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The sea rch  for  novel, highly se lec t ive  insect ic ides  and acar ie ides  is associa ted with studies of the r e -  
lationship between the s t ruc tu re s  of the compounds and the i r  ant iehol ines terase  activity [1, 2]. 

In the sea rch  for  highly specific chol ines te rase  inhibotors,  we have synthesized some organophosphorus 
der ivat ives  of lupinine [I] and epilupinine (II) and examined the i r  ant ichol ines terase  act ivi ty towards human 
e ry th rocy te  ace ty lchol ines te rase  (ACE) and ho r se  se rum butyry lchol ines te rase  (BuCE). These  compounds 
were  synthesized as follows: 

CH 3 X 
\ / /  + 

ao / \ci 

C. H20H CH20 __ OR 

It t t  

v (II) 

where  R =C2H5, C3H7, C4H9, and CsHll; X=0  o r  S. The p rope r t i e s  of these  compounds a re  given in Tables  1 and 
2. The IR spec t rum of O-ethyl-O-lupinanyl  methylphosphonate contains absorption cha rac te r i s t i c  of the func- 

tional groups (v, cm-1): 1277 (P =O), 1440 (POC2Hs), 1070 (>N--) ,  1472 (CHa), 1385 (CH 2) and t rans-quinol i -  
k 

zidine at 2685-2810. The IR spec t rum of O-e thyl -O- lupinanyl  methylthiophosphonate differs  f rom this in showing 
absorpt ion for  the P =S group at 805 and 660 cm -1 . 

The PMR spec t rum of O-propyl-O-epi lupinanyl  methylthiophosphonate is in accordance  with its s t ruc ture .  
The complex signal at 3.7-4.3 ppm resul ts  f rom the superposi t ion of the signals for  the two OCH 2 groups.  The 
a symmet r i ca l  doublet at 2.68 ppm is assigned to the two equator ia l  ~ -pro tons  of the quinolizidine ring, the 
doublet at 1.64 ppm to the P - C H  3 protons  (JH-P =15.2 Hz), and the t r ip le t  at 0.9 ppm to the protons  of the t e r -  
minal  methyl  group of the O-propyl  radical .  The signals for  the remain ing  protons  resonate  at 1.0-2.0 ppm. 

The ant ichol ines terase  p rope r t i e s  of the compounds were  examined  using ACE (EC 1.1.7) of specif ic  ac-  
t ivi ty 2 U/mg  and BuCE (EC 1 : 1 : 8) of specif ic  act ivi ty 28 U /m g  (obtained f rom the P e r m  Resea rch  Institute 
fo r  Vaccines and Sera).  All the tes t  compounds were  r eve r s ib l e  competi t ive inhibitors of both types of chol ines-  
t e r a s e .  The ant ichol ines terase  act ivi ty was measu red  by the r eve r s ib le  inhibition constants Ki, which were  
found by the L i n e w e a v e r - B u r k  method [3]. Data for  the r eve r s ib l e  inhibi tory activity towards ACE and BuCE 
with respec t  to s t ruc tu re  are  given in Table  3. 

As will be seen f rom Table  3, in the interact ion of O-alkyl-O-lupinanyl  methylthiophosphonates with ACE, 
lengthening the alkyl radica l  f rom ethyl to pentyl  resul t s  in an increase  in r eve r s ib l e  inhibitory activity by a 
fac tor  of 4.4. Similar  changes a re  seen in the case  of O-alkyl-O-lupinanyl  methylthiophosphonates.  In the in- 
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TABLE 3. Reve r s ib l e  Inhibition Constants (K i) for  O-Alky l -O-  
lupinanyl Methylphosphonates (Io), O-Alkyl -O- lupinanyl  Methylthio- 
phosphonates  (Is), O-Alkyl -O-epi lupanyl  Methylphosphonates (IIo), 
and O-Alkyl -O-epi lupinanyl  Methylthiophosphonates (IIs) with ACE 
and BuCE 

R X 

C2H5 0 
C3H7 0 
C,H9 0 
CsH~t O 
CzH5 S 
C3H7 S 
Cr S 
CsH~t S 

K i (M) ACE(I) . 
ACE BuCE ~ I )  

[ 
7,5.i0-' 5,2.10-' ] t,5 

] 1 , 7 . t 0 - '  8,5.10 -~ 
t , 7 - t 0 - '  1 ,6 . t0  -5 " 
2,0.10 -~ 616.10 .5 7,0 
1.5.t0 -~ t,6-10 5 t,0 
t',8.10-~ 3,7.10-5 t~, 0 
3,8.t0-5 2,5.t0 .5 

K i (M) 

ACE BuCE 

7,2.10-' 2,8.10-' 
9,8. i0-' 4,7-10 -~ 
L6.I0-5 i 1,8.t0-' 
4.9.10-5 i t.0-10-~ 
212.10-, I 4;0.10-5 
910-10-5l 4,6.t0 5 
7,9.10-6 6,7.10-5 
210.i0-6 5,8.t0-5 

ACE(n) 

2,5 
2,0 
0,1 
O.49 
515 

19,5 
1,2 
0,35 

ACE(IIo) 
ACE(IIs) 

3,3 
5 
l 

24,5 
3,75 
1,2 
9,4 
4,5 

t e rac t ion  of these  compounds with BuCE, lengthening the alkyl rad ica l  i n c r e a s e s  the r e v e r s i b l e  inhibi tory ac -  
t ivi ty  of O-a lky l -O- lup inanyl  methyl thiophosphonates  and O-a lky l -O- lup inanyl  methyl thiophosphonates  by fac tors  
of 32.5 and 26.4, r e spec t ive ly .  All these  lupinine der iva t ives  showed specif ici ty ,  even if only slight, towards 
BuCE. This  effect  was  seen mos t  c l e a r l y  in the pentyl  compounds.  

Examinat ion of the re la t ionship between the Ki values  and the lengthening of the alkyl chain f r o m  C2H 5 to 
C5HII in the in terac t ion  of epilupinine methylphosphonates  and methyl thiophosphonates  shows that the r e v e r s i b l e  
inhibi tory ac t iv i ty  of  the methylphosphonates  is i nc reased  by a f ac to r  of 15, and of the methyl thiophosphonates ,  
by 110. In in te rac t ion  with BuCE, the change f r o m  C2H 5 to CsHli r esu l t s  in only a smal l  i nc rease  in r eve r s ib l e  
inhibi tory act ivi ty .  Lenghening the alkyl r ad ica l  reduces  the speci f ic i ty  towards  ACE. 

Compar ing  the K i values  for  O-a lky l -O- lup inanyl  methylphosphonates  with those for  the cor responding  
methyl thiophosphonates ,  and those  for  O-a lky l -O-ep i lup inanyl  methylphosphonates  with those for  the i r  thiono- 
analogs,  it wil l  be seen that changing f r o m  the methylphosphonate  to the methyl thiophosphonate resu l t s  in an 
i nc r ea se  in r e v e r s i b l e  inhibi tory ac t iv i ty  towards  both types of enzyme.  It is noteworthy that r ep lacement  of 
the P = O  group by P =S  in the inhibi tor  molecule  resu l t s  in a dec r ea se  in the angle of rotat ion both of the lu- 
pinine and epilupinine compounds by an ave rage  of 12% which undoubtedly affects  the r e v e r s i b l e  inhibi tory ac -  
t iv i ty  of these  compounds.  

Compar i son  of the K i values  for  the O-a lky l -O- lup inanyl  methylphosphonates  with those for  O - a l k y l - O -  
epilupinanyl methylphosphonates ,  and of those for  O-a lky l -O-ep i lup inanyl  methyl thiophosphonates  with those for  
O-a lky l -O- lup inanyl  methyl thiophosphonates ,  shows (Table 3) that the epilupinine der iva t ives  show speci f ic i ty  
towards  ACE, and that this  spec i f ic i ty  is g r ea t e s t  in the th iono-compounds .  

In con t ras t  to the i r  behavior  with ACE, these  inhibi tors  behave dif ferent ly  towards  BuCE. F o r  instance,  
compar i son  of the K i values  for  the lupinine der iva t ives  with those for  the epilupinine der iva t ives  shows that 
inhibi tors  in which the lupinine res idue  is p r e s e n t  a r e  specif ic  towards  BuCE. This  di f ference in the effects  of 
lupinine and epilupinine inhibi tors  towards  ACE and BuCE m a y  be ra t iona l ized  as follows: lupinine is known to 
di f fer  f r o m  epilupinine not only s t ruc tu ra l ly ,  but also in its conformat ional  s ta te .  Thus,  in lupinine the hydroxy-  
methyl  group is axia l ly  or iented .  Under some conditions, the t rans-quinol iz id ine  ring can undergo invers ion.  
It has been found [4, 5] that lupinine exis ts  in solution in a labile conformat ional  s ta te  as a resu l t  of invers ion 
at the n i t rogen a tom.  Pro tona t ion  of the n i t iogen resu l t s  in the fusion of the quinolizidine ring changing f r o m  
t r a n s -  to c i s - ,  and the axial  hydroxymethyl  group changes to equator ia l .  The t rans-quinol iz id ine  r ing in epilu- 
pinine does not undergo a s i m i l a r  change on protonat ion of the n i t rogen a tom.  

The display of spec i f ic i ty  in epilupinine der iva t ives  towards ACE appears  to be due to the s tabi l i ty  of the 
conformat iona l  s ta te  of the t rans-quinol iz id ine  s y s t e m  and the g r e a t e r  tendency of the epilupinine res idue  to 
undergo sorpt ion  at the act ive  s i te  of ACE. 

The spec i f ic i ty  of  act ion of lupinine der iva t ives  towards  BuCE, on the other  hand, is evidently due to the 
conformat iona l  labi l i ty  of the quinolizidine ring. Thus,  when the an t icho l ines te rase  act ivi ty changes (pI-t 7.5), 
pro tonat ion  of t h e  ni t rogen a tom in lupinine occurs  with a cor responding  change in conformat ion  of the t r a n s -  
quinolizidine r ing to the c i s - f o r m .  It  m a y  be that  the c is - fused quinolizine ring, with an equator ia l  phosphoryl  
group, is m o r e  p rone  to sorpt ion  at the act ive si te of BuCE. When this occurs ,  the dynamic equi l ibr ium between 
the t r a n s -  and c i s - c o n f o r m e r s  is shifted to the right: 
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With respect to the increase in reversible anticholinesterase activity on replacement of the P = 0  by the 
P =S group, especially towards ACE, this could be due to the greater  tendency of methylthiophosphonates to 
undergo hydrophobic sorption as a result of the lower electronegativity of sulfur as compared with oxygen in 
the methylphosphonates. 

EXPERIMENTAL 

IR spectra were obtained on a Specord 75-IR instrument in vaseline lubrication, and PIVLR spectra on a 

XL-200 in CCI 4. 

The O-alkyl methylphosphonyl chlorides and O-alkyl methylthiophosphonyl chlorides were obtained as 
described in [6-8], and the epimerization of lupinine was carried out as in [9]. Anticholinesterase activity was 
measured as described in [3]. 

O-Ethyl-O-lupinanyl methylphosphonate. To 14.25 g (0.1 mole) of O-ethyl chloromethylphosphonate in dry 
ether was added with stirring and cooling a mixture of 16.9 g (0.I mole) of lupinine and 10.1 g (0oi mole) of 
Et3N , and the mixture was stirred for 3 h and kept overnight. The progress of the reaction was followed by 
TLC (grade II alumina) using the system benzene-ether-methanol, I0 : 5 : 2. The solid was filtered off, washed 
with dry ether, the extract dried over anhyd, sodium sulfate, and the ether distilled off. The residue was puri- 
fied by chromatography on grade II alumina, with ether as eluant. 

Obtained similarly were the O-alkyl-O-lupinanyl methylphosphonates, O-alkyl-O-lupinanyl methylthio- 
phosphonates, O-alkyl-O-epilupinanyl methylthiophosphonates. 

C O N C L U S I O N S  

Some esters  of O-alkyl methylphosphonic acid and thioesters of O-alkyl methylthiophosphonic acid de- 
rived from the alkaloids lupinine and epilupinine have been prepared.  These were found to be reversible com- 
petitive inhibitors of acetylcholinesterase and butyrylcholinesterase. 
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