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The literature data and our own experimental data on the synthesis and physical and chemical 
properties of 1,4-diazabicyclo[2.2.2]octanes as compared with their 4-deaza analogs (quinucli- 
dines) are correlated. Methods for the practicalutilization of the diazabicyclic systems are 
examined. 

The systematic investigations of quinuclidine (l-azabicyclo[2.2.2]octane) derivatives carried out in the 
last decades mainly in the USSR [1, 21 have made it possible to expose the features of their chemical behavior 
to find the general principles of the relationship between structure and pharmacological activity in this series 
[4], and to create effective medicinal preparations - atseklidin [5], oksilidin [6], kvalidil [7], temekhin [8], 
imekhin [9], phenkarol [10], etc. - which have been incorporated in medical practice. 

The features of the chemical and biological behavior of quinuclidine compounds are intimately associated 
with the rigidly fixed character of this bicyclic system, which is incapable of significant conformational changes, 
with the properties of the spatially deshielded nodal nitrogen atom. and with the highly reactive free electron 
pair, which is characterized by definite stereospecificity with respect to the bicyelie system [3]. 

The features of the structure and reaetivities of quinuclidines should also be retained to a considerable 
degree in the case of their 4-aza analogs - 1.4-diazabicyclo[2.2.2]oetane derivatives. However, the appearance 
of a second nodal nitrogen atom creates an additional reaction center and changes the character of the bicyclie 
system. It should be noted that, in contrast to quinuclidine compounds. 1,4-diazabieyclo[2.2.2]octanes are not 
found among natural products. 

In the present review we correlate the literature data and our own data on methods for the preparation of 
1.4-diazabicyclo[2.2.2]octanes and the features of their chemical properties by drawing a parallel with the 
methods, for the synthesis of quinuclidine derivatives and their properties. 

M e t h o d s  f o r  t h e  S y n t h e s i s  of  1 , 4 - D i a z a b i c y c l o [ 2 . 2 . 2 ] o c t a n e s  

Of the two most general  groups of methods for the construction of 1-azabicyclic  sys tems that are  used 
extensively in the chemis t ry  of quinuclidines [1. 2] - in t ramolecular  aeylation (Dieckmann condensation) and 
int ramolecular  a l ky l a t i on -  the f i rs t  group of methods is fundamentally unsuitable for the synthesis of 1,4-di-  
azabicyclo[2.2.2]octanes.  On passing from 1-carbalkoxymethyl-4-carbalkoxypiper idines  to their  piperazine 
analogs, the presence  of a second nitrogen atom changes the cha rac te r  of the carbalkoxy residue in the 4 posi -  
tion. convert ing it from an ester  function to a urethane function, and the hypothetical final products of the syn-  
thesis.  4-aza-2-quinucl idones .  like other 2-quinuclidones [11, 12], should be extremely unstable, and their gen- 
eration under the conditions of the Dieckmann cyclization is unlikely. In 1922 an attempt to introduce an ethyl-  
ene bridge between the nitrogen atoms of the piperazine ring start ing from 1,4-bis(chloromethyl)-2 ,5-diketo-  
piperazine was unsuccessful  [13]. 

In this connection, methods involving exclusively in t ramolecular  and intermolecular  alkylation are used 
for the synthesis of 1,4-diazabicyclo[2.2.2]octanes.  

Syntheses of 1,4-Diazabicyclo[2.2.2]octanes from Acyclic Compounds. An unsubstituted diazabicyclooe-  
tane was obtained for the f irst  t ime by heating dibromoethane with ammonia [14]. 
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2NH 3 -F- 3CHzBPCH2B r 

N 

However, a subsequent attempt to reproduce this synthesis did not give positive results - the principal 
reaction product in all cases was hexaethylenetetramine, and 1,4-diazabieyelo[2.2.2]octane was obtained again 
only in 1942 [15] in 1% yield by heating diethanolamine hydroehloride at 200-210 ~ 

+ + 

2H2N(CH2CH2OH, 2 C,- ~ r~N\ . .~ /  HN(CH2CH2OH)3C'- + NHdCI- 

HN(CH2CH2CI )3 Cl--P N H 4 C I -  H2N(CH2CH2OH)2CI-+ HOCH2CH2NH3 cl -  

This bicycl ic compound was obtained in higher yield (.~ 2%) by heating tr iethanolamine hydrochtoride with 
ammonium chloride at 220 ~ [15] and also by hydrolysis of a mixture of mono- and diethanolamine hydrochloride 
or a mixture of tr is(~-chloroethyl)amine hydrochloride with ammonium chloride [16]. 1,4-Diazabicyclo[2.2.2]- 
octane methylchloride hydrochloride was obtained by reaction of t r is~-chloroethy l )amine with dimethylamine 
in methanol [17] ; also obtained-were a number of piperazine derivatives, of which only 1-methyl-4-(/3-chloro- 
ethyl)piperazine methylchloride proved to be capable of undergoing conversion to a diazabicyclic compound. 

The application of oxide alumos[licates [18, 19], aluminum oxide activated by thorium oxide or phosphorus 
pentoxide [20], copper, nickel, cobalt, platinum, palladium, and rhenium or their oxides, chromium,molybdenum, 
manganese and other oxides [21] raises the yield of 1,4-diazabieyclo[2.2o2]octane during high-temperature cy- 
elization of ethylene polyamines. Diazabicyclooctane was obtained in 21% yield by heating a mixture of high- 
boiling polyalkylene polyamines with ammonia chloride to 270 ~ [22]. Metal phosphate catalysts facilitate the 
cyclization somewhat, and 4-azaquinuclidine was obtained from monoethanolamine or ethylene oxide and ammo- 
nia by means of alumosilicates and rare-earth exchange zeolites [23]. 

The relatively low yields of 1,4-diazabicyclic systems from aliphatic amine derivatives, in which the re- 
action apparently proceeds through a step involving piperazine compounds, can be explained not only by the un- 
expected course of the reaction but also by the inability of many piperazine derivatives to undergo conversion 
to the corresponding 1,4-diazabicyclic systems [17, 24]. In this connection, methods for the synthesis of 1,4- 
diazabicyclo[2.2.2]octanes on the basis of previously prepared piperazine derivatives that are capable of sub- 
sequent cyclization are of considerably great preparative interest. 

Syntheses of 1,4-Diazabicyelo[2.2.2]octanes from Piperazine Derivatives. N-Mono-andN,N'-di(fi-amino-, 
halo-, and hydroxyethyl)piperazines are most often used as starting compounds for the preparation of diazabicy- 
clooctanes: 

-CI H2CH2X X CPI2CH 2 
N N N 

N N 
H I 

XCH2CH 2 

The cyclization is facilitated in the presence of oxide alumosilicates [25] (including those modified with 
tungsten oxide [26]), aluminum oxide [27, 28], alkali or alkaline-earth salts of organic acids [29]. various phos- 
phates [30, 32], and metal alkoxides, for example, magnesium methoxide [33]. The highest yield (60~) of 1,4- 
diazabicyclo[2.2.2]octane was obtained in the presence of phosphate catalysts at 300-400 ~ [30, 32]. Cyclization 
proceeds at low temperatures (35 ~ when dichlorophenylphosphine is used, and the diazabicyclooctanes are ob- 
tained in 30-40~ yields [34]. The same conditions are suitable for the synthesis of other l-azabicyclic sys- 
tems, including quinuclidine [34]. Inasmuch as all of the above-indicated methods lead to the formation of a 
mL-~ture of cyelization products, fractional distillation, precipitation of the crystal hydrates from alkaline so- 
lutions after removal of the low-boiling products by distillation[35], or crystallization of the diazabicyclic com- 
pounds from lower alcohols [36] are used for the isolation of pure 1,4-diazabicyclo[2.2.2]octane. The latter 
method (crystallization) makes it possible to get rid of piperazine derivative impurities in the simplest manner. 

The above-examined methods for the synthesis of 1,4-diazabicyelo[2.2.2]octane have also been used for 
the preparation of its C-mono-, C-di-, and C-trialkyl-substituted derivatives [30, 37, 38]. However, l-(~-halo- 
ethyl)- and 1,4-di(~-hydroxyethyl-2,2,5,5-tetramethylpiperazines do not undergo cyclization [39]: this is ex- 
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plained by s ter ic  hindrance to convers ion of the te t ramethylpiperazine  to the boat form necessa ry  for closing 
of the bicyclic system.  The react ion in this case  is directed mainly to favor the formation of an ethyleneim- 
monium cation, which is readily polymerized [40]. 

N 

P, 

Closing of the bicyclic sys tem to give 2 ,2 ,5 ,5- te t ramethyl- l ,4-diazabibyclo[2 .2 .2]octane methylehloride 
hydrochloride occurs  only af ter  quaternization of the s tar t ing chloroethylpiperazine and stabilization of the con- 
formation with the substituent attached to the N' atom and the free electron pair  attached to the secondary ni- 
trogen atom of the piperazine r ing drawn together  [41]. The same principle has also been used for the p r e p a r a -  
tion of 1,4-diazabicyclo[2.2.2]octane methylchloride hydrochloride [42]. 

H3C~. - -  

" H3C 3 3 
N+ CH, 

In analogy with known methods for the preparat ion of quinuclidine-2-carboxylic acid [43, 44], in the syn-  
thesis of functional derivatives of the diazabicyclic sys tem unusual t ransformat ions  occurred in the step invol- 
ving the synthesis of 1-(/3,fi-dicarbalkoxyethyl)piperazines and l - (~-carbalkoxy-f l -bromoethyl)piperazines .  In 
the Mannich react ion of ptperazines with formaldehyde and malonic acid or malonic es ter ,  instead of the 'normal  
p rocess  [45] one observes  decarboxylation or decarbalkoxylation accompanied by subsequent condensation to 
give unsaturated compounds [46]. 

COOR' 
R_N/---k /--~ NH -I'- HCHO -p CH2(COOR~)2 ~" R--N N--CH2-C~CH 2 k__/ k ._/  

The reduction of 1-(fi,13-dicarbalkoxyethylene)piperazines catalytically or  with complex metal hydrides 
leads to fragmentat ion With cleavage of the C - N  bond [47]. 

/ - -k  , / - -k  
R-Nk . ~ - - C H = C  (COOR)2 ~- -I- R - - N ~ H  CH3CH(COORI)2 

Heating 1-(f i -carboxyethyl)-4-methylpiperazine with thionyI chloride and subsequent t rea tment  with bro-  
mine gives a mixture,  from which monothiooxalic acid bis(4-methylpiperazide) was isolated [48]. 

/--N ~ / - - \  

1-Mono- and t .4-bis(o, t?-carbethoxyethylene)piperazines were obtained from the reaction of piperazine 
with diethyl acetylenedicarboxylates  [49]. 

H ICI--COOCIN 5 
C--COOCzH ~ H H I - 

N N 
1 

C--COOC2H 5 C--COOC2h 5 
;I HC-COO c~ H 5 HC--COO C2H s 

Intermoleeular alkylation methods open up considerably greater possibi l i t ies. Thus, for example, the re- 
action of 1,4-dimethylpiperazine with 1,2-dibromoethane with subsequent dequaternization of the bis(methylbro-  
mide) of this diazabicyelic system is current ly  the most  acceptable method for the preparat ion of unsubstituted 
1.4-diazabicyclo[2.2.2]octane under laboratory conditions. An increase in the polari ty of the solvent ra ises  the 
yield of the 1.4-diazabicyclic derivative [50]. Steric factors and, part icular ly,  the peculiari t ies  of the confor-  
mation of the 1,4-disubstituted piperazines play a considerable role in the condensation of 1,4-disubstituted 
piperazines with 1,2-dibromoethane.  The introduction of two alkyl substituents in the 1 and 4 positions of the 
piperazine ring increases  the stability of the conformer  having a boat form with drawn-together  nitrogen atoms, 
and this facilitates cyclizatton. In the case of ~iperazine itself, where the boat conformation is less favorable 
by 3.8 kea l /mole  [51], this sor t  of cyelizat ion cannot be realized [62]. 1,4-Diazabieyclo[2.2.2]octane bis(ethyl- 
bromide) is formed readily in the reaction of 1,2-dibromoethane with 1,4-diethylpiperazine.  However, cye l iza-  
lion does not occur  on passing to bulkier substituents attached to the nitrogen atom (for example, 1,4-dibenzyl-  
piperazine), and the principal  reaction product is the dihydrobromide of the s tar t ing piperazine [39]. 
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Attempts to construct  an ethylene bridge in 1 ,4-dicarbethoxy-2,2 ,5 ,5- te t ramethylpiperazine  by means of 
1,2-dibromoethane were also unsuccessful  [39]. 

The introduction of a phenyl ring condensed with 1,4-dimethylpiperazine,  by decreasing the conformational  
lability of the heterocycl ic  portion of the molecule, hinders closing of a diazabicyclic sys tem by means of 1,2- 
dibromoethane [53]. Nevertheless ,  the use of optimum conditions for the construct ion of 1,4-diazabicyclic com-  
pounds has made it possible to real ize the synthesis of benzo[b]- l ,4-diazabieyclo[2.2.2]octane from 1,4-dimethyl-  
tetrahydroquinoxaline [50], but cyclization with 1,2-dibromoethane cannot be car r ied  out [50] in the case of 5,10- 
dimethyl-5,10-dihydrophenazine,  in which 1,4-dimethylpiperazine is condensed with two phenyl rings and its 
conformational  lability is even more hindered. 

1,4-Diazabicyclo[2.2.2]octane was obtained in 75% yield by reduction (catalytically or with iron in hydro- 
chIoric acid [54]) of 1 ,4-diamino-l ,4-diazoniabicyclo[2.2.2]octane dibromide, synthesized by react ion of 1,4- 

diaminopiperaz ine with 1,2-dibromoethane [55]. 

/---X +~---X+ 
H:zN--N _/N--NH 2 "~ H 2 N - - N ~ - - N H  2 " -  ~- N ti 

2BF  ~ - /  

In contras t  to 1,2-dibromoethane,  other substituted 1,2-dibromoalkanes - 1,2-dibromopropane,  1,2-di-  
bromo-3-propanol ,  methyl (~f l -d ibromopropion i t r i l e -  react  with 1,4-dimethylpiperazine to give 1,4-dimethyl-  
piperazine bis(methylbromide) and dihydrobromide ra ther  than diazabicyclooctane derivatives [56]. 

CH 3 H3C~. ,.CH 3 H~.N....CH 3 

1 ) 2P~ P- 

C.H 3 H3C ~'CH 3 H ~ "CH 3 

X = CH3,t CH2OH 't COOCH 3 ~' CN 

It was demonstrated by control  experiments  that 1,4-dimethylpiperazine bis(methylbromide) is not formed 
through disproportionation of the s tar t ing 1,4-dimethylpiperazine or its dihydrobromide.  Quaternization appar-  
ently occurs  in the reaction of 1,4-dimethylpiperazine with substituted dibromoalkanes,  but subsequent cyc l iza-  
tion of the result ing quaternary  derivatives is s ter ica l ly  hindered, and they are  stabilized by splitting out of 
methyl bromide and the formation of polymerizat ion products ; the methyl bromide split out during the react ion 
reacts  with the s tar t ing piperazine to give its b isquaternary salt  [56]. 

Methods for the synthesis of 1,4-diazabicyclo[2.2.2]octane derivatives with various functional substituents 
have been developed on the basis of C-substi tuted 1,4-dimethylpiperazines and 1,2-dibromoethane [50. 57]: 

f---,, + ~ +  
H3CIN N--CH 3 + Br'CH2CH2 E,P .~ H3C-N .N--CH 3 

R = CH2OH , COOC2H 5 t COOH 

P r o p e r t i e s  o f  1 , 4 - D i a z a b i c y c l o [ 2 . 2 . 2 ] o c t a n e s  

The physical  and chemical  proper t ies  of 104-diazabicyclo[2.2.2]octane, which is obtained as color less ,  
volatile, hygroscopic c rys ta l s  with mp 158-159.5 ~ bp 174 ~ and vapor tensions of 4 mm at 50: and 58 mm at 
100 ~ have been studied in greates t  detail (see reviews [15, 58-63]). The introduction of C-atkyl  substituents 
disrupts the symmet ry  of the molecule and, as in the case of quinuclidine compounds, lowers the melting point: 
for example, 2-methyl - l ,4-diazabicyclo[2 .2 .2]octane  exists as a liquid at room tempera ture  and is considerably 
less volatile than the unsubstituted bicyclic compounds. 

Two maxima at 7.52 and 9.65 eV, which are  due to a second-order  interaction between the free electron 
pairs  of the nodal nitrogen atoms that is realized pr imar i ly  via a t~pe of h~perconjugation through the carbon 
atoms ra ther  than through space, appear in the photoelectronic spect ra  of 1,4-diazabicyclo[2.2.2]octane- This 
conclusion is in agreement  with theoret ical  calculations of the spec t ra  [64-66]. A compar ison of the photoelec- 
tronic spect ra  of bicyclo[2.2.2]octane, quinuclidine, and 1,4-diazabicyclo[2.2.]octane [63] shows that success ive  
replacement  of the nodal carbon atoms by nitrogen atoms leads to a shift of the f irst  band of the u bond in the 
spec t rum to higher ionization potentials (by 0.65 eV for quinuclidine,and 1.4 eV for diazabicyclooctane).  

The UV spect rum of 1,4-diazabicyclo[2.2.2]octane in the gas phase [66] has two intense bands at 165-250 
nm, which are  related to a Rydberg n - -p  transit ion,  and weaker absorption at 265-270 nm. In the case ofqui-  
nuclidine s imi la r  bands appear  at 165-230 and 230-250 nm [67]. A study of the IR and Raman spec t ra  in vapors.  
solutions, and the solid phase has made it possible to establish that 1,4-diazabicyclo[2.2.2]octane molecules 
have a globular r igidly fixed symmet r i ca l  s t ruc ture  with a D3h-6m 2 point group in which each pair  of CH 2 groups 
is in a shielded conformation [68]. Bands at 2945, 2937, 2870, 1464, 775, and 755 cm -t and at 1100-1400 cm -t ,  
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which are  due to various types of methylene group vibrations [58, 71], appear in the I!R spect ra  in the gas phase 
and in solution. 

The pr incipal  pa rame te r s  of the molecule are  as follows: ZC--C--X i10%3'; ZC--N--C 10801 ', and bond 
lengths C - C  1.59 A, C - N  1.477 A, and C - H  0.96 A [70, 72]. At low tempera tures  (up to 353~ the 1 ,4-diaza-  
bieyclo[2.2.2]octane molecules are  densely packed in a hexagonal c rys ta l  lattice with space group C6h2-P 6 3/m 
(z = 2). The phase transi t ion (353~ [70, 73] to the so-cal led "plastic c rys ta l"  state is accompanied by a con- 
siderable increase  in entropy (7.19 ca l /mole  �9 deg) as compared with the entropy increment for fusion (4.11 
c a l / m o l e ' d e g )  [74, 75]. In this case the molecule acquires cer tain orientational,  rotational,  or even " t rans la-  
tional" freedom, and this reduces the point group symmet ry  to D3-32 [71]. As in the ease of quinuelidine or 
bicyclo[2.2.2]octane, the low-tempera ture  modification (from 353~ to the melting point) has a d isordered face-  
centered cubic s t ruc ture ,  which was found by compar ison of the IR spect ra l  data, x - r a y  diffraction analysis 
data [72, 76], and data from the Raman spec t ra  [71, 73]. 

The IR spec t ra  of the diazabieyclic system differ from the spec t ra  of quinuclidine [77] with respect  to the 
higher intensities of the bands and the presence  of a "red" shift due to an n ~ o *  transit ion [71, 78]. Excitation 
of the 1,4-diazabieyclo[2.2.2]octane molecules with radiation at 2507 A at 25 ~ causes f luorescence at a wave- 
len~h of 2850-3700 .~ with a lifetime of 1040 nsec and a quantitative yield of 0.9 due to an N ~ V  transit ion [79]. 

The signal (2.72 ppm) of 12 equivalent protons is observed in the PMR spect rum of l ,4-diazabtcyelo[2 .2 .2]-  
octane in D20. A nuclear quadrupole resonance (NQR) study [80] showed res t r ic ted  rotation of the molecule 
about the hexagonal (N-N) axis in the low- tempera ture  phase; this gives r ise  to a line in the spec t rum that is 
contracted at 190~ and to axial reorientat ion in the "plastic" phase, the activation for which is 8.17 keal /mole  
[81, 82]. A minimum s p i n - l a t t i c e  relaxation time is most charac te r i s t ic  at 140-320~ because of modulation 
of the N - H  dipole interaction [83]. Rotation of the bieyclic molecule in the solid state was also confirmed by 
neutron spec t roscopy [84]. 

The thermodynamic proper t ies  of 1,4-diazabieyelo[2.2.2]octane have been investigated by Trowbridge and 
Westrum [85] and Suga and co -worke r s  [86]. The standard enthalpy at 2 98.15~ was found to be -970.8  kea l /mole ,  
and the standard formation values are  At t f~  = 2.2 kca l /mole ,  ZlFf ~ 57.4 _~ 22 kcal ,mole. and z_~Sf ~ 203.5 
0.3 kca l , ,mo le 'deg  [87]. The good agreement  between the calculated and experimental  values indicates r e l a -  
tively small  internal s t r e ss  in the diazabicyelooetane molecule. Nevertheless.  this sort  of s t ress  does exist 
because of repulsion of nonbonded hydrogen atoms in the bridges, which somewhat destabilizes the molecule. 
This sor t  of s t r e ss  has also been demonstrated for bieyelo[2.2.2]octane and quinuclidine [88, 89]. 

The presence  of free electron pairs  attached to the s ter ical ly  unhindered nitrogen atoms determines the 
basic proper t ies  of 1.4-diazabicyclo[2.2.2]octane, which, however, is a weaker base than quinuelidine or t r i -  
ethylamine [90]. The ionization constants of the monoprotonated and diprotonated diazabieyclie sys tem [91, 92] 
in aqueous solution at 25: are  pE a 8.60 and PKa. ' 2.95. The diazabieyclic system is ~ 100~ unprotonated at pH 
12. is 99.7'~ monoprotonated at pi~ 5.7-5.9, and ~lmost completely diprotonated at a H + concentration above 1.2 
moles,,'liter [93]. Owing to the +I effect, the introduction of C-alkyl substituents increases  the basicity of the 
bicyclic sys tem.  Thus, for example. PKat is 8.86 and PKa2 is 3.15 for 2-methyl- l ,4-diazabicyclo[2 .2 .2]octane  
[601. 

Protonation distorts  the solvation layer surrounding the amine molecule, disrupts the par t ia l  molar  
volume of the aqueous solution [94], changes the chemical  shift of the water protons [93], and reduces the 
ground-s ta te  relaxation t ime of water by 48% [95]. A study of the solvation effects in the protonation of 1,4- 
diazabicyelo[2.2.2]octane in other  solvents, par t icu lar ly  in acetonitr i le  [96] and benzene [97], showed that, as in 
the case of other ammonium cations, the free energy of solvation in these solvents for protonated diazabieyelo- 
octane is iower than in water. The protonation of 1,4-diazabicyclo[2.2.2]octane was also studied in detail by 
PMR spec t roscopy [98]. This method has been used for the study of complexes of the diazabtcyclic sys tem with 
chloroform [99]. A charac te r i s t i c  band of a H H deformation vibrations is o b s e r v e d a t  1380 cm -1 in the IR spee-  
trum of the protonated diazabieyelie sys tem [100]. 

Like other  d i ter t iary  amines, 1,4-diazabicyclo[2.2.2]octane forms two ser ies  of salts [15, 17, 101], as 
well as quaternary  derivatives,  which are obtained by reaction with alkyl halides in a suitable solvent (methanol, 
ethanol, isopropyI alcohol, etc.) [102]. Monoquaternary derivatives are formed when nonpolar solvents are 
used [60], and an increase  in the polari ty of the solvent promotes  the formation of diquaternary saIts.  Depend- 
ing of the alkyl halide used, the react ions may proceed with ring opening [103-105] to give quaternary der iva-  
fives or  with splitting out of hydrogen halides from the alkyl halide molecule to give the hydrohalide salt  of 
diazabicyc looctane. 
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%HsC--C-~ N'~N NO L_./vL__/ " ~k.__/ vk___/ 

C6H5 c O2N CI (R=HtNO 21 

N/'~-~N 

~ , ~ r ~ k 4 ~ ' 1  ~'~''' ~(R i$O-C3H?, [so C, H ~  
+ ~ +  ~ ~  ~ +/'-~-k-~ +/'~-k+ 

R--N N--R 2X" HN" N--R 2~r'- HN ~H 2Br'- 
k__/ k_J k _ J  

~C6H4CH2~sO RC.HrC~, 
,. o , l i f lo 2 - RC6H4C_~=CC6H4R 

RCsH4CH2 / 2 RC6HcC 

Secondary alkyl halides give only monoquaternary derivatives,  whereas the principal  react ion in the case  
of functionally substituted secondary  alkyl halides is splitting out of hydrogen halide [102, 106]; p -n i t rocumyl  
chloride forms a monoquaternary derivative [107]. Depending on the chain lengths, alkyl dihalides give various 
derivat ives:  dibromomethane gives only a monoquaternization product,  1,2-dibromoethane gives a monoqua- 
t e rnary  derivative,  which is converted to a diquaternary derivative under more  severe  conditions, and 1,3- 
dibromopropane gives polymeric  compounds [108]. 

A molecule of HBr is split out when 2-carboxy- i ,4-diazabicyclo[2 .2 .2]octane  is treated with water or  al-  
cohols o r  when it is heated without a solvent to 135 ~ to give an inner quaternary salt, the reprecipitat ion of 
which from hydrobromic acid by the addition of acetone gives the start ing bis(methylbromide).  

CH3 CH 

'+ il 
N a ~ Br- 

c o o H  . B .  ,. COO- 
CH 3 2BP- CH 3 

1,4-Diazabieyc lo [2 .2.2]octane is less reac t ive  than qu inuel id ine in the nuc leoph i l i c  react ions pecu l ia r  to 
t e r t i a r y  amines [109]. The dec is ive  factors here are not so much the d i f ferences in the pK a values of the com-  
pounds as the magnitudes of the Br6nsted coefficient (fi). In reactions with p-nitrophenyl acetate and Malachite 
Green, for which/3 = 0.83 and 0.41, quinuclidine r e a c t s  fas ter  by factors of 135 and 71 than diazabicyclooctane,  
and the difference in the rate  reaches  a factor  of 2.5 when fl is reduced to 0.1 (reaction with methyl p- toluene-  
sulfonate); in the case  of 2,4-dinitrophenyl phosphate the rate of reaction of diazabicyclooctane is even higher 
by a factor  of three than the rate observed for quinuclidine. The latter "anomaly" was explained within the 
f ramework of molecular  orbital  theory by interaction of the o* orbital  of the reagent with the n 1 and n 2 orbitals 
of the diazabicyclic sys tem and was associated with the higher energic stability of the occupied (symmetrical)  
orbi tal  in this molecule as compared with quinuclidine [109]. 

1,4-Diazabicyclo[2.2.2]octane reacts  with formaldehyde to give a quaternary  N-hydroxymethyl  derivative 
[110] and undergoes chloroamination to give a quaternary monohydrazinium salt  [111] but pract ical ly  does not 

react  with furoylchymotrypsin [112]. 

, + -OH C~ 
CH2OH NH 2 

As an e lec t ron-donor  agent, 1,4-d iazobicyelo[2.2.2]oetane forms a large number of adducts and complexes 
that have found pract ica l  application. In par t icular ,  adducts with one and two molecules of sulfur dioxide are  
used as polymerizat ion catalysts  [113], and a complex with N-bromosuccinimide (NBS) is used for the selective 
oxidation of sulfides to sulfoxides [114, 115]. Trea tment  of diazabicyclooctane with iodine or  bromine gives N, 
N ' - te t ra iodo  and N,N ' - t e t r abromo derivat ives [116, 117], which are  used as halogenating agents [116]. Similar  
iodine complexes have also been obtained for quinuclidine [117, 118]. Photolysis of the iodine complexes leads 
to revers ib le  radical  dissociation [119]. 

N N 

I~, I" 

+ 1 ~ 
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1,4-Diazabicyclo[2.2.2]octane fo rms  monohydr idalanes  [120, 121], m o n o - a n d  b ishydroboranes  [122, 124], 
and covalent ly  bonded compounds with alcohols [125], py r ro l e  [126], indole [126], lithium hydride [127], 2,6- 
xyl idinoborane dichloride [128], and ch lorohydroborane  [129]. The complexing abili ty of d iazabicyclooctane was 
studied by m e a s u r e m e n t  of the f ree  energy  of adsorpt ion on a m e r c u r y  e lect rode [130]. Some of its adducts 
have found applicat ion as hydrogen sources  in the reduct ion of organic  compounds and also in the synthesis  of 
borohydr ide  complexes  with t r i a lky lphosphoranes  [131], and adducts with phenols and hydroquinone a re  used as 
ca ta lys t s  for a va r ie ty  of condensat ions [132]. Of no less  in teres t  a re  numerous monomer ic  and po lymer ic  
complexes  with t r a n s i t i on -m e t a l  sa l ts  and a lky lmeta l s  [133-138], which are  used as organometa l l ic  reagents  
[139, 14~], ca ta lys t s  for  var ious  p r o c e s s e s  [145], solid e lec t ro ly tes  [146], and agents for the hydroformyla t ion  
of 1-octene  [147]. 

T r e a t m e n t  of 1 ,4-diazabicyclo[2.2.2]octane with hydrogen peroxide  gives the mono- and dihydroperoxide,  
which, according to IR spec t roscop ic  data, a re  hydrogen-bondedpo la r  complexes  and decompose  to N-monoxides  
and N,N'-dioxides  [148-150]. The s ame  hydroperoxide  adducts a re  evidently also formed with organic peroxides  
[1511. 

1 ,4-Diazabicyclo[2.2.2]octane is not oxidized by oxygen generated by an e lec t rode less  radiof requency 
d ischarge  and acts as an inhibitor in the oxidation of diphenyl isobenzofuran with oxygen genera ted  in this man-  
ne t  [152]. The mechan i sm of the inhibition can be c lass i f ied as "contact  c h a r g e - t r a n s f e r  interact ion" [153]. 
~[anganese dioxide c leaves  the d iazabicyclooctane  sy s t em to 1 ,4 -d i formylp iperaz ine  [154]. Cleavage of the 
C - C  bond is also o b s e r v e d  under the influence of hypochlor i tes  and chlorine dioxide [155-157]. In the la t ter  
case  a s table  cation radical ,  the format ion  of which was conf i rmed by ESR spec t roscopy  [69, 158], is get/crated. 
The cation rad ica l  subsequent ly  undergoes f ragmenta t ion  to give formaldehyde  and piperazine .  

CH 2 

i4 c , o ,  i4 c,o, -~--" H~o "~'+ 
�9 N N 

�9 . CH 2 H2 

The genera t ion of a cation rad ica l  has also been observed  in a number  of o ther  chemica l  and e l e c t r o c h e m -  
ical oxidations of 1 ,4-diazabicyclo[2.2.2]octane [69, 155, 159]. 

Oxidative f ragmenta t ion  with hypochlorous acid proceeds  via the sQlvolytic mechan i sm descr ibed for 
4-bromoquinuc lidine [160]. 

CH 2 CI 

N .N. N . 

"" CI ,CH 2 CI 

Diazabicyclooctane is cleaved via the same mechanism under the influence of perbenzoic acid or  when its 
N-monoxide is treated with benzoyl chloride [161]. Unsbustituted quinuclidine does not undergo oxidative f rag- 
mentat ion under  the influence of these reagents  but fo rms  only the N-oxide with chlorine dioxide, whereas  3-oxo-  
and 3-bydroxyquinucl idines  a re  readi ly  cleaved to isonipecotic acid and formaldehyde [157]. Oxidative f r ag men -  
tation also occurs  when diazabicyclooctane is t reated With triphenyl phosphite ozonide [162] and during photo- 
sens i t ized oxidation with benzophenone. Methylene Blue, or  o ther  reagents  [163]. Like quinuclidine [1], d iaza-  
bicyelooctane is r e s i s t an t  to heating with mine ra l  acids and is not oxidized by po tass ium permangana te  in acidic 
media  but slowly decomposes  under the influence of po tass ium permangana te  in the p r e sence  of alkaline r e -  
agents [15]. 

Strong nucleophiles open the t .4 -d iazab icyc l i c  sys t em,  as is observed also for 1-azabicyclo[1.2.2]heptane 
[164]. When diazabicyclooctane b is (methylbromide)  is t rea ted  with po tass ium hydroxide, f ragmenta t ion is 
real ized due to nucleophilic a t tack of the hydroxide anion to give 1 ,4-d imethylp iperaz ine  and acetaldehyde [165]. 
The b i squa te rna ry  der iva t ives  of 2 ,2 ,5 .5 - te t ramethy l - l .4 -d iazab icyc lo [2 .2 .2 ]oc tane  display cons iderable  t he r -  
mal  instabil i ty [16]. Opening of the bicyclic sys t em and subsequent po lymer iza t ion  are  observed when d iazabi -  
cyclooctane is t rea ted  with benzene sulfonic [88] or  p- toIuenesulfonic  acid [166]. F r i e d e l - C r a f t s  ca ta lys t s ,  and 
orgaimmeta l l ic  compounds [167]. The p roces s  is evidently real ized by means of nucleophilic a t tack of one mol-  
ecule of the bicyclie amine on a second molecule ,  bear ing a posi t ive charge  at the ni t rogen atom due to pro tona-  
don.  acylat ion,  or  the format ion  of a complex salt  [88]. The c h a r a c t e r  of the resul t ing po lymer s  depends on the 
concentra t ion of the s ta r t ing  diazabicycl ic  compound [168]. Opening of the diazabicycl ic  sy s t em is alsb observed 
when diazabicyclooctane is t reated with s e v e r a l  a ry l  halides,  and qua te rna ry  der iva t ives  of the type 
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r--N N--CH.Ch.--N N Cl- 

a re  formed [103. 104. 168-170]. Similar processes also take place in a number of quinuclidine derivatives 
[1711. 

There  are  individual studies devoted to the problem of the introduction of substituents in the 1,4-diaza-  
bicyclo[2.2.2]octane carbon skeleton. Attempts at direct  C-alkylation with butyllithium and 1-iodopentane or  
1-iodobutane did not give positive results  [172, 173]. Elect ro lys is  of diazabicyclooctane in hydrofluoric acid 
solution for many hours gave its perfluoro derivative,  but the yield of the latter was not indicated [174]. The 
yield of the final product also was not presented in the case of chlorination of diazabicyclooctane with carbon 
te t rachlor ide  in the presence  of copper acetate,  in which the reaction has radical  cha rac t e r  with subsequent 
ionic halogenation; the presence  of the 2-chloro derivative in the react ion mixture was established only on the 
basis of mass -chromatograph ic  analysis [175]. The above-descr ibed synthesis of compounds of this type from 
substituted piperazines [50, 57] is evidently the most  efficient method for the preparat ion of C-substituted 1,4- 
diazabicyclo[2.2.2]octanes at the present  t ime. 

P r a c t i c a l  U t i l i z a t i o n  of 1 , 4 - D i a z a b i c y c l o [ 2 . 2 . 2 ] o c t a n e s  

In the preceding section we have already noted the application of diazabicyclooctane and its derivative as 
chemical reagents in processes involving dehydrohalogenation, selective oxidation, halogenation, a variety of 
condensations, etc. 

The dehydrohalogenating action of this diazabicyclic system has found further application in the induction 
of the Ramberg-Backlund reaction [176] and the conversion of c~,(~,-dichlorodibenzyl sulfones to diphenylthiirene 
1,1-dioxides and diphenylacetylenes : 

RC6H4CH2, ~ RC6H4--C \ 

RC6H,CH~ sO2 " RC6H~__!/sO, ~ RC6H4C-~CC6H~R 

Selective oxidation with air oxygen in the presence of diazabicyclooctane and copper acetate has been used 
for the conversion of 3-oxobisnor-4-cholen-22-al to progesterone [177]. 

The high nucleophilicity of 1,4-diazabicyclo[2.2.2]octane has been responsible for its application as a 
catalyst for a variety of processes involving the hydrolysis [178] and aminolysis [179, 180] of phosphoric and 
carbonic acid derivatives, acylation of N-lithio compounds of a number of amines, amides, and phthalimides 
[181], and the selective cleavage of fl-keto es te rs  [182]. 

According to the patent data, 1,4-diazabicyclo[2.2.2]octanes are  finding extensive application in the most 
d iverse  industrial  areas .  Some bisquaternary salts  and their  polymeric  analogs fasten gelatin in photographic 
films and are  photographic fixers [183]. Quaternary  salts of d i azab i cyc looc t ane -  ni trates  and alkylnitrates - 
can be used in mixtures with oxidizing agents (HNO3+ NC104) as liquid rocket  fuels; a solid fuel is obtained when 
alkyl chlorides are  added to diazabicyclooctane in nitrobenzene [184, 185]. Diazabicyclooctane dimethylsi l icate 
is used in the preparat ion of synthetic zeolites [186]; quaternary aryl t r iazinium salts catalyze the reaction of 
dyes with textile fibers [187], and the quaternary  azo derivatives themselves are dyes [188]. 1 ,1 ' -Pen tame thy-  
lenebis [4-aza- l -azoniabieyclo[2.2 .2  [octane] diiodide and its 3-methyl-  and 2,5-dimethyl-s  ubstituted derivatives 
have found diverse application as emulsi f iers ,  cor ros ion  inhibitors, and antistatic agents [189]. Diazabicyclo-  
octane bismethylni trates  stabil ize anhydrous nitric acid [190]. 1,4-Diallyldiazoniabicyclo[2.2.2]octane dichlo- 
ride reduced surface tension in solutions [191]. Diazabicyclooctane N,N'- te t raiodo and N,N ' - te t rabromo de- 
r ivatives are  used as germicides  and bleaches [110]. 

Diazabicyclooctane and its homologs and derivatives have found wide application as catalysts for the pro-  
duction of polyurethane foams. As compared with tr iethylamine,  1.4-dimethylpiperazine,  and N-ethylmorpholine,  
these catalysts  have activities that are  higher by factors  of 4.3, 5.3, and 17.3 [192]: in addition, they are cap-  
able of creat ing a balance between an increase  in the chain and foam formation. The mechanism of the cata ly-  

�9 + 

sis involved the formation of intermediate complexes of the R - N  = C(O-)NR 3 type [193, 194]. 

The use of diazabicyclooctane in the quantitative determination of water in carbon dioxide [195] is based 
on its catalytic effect in the react ions of isocyanates with water.  Diazabicyclooctane is also a catalyst  in the 
manufacture of plastics [196] and resins [197] and in the vulcanization of epihalohydrin and chloroprene rubbers  
[198]. In the latter case,  complexes of the unsubstituted bicyclic sys tem with chlorohydroborane [124, 128] are  
used along with the unsubstituted sys tem itself. 
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Considerably less study has been devoted to the biological activity of 1,4-diazabicyclo[2.2.2]octane de- 
r ivat ives.  An exception to this is the unsubstituted diazabicyelic sys tem itself, the extensive and diverse  
prac t ica l  utilization of which has stimulated quite detailed studies of its pharmacological  and toxicological 
proper t ies .  It has been shown that unsubstituted diazabicyclooctane does not display anabolie, androgenic, 
diuretic,  analgesic,  and narcotic  activity, does not suppress  chol ines terase  [199, 200], does not, in contras t  to 
piperazine,  have anthelmintic activity [17], and displays a p r e s s o r  effect and cholinomimetic proper t ies  only in 
large (sublethal) doses.  The LD~0 vaIue of this compound in experiments  with mice proved to be 200 mg/kg 
[581. In contras t  to unsubstituted diazabieyclooctane,  1,4-bis(hydroxypropyl)-  and 1 ,4-bis(hydroxybutyl) - l ,4-  
diazoniabicyelo[2.2.2]octane hydroxides are  capabIe of suppress ing the growth and vitality of a number of plants 
and mic roorgan i sms  [201]. Some of the tested quaternary  mono- and bisphenaeylium derivatives [202, 203] and 
compounds that contain steroid residues attached to the quaternary  nitrogen atoms [23, 204] have displayed a 
depressive or  st imulating effect on the cent ra l  nervous sys tem and ant imicrobial  activity. 1,4-Bis(3a,, 17a-  
dihydroxy-11,20-dioko-5/?-pregnan-21-yl)- l ,4-diazoniabieyclo[2.2 .2]octane dibromide has proved to be the most  
active compound with respect  to a number of mic roorgan i sms  in vivo experiments (in LD~0 doses up to 5 mg/kg  
intraperitoneally) [2041. According to the resul ts  of experiments with rabbits,  the 1,4-diazabicyelo[2.2.2]oetane 
complex with cobalt iodide reduces the choles terol  concentration in the blood and hinders the deposition of lipids 
in the wails of the aor ta  [205]. 

The synthesis  and pharmacologica l  study of 1,4-diazabicyclo[2.2.2]oetane analogs of medicinal p repa ra -  
tions of the quinuclidine ser ies  are  obviously of considerable interest .  

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

1. L . N .  Yakhontov, Usp. Khim.. 38, 1038 (1969). 
2. L . N .  Yakhontov, Advances in Heterocycl ic  Chemis t ry ,  Vol. 11 (t970), p. 473. 
3. L . N .  Yakhontov and E. E. Mikhlina, Khim. Geterotsikl.  Soedino, No. 8, 1011 (1975). 
4. M.D.  Mashkovskii (Mashkovskyi) and L. N. Yakhontov. For t schr .  Arzneimit te l forsch. ,  1_.33, 293 (1969). 
5. E . E .  Mikhlina and M. V. Rubtsov. Zh. Obshch. Khim., 30, 163 (1960). 
6. hi. V. Rubtsov, l~I. 

No. 10, 14 (1962). 
7. E . E .  Mikhlina. V. 
8. E . S .  Nikit-skaya, 

N. Yakhontov. and 

D. Mashkovskii, E. E. Mikhlina, K. A. Zaitseva,  and V. Ya. Vorob 'eva,  Med. Prom. ,  

Ya. Vorob 'eva.  and l~I. V. Rubtsov, Zh. Obshch. Khim., 3_!1, 2609 (1961). 
E. I. Levkoeva, I. hi. Sharapov, Vo S. Usovskaya, A. S. Vlasov, T. E. Kukushkina, L. 
M. V. Rubtsov. Khim. Farmats .  Zh., No. 10, 58 (1970). 

9. E . S .  Nikit-skaya,  L. M. Sharapov. M. D. Mashkovskii, E. I. Levkoeva, A. S. Vlasov, T. E. Kukushkina, 
and L. N. Yakhontov, Khim. Farmats .  Zh., No. 8, 59 (1974). 

10. M. I~. Kaminka, E. E. Mikhlina, V. ) 'a.  Vorob'eva,  ,4. D. Yanina. N. A. Komarova,  hi. D. lvIashkovskii, and 
L. N. Yakhontov, Khim. Farmats .  Zh., No. 6, 48 (1976). 

11. L . N .  Yakhontov and M. V. Rubtsov. Zho Obshch. Khim., 2._~7, 72 (1957). 
12. E . I .  Levkoeva. E. S. Nikit-skaya.  and L. N. Yakhontov, Dokl. Akad. Nauk SSSR, 1 9 9 3 4 2  (1970). 
13. E. Cherbuliez and E. Feer ,  Helv. Chim. Acts, 5, 678 (1922). 
14. A. ~ .  Hofmann. Proc .  Roy. Soc.. London, 9, 153 (1859). 
15. O. Hromatka.  Ber. .  75B. 1302 (1942). 
16. O. Hromatka and O. Kraupp, Monatsh.. 8,9, 880 (1951). 
17. F . G .  Mann and F. G. Baker,  J Chem. Soc.. 1881 (1957). 
18. J . H .  Krause,  R. K. Smith, and E. C. Herr ick,  Brit ish Patent I',o. 871754 (1958); Chem. Abstr . ,  5_.66, 3492 

(1962). 
19. E . C .  Herr ick.  US Patent No. 2937176 (1960): Chem. Abstr . ,  5,4, 21,1~5 {1960). 
20. A. Anderson, D. K. Kurgan. S. A. Giiler. and hi. V. Shimanskaya, Piperazine [in Russian], Izd. Akad. Nauk 

LatvSSR, Riga (1965). 
21. H.G.  Muhlbauer and M. Lichtenwalter,  US Patent No. 3285920 (1966); Chem. Abstr . ,  6._.66, 76033 (1967). 
2'2. P. hi. F. Matell, J. T. Tonquist, and O. R. Steijner, US Patent No. 3242183 (1966): Chem Abstr. ,  6,4, 

15898 (1966). 
23. L . A .  Hamilton and P. S. Landis, US Patent No. 3369019 (1968): Chem. Abstr. ,  6.._9_9, 43938 (1968). 
24. F . G .  Mann and D. P. Mukherjee, J. Chem. Soc., 2298 (1949). 
25. T. Ishiguro, E. Kitamura.  M. Matsumura,  and H. Ogawa, J. Pharm.  Soc. Japan, 7..~5, 1370 (1955). 
26. W.H.  Brader ,  US Patent No. 3056788 (1962): Chem. Abstr . ,  5....99, 1661 (1963). 
27. W.H.  Brader ,  US Patent No. 3157657 (1964): Chem. Abstr . ,  6....22, 4038 (1965). 
28. A. Farkas ,  J. M. Hersh, and R. L. Mascioli,  US Patent No. 3167555 (1965): Chem. Abstr . ,  6....99, 59287 (1968). 
29. S. Yamada and T. Kurano, US Patent No. 3375252 (1968); Chem. Abstr . ,  6._99, 59287 (1968). 

615 



30. W.H.  Brader  and R. L. Rowton, US Patent No. 3297701 (1967); Chem. Abstr . ,  6_66, 115734 (1967). 
31. W. "H. Brader ,  Belgian Patent No. 668777 (1966); Chem. Abstr . ,  6.55, 13735 (1966). 
32. M.D.  Oakes, L. L. Upson, and M. H. Ziv, US Patent No. 3772293 (1973); Chem. Abstr . ,  80, 48039 (1974). 
33. I. Jezo and I. Lusak, Czechoslovakian Patent No. 139281 (1970): Chem. Abstr . ,  7__66, 59658 (1972). 
34. T. Kurano, H. Saito, and S. Jamada,  Japanese Patent No. 16512 (1967); Chem. Abstr . ,  6_99, 2959 (1968). 
35. A. Farkas ,  US Patent No. 2950282 (1960); Chem. Abstr . ,  5_.~5, 9438 (1961). 
36. R. Murakami,  S. Kato, and H. Mitarashi,  Japanese Patent No. 7476897 (1974); Chem. Abstr . .  8._~2, 31351 

(1975). 
37. F . G .  Mann and A. Senior, J. Chem. Soc., 4476 (1954). 
38. W.W.  Zewis and F. A. Weipert, US Patent No. 3112321 (1961); Chem. Abstr . ,  60, 6856 (1964). 
39. S .M.  McElvain and L. W. Bannister ,  J. Am. Chem. Soc., 76, 1126 (1954). 
40. S .M.  McEIvain and E. H. Pryde,  J. Am. Chem. Soe., 7_!1, 326 (1949). 
41. S .M.  McElvain and T. Lies, J. Am. Chem. Soc., 82, 164 (1960). 
42. L . B .  Mrachkovskaya and L. N. Yakhontov, Khim. Geterotsikl.  Soedin., No. 6, 845 (1976). 
43. M.V.  Rubtsov and M. I. Dorokhova, Zh. Obshch. Khim., 2__33, 706 (1953). 
44. E. Renk and C. Grob, Helv. Chim. Acta, 3__77, 2119 (1954). 
45. C. Mannich and E. Ganz, Ber. ,  55, 3486 (1954). 
46. L . N .  Yakhontov, L. B. Mrachkovskaya,  A. I. Ermakov,  K. F. Turchin,  and T. F. Vlasova, Zh. Org. Khim., 

i_~0, 868 (1974). 
47. L.B. Mraehkovskaya, K. F. Turchin, and L. N. Yakhontov, Zh. Org: Khim., i_~.i, 420 (1975). 
48. L.B. Mraehkovskaya, O. S. Anisimova, K. F. Turchin, and L. N. Yakhontov, Zh. Org. Khim., 12, 914 

(1976). 
49. L.B. Mraehkovskaya, Master's Dissertation, Moscow (1975). 
50. L.B. Mrachkovskaya, K. F. Turehin, and L. N. Yakhontov, Khim. Geterotsikl. Soedin.,(in press). 
51. E. Eliel, N. Allinger, S. Angyal, and T. Morrison, Conformational Analysis, Wiley (1965). 
52. A. Ladenburg, Ber., 30, 1587, 3043 (1897). 
53. T.S. Moore and Y. Doubleday, J. Chem. Soc., 119, 1170 (1921). 
54. L.R. Davidenkov, USSR Author's Certificate No. 255287 (1967); Byul. Izobr., No. 46, 29 (1969). 
55. R.F. Evans, Chem. Ind., 915 (1958). 
56. L.B. Mraehkovskaya and L. N. Yakhontov, Khim. Geterotsikl. Soedin., No. 6, 856 (1975). 
57. L.B. Mrachkovskaya, K. F. Turchin, and L. N. Yakhontov, Khim. Geterotsikl. Soedin., No. 2, 272 (1976). 
58. A. Farkas, G. A. Mills, W. E. Erner, and J. B. Maerker, J. Chem. Eng. Data, --4, 334 (1959). 
59. A. Farkas, G. A. Mills, W. E. Erner, and J. B. Maerker, Ind. Eng. Chem., 5_~I, 1299 (1959). 
60. A. Farkas, R. L. Mascioli, F. Miller, and P. F~ Strohm, J. Chem. Eng. Data, 13, 278 (1968). 
61. Triethylenediamine. Properties, Reactions, and Applications, Houdry Process Corp. (1965). 
62. Triethylenediamine, Houdry Process Corp. (1971). 
63. W.L. Mosby, Heterocyclic Systems with Bridgehead Nitrogen Atoms, New York-London (1961). 
64. P. Bischof, J. A. Hashmall, E, Heilbronner, and V. Hornung, Tetrahedron Lett., 4025 (1969). 
65. E. Heilbronner and K. A. Muszkat, J. Am. Chem. Soc., 9_~2, 3818 (1970). 
66. 'R. Hoffmann, A. Imamura, and J. W. Hehre, J. Am. Chem. Soc., 90, 1499 (1968). 
67. A.M. Halpern, J. L. Roebber, and K. Weiss, J. Chem. Phys., 49, 1348 (1968). 
68. M.P. Marzocchi, G. Sbrana, and G. Zerbi, J. Am. Chem. Soc., 8__77, 1429 (1965). 
69. T.M. McKinney, and D. H. Geske, J. Am. Chem. Soc., 8__77, 3013 (1965). 
70. T. Wada, E. Kishida, J. Tomiie, H. Suga, S. Seki, and J. Nitta, Bull. Chem. Soc. Japan, 3_~3, 1317 (1960). 
71. E.S. Weiss, A. S. Parkes, E. R. Nixon, and R. E. Hughes, J. Chem. Phys., 41, 3759 (1964). 
72. P. Bruesch and H. H. G(inthard, Spectrochim. Acta, 2_~2, 877 (1966). 
73. Ch.-S. Chang and E. F. Westrum, J. Phys. Chem., 6_~4, 1551 (1960). 
74. J.C. Trowbridge, Abstract of Candidate's Dissertation, 24, 2291 (1963). 
75. J.C. Trowbridge and E. F. Westrum, J. Phys. Chem., 6_7.7, 2381 (1963). 
76. P.A. Reynolds, Mol. Phys., 2_~8, 633 (1974). 
77. J. Wagner, Z. Phys. Chem., 48b, 316 (1941). 
78. T.M. MeKinney, Spectrochim. Acta, 25A, 501 (1969). 
79. A.M. Halpern, Chem. Phys. Left., 6, 296 (1970). 
80. P.J. Haigh and L. Guibe, Compt. Rend., 261, 2328 (1965). 
81. A. Zussman and S. Alexander, J. Chem. Phys., 4_~8, 3534 (1968). 
82. G.W. Smith, J. Chem. Phys., 4__33, 4325 (1965). 
83. J.L. Color, J. Mol. Struct., 13, 129 (1972). 

616 



84. L . N .  Beska, J. Chem. Phys. ,  3_88, 1685 (1963). 
35. J . C .  Trowbridge and E. F. Westrum, J. Phys.  Chem. Solids, 6__~, 1551 (1960). 
86. H. Suga, hr. Sugisaki, and S. Seki, h,Iol. Crys ta l s ,  1, 377 (1966). 
87. M. P a r r i s ,  P. S. Raybin, and L. C. Labowitz, J. Chem. Eng. Data, 9, 221 (1964). 
88. H . K .  Hall, J. Org. Chem., 2._.88, 223 (1963). 
89. L.N. Yakhontov, K. F. Turehin. E. E. Mikhlina, V. Ya. Vorob'eva, A. D. Yanina, and Yu. N. Sheinker, 

in: Problems of Stereoehemistry [in Russian], No. 1 (1971), p. 117. 
90. T.K. Adler and A. Albert, J. Chem. Soc., 1794 (1960). 
91. J.W. Larsen, G. L. Bertrand, and L. G. Helper, J. Chem. Eng. Data, 11, 595 (1966). 
92. P. Paoletti, J. H. Stern, and A. Vaeca, J. Phys. Chem., 69, 3759 (1965). 
93. J .C. Hsieh, P. J. Inglefield, and W.-Y. Wen, J. Solution Chem., 3, 351 (1974). 
94. J .C.  Hsieh, P.J.  Inglefield, and W.-Y. \Yen, J. Solution Chem., 3, 103 (1974). 
95. R. Pottel and U. Kaatz, Ber. Bunsenges. Phys. Chem., 7__33, 437 (1969). 
96. J .F .  Coetzee and G. It. Padmanabhan, J. Am. Chem. Soc., 8__77, 5005 (1965). 
97. T.E.  Mead, J. Phys. Chem., 6_66, 2149 (1962). 
98. J .L .  Sudmeier and C. N. Leiley, Anal. Chem., 3__66, 1698 (1964). 
99. H.J. Suhr, J. Mol. Struct., 1, 295 (1968). 

100. D. Cook, Can. J. Chem., 4__2_2, 2292 (1964). 
101. O. Hromatka and E. Engel. Ber., 76B, 712 (1943). 
102. S. Oae, B. Hovarth, C. Zalut, and It. Harris, g. Org. Chem., 24, 1348 (1959). 
103. H.G. Viehe, S. I. Miller, and J. H. Dickstein, Angew. Chem., 7_66, 537 (1964). 
10~. S.D. Ross and M. Finkelstein, J. Am. Chem. Soc., 8_~5, 2603 (1963). 
105. S.D. Ross. J. J. Bruno, and It. C. Peterson, J. Am. Chem. Soe., 8__55, 3999 (1963). 
106. J .A. Ford and C. V. Wilson, J. Org. Chem., 2__88, 875 (1963). 
107. N. Kornblum and F. W. Stuchal, J. Am. Chem. Soc., 92, 1804 (1970). 
108. T.P.  Abbiss and T. G. Mann, J. Chem. Soe., 2248 (1964). 
109. P. Froyen and R. F. Hudson, Acta Chem. Scand., 2__77, 4001 (1973) 
110. R.G. Kallen and \V. P. Jencks, J. Biol. Chem., 241, 5864 (1966). 
111. H.H. Sisler. H. S. Ahuja, and N. L. Smith, J. Org. Chem., 26, 1819 (1961). 
112. P.W. Inward and W. P. Jencks, J. Biol. Chem., 240, 1986 (1965). 
113. K. Brack, West German Patent No. 1904349 (1969); Chem. Abstr., 71, 102642 (1969). 
114. S. Dunstan and H. B. Henbest, J. Chem. Soc., 4880 (1957). 
115. S. Oae, J. Onishi, S. Kozuka, and \V. Tagaku, Bull. Chem. Soc. Japan, 3-9, 364 (1966). 
116. E.C. Herrick, US Patent No. 2964526 (1960): Chem. Abstr., 5__55, 11446 (1961). 
117. A.M. Halpern and K. Weiss, J. Am. Chem. Soc.. 9__0_0, 6297 (1968). 
118. S. Gran and C. Roemh]g, Acta Chem. Scand., 2-2, 1686 (1968). 
119. A. ;II. Halpern and K. Weiss, J. Phys. Chem., 72, 3863 (1968). 
120. E.C. Ashby, J. Am. Chem. Soc., 8___66, 1882 (1964). 
121. E.C. Ashby, US Patent No. 3159626 (1964): Chem. Abstr., 6-2, 7795 (1965). 
122. A.R. Gatti and T. Wartik, Inorg. Chem., 5, 2075 (1966). 
123. M.D. Marshall and It. M. Hant, Nucl. Abstr., 2-1, 170 (1967). 
124. J. hl. Van Paassehen and R. A. Geanangel, Can. J. Chem., 5-2, 723 (1975). 
125. V.V. Zharkov. A. V. Zhitinkina, F. A. Zhokhova, Zh. Fiz. Khim., 44, 223 (1970). 
126. S.W. Tucker and S. Walker. Trans. Faraday Sot., 6__22, 2690 (1966). 
127. J.A. Dilts and E. C. Ashby, Inorg. Chem., 9, 855 (1970). 
128. R.K. Bartlett, H. S. Turner, R. J. Warne, hl. A. Joung, and J. J. Lawrenson, J. Chem. Soe., A, 479 

(1966). 
129. C . S . L .  Baker,  D. Barnard.  and hi. Por te r ,  Rubbe rRes . .  ~,~ 317 (1969). 
130. B . F .  Conway and H. P. Dhar, Elect rochim.  Acta, 1__99, 445 (1974). 
131. R . A .  Baldwin and It. M. Washburn, J .  Org. Chim., 2__6_6, 3549 (1961). 
132. A. Farkas  and H. Graboys,  US Patent No. 3037026 (1962): Chem. Abstr . ,  5__Z, 13778 (1962). 
133. A . K .  Banerjee,  L. M. Vallarino, and J. V. Quagliano, Coord. Chem. Rex'., 1_, 239 (1966). 
134. G . J .  Tennenhouse and J. C. Bailar,  J. Inorg. Nucl. Chem., 2.._88, 682 (1966). 
135. G. Brun and G. Jourdan, Compt. Itend., 279____CC, 129 (1974). 
136. H .M.  Hilliard. D. D. Axtell, M. M. Gilbert, and J. T. Yoke, J. Inorg. Nucl. Chem., 3-1, 2117 (1969). 
137. H. hi. Hilliard and J. T. Yoke, Inorg. Chem., 5, 57 (1966). 
138. G. Schwarzenbach, B. Maissen, and H. Ackermann,  Helv. Chim. Acta, 35, 2333 (1952). 
139. C . G .  Serettas and J. F. Eestham, J. Am. Chem. Soc., 87, 3276 (1965). 

617 



140. V . L .  Goedken, Abs t rac t  of Candidate ' s  Disser ta t ion ,  B, 3._00, 543 (1969). 
141. E" D. Stevens,  and J .  T. Yoke, Inorg. Chim. Acta, 4, 244 (1970). 
142. Y . V .  Quagliano, A. K. Baner jee ,  V. L. Goedken, and L. M. Vallar ino,  J. Am. Chem. Soc., 92, 482 (1970). 
143. S . P .  Pa t t e rman ,  I. L. Kar le ,  G. D. Stucky, J. Am. Chem. Soc., 92, 1150 (1970). 
144. W . H .  Glase ,  Chem. Rev. ,  4_]3, 161 (1968). 
145. L . A .  Nikolaev, Zh. Fiz.  Khim.,  2._.88, 275 (1954). 
146. T. Takahashi ,  J apanese  Patent  No. 7461066 (1974); Chem. Abst r . ,  8_1_1, 180367 (1974). 
147. W . H .  Brade r ,  S. B. Cawitt,  and R. M. Gispon, French  Patent  No. 1530236 {1968); Chem. Abst r . ,  7._!, 

60714 (1969). 
148. A . A .  Oswald and D. L. Guertin,  J. Org.  Chem.,  2_88, 651 (1963). 
149. A. Fa rka s  and E. C. Her r i ck ,  US Patent  No. 3038903 (1962); Chem. Abst r . ,  5_~7, 13776 (1962). 
150. A . A .  Oswald and F. Noel, US Patent  No. 3252979 (1966); Chem. Abst r . ,  6..55, 7057 (1966). 
151. A . A .  Oswald, F. Noel, and A. J .  Stephenson, J. Org. Chem.,  2_66, 3969 (1961). 
152. C. Quannes,  and T. Wilson, J.  Am. Chem. Soc., 90, 6527 (1968). 
153. E . A .  Ogruzlo and C. W. Tang, J. Am. Chem. Soc., 92, 5034 (1970). 
154. E . F .  Cur ragh ,  H. B. Henbest ,  and A. Tomas ,  J. Chem. Soc., 3559 (1960). 
155. L . A .  Hull, D. H. Rosenblat t ,  W. P. Giordano, G. T. Davis,  C. K. Mann, and S. B. Milliken, J. Phys.  

Chem. ,  73, 2147 (1969). 
156. D . M .  Gardner ,  R. Hel i tzer ,  and D. H. Rosenblat t ,  J. Org. Chem.,  3_.~2, 1115 (1967). 
157. W . H .  Dennis, L. D. Hull, and D. H. Rosenblat t ,  J.  Org. Chem.,  3_..22, 3783 (1967). 
158. L . A .  Hull, G. T. Davis,  D. H. Rosenblat t ,  H. Ko R. Wil l iams,  and R. G. Weglein, J. Am. Chem. Soc., 8_.99, 

1163 (1967). 
159. S . F .  Nelsen and J.  M. Buschek, J. Am. Chem. Soc., 9.~6, 6424 (1974). 
160. P. Brenneisen ,  C. A. Grob,  R. A. Jackson,  and M. Ohta, Helv. Chim. Acta, 48, 146 (1965). 
161. R. Huisgen and W. Kolbeck, Te t rahedron  Lett . ,  783 (1965). 
162. E. Koch, Te t rahedron ,  2._66, 3503 (1970). 
163. R . F .  Bar tholomew and R. S. Davidson, Chem. Commun. ,  1174 (1970). 
164. H. Henecka,  V. Hoer le in ,  and K. H. Gisse ,  Angew. Chem.,  72, 960 (1960). 
165. O. Hromatko  and C. Skopalik, Monatsh. ,  8_.~3, 39 (1952). 
166. H . K .  Hall,  US Patent  No. 3165482 (1965); 6_~2, 7955 (1965). 
167. T . T .  Suruta and M. I sh imor i ,  Japanese  Patent  NOo 6904792 (1969); Chem. Abst r . ,  7_!, 30817 (1969). 
168. G . A .  Vorob 'eva ,  G. M. Trof imova ,  and A. A. Ber l in ,  and N. S. Enikolopyan, Dokl. Akad. Nauk SSSR, 

21.4, 373 (1974). 
169. W . G .  Lloyd, US Patent  No. 3265663 (1966); Chem. Abst r . ,  6..~5, 18722 (1966). 
170. A . J .  Kirby and A. G. Varvogl is ,  J .  Chem. Soc., B, 135 (1968). 
171. N. Kornblum and F. W. Stuchal, J. Am. Chem. Soc., 9.22, 1804 (1970). 
172. W . A .  Khan, A. G. Giumanini,  and R. A. Lepley, Chim. Ind., (Milano), 4_.9_9, 1342 (1967). 
173. A . R .  Lepley and W. A. Khan, J .  Org.  Chem.,  33, 4362 (1968). 
174. W . E .  E rne r ,  US Patent  No. 3335143 (1967); Chem. Abst r . ,  6_.~8, 21507 (1968). 
175. J . R . L .  Smith and Z. A. Malik, J. Chem. Soc., B, 920 (1970). 
176. J . C .  Phil ips ,  Y. V. Swisher,  D. Haidukewich, and O. Mora les ,  Chem. Commun. ,  22 {1971). 
177. V . R .  Verlan,  Te t rahedron  Lett . ,  985 (1969). 
178. Wo P. Jencks  and M. Gi lchr is t ,  J. Am. Chem. Soc., 8_.~7, 3199 (1965). 
179. G . W .  J a m e s o n  and J. M. Lawlor ,  J.  Chem. Soc., 53 (1970). 
180. J.  Furuya ,  S. Goto, K. Itoho, I. Urasaki ,  and A. Mori ta ,  Te t rahedron ,  2..~4, 2367 (1968). 
181. E. K a i s e r  and Yun, J.  Org. Chem.,  3..~5, 1348 (1970). 
182. B . S .  Huang, E. J .  Pa r i sh ,  and D. N. Miles,  J. Org. Chem.,  3__99, 2647 (1974). 
183. D . M .  Burness  and B. D. Wilson, US Patent  No. 3396127 (1968); Chem. Abst r . ,  6._9_9. 77278 (1968). 
184. R . C .  Doss and W. B. Reynolds,  US Patent  No. 3018619 (1962); Chem. Abstr . ,  5..~6. 15719 (1962). 
185. W . E .  E rne r ,  US Patent  No. 3073827 (1963): Chem. Abst r . ,  5..9_9, 643 (1963). 
186~ Mobil Oil Corp. ,  Br i t i sh  Patent  No. 1047885 (1966); Chem. Abst r . ,  6...66, 115735 (1967). 
187. G. Hoelr le ,  P. Ulrich,  H. P. Schaub, and H. H. Bosshard ,  Swiss Patent No. 423708 (1967); Chem. Abst r . ,  

6._~8, 40935 (1968). 
188. R. Entsehel ,  Swiss Patent  No. 546269 (1974); Chem. Abst r . ,  8...1.1, 38935 (1974). 
189. R . F .  Strohm, US Patent  No. 3350401 (1967); Chem. Abst r . ,  6.88, 2927 (1968). 
190. R . C .  Doss and J.  P. Blackwell ,  US Patent  No. 3019081 (1962); Chem. Abst r . ,  5..~7, 1854 (1962). 
191. A. Fa rka s  and K. G. Flinn, J.  Am. Chem. Soc., 8..~2, 642 (1960). 
192. J . W .  Baker  and J .  B. Holdsworthy, J .  Chem. Soc., 713 (1947). 

618 



193. 
194. 
i95. 
196. 
197. 
198. 
199. 
200. 
201. 
202. 
203. 
204. 
205. 

F. Miller, US Patent No. 3213096 (1965); Chem. Abstr . ,  6__33, 18115 (1965). 
A. Farkas  and P. F. Strohm, Ind. Eng. Chem. Fundamentals,  _4, 32 (1965). 
R. G. Roemer ,  C. J. W. Van Ginkel, and B. Griepink, Mierochim. Acta, 1 (1974). 
J. J. Sweeney, F rench  Patent No. 1546618 (1968); Chem. Abstr . ,  7_1_1, 50848 (1969). 
A. G. Sehering, East  German Patent No. 1090803 (1960); Chem. Abstr . ,  56, 6118 (1962). 
P. P. Nicholas, West German Patent No. 2307971 (1974); Chem. Abstr . ,  8_22, 18377 (1975). 
S. L. F r iess ,  J. Am. Chem. Soc., 79, 3269 (1957). 
M. E. Goldberg and H. E. Jonson, Toxicol. Appl. Pharmacol . ,  _4, 545 (1962). 
W. E. Erner ,  US Patent No. 3010963 (1959); Chem. Abstr . ,  56, 10167 (1962). 
R. B. Moffet, US Patent No. 3144455 (1964); Chem. Abstr . ,  6__1_1, 9511 {1964). 
R. B. Moffet, J. Med. Chem., 7, 450 (1964). 
R. B. Moffet, US Patent No. 3144446 (1964); Chem. Abstr . ,  6_1, 10752 (1964). 
A. I. Andriadze, Tr.  Inst. Klin. t~ksp. Kardiol. ,  Akad. Nauk GruzSSR, 9, 69 (1969). 

6 - E T H  O X Y D I V  INY L P Y R Y  L I U M  S A L T S  

Z.  V. M e z h e r i t s k i i ,  A.  L.  V a s s e r m a n ,  
~llc1 G. N. D o r o f e e a k o  

UDC 547.813 

The previously unknown 5-ethoxydivinylpyrylium salts were obtained by reaction of fi-ethoxy- 
vinylpyrylium salts with ethyl vinyl ether.  Their  high react ivi t ies  w{th respect  to nucleophilic 
compounds are  demonstrated.  

The reaction Of alkyl vinyl ethers with aeetals  proceeds through carboxoniuni cations [1] that are  gener-  
ated by the action of acid catalysts  on acetals .  ~-Ethoxyvinylpyrylium Salts are an ext remely  convenient model 
of such carboxonium cations, and one therefore  might have expected that 2 ,  and 4-p-ethoxs-cinylpyrylium salts 
would react  with alkyl vinyl e thers .  In the case of ethyl vinyl ether  we were able to show that this reaction 
actually takes place when the components are heated in acetic acid and gives the previously unknown 5-ethoxy- 
divinylpyrylium salts (I). 
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C104 CIO2 

r 0C2d5 7, 

- -  0 / C = C H - - C H - - C H  --C1~i--0s 5 l ~ " ' ~  + I ".-- "~ ] -  ~ s q../C=CU--CH=CM--CM--OqM; , 
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- ~  O'"~C--(C H=C H ),,--OC Jl. 

CI04- 

A bathochromic shift of 20-35 nm as compared with fi-ethoxyvinylpyrylium salts is noted in the UV spec-  
tra of salts I: this is in conformity with lengthening of the conjugation chain of the chromophore by one double 
bond. 

Salts I react  with many nucleophiles, although their react ivi t ies ,  as  one can judge from the yields of the 
final products,  are somewhat lower than the react ivi t ies  of fi-ethoxyvinylpyrylium salts.  Reaction with a ro -  
marie amines gives 5-aminodivinylpyrylium salts (II). 

Rostov State University. Scient i f ic-Research Institute of Physical  and Organic chemis t ry ,  R o s t o v - o n '  
Don. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 6 pp. 739-741, June, 1976. Original ai ' t i-  
cle submitted May 21, 1975. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation 227 West 17th Street, New  York, N.Y.  I0011. No part I 
o f  this publication may be reproduced stored in a retrieval system or transmitted in any form' or by any means electronic mechanical, photocopying, [ 

[microfilming, recording or otherwise wi thout  written permission o f  the publisher. A copy o f  this article is available -from the publisher for  $ 7. 50. 
I 

619 


