi in  e ther (24 

mmol) were injected through a rubber septum . After an  

additional 5 m inutes of cooling and stirring, the tem perature 

w as lowered to -78°C and  a  solution of 2 g (10.5 mmol) of the 

acyl chloride in  anhydrous e ther w as in jected  th ro u g h  the 

septum . The solution w as stirred for an  additional 15 m inutes; 5 

mL of absolute m ethanol were added and the solution was
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allowed to w arm  to  room  tem peratu re. The reac tion  m ixture w as 

p o u red  in to  250  mL of s a tu ra te d  am m onium  chloride an d  

e x tra c te d  w ith  e th e r , d ried  o ver M gS0 4 , f ilte red  a n d  

co n cen tra ted  to  yield 910 m g (51%) of a  m ix tu re  con tain ing  

m ostly  th e  ketone. All 910  m g w ere ch rom ato g rap h ed  over 

silica  gel u s in g  a  20:1  m ix tu re  of ca rb o n  te trach lo rid e  an d  

ab so lu te  ethano l. A to ta l of 22  fractions w ere collected (3 m l 

each). F rac tio n s  11-13 w ere com bined a n d  co n cen tra ted  to 

fu rn ish  800 m g of p u re  ketone (Rf 0.5), m .p. 45-47°C. Fractions 

14-17 were also com bined and  concen tra ted  to  afford 80  mg of 

th e  slightly im pure ketone. F ractions w ith Rf values h igher th a n

0 .5  an d  lower th a n  0 .35  con tained  only im purities . *H NMR 

(CDCI3 , 200  MHz) S 1.05 (t, 3H, Me); 1 .3-1 .5  (m); 1 .67-1 .85  

(m); 2 .2  (s, 3H, MeCO); 2 .4 -2 .7  (m); 2 .95-3 .1  (m); 3 .9 -4 .0  (q, 

1H, OCH); 4 .2 -4 .38  (q, 1H, OCH), Figure 1. The m olecu lar ion 

obtained from G C/M S had  a  m ass of 170 (retention tim e of 26.5 

m in u tes) a s  expected  for th e  k etone . GC d a ta : In jec tion  

port-150°C ; so u rce  tem p era tu re  270°C; co lum n tem p era tu re  

35°C to 100°C a t  20°/m in ., th en  to 250°C a t  10°/m in.; electron 

m ultip lier 2130 V; column: 30 m  DB-5, J .  W. Scientific, Folson, 

CA. FT-IR: 1778, 1719 (C=0) c m '1.

Elem ental analysis:

C alculated (%): C 63.51; H 8.29 

Found (%): C 64.14; H 8.51
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6 . Trans-3-ethvl-4-f3-bromo-2-oxopropvI1 tetrahydrofuran-2-one

(9) (general procedure, reference 8): To a  solution of 0 .9  g (5.3 

mmol) of the  ketone in  dried m ethanol w as added 0 .85  g (5.3 

mmol) of b rom ine w ith  s tirr in g . A fter th e  b ro m in e  w as 

com pletely consum ed (solution tu rn ed  clear), 10 mL of w ater 

were added followed by  the  addition  of 1 mL of concentrated  

sulfuric acid. The reaction m ixture w as stirred  for 2 hou rs and 

th e n  extracted  w ith  ether. The com bined e th er ex trac ts were 

extracted w ith w ater and  dried over Na2 S 0 4 . The solution w as 

filtered and  concen tra ted  to yield 0 .7  g of the  brom oketone 

(54%). B ased on NMR spectroscopy, b rom ination  a t  th e  a ' 

p o sitio n  w as 100% selective a s  show n by  th e  com plete 

d isappearance of the m ethyl peak  (ketone, 8 2 .2 ) and  form ation 

of a  new methylene peak a t 8 4.8.



72

**
 

«.i
 

«.
•.

 
i.*<

 
i.«

 
t.i

 
i«

 
t.a

r 
i.t

 
.t 

•.
«



73

m

o -

P
P

H

94



R eferences

1) Goodm an, L.S.: Gilman, A. 1985. The Pharm acological B asis of 

T herapeutics. 7 th  Ed. MacMillan: New York, p  100.

2) Paton , W.: Jay n e , J .P . 1968. Pharm acological Principles and  

Practice. Churchill: London, p  147.

3) Schulm an, J.M .: Peck, R.C.: D isch, R. in  press.],

4) Hill, R. K.: Barcza, S. T etrahedron. 1966. 22. 2 889.

5) Langenbeck, W. Ber. D tsch  Chem. Ges.. 1924. 57. 2072.

6) C om pagnone, R. S.: R apoport, H. J .  Qrg. Chem .. 1986. 51. 

1713.

7) Posner, G. H.: W hitten, C. E.: M cFarland, P. E. J .  Am. Chem. 

Soc.. 1972. 5106.

8) G audry, M.: M arquet, A., T etrahedron . 1970. 5611.



7 5

Chapter 6  

Pharmacology

In trod u ction : C om pounds 1-6 w ere evaluated  for m uscarin ic  

activity b y  Goyal an d  R attan  of B eth Israel H ospital, Boston, by 

th e  M edical R esearch  Division of Lederle L aboratories, Pearl 

River, New York, by  the  M itsubishi Kasei corporation, and  by  the  

Lilly R esearch  Laboratories. Two k inds of te s ts  w ere m ade. The 

firs t m easured  the affinity of the  com pounds for th e  m uscarin ic 

re ce p to rs  by  allow ing th em  to  com pete a g a in s t a  know n 

m u scarin ic  agon ist (cis-m ethyldioxolane) an d  two an tag o n is ts  

(qu inuclid iny lbenzila te  (QNB) an d  p irenzepine). The second  

class assayed th e  com pounds for the ir biological activities.

Me,\ Me,
\

Me' N— Me f
+

1 2

Me,\ Me.V

3 4

Me Me

5 6
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I. Class 1 (binding assays):

a. f3H-Quinuclidinvl Benzilate (QNB) Binding Assav:1 This assay  is 

th e  Lederle p r im a ry  sc re en  for c e n tra l n e rv o u s  sy stem  

cholinergic agen ts . It determ ines th e  IC5 0  ° f  th e  drug , th a t  

co n cen tra tio n  of i t  w hich is requ ired  to  occupy h a lf  of th e  

r e c e p to r  s i te s  a v a ila b le  to  th e  t r i t i a te d  a n ta g o n is t  

q u in u c lid in eb en z ila te  (3 H-QNB). C om pounds 1 -4  w ere also 

screened a t  50 mM for th e ir  abilities to displace 3 H-QNB from 

r a t  cortical m uscarin ic  acetylcholine cholinergic receptors. The 

resu lts  are displayed as  % inhibition of the  QNB response.

b. f3H1-Cis-methvldioxolane (CD) Binding:2*3 This assay  is used  in 

conjunction  w ith  th e  3 H-QNB binding  a ssay  to in fer agon ist 

p roperties of CNS cholinergic agen ts. The log of th e  ra tio  of 

IC50  values for labeled QNB and  cts-dioxolane (an agonist) are 

though t to be a n  indicator of agonist activity. V alues of th e  log 

ratio  of 3 to 4  are found for po ten t agonists, w hich are sa id  to 

have high intrinsic activity.

c . F3  HI -P irenzepine (PZ) B inding :2 In th is  assay , a  com pound 

com petes for th e  re ce p to r  w ith  p iren zep in e , a  se lec tive 

an tag o n is t of M i m u scarin ic  recep to rs. A com pound  th a t  

successfu lly  com petes w ith  pirenzepine can  be considered  a  

possible M i agonist or antagonist.

d. [3 H i-O xotrem orine b inding : Oxotem orine is a n  m uscarin ic  

agonist used  by the Lilly Research group to induce trem ors in
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mice. O ur com pounds were tested  for the ir ability to inhib it 

oxotrem orine induced trem ors. Com pounds th a t  inh ib it these  

trem ors are said to be M2  antagonists.

II. Class 2  (assays for biological activity):

a. Test on the  esophageal sph incter m uscle of the  oppossum : 

This assay  was developed by Goyal and  Rattan. Contraction of the 

m uscle is indicative of M2  activity, and relaxation of M i activity.

b . S tim ulation  of inositol P hosphate  Release fSIPRl:4 T h is  

biochem ical assay  is performed to a ssess  the  in trinsic  activity 

(agonist properties) of m uscarin ic  com pounds. B inding of 

m uscarin ic  agonists to M i cholinergic recep to rs s tim u la te  

inosito l p h o sp h a te  release an d  diacylglycerol form ation  in  

cholinoceptive neurons.

c . Reversal of Scopolamine: A m nesia w as induced in  retired  

b reed er mice w ith the  m uscarin ic  an tag o n is t scopolam ine. 

Reversal of th is  am nesia w as studied  by  co-adm inistering our 

cholinergic com pound 1 w ith scopolamine.

m . R esults and Discussion

Class 1: The Lederle resu lts of the receptor binding assays with 

com pounds 1-4 are summarized in  Table 1. The compound with 

th e  h ighest affinity for th e  cen tra l m uscarin ic  cholinergic 

receptors w as 2  with 77% inhibition of the antagonist ^H-QNB
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and  a n  IC50  of 13 mM. Lowest affinity w as found for 3  w ith  only 

5% inhibition and  a n  IC50  of 1221 mM. An a ttem p t w as m ade to 

investiga te  pharm aco log ical m u sca rin ic  cho linerg ic  recep to r 

su b ty p e  selec tiv ity  u tiliz ing  3 H -p irenzep ine b in d in g  to  r a t  

cortical M i receptors. As seen from Table 1. ou r com pounds 1-4  

d id  n o t show  h igh  affinity for th e  cortical recep tors. Again, 

com pound 2  h ad  th e  h ighest affinity for th ese  receptors w ith an  

IC50  of 1410 nM an d  com pound 3 , the  low est w ith  an  IC50  ° f 

281600 nM.

C om pounds 1 -5  were tested  by  th e  M itsubish i Kasei 

C orporation for affinity and  selectivity on cholinergic m uscarin ic 

receptors in  th e  ra t  cortex. The resu lts  a re  sum m arized in  Table

2. Again, w ithin the fu ran  series, com pound 2  w as found to have 

th e  h ighest affinity in  displacing ^H -pirenzepine an d  com pound 

3  th e  low est affinity. However, 3  w as found  to be th e  m ost 

selective w ith 25% M i receptor selectivity an d  1 th e  leas t w ith 

11% M i recep to r selectivity. C om pound 5  show ed no affinity 

an d  selectivity for th e  receptors.

C o m p o u n d s  1-6 w ere te s te d  by  Lilly R esea rch  

Laboratories for affinity on cholinergic m uscarin ic  recep tors of 

th e  rab b it vas deferens (Table 3). Again, com pound 2  w as found 

to  have th e  h ighest affinity in  displacing ^H -perenzepine (IC5 0  

1400 nM) a n d  p roduced  g rea te s t in h ib ition  of oxotrem orine 

in d u ced  trem o rs  (54%). A lthough com pound 5  show ed little 

affinity for th e  receptors, it inh ib ited  oxotrem orine trem ors by 

28% .
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C lass 2: Com pound 1 w as tested  by Goyal and  R attan  on the 

lower esophageal sph inc ter of anesthetized  opossum , a  region 

co n ta in in g  b o th  M i and  M2 m u scarin ic  recep to rs . W hen 

injected into the  arte ria l supply  of the sph incter, relaxation of 

th e  sp h in te r  w as observed. Com pound 1 w as also tested  on 

g u in ea-p ig  tra c h e a  an d  show ed v ir tu a lly  no  p o ten cy  in  

contracting the trach ea  m uscle, a  region consisting m ostly of M2 

receptors. These re su lts  would indicate th a t  1 is  selective for 

M i receptors.

C om pounds 1-4 were assayed for in trin sic  activity in  

the  ra t  cortex (Table 4). Of th e  four subm itted com pounds, 3  and 

4  w ere sligh tly  active w ith  14% a n d  12% s tim u la tio n  of 

inosito lphosphate release, respectively. Since com pound 1 h ad  

th e  largest log IC5 0  ratio  (2.11), one would expect it  to  have 

g rea ter in trin sic  activity. This w as n o t th e  case h ere  w ith  no 

s t im u la tio n  o f in o s i to lp h o sp h a te  re le a se . N ev erth e less , 

com pound 1 w as considered to be the m ost in te resting  of the 

four and  fu rth er te s ts  were conducted w ith i t  to  determ ine its 

degree of m uscarinic activity. The activity of 1 in  the  reversal of 

scopolam ine is  sum m arized in  Table 5. Am nesia w as induced in 

retired  brider mice w ith scopolam ine (1.5 mg/Kg) and  attem pts 

to reverse th is  am nesia  were carried ou t by co-adm inistering  

com pound 1. As can  be seen from Table 5, 1 w as m ost effective 

in  reversing  th e  am nesia  a t  b o th  0 .005  a n d  0.01 m g/K g. 

However, it did no t re tu rn  th e  latency to control level.
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IV. Conclusion

Several conclusions m ay be draw n from these data . With 

th e  exception of 3 . 5 an d  6 , the rem aining com pounds possesed 

affinity for the m uscarin ic  recep tors. However, none of th ese  

com pounds could displaced ^H -pirenzepine w ith h igh  affinity. 

T he r e s u l t s  of G oyal a n d  R a tta n , th e  re v e rs a l  of 

scopo lam ine-induced  am n esia , th e  SIPR d a ta  a n d  th e  log 

(QNB/CD) ra tio s  a re  c o n s is te n t w ith  th e  p o ssib ility  th a t  

com pounds 1-4 maybe w eak partia l agonists. Furtherm ore, the  

contention th a t  1 is a  w eak partia l agonist is fu rther supported  

by th e  behavioral d a ta . Com pound 2  w as found to have th e  

h ighest affinity for the receptors and  3  the m ost M i selective. It 

is suspected th a t the  low basicity of 1 and 3, as  indicated by the 

m easured pka's, could play a  m ajor role in their low affinities for 

th e  receptor.
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Table 1: Muscarinic acetylcholine receptor pharmacology

Compound 3H-QNB 3H-QNB 3H-CD IC50 Ratio 3H-PZ
% Inhibition |aM (IC50) nM (IC50) logQNB/CD nM (IC50)
@ 50 pM

Pilocarpine 
hydrochloride 82 11 10 3.04 1053

Methylfurmethide 71 12 2 3.78 1078

1 22 187 1460 2.11 21590

2 77 13 588 1.34 1410

3 5 1221 25380 1.68 281600

4 26 154 8421 1.26 11520

Pilocarpine 
N-methyl iodide 50 49 3007 1.21 3730

Carbachol 57 70 4 4.24 14

Oxotremorine 95 0.8 0.5 3.20 167

Arecoline 71 29 14 3.32 1630

Atropine 100 0.0012 0.6 0.30

Pirenzepine 0.123 57 0.33 2.7
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Table 2: The Mitsubishi Kasei results of acetylcholine receptor pharmacology

Compound 3H-PZ
IC5q(M)

3H-QNB
IC5o(M)

%M1
receptor
selectivity

1 1.2 x 10 -5 1.3 x 10 -4 11

2 1.5x10 -6 2.4 x 10 "5 16

3 9.7 x 10 -5 2.4 x 10 -3 25

4 2.0 x l 0 -5 3.1 x 10 "4 16

5 3.8x10 "4 >10 "3 —

Carbachol 8.0 x 10 6 5.6 x 10 "5 7

AF102B2 4x IQ' 7 1 x 10 -5 25

Notes:

1) Mi receptor selectivity is represented as IC50 (QNB-binding)/IC5o (PZ-binding).

2) The values for AF102B2, a Mi selective receptor stimulant, were cited from Japan 
Patent.
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Table 3: Lilly results on receptor pharmacology

Compound Pirenzepine 
IC50 (nM)

oxotremorine 
IC50 (nM)

inhibition
%@100pM

1 16600 9120 10

2 1400 1935 54

3 >10000 >10000 18

4 >10000 >10000 22

5 >10000 >10000 28

6 >10000 >10000 0
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Table 4: Muscarinic acetylcholine receptor biochemical pharmacology

Compound IC50 Ratio 
logQNB/CD

SIPR
Rat Cortex 
% Stimulation

SIPR
Rat
Parotid 
% Stimul.

Pilocarpine
hydrchloride

3.04 24 199

Methylfurmethide 3.78 175 709

1 2.11 0 0

2 1.34 3 0

3 1.68 14 0

4 1.26 12 0

Pilocarpine 1.21 
N-methyliodide

0 0

Carbachol 4.24 424 9005

Oxotremorine 3.20 56 385

Arecoline 3.32 39 354
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Table 5: Reversal of scopolamine-induced amnesia

Compound Dose (mg/Kg) Mean Retention Latency (sec.)

Scopolamine 1.5 52 ( n= 176)

Saline — 173 (n= 73)

Arecoline 0.1 83
0.5 84
1.0 86
5.0 62

Oxotremorine 0.01 60
0.05 138
0.1 20

1 0.001 84
0.005 109
0.01 105
0.05 58
0.1 51
0.5 45
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