
stant, and T = absolute temperature. For such solutions, as x -, 0, 
-, exp ( w / R T ) .  For the surfactant component, the activity coef- 

ficient 1‘ is given by: 

Inf’  = x 2 w / R T  (Eq. 15) 

so that f’ -, 1 as x -, 0. 
In Fig. 2, a plot of x cersus c shows the pronounced deviation 

from Henry’s law at high .x values. By using the activity coefficient 
from the regular solution theory, with w / R T  = - 1.64, the product 
xf, however, varies linear11 with c within an average variation of 
about 2.5z7,, which is of the order of the experimental error. The 
distribution law (Eq. 11) is thus obeyed. The solubilization data are 
thus in good accord with a simple picture of nonideality. It should 
be stressed that the regular solution theory uses two parameters to 
relate the x uersus c data. namely, KO’ and w/RT,  just as the Lang- 
muir-type analysis does. 

The success of the regular solution approach suggests that even 
fairly severe nonidealities in solubilized systems may be amenable 
to analysis in terms of the distribution law. 
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Bis-Quaternary Ammonium Compounds: 
Derivatives and Congeners of Bicyclo[2.2.2]octane 

JOSEPH G .  CANNON*, KIM WENN YANG*, MELITA RODRIGUEZtl, and JOSEPH P. BUCKLEYt 

Abstract IJ A series of rigid congeners of hexamethonium was 
prepared, based upon bicyclo[2.2.2]octane, in which the inter- 
quaternary distance is varied and in which this distance is known 
with some degree of certainty. Data on hypotensive activities, taken 
as an index of ganglionic blocking potency, are consistent Yith 
earlier proposals that an interquaternary distance of 6.5-7.5 A is 
optimum for polyalkylene bis-quaternary ganglionic blocking 
agents. 

Keyphrases 0 Hexamethonium congeners-bicyclo[2.2.2]octane, 
hypotensive activity 0 Bicyclo[2.2.2]octane derivatives-inter- 
quaternary distances correlated with hypotensive effects 0 Hy- 
potensive activity-his-quaternary ammonium compounds of bi- 
cyclo[2.2.2]octane 0 Bis-quaternary ammonium compounds- 
interquaternary distance correlated with hypotensive effects 

There has been controversy in the literature for many 
years concerning the validity of the “two-point attach- 
ment” hypothesis of Barlow and Ing (1) for explaining 
the ganglionic blocking mechanism of bis-quaternary 
ammonium salts, typified by hexamethonium. The 
attractive theory that the length of the most active bis- 
quaternary polyalkylene molecule corresponds to, or 

even is a measure of, an interreceptor distance is com- 
plicated by the fact that these flexible compounds can 
assume an infinite number of conformations and, 
consequently, their “molecular length” cannot be de- 
fined precisely. Gill (2) concluded that ganglionic block- 
ing molecules must possess a “range” of intecquaternary 
distances between the limits of 6 and 7.8 A. Biel and 
DiPierro (3) introduced a triple bond into a series of Cg 
and C6 bis-quaternary compounds and found that these 
derivatives (in which the rigid carbon-carbon triple 
bond Iimits somewhat the flexibility of the carbon chain 
and forces it into a more extended form) were more 
potent than their saturated parent compounds in pro- 
ducing hypotension, which was considered to be at least 
in part due to  an action at autonomic ganglia. This effect 
of the acetylenic link on blood pressure was verified in 
somewhat similar C s  and Cs bis-quaternary polyalkylene 
systems by Neumeyer el al. (4). They reported that when 
the triple bond was reduced to a cis-olefinic group, 
hypotensive activity diminished, but that reduction to a 
trans-olefin increased activity above that observed for 
the parent saturated molecule. It was concluded that the 
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I 11 m 

CH, X 
M: x-CI 
X: X-Br 

geometry of the cis-double bond, in which the poly- 
alkylene chain is folded back over itself, is detrimental to 
hypotensive effect, whereas the imposition of a more 
extended conformation upon the chain (by acetylenic or 
trans-olefinic groups) tends to enhance hypotensive 
activity. Neumeyer ( 5 )  concluded that maximal hypo- 
tensive activity is manifested when the distance between 
the t,wo quaternary centers is restricted between 6.5 and 
7.5 A. 

A fundamental problem common to all of these com- 
pounds is that, despite the introduction of some degree 
of rigidity into the systems, a considerable amount of 
flexibility yet remains in the chains joining the quater- 
nary heads and, hence, the interquaternary distances at 
in vivo receptors cannot be precisely defined. In addition, 
many of the moieties introduced into bis-quaternary 
compounds to impart rigidity and some degree of con- 
formational integrity [benzene rings (6), acetylenic links 
(3,4), and cyclopropane rings (7)] contain a-electrons or 
possess some degree of unsaturated character. These 
moieties might well influence physical and chemical 
properties of the molecule to the extent that they could 
affect biological activity. The bicyclo[2.2.2]octane sys- 
tem represents a rigid, relatively nonstrained system, 
lacking a a-electron cloud and having no unsaturated 
character. 1,4-Diazabicyclo[2.2.2]octane has a similar 
character, and it was the purpose of the work described 
here to utilize these two ring systems as the method of 
imparting a greater rigidity to bis-quaternary systems 
related to hexamethonium, such that the interquaternary 
distances could be determined with some degree of con- 

0 

c-CI 
I 
II 

CH, 

CH,--N--CH, 

C H , - - N - C H , G  4" + I  

6H3 
XI XI1 

fidence and so that attempts could be made to correlate 
these distances with hypotensive effects. 

Specifically, three compounds, 1, 11, and 111, seemed 
of interest. Inspection of Dreiding models revealed that 
the interquaternary distances in the diazabicyclooctane 
derivative (I) and in the 1 ,Chis-quaternary ammonium 
bicyclo[2.2.2]octane system (11) are fi%ed and rigidly held, 
being approximately 2.60 and 6.12 A, respectively. The 
bis- 1,4-(trimethylammoniummethyl)bicyclo[2.2.2]octane 
system (111) possesses somewhat more flexibility; the 
range of interquaternary distances in the two conforma- 
tional extremes of this molecule is between 6.5 and 7.7 A. 
Thus, it might be predicted that, on the basis of Gill's 
(2) and Neumeyer's ( 5 )  proposals, Compound I11 would 
exhibit the greatest hypotensive effect; Compound 11, 
being on the borderline of optimal interquaternary 
distance, might show some hypotensive effect; and 
Compound I should be inert. 

The commercial availability of 1 ,Cdiazabicyclo- 
[2.2.2]octane made possible the facile preparation of 
Compound I. 

I 
II 
c-Cl 

0 

I .  

C-N, 

0 
II CHQ 

CH,N : 
'CH, 

Iv v 
1. NaN, 
2. HCI -$ I $"';.- + 

- HCGQH/HCO 

NH, WCHdz y(CH3h 
w VIII II 

Scheme I-Preparation of Diaminobicyclo[2.2.2]octane Derivatives 

+ 
m 
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Compounds I1 and I11 were prepared (Scheme I) from 
bicyclo[2.2.2]octane-1,4-dicarbonyl chloride (IV), which 
was prepared by a combination of literature methods. 
An alternate route to the diamide (V) involved aminolysis 
of diethyl bicyclo[2.2.2]octane-1,4-dicarboxyIate (XV) 
with dimethylamine in the presence of n-butyllithium; 
this procedure is described in a separate article (8). 

Attempts to prepare Compound 111 by alkylation of 
trimethylamine with 1,4-dichloromethylbicyclo[2.2.2]- 
octane (IX) or with its dibromo analog (X) were unsuc- 
cessful; the starting halogen systems were inert toward 
trimethylamine at  steam bath temperatures. The bi- 
cyclo[2.2.2]octane ring system exhibits many of the 
chemical properties of a neopentyl group. It was re- 
ported (9) that neopentyl halides are extremely unreac- 
tive toward many reagents in bimolecular reactions. 
HoItz and Stock (10) showed that I-tosyloxymethyl- 
bicyclo[2.2.2]octane has neopentyl character and reacts 
in bimolecular reactions only with powerful nucleo- 
philes. 

1,4-Diazabicycl0[2.2.2]octane was diquaternized with 
a bulky group, benzyl bromide, as was 1,4-bis-(dimeth- 
ylamino)bicyclo[2.2.2]octane (VIII); these bis-quater- 
nary compounds (XI and XII) were submitted for bio- 
logical evaluation. 

D I S C U S S I O N  

Hypotensive effects are summarized in Table I. Compounds I, I!, 
and 111 exhibited relative potencies consistent with the predictions 
based upon the interquaternary distances cited previously. COT- 
pound 111, having an interquaternary distance range of 6.5-7.7 A, 
was the only compound in the series effective at 1 mg./kg. Insofar 
as hypotensive effect is a measure of ganglionic blocking potency, 
these data support the proposal that optimal interquatFrnary dis- 
tance for ganglionic blockade is in the region 6.5-7.5 A. The low 
order of activity of XI and XI1 can be ascribed, at least in part, to 
their possessing interquaternary distances below the optimal range. 
Compound VI, the tertiary amine analog of the most active bis- 
quaternary, 111, exhibited moderate hypotensive effects which may 
merit further investigation. 

EXPERIMENTAL' 

Diethyl2,5-Diketobicyclo[2.2.2]octane-1,4-dicarboxylate ( X I I I j  
This compound was prepared in 4 5 z  yield by the method of Holtz 
and Stock (11), m.p. 112" [lit. (11) m.p. 111-112'1. 
Bis-Ethylenethioketal of Diethyl 2,5-Diketobicyclo[2.2.2]octane- 

1,4dicarboxyIate (XIV)-This compound was prepared from XI11 in 
95% yield by the method of Roberts et al. (12), m.p. 90.5-92' 
[lit. (12) m.p. 91.8-92.7"]. 
Diethyi Bicyclo[2.2.2]octane-l,4-dicarboxylate (XV)-This com- 

pound was prepared in 82% yield by Raney nickel desulfurization of 
XIV, as described by Roberts et al. (12), b.p. 90-105" (0.01 mm.), 
I $  1.4663 [lit. (12) b.p. 113-115" (0.3 mm.), n2,6 1.46671. 
Bicyclo[2.2.2]octane-1,4-dicarbonyl Chloride ( I V t T h i s  com- 

pound was prepared in 89% yield from XV by the procedure of 
Kauer et al. (13), m.p. 96-98" [lit. (13) m.p. 97.5-98.5"]. 
1,4-Diaminobicyclo[2.2.2]octane (VII jThis  compound was pre- 

pared from IV by the method of Kauer et a/. (13), m.p. 67-68.5" 
[lit. (13) m.p. 67.5-68.5"]. 
1,4-Bis(dimethylamino)bicyclo[2.2.2]octane (VII1)-This pro- 

cedure was adapted from a method of Baltzly and Buck (14). A 

1 All boiling points are uncorrected; melting points were determined 
with a Du Pont 900 differential thermal analyzer and/or in open glass 
capillaries in a Thomas-Hoover Uni-Melt apparatus and are corrected. 
Elemental analyses were performed by Hufmann Laboratories, Wheat- 
ridge, Colo., and Galbraith Laboratories, Knoxville, Tenn. IR spectra 
were recorded on Beckman IRS-A and IR-10 instruments. 
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Table I-Hypotensive Effects of Bis-Quaternary Compounds in 
Anesthetized Rats" 

Compound 
Number 

Number 
of 

Rats 

I 
I 1  ~~ 

111 
XI 

XI1 
VP 

Mecamylamine 
Hexamethonium 

Decrease in Mean Blood Pressure, 
mm. Hg 

-Dose Levels, mg./kg.- 
1.0 2 . 5  5 .0  7 . 5  10 .0  

- 2 . 0  10.0 14.0 29.0 - 20 .2  4 0 . 2  52 .7  72 .0  

- 13.1 19 .2  20 .2  25 .0  
- 4 . 0  13 .2  17 .2  46 .2  
- 3 . 0  10.0 25 .0  53 .0  

16 36 .0  85.0 -b - 

- 34 .0  - 
35.0  - 

-~ 
- _ _ _  

a Urethan, 1.2 g./kg. i.p. *All rats died with this dose. c 
amine analog of 111. 

Ditertiary 

mixture of 15.0 g. (0.07 mole) of VII, 70 ml. of 37% formaldehyde 
solution, and 0.2 ml. of 90% formic acid was heated in a bomb at  
135-145' for 24 hr. The resulting clear, colorless solution was treated 
with 10 ml. of concentrated HC1 and evaporated to dryness under 
reduced pressure from a water bath. The solid residue was sus- 
pended in 100 ml. of CHCll and shaken with 50 ml. of HzO contain- 
ing 10 g. of KOH. The organic layer was separated, dried (Na2S04), 
filtered, and evaporated to leave a white solid, which was recrys- 
tallized twice from H 2 0  to give 11.8 g. (8617,) of product, m.p. 
47-48 '. 

Ana/.--Calc. for Cl2HZ4N2: C, 73.41; H. 12.32; N, 14.22. Found: 
C, 73.24; H, 12.21; N, 13.99. 

A picrate salt was recrystallized from EtOH, m.p. 240.6" dec. 
Anal.-Calc. for CZ4HaUN8O1: C, 44.04: H. 4.62; N, 17.12. Found: 

C, 44.28; H, 4.80; N, 16.76. 
1,4-Bis(hydroxymethyl)bicyclo[2.2.2]octane (XVI)-Compound 

XV (21 g., 0.083 mole) was added dropwise to a refluxing suspension 
of 9 g. (0.24 mole) of LiAIH, in 200 ml. of purified tetrahydro- 
furan, and the resulting mixture was refluxed for 10 hr. The 
excess LiAlH, was decomposed with 10 ml. of H20, and the re- 
sulting mixture was filtered; the solid on the filter was washed with 
three 50-ml. portions of EttO which were added to the clear filtrate. 
This solution was dried (Na2S04) and filtered; removal of the vol- 
atiles from the filtrate resulted in a viscous, liquid residue which 
solidified upon standing and was recrystallized from benzene ; yield, 
10.5 g. (72%); m.p. 108.2" [lit. (11) m.p. 107-108"]. 
1,4-Bis(chloromethyl)bicyclo[2.2.2]octane (IX-Thionyl chloride 

(15 ml., 25 g., 0.21 mole) was added dropwise to a solution of 5.4 g. 
(0.032 mole) of XVI in 10 ml. of dry pyridine. Then the reaction mix- 
ture was refluxed for 12 hr. Volatiles were removed under reduced 
pressure on a steam bath, and the residue was extracted with EtzO. 
After evaporation of the ethereal extract. the liquid residue was 
distilled, b.p. 74-77" (0.1 mm.), to afford 3.6 g. (53%) of material, 
ng 1.4619. 

Anal.-Cak. for CloHlsCb: C, 57.98; H. 7.79: CI, 34.23. Found: 
C, 57.82; H, 7.82; C1, 34.23. 
1,4-Bis(bromomethyl)bicyclo[2.2.2]octane (X)-Phosphorus tri- 

bromide (10 ml., 28.5 g., 0.106 mole) was added dropwise to 5 g. 
(0.030 mole) of XVI, and the reaction mixture was refluxed for110 
hr. The excess phosphorus tribromide was decomposed with HzO; a 
large amount of tar separated. This mixture was extracted with 
CHC13; the extract was dried (NazS04) and filtered, and the filtrate 
was taken to dryness on a steam bath. The dark-brown viscous 
residue was chromatographed on a 20 x 2-cm. neutral alumina 
column and was eluted with CHCla. The residue from evaporation 
of the eluate was distilled at 110-120' (1.0 mm.) to yield 1.2 g. 
(13Z)ofproduct,n: 1.5573. 

And.-Calc. for CI0Hl6Br2: C, 40.57; H, 5.41; Br, 53.99. 
Found: 

N,N,N',N' - Tetramethylbicyclo[2.2.2]octane - 1,4 - dicarboxamide 
( V j T o  6.0 g. (0.02 mole) of IV in 40 ml. of anhydrous acetone, 
cooled in an ice water bath, was added with stirring an excess of 
anhydrous dimethylamine. The reaction mixture was filtered, and 
the solid that collected on the filter was washed with a small volume 
of anhydrous acetone which was added to the filtrate. The combined 
organic solutions were evaporated, and the residue was recrystal- 
lized from EtOH-HzO, m.p. 161-162"; yield, 6 g. (92%); IR (KBr) 
1605 cm.-l (amide C=O). 

C, 40.69; H, 5.78; Br, 53.24. 



Table U-Bis-Quaternary Ammonium Compounds 

Compound Yield, -----Analysis, z- 
Number R Melting Point z Formula Calc. Found 

tn+ 
R-N-N-R 

U 

I CHSa 3&30lob 75 CsHtsBrzNz C, 31.81 C, 31.88 
H, 6 .01  H, 6.04  
N, 9 .27  N, 9.61  

C, 52.72 XI CHzCsHs 214-275'" 55 CzoHzaBrZNz C, 52.88 
H, 6.08  H, 5.77 

N, 6.17 N, 6.25 

I1 

XI1 

Above 3Wob 52 C1,HaoBrzNz c, 43.54 c ,  43.54 
H, 7.84  H, 7.83  

N, 7.25 N, 6.89  
280-281 OC 46 CzeHdhNz c, 57.94 C, 57.82 

H, 7 .11  H, 7.13  
N, 5.20  N, 4 .89  

N C H & X ~ - ~ - - ~ ~ H ~ ~ R  

111 CH, Above 3Wob 64 C16Ha4Br~N~ C, 46.39 C, 46.58 
H, 8.25  H, 8.27 

N, 6.77 N, 6.87 
~ ~ 

a 1,4-Diazabicyclo[2.2. 21octane obtained from Aldrich Chemical Co. b From methanol. c From ethanol. 

Ana[.--Calc. for C14H24N2OZ: C, 66.60; H, 9.59; N, 11.10. Found: 
C, 66.58; H, 9.45; N, 11.17. 
1,4-Bis(dimethylaminomethyl)bicyclo[2.2.2]oc~ne (VI)-A solu- 

tion of 6.3 g. (0.025 mole) of the diamide (V) in 30 ml. of purified 
tetrahydrofuran was added dropwise to a suspension of 5 g. of 
LiAlH, in 50 ml. of purified tetrahydrofuran, and the resulting 
mixture was refluxed for 2 hr. Excess LiAlHa was decomposed 
with 5 ml. of HzO, and the resulting mixture was filtered. The solid 
on the filter was washed with three 50-ml. portions of Et20 which 
were added to the filtrate. This combined solution was dried 
(NaZSOJ, filtered, and evaporated to afford a white solid residue, 
which was recrystallized from EtOH to yield 5.0 g. (89 %) of product, 
m.p. W 1 " .  

Anal.<alc. for ClaH,,N$: C, 74.91; H, 12.57; N, 12.51. Found: 
C, 74.91; H, 12.56; N, 12.24. 

Bis-Quaternary Compounds-The appropriate diamine (0.02 
mole) and an excess of methyl bromide or benzyl bromide in 10-15 
ml. of 2-propanol were heated in a sealed tube on a steam bath for 
4 hr. The reaction mixture was cooled, and the solid that sepa- 
rated was collected on a filter and recrystallized (TabIe 11). 

Pharmacology-Male Wistar rats, weighing between 200 and 250 
g., were divided into six groups of four rats each. The animals were 
anesthetized with urethan, 1.2 g./kg. i.p., and secured to an operat- 
ing board, ventral side up. A midline incision was made into the 
neck area, and the trachea was catheterized to permit free breathing. 
One of the carotid arteries was cannulated with a polyethylene 
catheter connected to a Statham pressure transducer, using the 
system filled with heparinized saline (5000 units/IW ml.). Blood 
pressure was recorded on a polygraph, and the femoral vein was 
catheterized for administration of the compounds. Each of the six 
groups of rats was treated with one of the compounds, using a dose 
schedule of 1.0, 2.5, 5.0, 7.5, and 10.0 mg./kg. with a minimum 
period of 10 min. between doses. 
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