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Abstract The hydrolysis of several 5-aminodibenzo[a,d]cyclo- 
heptenes is discussed. The relative reactivity of the various com- 
pounds was closely related to the amino substituents a t  position 5 
of the tricyclic nucleus. Both secondary and tertiary amines were 
prepared. They showed instability in aqueous solution below the 
pKa with invariant velocity constants a t  pH 0.15-7.0. This is indic- 
ative of spontaneous decomposition of the molecule uia a carboni- 
um ion or through the kinetically equivalent solvent attack on C s  
of the dibenzocycloheptene ring system. The fully aromatic ring 
system leads to a two magnitude enhancement of the velocity con- 
stants as compared to those of the corresponding l0,Il-dihydrodi- 
benzo(a,d]cycloheptenes. The cycloheptene nucleus is unstable 
when the adjacent nitrogen is cationic. When positively charged, 
the compounds undergo decomposition by nucleophilic attack of 
hydroxylic oxygen either on a carbonium-ion-like substrate or the 
protonated parent compound. The rate law may be written as k ,,bs 
= k o  [H+]/([H+] + KO). These results indicate cleavage of the 
C-N bond to be s N 1  in character. Degradation was primarily to 
the bis-ether by way of the 5-hydroxy intermediate, with evidence 
of traces of the ketone. Kinetic analyses were by the acid-dye pro- 
cedure, utilizing methyl orange as' the anionic component. This 
method is specific for the reactions involved and yields first-order 
plots showing linearity through several half-lives. 

Keyphrases 0 5-Aminodibenzo[a,d]cycloheptenes-hydrolysis 
rates, compared to cycloheptanes, effect of 5-amino substituents 
0 Dibenzo[a,d ]cycloheptenes-hydrolysis rates compared to cy- 
cloheptanes, effect of 5-amino substituents Hydrolysis-diben- 
zo[a,d Jcycloheptenes, effect of 5-amino substituents 

Dibenzo[a,d]cycloheptenes and their 10,ll-dihy- 
dro analogs have served as the nucleus for numerous 
medicinal agents and possess an isosteric relationship 
with the phenothiazines (1). Dibenzo[a,d]cyclohep- 
tanes (I) exhibit antihistaminic activity (2, 3) while 
the analogous dibenzocycloheptenes (11) are active as 
anticonvulsan ts (4-6). 

It was previously reported (7) that 5-aminodiben- 
zo[a,d]cycloheptanes (I) hydrolyze in aqueous solu- 
tions at  pH values below the pKa, i.e., where an ap- 
preciable fraction of the amine is protonated. The in- 
triguing feature of a highly labile carbon-nitrogen 
bond at  C5 (Structures I and 11) was further investi- 
gated in this work. The effect of unsaturation in the 
seven-membered ring was examined quantitatively. 

Several substituted 9-aminofluorenes (111) were 
studied with no indication of instability under the 
conditions utilized (8). 

Molecules of Structure I1 show approximately a 
100-fold increase in reactivity in aqueous acid over 

X = mono- or disubstituted aliphatic or cyclic amine 

I n rn 

the 10,ll-dihydro analogs (I). The products of the 
transformation are primarily the bis-ether and some 
alcoholic intermediate, with small amounts of ketone 
probably formed by air oxidation of the alcohol. 

EXPERIMENTAL 

Preparat ion of Compounds-The compounds prepared are 
listed in Tables I and 11. The general procedures are illustrated 
with specific examples. 

5-Chloro-5H-dibenzo[a,d]cycloheptene-A solution of 5-hy- 
droxy-5H- dibenzo[a,d]cycIoheptene' (5 g, 0.024 mole) was pre- 
pared in toluene (44 ml, dried over phosphorus pentoxide), with 
stirring, in a 100-ml round-bottom flask. The red material accumu- 
lating in the flask was removed by decantation of the solution into 
a second flask. Then thionyl chloride (2.08 ml) was added dropwise 
to the solution and the solution was cooled in an ice bath. The con- 
tents were allowed to come to room temperature for 30 min. The 
solvent was removed in uacuo, with the chloride being utilized 
without further purification. 
5-(l-Morpholino)-5H-dibenzo[a,dJcycloheptene (Compound 

7, Table I) -Solid 5-chloro-5H-dibenzo[a,d]cycloheptene (3.4 g) 
was added with stirring to a solution of morpholine (30 ml). After 
15 min, the solution was heated on a steam bath for 30 min, fol- 
lowed by removal of solvent in uacuo. The semisolid residue was 
treated with 50 ml of 0.1 N NaOH. The basic solution was taken 
up in a separator and extracted with 2 X 50 ml of ether. 

The ether extract was shaken out with 2 X 50 ml of distilled 
water and then extracted with 3 X 30-ml portions of 0.1 N HCI. 
The acid solution was neutralized with concentrated ammonia, 
with the resultant solid being extracted into ether and dried over 
anhydrous sodium sulfate. The ether was evaporated and the ma- 
terial was crystallized from methanol, yielding 1.9 g, 45%, mp 
116-118O [lit. (9) mp 116-118O1. 

Hydrochlorides-These salts were prepared by dropwise addi- 
tion of ethereal hydrochloric acid to an ethereal solution of amine. 
The white precipitate was collected and then recrystallized from 
methanol-ether (Table I). 

9-Pyrrolidinofluorene (Compound 3, Table I I )  -A mixture of 
2-chlorofluorene' (10 g, 0.05 mole) and pyrrolidine (3.5 g, 0.05 
mole) was refluxed in 50 ml of benzene overnight. The solvent was 
removed under reduced pressure. The resultant mass was treated 
with 50 ml of 0.1 N NaOH followed by three 50-ml portions of dis- 
tilled water. The solid was dissolved in methanol with heating and 
crystallized once from hot methanol, yielding 5.2 g, mp 86-90°. 

9-Pyrrolidinofluorene Methiodide (Compound 4, Table 11) - 
Two hundred milligrams of 9-pyrrolidinofluorene, 10 ml of methyl 
iodide, and 25 ml of acetonitrile were heated overnight a t  50" (oil 
hath). The solvents were removed and the resultant material was 
crystallized from methanol-ether, yielding 112 mg, mp 191-192' 
dec. 

Solubility Analysis-Method A -Fifty milligrams of 5-pyrroli- 
dinodibenzocycloheptene (Compound 5, Table I) was placed in a 
stoppered glass vial with the addition of 10 ml of buffer solution. 
Samples were turned a t  20 rpm in a constant-temperature water 
bath a t  23.6 f 0.1'. Five-milliliter samples were withdrawn by fil- 
ter pipet and monitored in the UV a t  290 nm. 

Method B-Ten milligrams of the propyl compound (Com- 
pound 3, Table I) was dissolved in 1 ml of water. Nine milliliters of 
buffer was added followed after 1 hr by filtration. The filtrate was 
monitored a t  290 nm, and the pH was measured2. 

TLC of 5-Aminodibenzocycloheptenes and 9-Aminofluo- 

' Aldrich Chemicals. Milwaukee, Wis * Metrohm pH meter. 
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Table I-Physical Constants  of 5-Aminodibenzocycloheptenes 6 ;  

Compound x 
Molar  

Molecular  Absorptivity,  
Melt ing Po in t  Yield, % Weight  c x 103= 

1 -N(CZHr,), .HCI 180-184" 32* 2 9 9 . 9  2 5 . 2  
2 -NH (CHzCH=CH*) . H C I  192-194' 20h 2 8 3 . 8  20.5 
3 -NH (CH&H?CHI) . HCI 115-117' 226 2 8 5 . 8  2 6 . 7  
4 -NCH,(CH,CHgOH) 105-106' 18< 2 6 3 . 3  2 4 . 7  

130-131' 5 4 d  2 6 1 . 4  2 6 . 8  

115-117' 3 9 d  273.4 2 6 . 9  

5 -a 
6 -0 
7 -Ii(-Jl 116-118' 45d 275 .4  -? 

Absorptivity measured by employing a 4-ml sample (0.25-0.05 mg/ml). buffering at pH 3.44, and adding 25 ml of methyl orange solution, followed by ex- 
traction into 100 ml of chloroform. Plots of absorbance versus concentration then were prepared from these data. The < values were calculated from moles of 
amine and absorbance of colored complex indicative of methyl orange. 6 Recrystallized from methanokther, Ref. 9. C Recrystallized from aqueous methanol. 
Recrystallized from methanol, Ref. 9. 6 No satisfactory formation of colored complex. 

renes (Tables I a n d  11)-The compounds in Table I were chro- 
matographed, using 10 p1 of a 1-2% solution. Several solvent sys- 
tems on silica gel GF3 plates were used with a development dis- 
tance of 15 cm. These are listed as follows (system, table, com- 
pound, and R f ) :  chloroform-methanol (98:2), I, 1,0.15; chloroform- 
methanol (98:2), I, 5, 0.4; chloroform-methanol (982), I, 4, 0.2; 
chloroform-methanol (982), I, 6, 0.9 chloroform, I, 6,0.45; chloro- 
form-methanol (WlO), I, 1, 0.65; chloroform-methanol (9010), I, 
2,0.95; chloroform-methanol (90: lo), I, 4,0.75; chloroform-metha- 
no1 (9010), I, 5, 0.85; chloroform, 11, 1, 0.5; chloroform, 11, 2, 0.4; 
and chloroform, II,3,0.2. The amines could be visualized by short- 
wave UV light (255 nm) as well as by means of Dragendorff re- 
agents or bromcresol purple (15 mg1100 ml of ethanol). 

Solution Preparat ion and  Solvents-The pH 3.44 citrate 
buffer and methyl orange solution were prepared as previously 
stated (7). 

Other solvents and chemicals were of reagent quality and were 
used without further treatment. Buffers were made to ionic 
strength of 0.2 except where specified. 

Kinetic Procedures-A solution containing 25 mg of each com- 
pound was placed in 100 ml of 0.1 N HCI in volumetric flasks pre- 
viously equilibrated a t  the specified temperatures, giving about 
10-3 A4 solutions. Four-milliliter aliquots of the acidic solution 
were periodically withdrawn and neutralized with 0.1 N NaOH (4 
ml) followed by 4 ml of pH 3.44 citrate buffer and 25 ml of methyl 
orange solution. 

The aqueous layer was extracted three times with 30-ml por- 
tions of chloroform in a separator, and the chloroform solutions 
were collected and diluted to 100 ml in a volumetric flask. The ab- 
sorption spectra of the yellow-colored complexes were recorded on 
a spectrophotometer over the 350-500-nm range. 

Other kinetic procedures were carried out by the same analytical 
method after adjusting the pH of the aliquot drawn from the reac- 
tion flask to 3.44 prior to addition of methyl orange indicator. 

The reaction products gave no color attributable to ion-pair for- 
mation with methyl orange when extract.ed using M concen- 
trations. Additionally, the intensity of the colorimetric analysis 
was not altered when the by-products were mixed a t  M with 
solutions of che intact molecules. 

Preparat ion a n d  Properties of Reaction Products-5-Hy- 
drorydibenzo[a,d]cycloheptene (IV) -One hundred milligrams 
of 5-morpholinodibenzo[a,d]cycloheptene (Compound 6, Table I) 
was heated for 24 hr a t  23.6' in 100 ml of 0.1 N HCI. The white 
solid was filtered, dried, and streaked (in 0.5 ml of chloroform) on 
preparative silica gel GF plates3 with development in chloroform. 
The spot corresponding to alcohol ( R f  0.3) was scraped off and 
eluted with chloroform, followed by filtration and evaporation, 
yielding 10 mg of a white powder, mp 121-123O, corresponding to 

3 Analtech, Newark. Del. 

the authentic alcohol', mp 122.5-124". Mixed melting points of the 
two compounds resulted in no depression. 

The UV spectrum was the same as that of the authentic alcohol. 
TLC of both the authentic alcohol and the product isolated in: (a  ) 
chloroform-diethylamine (99:1), ( b )  alcohol USP, and ( c )  ether- 
petroleum ether-methanol (20801) gave identical R, values of 0.3, 
0.5, and 0.85, respectively. 

Anal.-Calc. for C30H220: C, 86.5; H, 5.8. Found: C, 86.4; H, 5.7. 
Bis(5 H-dibenzo~a,d]cyclohepten-5-yl) Ether (V)  -One hun- 

dred milligrams of the morpholinodibenzocycloheptene (Com- 
pound 6, Table I) was heated at 80° in 100 ml of 0.1 N HC1 for 24 
hr. The white precipitate was filtered and dried, yielding 41 mg 
(39%), mp 202-208". Washing with cold petroleum ether removed 
contaminating ketone and alcohol as ascertained by TLC in chlo- 
roform-diethylamine (99:1), with the resultant product melting a t  
208-211" [lit. (10) mp 210-212'1. 

TLC in chloroform showed traces of alcohol and ketone. Mass 
spectroscopy showed a molecular ion a t  406, giving two fragments 
at M+ = 211 and 195. 

Anal.-Calc. for C ~ ~ H Y ~ O  C, 90.4; H, 5.6. Found: C, 90.1; H, 5.5. 
5 H-Dibenzo[a,d]cyclohepten-5-one (VI) -Degraded solutions 

contained a spot on TLC attributable to the ketone. This com- 
pound was not identified per se but may be present as a result of 
air oxidation of the alcohol. Solutions containing the decomposi- 
tion products of the amine exhibited fluorescent spots of identical 
Rf  to the authentic ketone' when subjected to TLC in the solvent 
systems previously listed as applicable to the alcohol (IV). 

RESULTS AND DISCUSSION 

Several 5-aminodibenzo[a.d]cycloheptanes were recently re- 
ported to undergo cleavage a t  the C-N bond in aqueous acid by a 
route that may be visualized as proceeding uia a carbonium ion or 
a kinetically equivalent mechanism (7). From the standpoint of 
resonance-stabilized structures, these 5-aminodibenzocyclohep- 
tanes (I) allow spreading of the positive charge over seven carbon 
atoms, presumably leading to the observed high reactivity. The 5- 
aminodibenzocycloheptenes (11) should be expected to be even 
more unstable in aqueous media due to the possibility of charge 
distribution over nine carbon atoms-the entire ring system-of 
the tricyclic skeleton, the center of which is composed of a poten- 
tial tropylium ion. 

Tropylium ions are among the most stable carbonium ions yet 
pr pared. This longevity is partially due to  distribution of six K- 
el trons evenly over the *-orbitals comprising the heptagonal 
ring, thus fulfilling the criteria for aromaticity (11, 12). More sta- 
ble cations are generated when a number of resonance structures 
can be drawn indicative of distribution of the positive charge over 
several atoms rather than its confinement to a single atom. 

Preparat ion of Compounds-Amines involved in this investi- 
gation were prepared from literature methods (6). The sequence 
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Table 11-Physical Constants of 9-Aminofluorenes 
v H s 

~ 

Molar  

Com- 
pound X 

Analysis, % Ab- 
Yield, Molecular sorptivity,  

Melt ing Po in t  % Weight  c x 10311 Calc. F o u n d  

86-90 ' 44h 235.3 30 .0 C 8 6 . 8  8 6 . 4  
H 7 . 3  7 . 7  
N 6 . 0  5 . 9  

92-96' 21* 247.3 3 0 . 2  c 8 7 . 4  87 .1  
H 6 . 9  7 .0 
N 5 . 7  5 . 5  

145-149' 376 251.3 --c c 8 1 . 2  81 .7  
H 6 . 8  6 . 8  

5 . 6  N 5 . 6  
191-192' 47d 377.3 2 7 . 3  c 5 7 . 3  5 7 . 4  

H 5 . 4  5 . 5  
N 3 . 7  3 . 5  
I 3 3 . 6  33 .0 

" Absorptivity was measured by employing a 1-ml sample (0.25-0.05 mg/ml), buffering at pH 3.14, and adding 25 ml of methyl orange solution, followed by 
extraction into 100 ml of chloroform. Plots of absorbance versus Concentration were then prepared from these data. The absorbance of the colored complex 
(indicative of methyl orange) was plotted uersus the concentration of the amine (mules p e r  liter) to determine t. h Hecrystallized from methanol. C No complex 
formation. d Recrystallized from methanol-ether.. 

consisted of conversion of the 5-hydroxy analog' into the chloride 
on treatment with equimolar thionyl chloride in toluene followed 
by amination with the appropriate primary or secondary amine. 
The 5-aminodibenzocycloheptenes (11) were then crystallized or 
converted to the hydrochlorides for further utilization. The com- 
pounds studied along with pertinent physical data are listed in 
Table I. 

Table I1 gives some 9-aminofluorenes prepared for solvolytic in- 
vestigation. 

Evaluation of Ra te  Constants-Decomposition of the various 
5-aminodibenzocycloheptenes (11) in aqueous solution (pH 7 and 
below) was monitored by colorimetry using the acid-dye method 
with methyl orange as the anionic component (7, 13). Complexes 
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Figure 1-Determination of the molecularity of the 5-pyr- 
rolidinodibenzocycloheptene complex (Compound 5, Table I )  
by means of adding increasing volumes of 7.6 X lo-' M 
methyl orange indicator solution to 4-ml portions of 7.6 X 
10-4 M amine in pH 3.44 buffer. Point of intersection of the 
lines is indicative of the ml of methyl orangel4 ml of equimolar 
amine. The value is a little greater than 4 ml of methyl orange, 
which may be attributed to volatile impurities (possibly water) 
found in the reagent methyl +range. Black and white circles 
represent two different experiments. 

were of the amines (Tables I and 11) and methyl orange (1:l). The 
molecularity was determined by extraction of a fixed quantity of 
amine in pH 3.44 buffer with increasing amounts of methyl orange 
indicator (7). Small discrepancies from the equimolar ratio were 
the result of volatile impurities-likely water-in the methyl or- 
ange indicator. Figure 1 represents a typical plot for ascertaining 
the molecularity of the complex. 

The principal products of the solvolysis in water (Scheme I) 
were the alcohol (IV), the bis-ether (V), and the ketone (VI). The 
ally1 and propyl derivatives (Compounds 2 and 3, Table I) gave a 
fourth substance, which was separated by TLC but not identified. 
The transformations shown in Scheme I are analogous to those 
previously reported for the l0,ll-dihydro analogs (7). At lower 
temperatures the alcohol predominates, while a t  70' and above the 
ether is the primary product. 

Scheme I illustrates the general reaction sequence, although the 
formation of the ether (V) has not been proven to go entirely 
through the alcohol. Some ether could conceivably result from 
reaction of the amine (11) with the alcohol (7). 

The ketone (VI) was present in trace amounts, possibly due to 
air oxidation of the alcohol (IV), while the latter serves as an inter- 
mediate. None of the materials formed on hydrolysis (IV, V, and 
VI) interferes with the analytical procedure when mixed with reac- 
tant amines in equimolar concentrations. 

H .NHR,R, H OH 

J 

0 
VI 

I_\ 

d 'H 

V 
Scheme I 
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Table 111-Substituent Effect of Substituted Amino Group  on Rate Constants  for Hydrolysis of 
5-Aminodibenzo [a,d Icycloheptenes, about 8 X lo-& Ma, in 0.1 N HC1 

Compound X 
kobs, hr-l* 

~- 

80 O 70 O 60 O 50' 

(45 . O ) C  (10.3)c  2 . 5 d  0 . 5 3  
) - H C l  3 . 1  0 . 8 4  0 . 2 4  0 .043  

C H I )  .HCI 0 .89  0 . 2 1  0.065 0.011 
[CHzCHZOH)e (120 . O ) C  (32 . O ) c  7 . 6  2 . 1  

0 . 2 7  0.054 0 .013  0.0023 

1 . 7  0.46 0 . 1 2  0.020 

- - -I - 

~~ 

0 Initial concentration of 25 mg/100 ml with 4-ml samples withdrawn and analyzed as specified in the Experimental section. b Rate constants were determined 
in triplicate. Constants listed are the average of three runs with no deviations greater than z!zl5'?& of the arithmetic mean. c Values were determined by ex- 
trapolation of log koba = constant - Ea/2.303RT. d Other values for the diethylamino compound were: 40°, 0.11: and 2 3 . 6 O .  0.059. e Other value: 0.58, 40'. 

Reaction extremely rapid with t1/3  of about 30 min at 23.6' as estimated from TLC plates. 

First-order disappearance of starting material was followed by: 

log(A - A,) = log(A0 - A,) - k,,,t/2.303 (&. 1) 

where A 0, A, and A are absorbances of the ion-pair in chloroform 
a t  times zero, t, and infinity, respectively, and k.ba is the apparent 
or observed first-order rate constant in hours-'. 

Figure 2 illustrates typical plots of log absorbance uersus time 
for the decomposition of the 5-aminodibenzocycloheptenes (Table 
I). Residual absorbances, A,, of less than 2.5% of the initial A0 
were observed. These were primarily blank extractions of slight 
amounts of indicator into the chloroform. Graphs of the first-order 
process were linear through up to six half-lives. Readings were 
taken a t  340 f 2 nm, with blank determinations being subtracted 
from the absorbances found. 
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'Figure 2-First-order plots for hydrolysis of several 5-amino- 
dibenzocycloheptenes in  0.1 N HC1 a t  80' unless otherwise 
indicated. Twenty-five milligrams of substrate was dissolved in  
100 ml of 0.1 N HCl followed by taking a 4-ml aliquot, adjust- 
ing the pH to 3.44, and  adding 25 ml of methyl orange solution. 
The complex was then extracted into 100 ml of chloroform and  
monitored as a function of time. Compounds studied were: a. 
-NCHXH2CH20H, 50"; U ,  -NHCHzCH=CH2; A, piperi-  
dino; A, -NHCH2CH2CH3; @, -N(CHzCH3)z, 50'; and 0, 
pyrrolidino. Values for velocity constants are  listed in Table III. 

Concentrations a t  2.5 mg/100 ml solution were monitored, 
employing longer path length cells and/or less chloroform volume 
for extraction. Values for the rate constants were the same within 
experimental error as those obtained with 25 mg of amine/100 ml 
of solution. Centrifugation was circumvented by allowing the chlo- 
roform solutions to clarify for 5-24 hr prior to analysis. 

The morpholino derivative (Compound 7 ,  Table I) decomposed 
quickly under ambient conditions but failed to form an extractable 
complex with methyl orange. I t  was more readily extractable from 
pH 3.44 buffer into chloroform than the piperidino congener 
(Compound 6, Table I). The morpholino was completely removed 
on one extraction, while the piperidino showed measurable absorb- 
ance in the aqueous layer after three extractions (15 ml of chloro- 
form-15 ml of pH 3.44 buffer). 

When equimolar amounts of amine and methyl orange were pre- 
pared (7 X M )  followed by shake-out with equal volumes of 
chloroform, the morpholino passed into the organic layer while the 
dye remained in the aqueous layer; however, the piperidino formed 
a readily extractable complex. This extractability of noncomplexed 
amine into the organic layer and subsequent failure of acid-dye in- 
teraction has been described elsewhere (14). 

The oxygen atom per  se is not the cause of this phenomenon be- 
cause the --NCH~(CHZCH~OH) analog responds in the normal 
manner. The pKa values of all compounds in Table I should be 
similar enough to eliminate this as the factor causing the spurious 
result. 

The 9-aminofluorenes (Table 11) exhibited no tendency to de- 
grade on prolonged treatment a t  80°, with the morpholino again 
failing to complex with the dye. 

pKa Estimation-Equilibrium solubility analysis of 5-pro- 
pylaminodibenzo[a,d]cycloheptene (Compound 3, Table I )  and 5- 
pyrrolidinodibenzo[a,d]cycloheptene (Compound 5, Table I)  was 
carried out for approximation of the pKa's (15). An excess of the 
pyrrolidino analog was allowed to equilibrate with various buffers 

8.0 

7.0 
< 6.0 
.; 
I 5.0 
< 4.0 
u 5 3.0 

2.0 

1.0 

0.0 
0 1 2 3 4 5 6 7 8  

PH 

Figure 3-Plot of log St 
- SO/SU versus pH from 
Eq. 5.  This  figure repre- 
sents data obtaincd from 
solubility analysis of the 
5-pyrrol id i n o d  i be n z o  - 
[a,d Icycloheptene (Com- 

pound 5, Table I) a t  
23.6'. Poin t  of intersec- 
tion with the y-axis is 
the pKa value, slope = 
-1. St is solubility of 

protonated and  neutral 
species, with So being solu- 
bility of neutral or un-  
charged base. 
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Table IV-Observed First-Order Rate Constants (kobs, hr-I) for Decomposition of 
5-Aminodibenzo [a,d ]cycloheptenes in  Aqueous Solutiona s b  

w 11 s 

Tem- pHr.d 
Com- pera- 
pound x t u re  0 . 1  1 . I  2 3 . 4  5 6 7 Water 

0 . 4 9  - 0.48  0 . 4 4  
0.80 0 . 8 2  2 ---NH(CH,CH-CH,). HCI 70" - 0 . 8 4  - 0 . 8 9  0 .78  - 

3 -NH(CH&H&H:j) H C l  80" 0 . 8 9  0.88 0 . 8 2  0 . 9 1  - - 0.71  0 . 7 7  

1 -N(C,H,): .HCI  60" 0.52 0.53 -- - 

- - 2 0  - 2 . 3  4 -NCH,(CH$H?OH) 50 " - 2 1  - 

- 5 -ha 80" 0 28 0 29 - 0 31 - 0 27 0 22 

6 - 5 3  

--NAO v 7 

80" 1 . 8 2  1 . 8 9  1 . 7 1  1 . 7 4  1 .68  1 . 7 6  1 . 7 9  1 .61  

- - - - ~- -~~ -F - .  ~- 

Followed by acid-dye method, initial concentration of 25 mgi100 ml except at pH 7 where 10 mgi100 ml was used with extraction of complex into 50 ml of 
chloroform. See Experimental section. * Most kinetic runs were carried out in duplicate, with results reported as averages of total number of runs. C The pH 
values of buffers were measured on a Metrohm pH meter. The pH values of hydrochloric acid solutions were determined from activity coefficienta employing 
Ref. 19. The slight variation with temperature of the solutions was not considered. d The pH 1.1 and 0.1 buffers were made from 0.1 and 1.0 N HC1. reapec- 
Lively. The pH 2 buffer was made from 0.05 M NaHIPOI.HzO with HaPo, added to give the proper pH. The pH 5 buffer was made to ionic strength 0.1 from 
sodium hydroxide on addition of acetic acid. The pH 3.44 buffer was made as stated in Ref. 7.  The pH 6 and 7 buffers were prepared from 0.05 M Na?HPO,. 
7H?O by addition of hydrochloric acid. e Could not be assayed by acid-dye method. I Compounds 4, 6, and 6 were dissolved by addition of equimolar 
hydrochloric acid. 

in a constant-temperature bath, 23.6', overnight followed by UV 
analysis of the filtrate. The morpholino and propylamino were dis- 
solved in 0.1 N HCI and water prior to the addition of buffer. In- 
stability prevented their long equilibration. 

Amines and their salts may be treated in a manner similar to 
that recently discussed for acids and their anions (16). The ioniza- 
tion constant, K,, for a protonated amine may be expressed as: 

(Eq. 2) 

or, if certain assumptions are made, can he stated in terms of solu- 
bilities (15): 

(Eq. 3) 

when: 

s, = so + s,,+ (Eq. 4) 

where St, SO, and SRH+ represent total solubility, solubility of the 
neutral molecule, and solubility of the protonated amine, respec- 
tively, in moles per liter. 

By combining Eqs. 3 and 4 and writing the result in terms of 
negative logarithms, the relationship: 

s, - so 
SO 

log- = pKa - pH (Eq. 5) 

is derived for the solubility of the undissociated amine in combina- 
tion with its protonated form, where S O  is constant regardless of 
PH. 

Plotting log St - So/So on the ordinate against pH on the ab- 
scissa, one obtains a straight line with slope -1. The y- intercept is 
the pKa. Figure 3 illustrates an example utilizing the 5-pyrrolidino 
analog. 

The other compounds (Table I) could not be studied by this 
equilibration procedure due to their tendency to degrade under 
ambient conditions. However, assuming rapid equilibration, the 
propylamine hydrochloride (Compound 3, Table I) was dissolved 
in a minimal volume of water with addition of buffer, followed by 
filtration and analysis of the filtrate. The morpholine (Compound 
7, Table I )  was treated analogously except for dissolution in 0.1 N 
HCI preceding addition of buffer with pKa = 7.5 f 0.3 a t  21". The 
pKa values for the propylamino and pyrrolidino derivatives deter- 
mined a t  23.6' were 8.9 f 0.3 and 8.8 f 0.3, respectively. 

The usual methods for pKa evaluation were not applicable be- 
cause of: ( a )  the extreme insolubility of the free base precluding ti- 
tration, ( b )  the lack of spectral shifts in the UV region on conver- 
sion of protonated to nonprotonated species, and (c )  the inability 
to make determinations kinetically due to the poor solubility of 
the unionized base. 

Application of Eq. 5 as shown in Fig. 3 gives a pKa value of 8.9 f 
0.3. The nature of the equation allows the point of intersection 
with the abscissa to give the pKa value. Examination of a graph of 
milligrams per milliliter in solution, St, against pH reveals a pKa 
approximately the same as that obtained from Eq. 5. The pKa is 
the point where St = 2 x SO; SO was estimated from the asymp- 
tote a t  higher pH values where practically all amine is present as 
the neutral species. Figure 4 is an example of the data obtained 
from the tedious solubility experiment with the propylamine de- 
rivative. 

Reaction Routes-Tables 111 and IV present experimental ki- 
netic data. The expression describing the observed velocity con- 
stant for hydrolysis of the 5-aminodihenzocycloheptenes may be 
given as: 

(Eq. 6) 

when the fraction of neutral amine is appreciable or hobs = ko 
when the fraction of cationic amine is 1, /RH+ = 1. Equations of 
this sort are indicative of water reaction with substrate (17, 18). 

The compounds investigated showed an invariant rate constant 
a t  a given temperature in water. At pH 7,  the value for the velocity 
constant was the same, within experimental error, as that in 1 N 
HC1 (Table IV). Due to the low solubility of the partially proton- 
ated compounds, only a small percentage of uncharged substrate 
was present, leading to the apparently identical rate constants ob- 
tained a t  higher hydrogen-ion concentrations. 

The velocity constants were a function of temperature, solvent 
(water), nature of substrate, and protonation of the amino group. 
When hydrochloride salts were dissolved in distilled water, the 
rate constants were the same as those in aqueous acidic or buffer 
solutions as long as the nitrogen was cationic (Table IV). No ionic 
strength or buffer effects were noted. 

Decomposition of the protonated amine (Compound 11, Scheme 
I) appears as a spontaneous process a t  a specified temperature in 
aqueous solution. No color was observed as indicative of free car- 
bonium ions in nonaqueous media, but it is unlikely that complete 
ionization would occur in water. A concerted mechanism might be 
expected where the solvent interacts to some extent with the suh- 
strate a t  all phases of the hydrolysis. 

Arrhenius  Parameters-Figure 5 exemplifies plots from the 
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Figure 4-Plot of solubility of 5-propyZaminodibenzocyclo- 
heptene (Compound 3, Table I )  versus p H ,  23.6’. The pKa 
value is equivalent to point  where total solubility equals twice 
the observed solubility at  p H  12-13; i.e., St = 2S0 = p K a .  

Arrhenius equation: 

In kobs = E a / R T  + constant 0%. 7) 

for several compounds in Table 111. The apparent energies of acti- 
vation are invariant for the pH ranges studied (0.1-7). The Ea 
values for the compounds under scrutiny (Fig. 5) lie between 29.8 
and 32.6 kcal/mole, so it appears that  the activated complexes are 
quite similar in all cases within the realm of experimental error. 

Relative Reactivities-Removal of two hydrogen atoms and 
subsequent aromatization of the dibenzocycloheptane nucleus 
bring about almost a 100-fold enhancement of the rate constants, 
k cycioheptene/k cycioheptane, for the molecules with the same amino 
substituents a t  position 5 of the ring. The kene/kane values are 79, 
87, and 204 for the diethylamino, pyrrolidino, and piperidino ana- 
logs, respectively, within the rate constant data for the 10.11-dihy- 
dro congeners taken from previously published results (7). That  

1000 

100 

L 
1 

i 

the fully aromatic structures (11) react so rapidly is not as discon- 
certing as the fact that  the hydrogenated analogs (I) react at all, 
because the opportunity for formation of the tropylium ion is not 
afforded in these molecules. 

Another unexpected finding is that  the k ‘bs-pH relationships 
(Table IV) give no evidence of an increased reaction rate as the pH 
scale is ascended, contrary to recently published papers dealing 
with tropylium ions (20-23). These data reinforce the previously 
stated idea that the Fate-determining step is ionization or some 
equivalent of the 5-amino functionality, with concomitant hydrox- 
ylation by the nucleophilic solvent, water, leading to the ether and 
alcohol as primary products (7). In light of recent work (21, 22), it 
is surprising that as the pH increases the affinity of the intermedi- 
ate for OH- ions does not increase the rate constant. Other nucleo- 
philic agents such as methanol interacted even more quickly with 
the protonated amines, and this will be the subject of a later re- 
port. 

The initial reaction of Scheme I with water attack on the 5- 
amino position may be analogous to the reaction of water with 
alkyl iodide or other halide to give the alcohol. This series repre- 
sents a unique class of transformations, probably greatly facilitat- 
ed by the potential tropylium ion flanked by two phenyl rings, 
thus allowing dispersion of the charge over the entire framework of 
the ring system. The protonated amines serve as unlikely leaving 
groups, producing electron-deficient intermediates. 

CONCLUSIONS 

A series of 5-aminodibenzocycloheptenes was prepared and in- 
vestigated kinetically. The velocity constants are two magnitudes 
larger than those for the corresponding 5-aminodibenzocyclohep- 
tanes. This can be explained on the basis of complete dispersion of 
the potential positive charge generated on or during cleavage of 
the C-N bond over the entire tricyclic skeleton. 

The rate law was found to be k &  = ko  [H+]/[H+] + K,, and can 
be simplified to hobs = k o  at pH values below 7 where the amines 
are practically 100% protonated. This type of kinetic result indi- 
cates a s N 1  mechanism, although rigid proof of the proposed reac- 
tion type is difficult. 

These compounds further illustrate cases where a carbon-nitro- 
gen linkage is easily cleaved in aqueous solution, and the reaction 
class is rather reminiscent of hydrolysis of certain alkyl halides in 
aqueous solution. 
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In Vitro Binding of Drugs to Colestipol Hydrochloride 

HOWARD K O ”  and MAX E. ROYER 

Abstract The in uitro binding of drugs by colestipol hydrochlo- 
ride depended not only upon ionic strength, pH, and type of com- 
peting ion but also upon whether association could occur with 
other molecules. Where feasible, the initial input ratio of drug to 
binding agent was equivalent to that if both were administered 
orally in therapeutically effective amounts. The water-soluble 
drugs ~h lo rp ropamide -~~S ,  niacin-6-14C, ascorbic acid, aspirin, sali- 
cylic acid, phenoharbital-l4C, sulfadiazine, penicillin G ,  and lin- 
comycin hydrochloride were less than 30% bound to colestipol hy- 
drochloride in tromethamine-sodium chloride buffer (pH 7.5, p = 
0.15), while warfarin and tetracycline hydrochloride were bound 59 
and 30%, respectively. The binding of a drug determined under 
these conditions is an estimate of the upper limit of the percentage 
of the dose of orally ingested drug that would remain bound in 
uiuo. The binding of tetracycline hydrochloride, sulfadiazine, ben- 
zyl penicillin, and lincomycin hydrochloride to colestipol hydro- 
chloride was reversible, and only a small fraction of warfarin was 
irreversibly bound to colestipol hydrochloride. As a positive con- 
trol, binding of the drugs (or bile salts) to cholestyramine was also 
studied. Cholestyramine bound most of the drugs investigated to a 
greater extent than did colestipol hydrochloride. The binding of 
water-soluble drugs to  colestipol hydrochloride decreased in the 
combined presence of monoolein, oleic acid, and taurocholate. The 

colestipol hydrochloride binding of compounds of low aqueous sol- 
ubility, vitamins Al, DP, and K1, and ch~lesterol-’~C increased as 
the concentration of taurocholate decreased. Monoolein increased, 
while oleic acid decreased, the binding of taurocholate to colestipol 
hydrochloride. Oleic acid increased slightly the binding of tauro- 
cholate to cholestyramine; monoolein had no effect. The data are 
consistent with the hypotheses that: fa) taurocholate associates 
with and thus transfers compounds of low aqueous solubility to 
polymer binding sites, (b) the fraction of vitamin A1 and choles- 
terol-14C associated with the polymer binding sites and the frac- 
tion in solution depends upon the concentration of taurocholate, 
and (c) the binding of taurocholate depends upon the composition 
of micelle formed. 

Keyphrases 0 Colestipol hydrochloride-in uitro binding to vari- 
ous drugs, effects of ionic strength, pH, and competing ion, com- 
pared to cholestyramine 0 Binding-colestipol hydrochloride and 
various drugs in oitro, effects of ionic strength, pH, and competing 
ion, compared to cholestyramine 0 Drug binding-colestipol hy- 
drochloride and various drugs in uitro, effects of ionic strength, 
pH, and competing ion, compared to cholestyramine Cholester- 
ol-reducing agents-in uitro binding of various drugs to colestipol 
hydrochloride 

Colestipol hydrochloride is a copolymer that indi- 
rectly lowers serum cholesterol in experimental ani- 
mals and humans and is believed to do so through 
binding bile acids and their conjugates in the GI tract 
(1). Cholestyramine (a bile salt-sequestering agent) 
interferes with the absorption of thyroxine in hu- 
mans (2) and other drugs in rats and dogs (3). It was 
conceivable that concurrently ingested drugs would 
be similarly bound to colestipol hydrochloride and 
thus be poorly absorbed. 

To identify potential drug-polymer interaction 
problems prior to in uiuo binding studies, the com- 
parative in uitro binding to colestipol hydrochloride 
and cholestyramine was determined for different 
drugs. Initial drug-polymer ratios typical of clinical 
usage were employed under experimental conditions 
(pH and ionic strength) approximating those of the 
distal portion of the ileum, one of the later absorbing 
sites in the GI tract. 

EXPERIMENTAL 

Materials-Sodium ta~rocholate-7-~H had a specific activity of 
46.3 mCi/mmole’, and sodium ta~rocholate-Z4-’~C had a specific 
activity of 6.6 pCi/mmole2. Unlabeled sodium taurocholate7 was 
used as carrier. These compounds were homogeneous by TLC. 
Tetrac~cl ine-7-~H hydrochloride (1200 mCi/mmole4), niacin-6-14C 
(26.2 mCi/mmole4), D-bi~t in-carbonyl-~~C (57.5 mCi/mmole4), 
~h lo rp ropamide -~~S  (1.8 mCi/mmole4), potassium benzyl penicil- 
lin-14C (20-40 mCi/mmole4), ~henobarbital-2-’~C (2.97 mCi/ 
mmole), and cholester01-26-~~C (46 mCi/mmole5) were of 95-99% 
radiochemical purity as determined by paper or thin-layer chro- 
matography. 

The binding of these compounds to colestipol hydrochloride6 
and to ~holestyramine~ was studied. 

’ Supplied by Nuclear Research Chemicals Co., Orlando, Fla. 
Prepared by Dr. R. C. Thomas, The Upjohn Co., Kalamazoo, Mich. 
Grade A, Calbiochem Co., Los Angeles, Calif. 
Amersham/Searle Co., Chicago, Ill. 
New England Nuclear, Boston, Mass. 
Colestid, supplied by The Upjohn Co., Kalamazoo, Mich. 
Cuemid. Merck, Sharp and Dohme, West Point. Pa. 
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