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RESEARCH ON I-AZA TWO-RING SYSTEMS. 

XVII.* SYNTHESIS OF 5-(y-HYDROXYPROPYL)-I,2-DIHYDROPYRROLIZINES 

AND PROPERTIES OF THEIR INTRAMOLECULAR ~-HYDROGEN BONDS 

I. M. Skvortsov, L. N. Astakhova, 
S. N. Kuz'min, and I. Ya. Evtushenko 

UDC 547.759.07:543.422.25 

Reduction of 5-[2-(methoxycarbonyl)ethyl]-l,3-dihydropyrrolizines with lithium 
aluminum hydride gave 5-(y-hydroxypropyl)-l,2-dihydropyrrolizines (in 70-90% 
yields), which have intramolecular ~-hydrogen bonds in dilute solutions. The 
parameters of the ~-hydrogen bonds were determined in the IR spectra, and their 
enthalpies were found~ The data obtained (A~OH 95-99 cm -I, --AH 3.05 kJ-mole -I) 
show that among compounds with an aliphatic hydroxyl group and a system of 
electrons, 5-(y-hydroxypropyl)-l,2-dihydropyrrolizines have some of the strongest 
intramolecular T-hydrogen bonds. 

We have previously obtained and investigated 5-hydroxymethyl- [2] and 5-(B-hydroxyethyl)- 
1,2-dihydropyrrolizines [3, 4]. In the present communication we describe the synthesis of 
5-(y-hydroxypropyl)-l,2-dihydropyrrolizines and the results of a study of the properties of 
their intramolecular T-hydrogen bonds. 

Instances of nonselective substitution reactions of 1,2-dihydropyrrolizines are known 
[3, 5]. In the present research we therefore monitored the isomeric purity of the products of 
the reaction of 1,2-dihydropyrrolizines I-V with methyl acrylate (VI) -- 5-[2-(methoxycarbonyl)- 
ethyl]-l,2-dihydropyrrolizines VII-XI (Table i) -- which are starting compounds for the synthe- 
sis of 5-(y-hydroxypropyl)-l,2-dihydropyrrolizines XII-XVI. 

~ R 

I - V  
~3COOC--(EH212R H O - - ( r  ~ R 

Vl VI I  - X l  "~H2"3 
R 

Xll -XVI 

, , R' : CH3 �9 I t V I I ~ X l l  R = ~ = H  ; I I ,Vl I I~XI I I  ~=C.H3~ R =H ,~ III~IXIXIV R=H I 
i ! 

IV)X,)XV R=C2Hs,~R : H  ;V~Xl~XVl R=H+R=C(CH3) 3 

Analysis of the PMR spectra of the products of the first reaction shows that, in contrast 
to the cases described in [3, 5] ~, a substituent is incorporated virtually only in the 5 po- 
sition of the dihydropyrrolizines. 

In order to investigate the intramolecular ~-hydrogen bonds in 1,2-dihydropyrrolizine 
systems with a hydroxyl group three methylene links away from the ring we subjected VII-XI 
to reduction with lithium aluminum hydride to alcohols XII-XVI (Table 2). A study of the 

*See [I] for communication XVI. 

No ~. Chernyshevskii Saratov State University, Saratov 410601. Translated from Khimiya 
Geterotsiklicheskikh Soedinenii, No. 3, pp. 359-363, March, 1978. Original article submitted 
January 26, 1977. 
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concentration dependence of the IR spectra of XII-XVI in the region of the stretching vibratio~ 
of the hydroxyl group [7] reveals their identical character and the existence of an intra ~ 
molecular n-hydrogen bond in dilute CCI~ solutions. The absorption of a free hydroxyl group 
appears in the spectra as a characteristic strong band with a maximum at 3644-3645 cm-* and 
a shoulder at 3630-3632 cm -~, whereas the absorption of an associated hydroxyl group shows 
up as a band with a maximum at 3546-3550 cm-r. ~e ~oulder on the long-wave side of the 
~OH band is probably due to rotational isomerism about the C-O bond [8] in the XlIa-XVIa 
forms. This assumption is confirmed by the weakening of the intensity of the shoulder as 
the temperature is raised. 

R 

(C H2) a R 
OH 

Xll a - x v I  a 

The relatively large A~0H value (95-99 cm -I) 

x .  b - xvl b 

of  X I I -XV I  p rov ides  ev idence f o r  a r e l a t i v e -  
ly strong intramolecular z-hydrogen complex. A comparison of this value with the data pre- 
sented in the literature for compounds with intramolecular hydrogen bonds between the 
electrons of the aromatic system or the C=~ bond and an aliphatic hydroxyl group [4, 7, 9] 
makes it possible to assume that among alcohols of this type the n-hydrogen bonds of XII-XVI 
are evidently some of the strongest. The factors that determined this quality of XII-XVI 
are the same as in the case of 5-(8-hydroxyethyl)-l,2-dihydropyrrolizine [4]. These factors 
should additionally include the greater possibilities (than in the example in [4]) for the 
realization of a favorable geometry for an intramolecular hydrogen bridge that are present 
in the case of y location of the hydroxyl group relative to the ring (XIIb-XVIb). We will 
not touch upon the details of this geometry, since they require special study. 

The material set forth above regarding the T-hydrogen bonds of alcohols XII-XVI com- 
pelled us to quantitatively determine their energy in the case of XII by a study of the 
temperature dependence of the absorption of associated and free hydroxyl groups. In the 
calculations we used both the optical densities and the integral intensities. Formula (I), 
which is similar to the previously described expression (2) [i0], was used for the calculations: 

c AH AS' 
l g d =  2.3RT ~ _,o.9 9~,  (i) 

where c and d are the optical densities or integral intensities, respectively, of the associ- 
ated and free hydroxyl groups, AH is the change in the enthalpy during the formation of a 
hydrogen bond, and AS' is a term associated with the entropy, and 

. = - R - T -  + - l n a  , ( 2 )  

where A i and Af are, respectively, the integral intensities of the absorption of the associ- 
ated and free hydroxyl grouos, and a = af/ai (af and a i are the molar intensities of the free 
and associated hydroxyl grc ps). 

From expressions (i) and (2) we find that AS' = AS -- R in a. 

The results of the measurements were treated by the method of least squares. The confi- 
dence interval was calculated for a reliability of 95%. The enthalpies of the intramolecular 
n-hydrogen bond according to data on the temperature trend of the optical densities and in- 
tegral intensities of the bands of the free and associated hydroxyl groups are, respectively, 
--2.05 • 0.08 and --3.05 • 0.13 kJ.mole -: (-0.49 • 0.02 and-0.73 • 0.03 kcal/mole), and AS' = 
--17.61 • 0.29 and 15.15 • 0.38 J-~ (4.21 • 0.07 and --3.62 • 0.09 cal/mole.deg). 
The identlcalcharacter of XII-XVI and the virtual equality of theirA~OH values make it possible 
to assume that the energy of intramolecular z-hydrogen bond in each of XIII-XVI has a vilue 
close to the value found for alcohol XII. 

EXPERIMENTAL 

The PMR spectra of VII-XI in CC14 solutions (the ratio of the volume of the compound to 
the volume of the solvent was 1:3) were obtained with Hitachi--Perkin--Elmer R-20 (60MHz) and 
BS-487C (80 MHz) spectrometers with hexamethyldisiloxane as the internal standard. The 
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TABLE 3. Temperature Depen- 
dence of the Optical Density 
and Integral Intensity of the 

~OH and ~H Bands of 5-(y-Hy- 
droxypropyl)-l~2-dihydropyrrol- 
izine 

Te~3P-, 

Optical density (D) and integral in- 
tensit2/(A) of'the bands of t~e stretch- 
ing vmranons oi the hydroxyl group 

free 
I A.10 

O i molr  
I liter �9 cm" 

n 

.2 

1,457 
i,531 
b550 
1,449 
1,438 
1,431 
1 ,..'.'~ 2 
1,461 
1,439 
1,402 
1,484 
1,409 
1,419 
1,424 
1,396 
1,367 
1,399 
1,444 
1,432 
1,399 
1,409 
1,377 
1,371 
1,394 
1,370 
1,403 
1,415 

chemical shifts were converted to values relative to tetramethylsilane and are presented un 
the 6 scale. 

The IR spectra were recorded with a UR-20 spectrometer with an LiF prism. The concen- 
tration dependence of the optical densities of the ~OH and ~OH bands were deterTnined for so- 
lutions of XII-XVI in CCI~ at concentrations of 10 -2 , 5.10 -3 (l = 2 cm), 3"10 -3 , and 2"10 -3 
mole/liter (i = 5 cm). The temperature measurements were made for a 5.10 -3 mole/liter so- 
lution of XII in CC14 in a 2-cm long cuvette with NaCI windows. The temperature was moni- 
tored by means of a Chromel kapelevoi differential thermocouple and an EPV-2-10A potentiom- 
eter. The accuracy in the thermostatting was •176 The slight decrease in the concen- 
tration as the temperature rises because of the increase in the volume of the solvent was 
taken into account in the determination of the integral intensities. The coefficient of 
volume expansion of CC14 (0.00123 ml/deg) was found by the method in [ii]. The following 
values were obtained without correction for the thermal expansion of the solvent: AH =--3.10• 
0.13 kJ'mole -I (-0.74 • 0.03 kcal/mole) and AS' = --15.23 • 0.42 J'~ -I (--3.64 • 0.i0 
cal/mole-deg) 

The calculations from the data in Table 3 were made by the method of least squares from 
the standard program, modified relative to Eq. (I),* with an Odra-1013 computer. 

1,2-Dihydropyrrolizines I-V were obtained by the method described in [2, 12]. 

5-[2-(Methoxycarbonyl)ethyl]-l,2-dihydropyrrolizines VlI-XI were obtained by reaction 
of I-V with methyl acrylate (VI) by the method in [6]. A few crystals of hydroquinone were 
added to the reaction mixture. Esters VIII, X, and XI were obtained for the first time in 
this research. 

*The authors thank Vo I. Lavrushin for preparing the program. 
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5-(y-Hydroxypropyl)-l,2-dihydropyrrolizine (XII). A solution of 1.7 g (45 mmole) of 
LiAIH4 in 70 ml of absolute ether was placed in a three-necked 500-ml flask equipped with 
a mechanical stirrer, a dropping funnel, and a reflux condenser, and a solution of ii g (57 
mmole) of VII in 70 ml of absolute ether was added with vigorous stirring in the course of 
30 min. The reaction mixture was then refluxed for 1 h, after which the excess LiAIH~ was 
decomposed by the successive addition of i0 ml of moist ether and i0 ml of water. The ether 
layer was separated, and the solid material was extracted three times with ether. The ether 
extract was dried with magnesium sulfate, the ether was removed, and the residue was distilled 
at reduced pressure to give 7.2 g (77%) of XII in the form of a moderately viscous colorless 
liquid. 

Compounds XIII-XVI were similarly obtained. 
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REACTION OF PYRIDINE-2-THIONE WITH ACETYLENES 

Go G. Skvortsova, D. G. Kim, 
and L. V. Andriyankova 

UDC 547.825 

In contrast to 2-pyridone, pyridine-2-thione reacts with acetylene with the partici- 
pation of one reaction center -- the sulfur atom. The reaction with phenylacetylene 
and diacetylene proceeds stereospecifically to give products with cis structures. 
The structures of the synthesized compounds were confirmed by chemical and spectro- 
scopic methods. 

The most stable tautomeric form of pyridine-2-thione, which is capable of prototropic 
transformations, is form I with a proton attached to the nitrogen atom [i]. In this connection , 
in thereaction with acetylenes one should have expected the formation of primarily N-vinyl 
derivatives; however, the possibility of the manifestation by thione I of dual reactivity 
with the formation of both N-substituted and S-substituted derivatives [2] is not excluded. 

In the present research we studied the reaction of thione I with acetylene, phenyl- 
acetylene, and diacetylene under various catalytic Conditions in order to search for methods 
for the synthesis of new N- and S-vinyl monomers of the pyridine series and to study their 
properties. 

Irkutsk Institute of Organic Chemistry, Siberian Branch of the Academy of Sciences of 
the USSR, Irkutsk 664033. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 3, 
pp. 364-367, March, 1978. Original article submitted June 30, 1977. 
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