
resolution: More than 800 injections werecompleted on a second column with 
no change inthe separation. 

Analysis bf Additional Over-the-counter Pharmaceutical Formulations- 
The six additional preparations, shown in Table I, were examined to determine 
whether the silica adsorbent was appropriate for other basic drugs. Chro- 
matograms were obtained using the same mobile phase and detector wave- 
length as for quantitation of syrup A, and no attempt was made to optimize 
the separations. For example, Fig. 3 illustratcs that other basic drugs are also 
eluted in this mobile phase system. 

CONCLUSIONS 
The separation of lipophilic bases on unbonded silica stationary phases in 

the reverse-phase mode is rapid and convenient. No amine modifiers or gra- 
dients are necessary for the separation; only simple buffers are required for 
pH control. Separations of several samples indicated that a variety of com- 
pounds may beseparated with this system. Assay of a single sample indicated 
t h a t  linearity, reproducibility, and length of column life are excellent. 
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Abstract 0 A series of cyclic imides and related compounds have previously 
been shown to possess hypolipidemic activity at the low dose level of 20 
mg/kg/d. Hydrolytic and reduced products of the cyclic imides were syn- 
thesized and examined todiscern if p i b l e  metabolic products were the active 
chemical species of these hypolipidemic agents. Phthalimide proved to be the 
most active cyclic imide tested. Unfortunately, the new products did not, in 
general, improve hypolipidemic activity in rodents. The exceptions were pi- 
peridine which demonstrated improved hypotriglyceridemic activity, and 
3,4,5,6-dibenzohomopiperidin-2-one, which demonstrated improved hypo- 
cholesterolemic activity compared to phthalimide. 

Keypbrases 0 Cyclic imides-phthalimide derivatives, reduced and hydrolytic 
products, hypolipidemic activity 0 Phthalimide derivatives-cyclic imides, 
hypolipidemic activity, reduced and hydrolytic products 0 Hypolipidemic 
activity-phthalimide derivatives, cyclic imides, reduced and hydrolytic 
products 

A series of cyclic imides including phthalimide (I) ,  suc- 
cinimide, I ,8-naphthalimide, and saccharin have been shown 
to be potent hypolipidemic agents in rodents (1). After con- 

Phthalimidine (11) Isoindolin (111) 

Glutaramic Acid (XIV) 

Ld 

Diphenamic Acid (XIX) 

Diphenimide (XVI) 

Diphenic Acid (XX) 

ducting dose response studies on these comkunds, the opti- 
mum dose appears to be 20 mg/kg/d ip when tested in mice. 
Thus, we have selected that dose for this structure-activity 
relationship study. The mode of action of these derivatives is 
different from standard therapeutic agents on the market in 
that they do not inhibit the regulating enzyme of cholesterol 
synthesis, HMG CoA reductase; rather, they regulate mito- 
chondrial citrate exchange and the availability of acetyl CoA, 
the key intermediate required in the synthesis of fatty acids 
and cholesterol (1). These agents also decreased cholesterol 
absorption in the intestine and accelerated cholesterol excretion 
by the biliary route. The agents had no effect on appetite, organ 
weights, or body weight, and there was no evidence of organ 
toxicity or deleterious systemic effects (1). Since these are 
potentially hypolipidemic agents, we expanded the types of 
imide rings and examined a series of their reduced and hy- 
drolytic products, which may be potential metabolic products 
of the parent imide yet retain pharmacological activity. 

am””’ CO,H 

Phthalamic Acid (IV) Succinamic Acid (IX) 

3,4,5,6-Dibenzohomo 3.4.5.6-Dibenzohomo 
piperidin-2-one (XVII) piperidine (XVl l l )  

C N H  
Homopiperidine (XXIII) 

H O Z C ( C H ~ ) ~ C O N H ~  
Adipamic Acid (XXIV) 
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Table I-HypolipidemicActivity of Reduced and Hydrolytic Products of Cyclic lmides in CFI Mile Mice a t  20 mg/kg/d ip' 

Serum 

Compound Day 9 Day 16 Day 14 
Serum Cholesterol Trig1 yceride. 

I Phthalimide 
I 1  Phthalimidine 

I l l  Isoindoline 
IV Phthalamic acid 
V Phthalic acid 

VI Succinimide 
VII 2-Pyrrolidinone 

IX Succinamic acid 
X Succinic acid 

XI Glutarimide 
XI1 Valerolactam 

X l l l  Piperidine 
XIV Glutaramic acid 
XV Glutaric acid 

XVI Diphenirnidc 
X V l l  3,4,5,6-Dibenzohomopiperidin-2-one 

XIX Diphenamic acid 

XXI A rpimide 

V l l l  Pyrrolidine 

X V l l l  3,4,5,6-Dibenzohomopiperidine 

XX Dthenic  acid 

X X l l  6-Caprolactam 
XXlI l  Homopiperidine 
X X l V  Adipamic acid 
XXV Adipic acid 
1% Carboxymethylcelluloe 

63 f g b  
89 f 6 
86 f 8 
85 f 10 
91 f 7  
78 f 9b 
8 6 f 7  
82 f 7b 
93 f 3 
85 f 6 
80 f 4h 

102 f 4 
81 f 6 6  
90 f 7 
92 f 4 
81 f 7 b  
84 f 6 b  
70 f 66 
80 f 76 
81 f 7  

100 f 7 
104 f 8 
72 f 6h 
89 f 7 
73 f 6 b  

100 f 56 

57 f 7h 
8 7 f  14 
74 f 5 6  
52 f 9h 
78 f 7 h  
73 f 86 
82 f 56  
69 f j h  
87 f 8 
79 f 9c 
78 f 56 
74 f 5 6  
73 f 1 6  
81 4 ~ 6 ~  
74 f 86 
82 f 4b 
49 i 4h 
51 1 3 b  
78 f 6 h  
8 2 f  I f  
76 f 1 
75 f 56 
71 f 6 b  
79 f 46 
71 f 7 h  

100 f 6c 

44 f 8 b  
78 f 7b 
69 f 6 b  
70 f 4 b  
86 f 4c 
68 f 7b 
80 f 8C 
93 f 6 
93 f 7 
9 4 f  I2  
77 f 6b 
94 f 7 
34 f 46 
58 f 66 
80 f 46 
81 i 7  
73 f 56 
52 f 4 h  
56 f 5 h  
58 f 26 
89 f 5 
84 f 7 
80 f 8 
8 5 f 6  
68 i 6 b  

l O O f 6 J  

Expressed as percentages of control (mean f SD). b p  < 0.001. < p  < 0.010. 125 mg%. 122 mgk. f 137 mg/dL. 

EXPERIMENTAL SECTION 

All chemicals used as synthetic intermediates were purchased and used as 
obtained from the manufacturers'. Melting points were obtained on a capillary 
melting point apparatus* and are uncorrected. Column chromatography was 
performed on silica gel 60 (70-230 mesh)2. TLC was performed using pre- 
coated silica gel plates with fluorescent indicators3. IH-NMR spectra wcre 
obtained on a 60-mHz Fourier transform spectrometc?. Elemental analyses 
for prepared compounds are correct within f0.4% of theoretical values. 

Phthalimidine (11)-Preparation of this compound has been reported pre- 
viously (I). The yield is 47%; mp 150-152°C. 

Isoindoline(II1)-The procedure of Bornstein and Shields (2) was used to 
prepare this compound in 43% yield, bp 98OC/IO mm Hg [lit. (bp) 12OoC/30 
mmHg]; IH-NMR (CDC13): 6 7.2 [s, 4, ArH41 and 4.19 ppm [s, 4, 
( C W 2 1 .  

Phthahmic Acid (IQ-Utilizing the process of Chapman and Stephen (3) 
8.0 g (0.0054 mol) of phthalic anhydride was added to 40 mL of concentrated 
ammonium hydroxide, and the reaction mixture was stirred for 1 h at room 
temperature. The water was removed under reduced pressure, and the colorless 
solid residue was dissolved in 80 mL of water. Concentrated hydrochloric acid 
was added and the mixture was cooled on ice to afford a precipitate, which 
was removed by filtration to give I .2 g (13%) of a colorless solid, mp 149- 
152OC; IR (KBr): 3180 (N-H), 1675, and 1645 (C=O) cm-l. 

And-Calc. for C E H ~ N O ~  for C, 72.17; H, 5.30. Found: C, 72.38, H, 
5.28. 

Glutaramic Acid ( X I V t T h e  synthesis of this compound has been reported 
previously (4). 

Dipbenimide (XV1)-Utilizing the procedure of Underwood and Kochmann 
(5). diphenamic acid (25.0 g, 0.10 mol) was added to a solution containing 
30 mL of glacial acetic acid and 37 mL of acetic anhydride; the mixture was 
then stirred under reflux for 7.5 h. Oncooling, thecrude product which pre- 
cipitated was removed by filtration and recrystallized from ethanol to afford 
1O.Og (43%) of a colorless solid, mp 217-219OC. 

Awl.-Calc. for C14HgN02: C. 75.33; H, 4.06; N,  6.27. Found: 75.53; H, 
4.18; N, 6.28. 

3,4,S,&Dibhomopiperidin-2one (XVIl&-The procedure of Chapman, 
el 01. (6) was used to reduce XVI to the lactam. Powdered zinc (5.5 g, 0.085 
mol) was stirred for 5 min in a solution of 450 mg of mercuricchloride in 1.5 
mL of concentrated hydrochloric acid and 13 mL of water. The supernatant 
was decanted, and the zinc amalgam was washed with 20 mL of water. Di- 

I Compounds 1. V. VI, and X wcre obtained from Fastman Organic Chemicals; VII, 
VIII, IX. XI. XII. XV. XX, XXl,,XXll, XXIII, and XXV from Aldrich Chemical 
Company; and XI11 from Fisher Scientific Company. * Thomas Hoover Company. 

3 E. M. Reagents. ' JEOL, deutcrochloroform plus tetramethylsilanc. 

phenimide (XVI) (1.9 g, 0.0085 mol) was added, followed by 10 mL of water 
and 15 mL of concentrated hydrochloric acid. The mixture was stirred under 
reflux for 6 h, and was then filtered hot. The cooled filtrate was extracted with 
dichloromethane. The organic phase was dried (sodium sulfate) and the solvent 
evaporated under reduced pressure to afford 2.0 g ofcrude solid. which was 
purified by column chromatography5 to afford 250 mg ( 1  3%) of a yellow solid, 
mp 167-169OC: IH-NMR (CDCI3): 6 7.04-8.18 [m. 8, (ArH&] and 4.12 
ppm (m, 2, CH2). 

Awl.-Calc. for: C I ~ H I I N O :  C, 79.68; H, 4.89; N ,  6.22. Found: C, 79.35; 
H, 5.26; N, 6.49. 

3.4.5,CDibenzobomopiperidine (XVII1)-The procedure of Uffer and 
Schletterl (7) for reduction of imides to amines was used. To a 766-mg 
(0.02-mol) suspension of lithium aluminum hydride in 25 mL of ether was 
added, in a dropwise manner, a solution of 0.5 g (0.0067 mol) of XVI in 30 
mL of dry tetrahydrofuran. The mixture was stirred under reflux for 16 hand 
the excess hydride was decomposed by dropwise addition of water. The re- 
sulting suspension was filtered and the filtrate was extracted with 1.0 M HCI. 
The aqueous extracts were combined and extracted with ether. made alkaline 
with sodium hydroxide, and extracted again with ether. The organic extracts 
were dried (sodium sulfate) and evaporated under reduced pressure to afford 
400 mg of a viscous oil which was purified by column chromatography6 to 
afford 375 mg (29%) of XVl l l  a s a  viscous oil. IH-NMR (CDCI3): 6 7.42 [m, 
8. (ArHd21 and 3.64 ppm Is, 4. (CHd21. 

Anal.-Calc. for C14H13N: C,  86.16; H. 6.66; N,  7.17. Found: C, 86.03; 
H. 6.73; N, 6.97. 

Dipbenamic Acid (XIXtUti l iz ing the procedure of Underwood, et al. (5), 
a 93% yield of product was obtained, mp 189-191OC [lit. (5) mp 187.0- 

Adipamic Acid(XX1Q-The synthesis of this cornpound has been reported 
187.50Cl. 

previously (4). 

RESULTS AND DISCUSSION 

Examination of the individual imides, I, VI,  XI, XVI, and XXI,  for hypo- 
lipidemie activity showed that the phthalimide moiety was more active than 
succinimide, glLtarimide, diphenimide, and adipimidc (Table 1). However, 
all these imides were more active at  20 mg/kg/d than clofibrate, which is 
inactive at  this dose. Clofibrate requires doses of 150-200 mg/kg to observe 
a 15% reduction of serum cholesterol levels and a 25% reduction of triglyceride 
levels. Succinimide, for example, reduced serum triglyceride levels 32% and 
glutarimide reduced the levels 23%. 

Examination of derivatives where the carbonyl groups were reduccd dcm- 
onstrated mixed results. In the phthalimide series, reduced compounds were 

5 Dichloromethane:methanol (9: l ) .  
Dichloromethane:ethyI acetate (9: I ). 
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Table 11-Hypolipidemic Activity of 3,4,5,6Dibenzohomopiperidine in 
Male CF, Mice a 

Do=. 
mn /kn/d 

Serum Serum 
Cholesterol Triglyceride 

Dav 9 Dav 16 Dav 14 

Control ( I %  Carboxymethyl- 100f 5c 1 0 0 f 6 d  1 0 0 f 6 e  
cellulose) 

Compound XVIll 
10 61 f 5 b  5 0 f 5 b  4 8 f 5 b  
20 6 8 f 4 b  4 8 f 4 b  4 9 f 5 b  
40 67 f 6 b  5 4 f 4 b  4 4 f 6 b  
60 6 9 f 5 b  5 1 f 4 b  5 5 f 6 b  

E x p r d  as percentage of control (mean f SD); n = 6 .  p < 0.001. 125 me%. 
d 122 mgS. ' 137 mg/dL. 

lcss active than 1 in both the cholesterol and triglyceride screens; interestingly, 
the completely reduced compound isoindoline (111) was more active than the 
partially reduced phthalimidine (11) in both screens. In the succinimide series, 
the reduced compounds VII and VIIl demonstrated less hypotriglyceridemic 
activity; the partially reduced compound 2-pyrolidinone (VII) demonstrated 
less hypocholesterolemic activity, but the totally reduced compound, pyrro- 
lidine (Vlll) was more active than succinimide in the cholesterol screen. 
causing 31% reduction. In the glutarimide series, the partially reduced com- 
pound, valerolactam (XII), demonstrated approximately the same activity 
in the cholesterol screen as glutarimide, but it demonstrated less hypotrigly- 
ceridemic activity than glutarimide. The fully reduced compound, piperidine 
(XIII) was more effective in both screens, with a marked reduction, 66%. 
of serum triglyceride levels. The reduction of diphenimide led to improved 
hypocholesterolemic activity for both derivatives, lowering serum cholesterol 
levels 5 1-4996 and the fully reduced derivative serum triglyceride levels 48%. 
In the adipimide series, the reduction of the carbonyl groups led to little change 
in hypolipidemic effects in either screen. 

Examination of the hydrolytic products of the phthalimide series showed 
that the half amide, phthalamic acid (IV), afforded approximately the same 
hypochdestedemic activity as phthalimide; however, IV produced less effect 
on lowering triglyceride levels than I. The phthalic acid (V) demonstrated 
less activity in both screens compared to I. The hydrolytic products of the 
succinimideseries (IX and X), the glutarimide series (XIV and XV), and the 
adipimide series (X, XXIV, and XXV) demonstrated no improvement in 

hypolipidemic activity over the parent derivatives. In the diphenimide series, 
the hydrolytic products XIX and XX demonstrated approximately the same 
hypocholesterolemic activity as XVI. 

In conclusion, there did not appear to be a trend among all of the reduced 
products of imide analogues with respect to improvement or loss of activity 
in the hypolipidemic screens in mice. In general, the new compounds examined 
in this study did not extensively improve the hypocholesterolemic and hypo- 
triglyceridemic activity of the lead compound, phthalimide (1). Piperidine 
produced improved hypotriglyceridemic activity compared to I, and XVIl 
demonstrated improved hypocholesterolemic activity compared to 1. The 
compound which demonstrated the best activity in both screens, other than 
I, was XVIII, which was slightly more potent than I in the cholesterolemic 
screen (6%) and slightly less active in the triglyceridemic screen (8%) in mice 
(Table 11). These differences are probably not significant. Thus, I and XVIII 
are very similar in hypolipidemic activity. A dose response study with XVlIl 
from 10-60 mg/kg showed that a 20 mg/kg/d dose was optimum for reducing 
serum cholesterol levels, and a 40 mg/kg/d dose lowered serum triglyceride 
levels to the level observed for I at 20 mg/kg. Further investigation of these 
derivatives is warranted since they are more active than commercially available 
agents, e.g., clofibrate. 
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A h c t  0 A lecithin-water lyotropic liquid crystal was used as an ointment 
vehicle for a hydrocortisone formulation. The hydrocortisone was soluble in 
the liquid crystalline phase up to 5% by weight. The diffusion coefficient de- 
termined for the hydrocortisone in the liquid crystalline phase was 5.5 X 
cms-l. which is four magnitudes higher than the corresponding value for 
skin. 

Keypbnses 0 Ointments-vehicles, liquid crystals. lecithin-water 0 Leci- 
thin-liquid crystals as potential ointment vehicle 0 Hydrocortisone-leci- 
thin-water liquid crystals as potential ointment vehicle 

The total therapeutic effect of percutaneous preparations 
depends not only on the action of the drug itself, but also on 
other factors related to the structure of the vehicle (1,2). These 
latter factors may be divided into two main groups. 

The first group contains vehicle-barrier interactions, mostly 
involving changes in the structure of the stratum corneum 
caused by the vehicle. These interactions may be evaluated in 
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toto by use of standardized tests such as the blanching test (3, 
4). Stratum corneum structural changes may facilitate or re- 
tard the diffusion of the active substance through this layer, 
as found for the absorption of solvents through skin ( 5 ) .  It has 
been claimed that some substances enhance penetration of 
pharmacological agents when topically applied (6). 

The second group includes vehicle-drug interactions. Of 
these, the capacity of the structure to dissolve (solubilize) the 
active substance, the related chemical potential difference of 
the drug in the vehicle and in the stratum corneum, and the 
diffusion rate of the drug through the vehicle are the most 
important (7). The vehicle is usually a liquid that is immobil- 
ized by the presence of polymers or solid particles (1). The 
factors mentioned above are, therefore, related to the prop- 
erties of the liquid phase; the immobilization of the bulk has 
little importance for the drug diffusion. 

The possibilities of using colloidal structures as ointment 
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