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It is known that some N-fl-hydroxyalkyl and N-/3-chloroalkyl compounds obtained f rom natural  a l -  
kaloids possess  a d i rec ted  physiological action. F o r  example,  N-(fl-hydroxyethyl)cytisine and N-(fl-hy- 
droxypropyl)cyt is ine,  obtained by  the condensation of cyiisine with ethylene oxide [1, 2] and propylene ox- 
ide, a re  fa r  less  toxic than cytisine, possess  a s h o r t - t e r m  hypotensive action, and st imulate respira t ion.  
N-{fl-Hydroxypropyl)cytisine possesses  a considerable effect  in inhibiting the growth of sa rcoma  180 and 
of Ehr l i ch ' s  asc i t ic  cancer  [3, 4]. 

Alkylating compounds containing a /3-chloroethylamino group have been proposed previously  [5] for  
the t reamaent  of malignant tumors .  Well-known alkylating ant i tumoral  compounds containing a /3 -ch loro-  
ethylamino f ragment  are  sarcolys ine ,  embikhine, novoembikhine, and others .  The proper t i es  of these 
drugs and the i r  medicinal  use have been studied by many workers  [6-9]. The presen t  paper  gives the r e -  
sults of a study of the spatial s t ruc ture  of the products  of the interact ion of the alkaloids salsoline, sa l -  
solidine, ephedrine,  and pseudoephedrine and of the bases decahydroquinoline and tetrahydroquinoline with 
ethylene oxide and also the N-fl-chloroethyl  der ivat ives  of the bases obtained f rom the corresponding amino 
alcohols.  Fea tu res  of the s t ruc tu re  of these compounds may be hmdamental ly connected with the appear -  
ance of a specif ic i ty  of the i r  physiological  action, since, in spite of the monotypical  nature  of the active 
center ,  the degree  of part icipat ion in a biochemical  p roce s s  usually depends on the conformational  state of 
the subs t ra tes .  Because the saturated r ing of salsoline (I, R = H) and salsolidine (I, R = CH 3) has two trigonal 
carbon atoms and a ni trogen atom, in solutions salsoline and salsolidine can exis t  in two ha l f -cha i r  con- 
formations:  

OGH 3 01~ 

- - T  

The PMR spect rum of salsoline in concentra ted hydrochlor ic  acid s trongly exhibts the s igna ls  of a 
methyl  group (a doublet with a constant Jvic  = 7 Hz at 1.45 ppm), of a hydroxymethyl  group (a singlet at 3.6 
ppm), and of a romat ic  protons (a pseudosinglet  at  6.5 ppm). The signal of the t e r t i a ry  a -p ro ton  appears  
in the form of a poor ly  resolved  mult iplet  a t  4.4 ppm. The secondary  a -p ro tons  form one broad signal at  
3.25 ppm and the fl-protons,  a t r ip le t  at  2.8 ppm. On the basis of the equivalence of the chemical  shifts of 
the axial and equatorial  ~ -  and f l-protons and the magnitude of the splitting of the signal of the/~-protons 
(7.5 Hz) observed  in the PMR spect rum,  it may  be concluded that both i somer i c  forms of salsoline exis t  in 
solution and a re  rapidly conver ted into one another .  
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Fig. 1. PMR spect ra  of N-(fl-hydroxyethyl)salsoline in CI-IC1 s (a), 
N-(fl-hydroxyethyl)deeahydroquinoline in CCI 4 (b), and N-(fl-hy- 
droxyethyl)tetrahydroquinoline in C CI a (c). 

The spect rum of N-(fl-hydroxyethyl)salsoline taken in chloroform (Fig. la) differs in the form and 
position of the signals of the analogous groups in the spect rum of salsoline (HC1). The doublet of the methyl 
group is shifted upfield - 1.3 ppm. The hydroxymethyl  group gives a signal at 3.8 ppm, and the a romat ic  
protons form two singlets at 6.4 and 6.55 ppm. At 4.05 ppm appears  a new broad signal corresponding to 
protons of the OH groups.  The secondary a -p ro tons  of the ring and the protons of the OCH 2 group of the 
substituent give signals in the 3 .4-3.8-ppm region. The signals of the secondary fl-protons of the r ing and 
the protons of the > N - C H  2 group of the substituent are  located in the 2.5-3.0-ppm region. Triplets  r e -  
lating to the protons of the methylene groups of the substituent are  present .  The presence  of these t r iplets  
shows the equivalence of the methylene protons of the substituent. The signal of the t e r t i a ry  ~-pro ton  is 
apparently masked by the signals of the protons of the OH and OCH 3 groups.  

When this compound is protonated in concentrated HCi, two doublets appear,  at 5 = 1.35 and 1.5 ppm, 
with coupling constants Jvic = 7 ttz. On the basis of the rat io of the integral  intensities of these doublets 
(3 : 5), a shift in the equilibrium of the conversion with a small  predominance of one of the i somers  may  be 
assumed.  On iodomethylation, as a resul t  of the introduction of the more  voluminous group of the subst i t -  
uent, the equilibrium is more  strongly shifted in the direction of one of the i somers ,  as is confirmed by 
the presence  of only one doublet of a C - C H  s group (5 = 1.4 ppm, J=  7 Hz) and the absence of the t r iplet  of 
the fl-protons in the spec t rum of N-(fl-hydroxyethyl)salsoline methiodide. At a value of the chemical shift 
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÷ 
of the N - C H  3 protons  of 6 = 2.95 ppm, the predominat ing conformation of N-(f l -hydroxyethyl)salsol ine  me th -  

÷ 
iodide is the i s o m e r  with the axial  a r r a n g e m e n t  of the N - C H  a group and the equator ia l  posit ion of the C -  
CH 3 group [10]. 

An in te res t ing  change in the spec t rum is the approach  to one another  of the s ignals  of the a r o m a t i c  
protons a t  6.5 ppm in the protonated fo rms ,  which is apparent ly  connected with a d is turbance of the de -  
local izat ion of the unshared  pa i r  in the r - o r b i t a l  of  the phenyl sys t em.  The l a t t e r  is  conf i rmed  by the r e -  
suits of a compar i son  of the energy  of the ~ - v  e lec t ron ic  t rans i t ions  in the f ree  base  and its protonated 
fo rm with the cor responding  shor t -wave  shift  of the edge of the UV absorpt ion band ixmax = 227 nm, " fr .OCH 

max  = 223 nm). Xprot 

The substitution of the hydroxy group in the a r o m a t i c  r ing by a methyl  group does not lead to sub-  
s tant ial  changes in the spec t r a .  Consequently,  the conformat ional  t r ans fo rma t ions  both of salsol idine i t -  
se l f  and of N-(f l -hydroxyethyl)salsol idine  in solution a re  analogous to the conformat ional  changes of sa l -  
soline and N-(f l -hydroxyethyl)sa[sol ine,  r e spec t ive ly .  

In the spec t rum in CCI 4 of the N-(f l -hydroxyethyl) te t rahydroquinol ine that we synthes ized  (Fig. lb), 
there  a re  the s ignals  of four a r o m a t i c  protons in the 6 .2 -7 .0 -ppm region.  A quintet  of the f l -protons  of the 
piperidine r ing appea r s  c l ea r ly  at  1.85 ppm, and the T-pro tons  fo rm a t r ip le t  a t  2.6 ppm, J = 7 Hz. On con- 
s ide r ing  the complex mul t ip le t  in the 2 .4 -3 .8 -ppm region it  is  poss ib le  to see the following signals:  at 3.2 
ppm, two over lapping  t r ip l e t s  of the s - p r o t o n s  of the piperidine ring and the c~-protons of the substituent,  
and a t  2 .95ppm, the c l e a r l y  shown singlet  of the OH group of the substi tuent.  The protons of the OCH 2 
groups  fo rm a t r ip le t  a t  3.55 ppm. Consequently,  as for  salsol ine,  in view of the equivalence of the m e t h -  
ylene protons  of the piperidine ring and the value of the spli t t ing constant  Jvic  = 7 Hz, two rapidly  in te rcon-  
ve t t ing  f o r m s  (If) ex i s t  in solution: 

HO - GH~ ,/ 
HO - OH z 

When N-(#-hydroxyethyl) te t rahydroquinol ine  is protonated,  the a r o m a t i c  pa r t  of the spec t rum changes 
substant ial ly.  The complex broad mul t ip le t  of four  nonequivalent a r o m a t i c  protons changes into a pseudo-  
s inglet  at  7.1 ppm which, apparent ly ,  as  in the case  of N-(f l -hydroxyethyl)salsol ine ,  is fo rmed  by the in t e r -  
action of H30 + with the unshared  pa i r  of e lec t rons  of the nitrogen which causes ,  thanks to delocalization,  
a nonuniform distr ibution of the e lec t ron  densi ty  of the v - e l e c t r o n s  in the a r o m a t i c  r ing of the f ree  base.  
All the remain ing  s ignals  a r e  somewhat  broadened and shifted downfield: the f l -protons  of the piperidine 
r ing a r e  located at  2.0 ppm, the y -p ro tons  at  2.7 ppm, the proton of the OH group a t  3.25 ppm, the four ~ -  
protons in the 3 .3 -3 .6 -ppm region,  and the protons of the OCH~ group a t  3.75 ppm. The iodomethylation of 
N-(f l -hydroxyethyDtetrahydroquinol ine a lso  does not lead to a substant ia l  change in the type of spec t rum.  
The retent ion of the t r ip l e t  s t ruc tu re  of the signal of the y - p r o t o n s  and the s y m m e t r i c a l  f o rm of the fl- 
protons of the piper idine r ing show that, in spite of the protonation and iodomethylat ion of these compounds, 
s i m i l a r  values of the propor t ions  of the different  con fo rmers  a r e  cha rac t e r i s t i c ,  just  as  for  the free base.  

The spec t rum of N-(#-hydroxyethyl)decahydroquinol ine in CC14 (Fig. lc) consis ts  of two complex 
mul t ip le ts :  a f ive -p ro ton  mul t ip le t  in the 2 .7 -3 .6 -ppm region and a 16-proton mult ip le t  in the 1 .6-2 .3-ppm 
region.  In the low-f ie ld  mult iplet ,  the signal of the OH group appea r s  dist inctly;  on dilution it  shifts up- 
field. The dependence of the chemical  shif t  of the OH proton on the concentrat ion shows the absence  of 
i n t r amo lecu l a r  hydrogen bonds. The s ignal  of the OCH 2 protons is located a t  3.4 ppm, and this is c l ea r ly  
exhibited in the fo rm of a sha rp  t r ip le t  on protonation.  The other  lines of the mult iplet ,  cor responding  to 
two protons,  a r e  due to the NCH 2 group of the substituent.  The complex nature of the mul t ip l ic i ty  of the 
signal of the NCH 2 protons  of the subst i tuent  shows the i r  nonequivalence.  

The protonation of N-(f l-hydroxyethyl)decahydroquinoline does not lead to equivalence of the NCH 2 
protons  of the substi tuent ,  f rom which i t  m a y  be concluded that  the molecu les  of N-(f l -hydroxyethyl)deca-  
hydroquinoline and i ts  protonated fo rm a re  stable or  they undergo in te rconvers ion ,  but the equi l ibr ium is 
s t rongly shifted in the di rect ion of one i s o m e r .  However ,  the spec t rum of N-{fl -hydroxyethyl)decahydro-  

-F 
quinoline methiodide in DC1 shows two signals  of the protons of the NCH3 group at  5 = 2.9 and 2.75 ppm 

492 



0 

r/l 
0 

0 

o 

N < 
0 

< 

%-i 
0 

m 

g 

r/l 

< 

i 

• ~ 0 

CO ~ O 0 0  

CO ,-~ CO ~ OD OD 

77 7 
. . . . .  N °oo, 

i l l  I II  

~ ' ~  ~ I 
i : : 1 +  

do 'o ' o ' o "  o" 

... 

X : N  ~ X ; X :  o X: o 
I I I I I I-~- I E: 

~:~ ~{~ ~ .  ~1  ~:~. -,-~ ~t~ -~  

ZZZ~Z 

, -4 ~Q 
.o  

E"- t ~  
*o .o  

0 0 
LO , .q  

v 

0 0 

O e~ 

"~ N 

with a rat io of the integral intensities of 1 : 5. The s trong-f ield signal 
has the g rea te r  intensity. I t  follows from this that a solution of N-(fl- 
hydroxyethyl)decahydroquinoline in solution consists  of a mixture of 
two i somers  differing by the position of the substituent about the n i t ro -  

+ 
gen atom. Since the i somer  with the axial a r rangement  of the N - C H  a 
group usually has the signal in the s t ronger  field [10, 11], we conclude 
that the hypothesis of the conversion of N-(f l-hydroxyethyl)decahydro- 
quinoline with different populations of the i somer ic  form was cor rec t ,  
and the main form of N-(fl-hydroxyethyl)decahydroquinoline methiodide 
and the corresponding free base is the form of the equatorial  a r r a n g e -  
ment  of the hydroxyethyl group of the substituent. 

The resul t  obtained above is essent ial ly  supplemented by the con-  
clusions drawn f rom an analysis  of the IR spect rum of N-(f l-hydroxy- 
ethyl)decahydroquinoline. An intense absorption band in the region of 
frequencies between 2,600 and 2,850 cm -1 indicates the predominating 
t rans  form of the molecule (IH). 

..q] CH20H 

The PMR spectrum of N-(fl-hydroxyethyl)pseudoephedrine in CCI 4 
shows the following signals:  doublet of C - C H  3 with a constant J = 7 Hz 
at 0.6 ppm; singlet of the N - C H  3 protons at  2.2 ppm; tr iplet  of the oCH~ 
protons at  7.15 ppm; and two multiplets at  4.0-4.3 ppm and 2.1-2.8 ppm. 
The low-field multiplet is formed by a doublet of the proton of the C - P h  
f ragment  and the signals of the two OH protons.  The multiplet in the 
2.1-2.8-ppm region is composed of the signals of the two nonequivaIent 
protons of the NCH 2 group of the substituent and that of a t e r t i a ry  p ro -  
ton. The nonequivalence of the s - p r o t o n s  of the group of the subst i t -  
uents is due to an in t ramolecular  hydrogen bond. 

The presence  of an in t ramolecular  hydrogen bond in the amino 
alcohol of pseudoephedrine follows from an analysis  of the IR spect ra  
in the region of the stretching vibrations of hydroxy groups (3000-3650 
cm-1). In a concentrated chloroform solution of N-(fl-hydroxyethyl)- 
pseudoephedrine (0.5 M) a strong broad band is found at 3200-3600 cm -1 
which is charac te r i s t ic  for the s tretching vibrations of a hydroxy group 
bound by a hydrogen bond of this type. The stretching vibrations of 
f ree  hydroxy groups form a line of low intensity in the 3630-cm -1 r e -  
gion. With a decrease  in the concentration from 0.25 to 0.005 M the 
relative intensity of the band of the free hydroxyl does not change ap-  
preciably.  The protonation of N-(fl-hydroxyethyl)pseudoephedrine does 
not lead to substantial changes in its s t ructure ,  since the PMR spec-  
t rum of the protonated form differs f rom the PMR spectrum of the free 
base only by a slight broadening of the multiplet of the OCH 2 and NCH 2 
protons of the substituent [12]. However, the introduction of the volu- 

+ 
ruinous NCH a group dest roys  the in t ramolecular  bond, as a resul t  of 
which the signal of the NCH 2 protons of the substituent becomes a t r ip-  
let of equivalent protons. The equivalence of the ~-pre tons  of the sub- 
stituent in N-(fl-hydroxyethyl)pseudoephedrine methiodide confirms 
that their  nonexistence in N-(fl-hydroxyethyl)pseudoephedrine i tself  
cannot be caused by the influence of the a symmet r i c  center .  On the 
basis of these resul ts ,  the predominant conformations of N-(fl-hydroxy- 
ethyl)pseudoephedrine and its methiodide are  as follows (IV): 
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In con t ras t  to N-(f l -hydroxyethyl)pseudoephedrine,  N-(f l-hydroxyethyl)ephedrine exis ts  in solutions in dif-  
fe ren t  conformat ions  (in comparab le  concentrat ions) .  This follows f rom the fact  that the intensi ty of the 
~band of the s t re tch ing  vibrat ions  of the f ree  hydroxy group in the IR spec t rum of N-(f l -hydroxyethyl)ephe-  
drine (3630 cm -1) r i s e s  on dilution. Consequently,  the solution contains, in addition to a con fo rmer  with an 
i n t r amoleeu l a r  hydrogen bond, a considerable  amount  of the amino alcohol of ephedrine with a f ree  amino 
alcohol group. 

The protonation of N-(f l -hydroxyethyl)ephedrine leads to a substantial  change in the spec t rum:  the 

l 

doublet of the proton of the H--C Ph f r agmen t  is d i s tor ted  and the singlet  of the protons of the NCH3grou p 

spl i ts  into two doublets.  However ,  the t r ip le t  of the equivalent  protons of the OCH~ group and the mult iplet  
of the nonequivalent protons of the NCH 2 group of the subst i tuent  a r e  re ta ined.  Consequently,  the pro ton-  
ation of N-(f l -hydroxyethyl)ephedrine changes the equi l ibr ium of the t rans i t ion of the i s o m e r s  into one an-  
other ,  and both i s o m e r s  c l ea r ly  appea r  in the PMR spec t rum,  although these i s o m e r s  cannot be seen in the 
PMR spec t rum of N-(f l -hydroxyethyl)pseudoephedrine.  

When N-(~-hydroxyethyl)ephedr ine  is iodomethylated,  apparent ly  as a resu l t  of additional nonbound 
interact ion,  only one i s o m e r  r ema ins  in solution, as follows f rom the s inglet  fo rm of the signal of the 

+ I 

NCH 3 protons .  In addition, a contract ion of the doublet  of the proton in the H--C- -Ph  group and the con-  
t 

ve r s ion  of the signal of the nonequivalent protons of the NCH group into a t r ip le t  of equivalent  protons is 
observed.  

Thus, the study of the eonformat ional  s ta tes  of der iva t ives  of the alkaloids salsol ine,  salsol idine,  
ephedrine,  and pseudoephedrine and of the bases  decahydroquinoline and te t rahydroquinol ine and their  p r o -  
tonated fo rms  and methiodides as  examples  has  shown the exis tence  of an influence of the s t ruc tu re  of 
the bases  and of the s ta tes  of the ni t rogen a toms  on the intensi ty and nature  of the conformat ional  t r a n s -  
format ions  in monotypical  chemical  reac t ions .  

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

Ethylene oxide (8.6 g) was passed  into a solution of 25 g of sa lsol ine  in 300 ml  of ethanol. The r e -  
action mix tu re  was left  at  room t e m p e r a t u r e  fo r  3 days and was then heated on the wa te r  bath at  60-70°C 
for  4-5 h, and the solvent  was dis t i l led off under  vacuum. This gave a mix tu re  of the initial compound and 
N-(f~-hydroxyethyl)salsol ine which was sepa ra ted  on a column of a lumina.  The b e n z e n e - e t h e r - e t h a n o l  
(10 : 5 : 2) solvent  s y s t e m  was used. Af ter  the solvent  had been dis t i l led off, l ight-yel low c rys t a l s  of N-(~-  
hydroxyethyl)sa lsol ine  with mp  112-113°C ( f rom ethanol) were  obtained. Yield 27.90 g (87.60%); R f  0.57 
pape r  ch romatography  in the b u t a n - l - o l - h y d r o c h l o r i c  a c i d - w a t e r  (50 : 7.5 : 13.5) sys tem;  [~]D + 16"85° (c 
0.5%, ~ ±0.15; ethanol). 

The N-(fl-hydroxyethyl)  de r iva t ives  of salsol idine,  ephedrine,  pseudoephedrine,  decahydroquinoline,  
and te t rahydroquinol ine were  synthesized under  s i m i l a r  conditions. The phys ieochemica l  constants  of the 
compounds obtained a r e  shown in Table 1. The PMR spec t ra  were  taken on an H-60 s p e c t r o m e t e r  (Hitachi) 
a t  60 MHz and the IR spec t r a  on a UR-10 ins t rumen t  (C. Zeiss ) .  

SUMMARY 

1. Salsoline,  salsol idine,  ephedrine,  pseudoephedrine,  te t rahydroquinol ine,  and decahydroquinoline 
have been condensed with ethylene oxide and the cor responding  amino alcohols have been obtained. 
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2. The conformational states and spatial structures of the compounds synthesized and their pro- 
tonated forms and methiodides have been studied by IR and PMR spectroscopy. It has been shown that be- 
cause of the rapid conversion of the saturated parts of the molecules of the bases and inversion processes,  
several  stable spatial forms of the N-derivatives with quarternized nitrogen atoms exist in solutions. 

L I T E R A T U R E  C I T E D  

1. I .A .  Primukhamedov, K. H. Aslanov, and A. S. Sadykov, in: Proceedings of a Jubilee Scientific Con- 
ference at Tashkent Pharmaceutical Institute Devotedto the 50th Anniversary of Soviet Power [in 
Russian], Tashkent (1967). 

2. I .A.  Primukhamedov, K. H. Aslanov, and A. S. Sadykov, Uzb. Khim. Zh.,No. 4, 57 (1969). 
3. A . L .  Takhtadzhyan, System and Phylogeny of Flowering Plants [in Russian], Moscow-Leningrad 

(1968), p. 293. 
4. I .A.  Primukhamedov, Z. E. Madrakhimov, S. A. Tursunov, A. A. Alikhodzhaev, and S. Kh. Masyrov, 

in: Proceedings of a Jubilee Scientific Conference Devoted to the Centenary of the Birth of V. I. 
Lenin [in Russian], Tashkent (1970). 

5. W. Ross, Biological Alkylating Agents, Butterworth, London (1962). 
6. L . F .  Larionov, The Chemotherapy of Malignant Tumors [in Russian], Moscow (1962). 
7. I.M. Peisakhovich, et al., The Chemotherapy of Malignant Tumors [in Russian], Kiev. 
8. N. I .  Perevodchikov, Medicinal Methods of Treating Malignant Tumors [in Russian], Moscow (1961). 
9. V.N.  Konyukhov and Z. V. Pushkareva, Zh. Obshch. Khim., 31, No. 9, 2914 (1961). 

10. T .K .  Yunusov, T. K. Kasymov, F. G. Kamaev, V. B. Leont'ev, A. I. Ishbaev, K. Inoyatova, and A. S. 
Sadykov, Khim. Prirodn. Soedin.,448 (1971). 

11. T .M.  Moynehan, K. Schofield, R. A. J. Jones, and A. R. Katritzky, J. Chem. Soc., 2637 (1962). 
12. G. Kundel', Hydration and Intramolecular Interaction [in Russian], Moscow (1972). 

495 


