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A mixture of r acemates  of muscar ine  and its s t e r e i somer s  was synthesized by the react ion 
of 1-hexene-4,5-diol  with iodine and subsequent convers ion  of the resul t ing 5- iodomethyl-  
3 -hydroxy-2-methy l t e t rahydrofuran  to the corresponding nor -base  and methiodide. The 
p resence  of all the s t e r eo i somers  of muscar ine  was demonstra ted by means of th in - layer  
chromatography and the IR spect rum.  The sulfonium analog was also synthesized.  

The ability of muscar ine  to select ively st imulate chol inoreceptors  makes it a valuable prepara t ion  
for pharmacological  and physiological  analysis  [1]. Despite the la rge  number of studies devoted to mus-  
car ine,  f rom a prepara t ive  point of view, this alkaloid is still difficult to obtain, since almost  all of the 
known methods for  its synthesis  involve many steps and give low yields [2-4]. 

Considering these c i rcumstances ,  we felt it was neces sa ry  to propose a new prepara t ive  method for 
the prepara t ion  of muscar ine  f rom 4- chloro-  1- hexen-5-ol  (I) [5], which to a ce r ta in  extent is f ree  of the 
disadvantages of the previously descr ibed methods and can be used for the synthesis  of other musca r ine -  
like compounds.  The synthesis  was accomplished as follows: 
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The high yields in all s tages of the synthesis  make it possible to obtain a mixture of musear ine  ste-  
r eo i somer s  in an overall  yield of ~ 50%. Moreover ,  the use of the iodination of II made it possible to com-  
bine the format ion of the te t rahydrofuran  ring and the iodomethyl group in one step. It is known that the 
existence of four s t e r e o i s o m e r s - m u s e a r i n e ,  a l lomuscar ine ,  epimuscar ine ,  and e p i a l l o m u s c a r i n e - i s  pos-  
sible for (5 -methyl -4-hydroxyte t rahydrofur fury l ) t r imethylammonium iodide (V). According to the synthetic 
scheme, one should have expected the format ion of all of the s t e r eo i somers .  Diol II, obtained by the sapon- 
ification of I, is apparently a mixture  of the threo  and e ry th ro  forms.  The r ing- fo rming  react ion also is 
apparently not s tereospecif ic .  The broad range of the boilding point of the synthesized no r -base  (IV) and 
the melt ing point of methiodide V, which differs f rom the melting points of all of the s t e r eo i somer s ,  m a y  
serve as a conf i rmat ion of these assumptions.  

The IR spec t rum of 2 -methy l -3 -hydroxy-5-d imethy laminomethy l te t rahydrofuran  (IV) contains bands 
that cha rac te r i ze  the p resence  of in te rmolecular  (3415 cm-1) and int ramolecular  (3230 cm -1) hydrogen 
bonds; this is due to the cis and t rans  orientat ions of the hydroxyl and dimethylaminomethyl  groups.  

* F o r m e r l y  F. V. Kvasnyuk-Mudryi .  

'~.~ ~0 Fig. 1. IR speet rum of a mixture of 
g-~ ~ s t e r eo i somers  of the nor -base  of mus-  
~ ~0 

0. car ine .  
~00 ~200 3000 2800 ~600 1400 1200 I000 800 600 

y, Ci21 " I  

A. S. Serafimovich Volgograd State Pedagogic al Institute. Transla ted f rom Khimiya Geterotsiklioheskikh 
Soedinenii, No. 5, pp. 579-581, May, 1970. Original ar t icle  submitted July 23, 1968. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

533 



Thin- l aye r  chromatography  of V on KSK s i l ica  gel conf i rms the p re sence  of all of the s t e reo i somers :  

S te reo i somer  

Epiall onormusc arine 
Normuse arine 
All onormusc arine 
Epinormusc arine 

Rf$ 
0,29 (0.24} 
0.36 (0.33) 
0.43 (0.43) 
0.58 (0.57) 

The sulfonium analog of muscar ine  was obtained by means  of the method descr ibed  in [7] f rom 5- 
iodomethy l -2 -me thy l -3 -hydroxy te t r ahydro fu ran  (m),  tMourea,  and methyl  iodide. 

E X P E R I M E N T A L  

1-Hexane-4,5-diol  (II). A mix ture  of 19.8 g (0.15 mole) of I and 50 g of potassium carbonate  in 200 
ml of water  was ref luxed for  15 h. The aqueous solution was sa tura ted  with sodium chlor ide and ext rac ted  
thoroughly with e ther .  The e ther  ex t rac t  was dried over  anhydrous magnes ium sulfate,  the e ther  was r e -  
moved, and the res idue  was vacuum disti l led to give 14.8 g (85%) of II with bp 95-99 deg (19 ram), n~ 1.4593, 
and d 2~ 0.9824. Found: C 62.6; H 10.7%; MRD 32.3. C6Hi202. Calculated: C 62.1; H 10.4%; MR D 32.5. 

2 -Methy l -3 -hydroxy-5- iodomethy l te t rahydrofuran  (III). A solution of 29 g (0.25 mole) of II and 63.5 
g (0.25 mole) of iodine in a mixture  of 400 ml of methanol and 1200 ml of water  was allowed to stand in the 
dark for  a week. The mixture  was worked up as in [5] to give 55.6 g (92%) of III with bp 100-105 deg '(0.01 
mm),  n~ 1.5510, and d~ ~ 1.7779. Found: C 30.1; H 4.7; I 52.1%; MR D 43.4. CGHllIO ~. Calculated: C 29.8; 
H 4.6; I 52.5%; MR D 43.6. 

2 -Methy l -3-hydroxy-5-d imethy laminomethy l te t rahydrofuran  (IV). A mixture  of 49.2 g (0.22 mole) 
of III and 30.6 g (0.68 mole) of dimethylamine was heated in a sealed ampul at 50-60 deg f o r 4 h .  T h e e x c e s s  
dimethylamine was removed  in vacuo, and the residue was dissolved in dilute hydrochlor ic  acid. The acid 
solution was washed with e ther ,  and the aqueous solution was cooled and neutra l ized with concentra ted po- 
t ass ium hydroxide solution, it was then sa tura ted  with solid potass ium hydroxide and ex t rac ted  with e ther .  
The e ther  ex t rac t  was dr ied  over  anhydrous potassium carbonate .  The e ther  was removed,  and the res idue 
was vacuum dist i l led to give 96 g (75%) of IV with bp 60-90 deg (0.003 mm), n~ 1.4620, and dt ~ 0.9950. 
Found: C 59.8; H 10.8; N 8.6%; MR D 43.9. CsH17NO 2. Calculated: C 60.4; H 10.7; N 8.8%; MR D 44.0. IR 
spec t rum (em-l): 1112, 1085, 1034, 1016, 915, 856, 2828, 2780, 2740, 3415, 3230. 

Methiodide of IV (V). This compound was obtained as a white, c rys ta l l ine  substance with mp 121-123 
deg (from isopropyl alcohol). Found: I 42.1%. CgH20INO 2. Calculated: r 42.2%. 

2 -Methy l -3 -hydroxy-5-methy l th iomethy l te t rahydrofuran  (VI). This compound [2 g (60%)], with bp 
111-116 deg (2 mm), n~ 1.5025, d~ ~ 1.1118, and a cha rac t e r i s t i c  mushroom- l ike  odor, was obtained, as in 
[7], f rom 4.8 g (0.02 mole) of III,  1.5 g (0.02 mole) of thiourea,  4.25 g (0.03 mole) of methyl iodide, and 4 g 
(0.1 mole) of sodium hydroxide.  Found: C 51.9; H 8.9; S 19.6%; MR D 43.2. C~H14SO2. Calculated: C 51.8; 
H 8.6; S 20.0%; MR D 43.4. IR spec t rum (era-l): 873, 916, 1074, 1171, 620, 3376. The methiodide (90%) 
was obtained by the usual method as a viscous syrup.  

Th in - l aye r  chromatography was ca r r i ed  out on KSK si l ica  gel using an ace tone-ch lo roform-concen-  
t ra ted  ammonium hydroxide sys tem (70: 25: 5, by weight). The Dragendorf  reagent  was used to develop 
the ch roma tog rams .  

The IR spec t ra  of f i lms of the compounds were recorded  with an IKS-14 spec t rome te r .  
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*The data f rom [6] a re  given in paren theses .  
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