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Computer-Assisted Design and Synthesis of Novel Aldose Reductase Inhibitors 
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The design and synthesis of phenalene 26 (AY-31,358), an unsubstituted analogue of a tolrestat/ICI-105,552 
computer-generated hybrid (7), are reported. Compound 7 was designed by the superimposition of the putative 
low-energy conformers of tolrestat (1) and ICI-105,552 (6). The more rigid aldose reductase inhibitor sorbinil (2) 
was used as a template to help discern a common pharmacophore in the three inhibitors. Compound 26 was synthesized 
as a model and was evaluated as an inhibitor of bovine lens aldose reductase. It was found to exhibit good in vitro 
activity as well as some in vivo activity in the nerve. It was expected that introduction of the trifiuoromethyl and 
methoxy substituents would enhance the biological activity of model compound 26. As a result of a positive Ames 
test with 26, however, work has now been directed toward modifying the template in a way so as to eliminate the 
mutagenicity with retention of biological activity. 

Diabetes mellitus, a disease that affects over 200 million 
people worldwide, can be successfully controlled by the 
administration of insulin and/or oral hypoglycemics, in 
combination with a carefully planned diet. These efforts, 
however, are only useful in the prevention of acute diabetic 
complications (coma caused by ketoacidosis). The pro­
gression of disease-related, long-term, debilitating com­
plications such as neuropathy, nephropathy, retinopathy, 
and cataractogenesis can result in blindness and loss of 
sensory perception and limb function.la,b These com­
plications originate in tissues that do not require insulin 
for glucose transport, i.e. nerve, lens, retina, and kidney, 
and are therefore exposed to the ambient blood-glucose 
level, which may increase dramatically even in well-con­
trolled diabetic patients. Experimental evidence generated 
during the last two decades indicates that with hyper­
glycemia the excess free glucose in these tissues leads to 
an increased flux of glucose through the sorbitol pathway.10 

The resulting elevated sorbitol level in the peripheral 
nerve, retina, lens, and renal glomeruli of diabetic animals 
has been implicated in the pathogenesis of diabetic com­
plications.2-5 

A great deal of interest has developed in the discovery 
of compounds that inhibit the enzyme aldose reductase, 
the first enzyme in the sorbitol pathway. Inhibition of 
aldose reductase is a potentially useful strategy for the 
prevention and treatment of late-onset diabetic disorders. 

Efforts in this area have led to the discovery of a large 
number of compounds that inhibit bovine lens aldose re­
ductase in vitro, as well as a handful of potent, orally active 
aldose reductase inhibitors. Several of the compounds 
currently undergoing clinical trials include1 tolrestat (1, 
AY-27,773, Alredase), sorbinil (2, CP-45,634), statil (3, 
ICI-128,436), alconil (4, AL-1567), and epalrestat (5, 
ONO-2235). 

Molecular Modeling 
In an effort to generate structurally distinct novel com­

pounds, we pursued an approach based on modeling tol­
restat (1) and ICI-105,552 (6) with the rigid aldose re­
ductase inhibitor, sorbinil. The strategy used in the pro­
cess of hybrid design consisted of the following steps: (a) 

0£#> 
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identification of the elements of a common pharmaco­
phore, (b) identification of a low-energy bioactive con­
formation that presents the pharmacophore, (c) superim-
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for definition of pharmacophore points. Figure 1. Low-energy conformer of sorbinil used as a template 

position of two or more molecules via their common 
pharmacophore points, (d) inspection of the composite 
molecule and intuitive design of the hybrid that tests the 
pharmacophoric hypothesis, (e) verification that a low-
energy conformation of the hybrid can present the desired 
pharmacophore, and (f) elaboration of a synthetic pathway 
and synthesis of the hybrid molecule. 

At the onset of this study, several basic assumptions 
were made. (1) It was assumed that sorbinil, tolrestat, and 
ICI-105,552 all act to inhibit aldose reductase by occupying 
the same site on the enzyme. If this assumption is true, 
then it should be possible to design a hybrid molecule that 
could contain features of tolrestat and one or more of the 
other orally active aldose reductase inhibitors. The as­
sumption was an arbitrary one and one that could critically 
affect the results if it were false. However, in the absence 
of data to the contrary, it was used as a reasonable starting 
point. This same assumption has been used by others lb 

in their design efforts. (2) The biologically relevant con­
formation of tolrestat was assumed to be that which 
matched the lowest energy conformation of sorbinil (see 
below) by superimposing a phenyl ring (concentric and 
coplanar) and an acidic proton. The requirement that two 
phenyl rings must be concentric and coplanar can be 
satisfied in two ways which essentially involve one ring 
being flipped by 180°. In the present study both of these 
possible overlaps were initially considered. However, one 
was selected visually only on the basis of better overlap 
between the other functional units contained in tolrestat 
and the molecule being superimposed. (3) The critical 
pharmacophoric requirement was assumed to be the exact 
spatial relationship between the acidic hydrogen and a 
phenyl group. This acidic hydrogen was chosen rather 
than the carboxylic oxygen to which it is bonded because 
it was quickly determined that tolrestat and ICI-105,552 
placed the acidic hydrogen in the same position in space 
relative to the phenyl ring in rather different ways and that 
the expectation of overlap for the oxygens themselves was 
unreasonable (see Figure 5). (4) In ICI-105,552, the fused 
heterocyclic ring was assumed to be planar. Possible 
puckers of this ring that could seriously affect the outcome 
of this modeling were ignored. 

Sorbinil, being the most rigid of the molecules to be 
compared, was treated first. Two conformational isomers 
were identified for sorbinil as low-energy conformations 
(i.e. within 3 kcal of one another by SYBYL SIMPLEX); 
these two conformers differed in the pucker of the non-
benzenoid fused ring. Both conformers were initially 
considered, but the one that corresponded to the X-ray 
conformer was retained for further overlapping. This 
structure was minimized with MAXIMIN in SYBYL 3.4 
(Tripose Associates, St. Louis, MO) and is shown in Figure 
1 (Cartesian coordinates for all minimized structures are 

available as supplementary material). The relative energies 
of this conformer and that of the minimized X-ray struc­
ture compared favorably at 5.118 and 5.188 kcal/mol, re­
spectively. 

The constrained grid search method that has been 
previously described6 was used to determine the "lowest" 
energy conformation for each molecule in question. Each 
of the rotatable bonds (i.e. exocyclic bonds in the molecule 
that were not restricted as double bonds or as amide 
bonds) was rotated about 360° in turn in steps of 10°. No 
other alteration was performed to the rest of the molecule 
and the resultant energy at each step was calculated. This 
results in an energy profile for rotation about the bonds 
studied. After profiles of this kind had been collected for 
all of the rotatable bonds in the given molecule, starting 
conformations for minimization were set up as all possible 
permutations and combinations of the torsional angle 
valley points of each rotatable bond. These starting con­
formations were then subjected to the SIMPLEX mini­
mize^ and the lowest energy conformer found in this way 
was taken as the reference low-energy conformation. 

The rotatable bonds were then moved freely in steps of 
10° each (using the SYBYL SEARCH command) in an 
effort to find conformations that meet the given distance 
constraints of the pharmacophore. This methodology does 
not, for the moment, take account of energy in an explicit 
way, but only uses a van der Waals cutoff to determine 
allowed vs disallowed conformations. An energy invest­
ment of 3 kcal/mol or less in going from the "lowest" 
energy conformer to the one that meets the distance re­
quirements of the pharmacophore was considered ac­
ceptable. This is based on the most conservative estimate 
of a hydrogen bond and on the assumption that binding 
will involve at least one such hydrogen bond. The ener­
getics of allowed conformations were determined by min­
imizing them to completion with MAXIMIN. In addition, 
a check was performed after minimization to ensure that 
the process of minimization did not change the required 
distance constraints [points of the pharmacophore over­
lapped before and after minimization with an RMS fit of 
0.15 (i.e. 10% of a C-C bond distance) or less]. 

The first molecule to be studied in this way was tolrestat. 
Two low-energy conformations of tolrestat were found that 
overlap well with the pharmacophoric requirements de­
fined in the lowest energy conformer of sorbinil. These 
structures, A and B, differing in relative energies by 0.44 
kcal/mol, are shown in Figure 2. Two ways were found 
to overlap tolrestat and sorbinil, each of them resulting 

(6) (a) Humber, L.; Lee, D.; Treasurywala, A. J. Mol. Graphics 
1985,3,84. (b) The Molecular Modeling work described in this 
paper was carried out by Dr. Adi Treasurywala and Deborah 
Loughney. 
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Conformation A 

Conformation B 

Figure 2. The low-energy conformations of tolrestat that match pharmacophoric requirements defined in the lowest energy conformer 
of sorbinil. 

in a 180° flip of the ring system and a correspondingly 
different site chain conformation in tolrestat. The two 
compounds were superimposed with use of the FIT com­
mand in SYBYL. A centroid in the sorbinil phenyl ring 
and the thioamide-substituted phenyl ring of tolrestat was 
defined and the normal to the plane of the phenyl ring was 
determined, which extended 1 A above and below that 
plane and intersected at the controid. A fit was then 
performed with one end of the normal, the centroid, and 
the acidic proton. The resulting superimpositions and 
their RMS values are shown in Figure 3. 

Thus, these studies showed that tolrestat and sorbinil 
can adopt low-energy conformations that present a com­
mon pharmacophore, namely a benzene ring whose cen­
troid is 5.5-5.7 A from an acidic proton that, in turn, is 
0.8-1.2 A above the plane of the phenyl ring. The two 
low-energy tolrestat conformations shown in Figure 2 de­
fined the probable bioactive conformations of tolrestat that 
could be used as templates for the design of hybrids with 
other aldose reductase inhibitors such as, for example, 
ICI-105,552 (6). Both conformers of tolrestat appear to 
have acceptable overlap with sorbinil on the basis of en­
ergetics and RMS fit values. However, in the superim-
position of conformer B (Figure 3b) there appeared to be 
little overlap between the molecules in areas other than 

those which were specifically fitted together. For that 
reason, conformer A was selected for further modeling with 
ICI-105,552. 

Low-energy conformations of ICI-105,552 were deter­
mined as described above by using the Constrained Grid 
Search to generate profiles for all rotatable bonds. Starting 
low-energy conformers were minimized using SIMPLEX. 
While using the SYBYL SEARCH command to find low-
energy conformers that fit the distance constraints imposed 
by tolrestat conformer A, the flexible benzyl side chain of 
ICI-105,552 was set in a low-energy conformation as de­
termined by the Constrained Grid Search involving rota­
tion about both of the rotatable bonds in the benzyl group. 

A low-energy conformation of ICI-105,552 that was 
minimized with MAXIMIN and meets the pharmaco­
phoric requirements is shown in Figure 4. The structure 
is shown superimposed with the low-energy tolrestat con­
formation in Figure 5. The fit was performed as described 
above with the centroid of the aromatic rings, one end of 
the normals intersecting those centroids, and the acidic 
protons. An RMS value of 0.0559 was obtained for this 
fit. Initially, both the fused phenyl ring and the benzyl 
phenyl ring of ICI-105,552 were considered for overlap. 
However, a much poorer overlap was seen with the benzyl 
phenyl group; thus, it was not considered further. It is 
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Figure 3. (Top, a) superimposition of tolrestat conformer A with sorbinil; RMS = 0.2462. (Bottom, b) superimposition of tolrestat 
conformer B with sorbinil; RMS = 0.1215. 

Figure 4. Low-energy conformation of ICI-105,552 that fits pharmacophoric constraints of tolrestat conformer A. 

evident that the benzene ring of ICI-105,552 and that of 
tolrestat are almost coincident. An examination of where 
the noncoincident functionalities fell in these two mole­
cules led to the design of 7-(trifluoromethyl)-8-methoxy-
2-methyl-l-oxo-l//-phenalene-3-acetic acid (7) as a hybrid 
between tolrestat and ICI-105,552. 

Low-energy conformations for hybrid compound 7 were 
generated as described above. A low-energy, minimized 
(MAXIMIN) conformation of 7 that contains the same 
pharmacophore that is believed to confer aldose reductase 
activity on tolrestat, sorbinil, and ICI-105,552 is shown in 
Figure 6a. The composite picture of hybrid 7, tolrestat, 
and ICI-105,552 shown in Figure 6b verifies that a low-

energy conformer of the hybrid can present the desired 
pharmacophore. 

Chemistry 

Our initial efforts toward the synthesis of phenalene 7 
utilizing key tolrestat intermediate 8 is outlined in Scheme 
I. First, 6-methoxy-5-(trifluoromethyl)-l-naphthaldehyde 
(g)i8a,24 w a s t r e a t ed with carbon tetrabromide and tri-
phenylphosphine in methylene chloride to give dibromo-
ethylene compound 9, which was converted to propynoic 
ester 10 by treatment with rc-butyllithium and methyl 
chloroformate. Triester 11 was obtained as a mixture of 
isomers (as shown by ' H NMR) by treatment of 10 with 
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Figure 5. Superimposition of tolrestat with ICI-105,552; RMS 

Scheme 1° 

0.0559. 

Scheme 11" 

:M,O 

CH3O 

CO,H 

CH30 

CH30 

"Reagents: (a) Ph3P, CBr„ CH2C12; (b) n-BuLi, THF, -78 °C; 
(c) C1C02CH3; (d) CH2(C02CH3)2, t-BuOK, i-BuOH, A; (e) NaOH, 
MeOH, THF, A; (f) H+; (g) PPA, A. 

the potassium salt of d imethyl malonate . Hydrolysis with 
concomi tan t decarboxyla t ion afforded diacid 12. All a t ­
tempts to obtain phenalene 13 from 12 via pericyclization 
(PPA, 7 P 2 0 5 , P C l g / S n C V ) resul ted in decomposi t ion of 
s ta r t ing mater ial . T h e viability of th i s electronically un-

(7) Koo, J. J. Am. Chem. Soc. 1953, 75, 1891. 
(8) Badger, G. M.; Carruthers, W.; Cook, J. W. J. Chem. Soc. 1949, 

1968. 

I—17: R - H; R' = OH 
L-r 18: R = CH3 : R' = OH 

I e l— 19: R = CH3 ; R' =Br 
" I 20: R - C H 3 : R' -OCH3 

"Reagents: (a) CH2(C02Et)2, ZnCl2, A; (b) CH3I, EtONa; (c) Br2, 
Ph3P, THF; (d) (CH3)2SO„ K2C03, acetone, A. 

favorable ring closure was tes ted by t r e a t m e n t of model 
acid 14 with polyphosphor ic acid. T h i s yielded cyclo-
p e n t a n o n e 15 as t h e only isolable organic product . 2 3 In 
l ight of these resul ts , t he above synthe t ic s t ra tegy was 
d iscont inued . In order to fur ther s tudy the syn the t i c 
feasibility, a t tent ion was directed toward the synthesis of 
unsubs t i t u t ed analogue 26 as a mode l for hybr id 7. 

Pe r i n ap h t h i n d en ed i o n e 17, p repa red according to t he 
l i terature9 '1 0 (Scheme II) , was t r ea ted with methyl iodide 
and sodium ethoxide in a sealed vessel11 to afford 18. Vinyl 
bromide 19 a n d enol e ther 20 were prepared by bromina-
tion12 and methylat ion, respectively, of dione 18 as shown. 
All a t t e m p t s to in t roduce an acet ic acid moie ty on to 19 
or 20 via nucleophilic d i sp lacement afforded instead 1,6-
conjugate addi t ion products . 1 3 

Stille and co-workers have repor ted t he palladium(O)-
catalyzed coupling of vinyl triflates with organostananes.1 4 

A more efficient synthesis of pe r i naph th indened ione 18, 
a precursor to t r i f late 24, is shown in Scheme III . 1-
N a p h t h a l d e h y d e was t r e a t e d with t h e l i th ium anion of 
ethyl p rop iona te to give alcohol 2 1 , which was oxidized 
with Jones 1 5 reagent to afford /3-keto ester 22. Cyclization 

(9) Errera, G. Gazz. Chim. Ital. 1911, 41, 190. 
(10) Eistat, B.; Ganster, O. Liebigs Ann. Chem. 1969, 723, 188. 
(11) Geissman, T. A.; Morris, L. J. Am. Chem. Soc. 1944, 66, 716. 
(12) Piers, E.; Grierson, J. R.; Lau, C. K.; Nagakura, I. Can. J. 

Chem. 1982, 60, 210. 
(13) This type of reactivity of perinaphthindenediones has been 

reported: Kowlsch, C. F.; Rosenwald, R. H. J. Am. Chem. Soc. 
1937, 59, 2166. 

(14) Scott, W. J.; Crisp, G. T.; Stille, J. K. J. Am. Chem. Soc. 1984, 
106, 4630. 

(15) Bodwen, K.; Heilbron, I. M.; Jones, E. R. H.; Weedon, B. C. 
L. J. Chem. Soc. 1946, 39. 
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Figure 6. (Top, a) low-energy conformer of hybrid 7. (Bottom, b) superimposition of hybrid 7 with tolrestat and ICI-105,552. 

with concen t ra ted sulfuric acid16 afforded an easily se­
parable mixture (1:1) of 2-methylper inaphth indenedione 
18 and 2-methyl-4 ,5-benzoindandione 23 . T r e a t m e n t of 
18 wi th triflic a n h y d r i d e / p y r i d i n e afforded vinyl t r i f late 
24, which was conver ted to t he 3-allyl der ivat ive 25 wi th 
a l ly l t r ibutyl t in , pa l l ad ium te t rak i s ( t r ipheny lphosph ine) 
and l i thium chloride.1 4 Unmask ing the carboxymethyl 
moiety was easily accomplished by t rea tment with osmium 
te t raox ide a n d sodium per ioda te 1 7 followed by J o n e s 
reagent to afford phena lene der ivat ive 26 (AY-31,358) as 
a highly colored yellow solid. AY-31,358 was evaluated as 
an aldose reductase inhibi tor . 

R e s u l t s and D i s c u s s i o n 

Hybr id analogue 26 (AY-31,358) was tes ted in vi tro as 
an inhibi tor of par t ia l ly purified bovine lens aldose re­
ductase1 8 and in the in vitro ra t sciatic nerve assay.19 T h e 

(16) Wojack, G. Chem. Ber. 1938, 71, 1102. 
(17) Pappo, R.; Allen, D. S.; Lemieux, R. U.; Johnson, W. S. J. Org. 

Chem. 1956, 21, 478. 
(18) (a) Sestanj, K.; Bellini, F.; Fung, S.; Abraham, N.; Treasury-

wala, A.; Humber, L.; Simard-Duquesne, N.; Dvornik, D. J. 
Med. Chem. 1984, 27, 255. (b) Hayman, S.; Kinoshita, J. H. 
J. Biol. Chem. 1965, 240, 877. 

(19) (a) Sredy, J.; Millen, J.; McCaleb, M. L.; Tutwiler, G. F. Fed. 
Proc, Fed. Am. Soc. Exp. Biol. 1986, 45, 902. (b) Bergmeyer, 
Y.; Guber, W.; Gutman, I. D-Sorbitol. In Methods of Enzy­
matic Analysis; Bergmeyer, H. V., Ed.; Academic Press Inc.: 
New York, 1974; Vol. 3. 

Table I. Aldose Reductase Inhibition in Vitro by 26, 27, and 
Tolrestat (1) 

compd 

26 
27 
1 

KV 
bovine lens 

aldose reductase 

2.4 x 10"7 

7.3 x lO"7 

3.5 x 10"8 

M 

isolated rat 
sciatic nerve 

2.5 x 10"« 
inactive" 
5.4 X 10"7 

"Concentration required to produce 50% inhibition of enzymat­
ic activity or polyol accumulation. ' <15% inhibition at 1 X 10"6 

M. 

Table II, Inhibition of Galactitol Accumulation in the Lens and 
Sciatic Nerve of Rats Fed 20% Galactose Chow for 4 Days 

compd 

26 
27 
1 

dose, mg/kg 

76 
159 
26 

inhibn of galactitol 
accumulation, % 

lens sciatic nerve 

NS" 35 
NS NS 
15 94 

"Galactitol levels in the drug-treated animals were not signifi­
cantly different from that in the galactosemic control animals (p > 
0.05). 

compound was also screened in vivo by using the 4-day 
galactosemic rat model20 in which rats were kept on a 2 0 % 

(20) (a) Simard-Duquesne, N.; Greselin, E.; Dubuc, J.; Dvornik, D. 
Metabolism 1985, 34, 885. (b) Kraml, M.; Cosyns, L. Clin. 
Biochem. 1969, 2, 373. 
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Scheme IIP 

CHO 

c 2 1 : X - OH and H 
22: X = 0 

CH3 CH3 

C H a Q^ ^ k ^OH 0_\ J^ ^OSO^Fj 

C02H 

"Reagents: (a) CH3CH2C02Et, LDA, THF; (b) H2Cr04, acetone; 
(c) H2S04, A; (d) (CF3S02)20, pyr, CH2Cl2; (e) Bu3SnCH2CH= 
CH2> [(C6H6)3P]4Pd, LiCl, THF, A; (f) NaI04) Os04, THF, H20; (g) 
H2Cr04, acetone. 

galactose diet. The compound was administered orally 
with food, and galactitol levels were assayed in the lens 
and sciatic nerve. 

The effects of the test compounds on aldose reductase 
in vitro and in vivo are provided in Tables I and II, re­
spectively. The introduction of aromatic substitution in 
2721 to provide 1 results in an increase in potency in vitro 
(IC50 = 3.5 X 10~8 M) and a dramatic increase in the in­
hibition of galactitol accumulation in vivo in the tissues 
of galactose-fed rats. The unsubstituted analogue 26 is a 
potent inhibitor of aldose reductase in vitro (IC50 = 2.4 X 
10"7 M) and produced marginal inhibition of galactitol 
accumulation in the sciatic nerves of galactose-fed rats. 
Although 26 is much less potent than 1 as an aldose re­
ductase inhibitor in vivo, it is more potent than the un­
substituted tolrestat analogue 27 both in vitro and in vivo. 

When subjected to the Ames test, phenalene 26 was 
found to be highly mutagenic to all the test strains. Work 
is currently under way, aimed at modifying the template 
of compound 26 so as to eliminate mutagenicity and en­
hance its biological activity in vivo. 

Experimental Sect ion 

Melting points were determined on a Thomas-Hoover capillary 
melting point apparatus and are uncorrected. XH NMR spectra 
were recorded on a Varian XL-200 or Bruker AM-400 instrument, 
using tetramethylsilane as an internal standard. The chemical 
shifts are reported in parts per million (<5) downfield from TMS 
and coupling constants are reported in hertz (Hz). The infrared 
spectra were recorded on a Perkin-Elmer 781 spectrophotometer. 
Mass spectra were recorded on a Hewlett-Packard 5995A spec­
trometer. C, H, N analyses were measured on a Perkin-Elmer 
240 analyzer and all compounds are within ±0.4% of theory unless 
otherwise indicated. Organic extracts were dried over magnesium 
sulfate and were concentrated in vacuo with rotary evaporators. 
All products, unless otherwise noted, were purified by "flash 
column chromatography"22 using 230-400-mesh silica gel. 

(21) Sestanj, K.; Abraham, N. A.; Bellini, F.; Treasurywala, A. U.S. 
Patent 4,568,693, Feb 4, 1986. 

(22) Still, W. C; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923. 

Thin-layer chromatography was performed on silica gel 60 F-254 
(0.25 mm thickness) plates. Visualization was accomplished with 
UV light, I2 vapor, and/or 10% phosphomolybdic acid in ethanol. 

2-[6-Methoxy-5-(trifluoromethyl)-l-naphthalenyl]-l,l-
dibromoethylene (9). Carbon tetrabromide (13.1 g, 39.5 mmol) 
and triphenylphosphine (20.7 g, 78.7 mmol) were dissolved in 
methylene chloride (300 mL) under a dry nitrogen atmosphere 
at 0 °C. A solution of 6-methoxy-5-(trifluoromethyl)-l-naphth-
aldehyde14'18" (5.0 g, 19.7 mmol) in methylene chloride (100 mL) 
was added via syringe. The resulting solution was stirred for 10 
min. The reaction mixture was quenched with ice, the resulting 
layers were partitioned, and the aqueous phase was extracted with 
methylene chloride. The combined organic extracts were washed 
with water (2 X 30 mL) and brine (2 X 30 mL), dried, and de­
colorized (charcoal). Concentration afforded crude product, which 
was preabsorbed onto silica gel and purified by flash chroma­
tography using 15:1 hexane/ethyl acetate to afford 6.4 g (79%) 
of dibromide 9 as a white solid: mp 80-82 °C; XH NMR (CDC13) 
<5 8.30-7.30 (m, 5 H, ArH), 7.82 (s, 1 H, vinyl H), 4.01 (s, 3 H, 
OCH3); IR (KBr) 1610 cm"1. Anal. Calcd (C14H9Br2F30) C, H. 

[6-Methoxy-5-(trifluoromethyl)-l-naphthalenyl]propynoic 
Acid Methyl Ester (10). To a cooled (-78 °C) solution of di-
bromoethylene derivative 9 (5.50 g, 13.4 mmol) in dry tetra-
hydrofuran (100 mL) under nitrogen was added dropwise n-bu-
tyllithium (11.60 mL, 2.43 N in hexanes). After 40 min, the 
mixture was warmed to -60 °C and to it was added methyl 
chloroformate (1.25 mL, 16.1 mmol). The resulting mixture was 
stirred while being warmed to room temperature over 2 h, diluted 
with water (100 mL), and extracted with ether. The organic phase 
was dried and concentrated to afford crude product, which was 
purified by flash chromatography using 15:1 hexane/ethyl acetate; 
1.88 g of ester (46%) was collected as a tan solid: mp 122-124 
°C; 'H NMR (CDC13) 5 8.49-7.51 (m, 5 H, Arfl), 4.03 (s, 3 H, 
OCH3), 3.80 (s, 3 H, C02CH3); IR (KBr) 2200,1712 cm"1. Anal. 
Calcd (C16HuF303) C, H. 

4-Carbomethoxy-3-[6-methoxy-5-(trifluoromethyl)-l-
naphthalenyl]-2-pentenedioic Acid Dimethyl Ester (11). 
Potassium tert-butoxide (2.18 g, 19.50 mmol) was dissolved in 
freshly distilled tert-butyl alcohol (50 mL) and to that solution 
was added dimethyl malonate (2.57 g, 19.50 mmol) in tert-butyl 
alcohol (10 mL). After 20 min, the mixture was added to a 
suspension of ester 10 (4.0 g, 13.0 mmol) in tert-butyl alcohol (25 
mL). The resulting mixture was heated to 55 °C for 2 h, cooled 
to 25 °C, and diluted with 1 N HC1 (100 mL) and water (50 mL). 
The reaction mixture was extracted with ether (5 X 50 mL). The 
organic phase was washed with 10% sodium bicarbonate, water, 
and brine, dried, and concentrated to afford crude product, which 
was purified by flash column chromatography using 4:1 hex­
ane/ethyl acetate; 4.08 g (82%) of triester was collected as a 
mixture of isomers: XH NMR (CDC13) 5 8.40-7.25 (m, 5 H, AiH), 
6.17 and 5.62 (2 s, 1:1 ratio for Z and E vinyl H), 4.05 (s, 3 H, 
OCH3), 3.85, 3.79, 3.21 (3 s, methyl esters), 3.5 (br s, 1 H, CH); 
MS m/z 469 (12), 468 (41), 408 (30), 348 (100). 

3-[6-Methoxy-5-(trifluoromethyl)-l-naphthalenyl]-2-pen-
tenedioic Acid (12). To a solution of 11 (2.94 g, 6.68 mmol) in 
1:1 methanol/tetrahydrofuran (50 mL) was added aqueous sodium 
hydroxide (13.4 mL, 2.5 M solution, 33.4 mmol). The reaction 
mixture was stirred at 75 °C for 3 h. The solvents were removed 
and replaced with water (75 mL). The aqueous solution was 
washed with ether and then acidified to pH 2. The precipitated 
diacid was collected by vacuum filtration and recrystallized from 
acetone/water to afford 2.05 g (87%) of pure 11: mp 170-173 
°C; XH NMR (DMSO-d6) & 8.20 (d, 1 H, ArH), 8.15 (d, 1 H, ArH), 
7.67 (m, 2 H, ArH), 7.41 (d, 1 H, ArH), 5.94 (s, 1 H, vinyl H), 4.04 
(s, 2 H, CH2C02H), 4.00 (s, 3 H, OCH3); IR (KBr) 3500-2500,1700 
cm"1; MS m/z 354 (33), 294 (88), 263 (100). Anal. Calcd (C17-
H13F306) C, H. 

[6-Methoxy-5-(trifluoromethyl)-l-naphthalenyl]propanoic 
Acid (14). A suspension of ester 10 (4.00 g, 12.99 mmol) and 5% 

(23) XH NMR (DMSO-d6) 5 8.05 (d, 1 H, J = 8.89 Hz, ArH), 7.79 
(br d, 1 H, ArH), 7.59 (d, 1 H, J = 8.25 Hz, ArH), 7.26 (br d, 
1 H, ArH), 3.92 (s, 3 H, OCH3), 3.39 (m, 2 H, CH2CH2CO), 2.75 
(m, 2 H, CH2CH2CO). 

(24) Sestanj, K.; Fung, S.; Abraham,, N.; Bellini, F. U.S. Patent 
4,408,077, Oct 4, 1983. 
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palladium on barium sulfate (0.40 g) in ethanol (300 mL) con­
taining some pyridine (16 mL) was stirred under H2 gas for 1.5 
h. The catalyst was filtered and the filtrate was concentrated 
to afford 3.5 g (87%) of reduction product, which was refluxed 
in 1:1 methanol/tetrahydrofuran (100 mL) containing aqueous 
sodium hydroxide (6.7 mL of 2.5 N solution). The reaction 
mixture was concentrated and the residue was taken in water and 
acidified. The crude product was recrystallized from acetone/ 
water to afford 2.67 g (81%) of 14 as a white solid: mp 195-197 
°C; 'H NMR (DMSO-d6) 5 8.35 (d, 1 H, AiH), 7.86 (br d, 1 H, 
ATH), 7.62 (m, 2 H, AiH), 7.35 (br d, 1 H, ATH), 3.99 (s, 3 H, 
OCH3), 3.30 (t, J = 7.8 Hz, 2 H, CH2CH2C02H), 2.61 (t, J = 7.8 
Hz, 2 H, CH2CH2C02H); MS m/z 298 (59.5), 239 (100). 

3-Hydroxy-3-(l-naphthalenyl)-2-methylpropionic Acid 
Ethyl Ester (21). To a stirring solution of diisopropylamine (5.70 
mL, 40.5 mmol) in tetrahydrofuran (50 mL) at 0 °C under a dry 
nitrogen atmosphere was added dropwise rc-butyllithium (17.0 
mL, 2.3 M in hexanes, 40.5 mmol). The lithium diisopropylamide 
solution was stirred for 45 min at 0 °C and was then cooled to 
-78 °C. A solution of ethyl propionate (4.22 mL, 36.80 mmol) 
in tetrahydrofuran (8 mL) was added dropwise. After 1 h, a 
solution of 1-naphthaldehyde (5.0 mL, 36.80 mmol) was added 
dropwise. The resulting mixture was stirred for 1.5 h as it warmed 
to 0 °C. The reaction was quenched by addition of saturated 
aqueous ammonium chloride. The mixture was extracted with 
ether and the organic phase was dried and concentrated to afford 
the product as an orange oil. The alcohol was purified by flash 
column chromatography using 5:1 hexane/ethyl acetate to afford 
6.03 g of product (63%) as a 1:1 mixture of diastereomers: 'H 
NMR (CDC13) 5 7.98-7.70 (m, 3 H, ArH), 7.58-7.44 (m, 4 H, ATH), 
5.96 (m, 1 H, CHOH of diastereomer A), 5.52 (m, 1 H, CHOH 
of diastereomer B), 4.18 (m, 2 H, OCH2CH3), 3.35 (br d, 1 H, OH 
or diastereomer A), 3.14 (m, 1 H, CHCH3 of diastereomer A), 3.09 
(br d, 1 H, OH or diastereomer B), 3.00 (m, 1 H, CHCH3 of 
diastereomer B), 1.24 (21, 3 H, OCH2CH3), 1.08 (d, 3 H, J = 7.21 
Hz, CH3 of diastereomer A), 1.05 (d, 3 H, J = 7.24 Hz, CH3 of 
diastereomer B); IR (CHC13) 3000, 1715 cm"1; MS m/z 250 (7), 
258 (100). Anal. Calcd (CI6H1803) C, H. 

2-Methyl-2-(l-naphthoyl)acetic Acid Ethyl Ester (22). To 
a stirring solution of alcohol 21 (15.61 g, 60.43 mmol) in acetone 
(250 mL) was added dropwise a solution of Jones16 reagent (33.3 
mL, 1.20 N). The resulting solution was stirred for 15 min and 
was subsequently quenched with water and extracted with ether. 
The organic phase was concentrated to afford crude product, 
which was purified by flash column chromatography using 5:1 
hexane/ethyl acetate; 10.0 g (65%) of ketone was collected as a 
clear oil; *H NMR (CDC13) 5 8.32 (d, 1 H, J = 9.07 Hz, ArH), 8.15 
(d, 1 H, J = 8.29 Hz, ArH), 8.10 (d, 1 H, J = 7.21 Hz, ArH), 8.00 
(d, 1 H, J = 8.70 Hz, ArH), 7.65-7.52 (m, 3 H, ArH), 4.74 (q, 1 
H, J = 6.99 Hz, CHCH3), 3.96 (m, 2 H, OCH2CH3), 1.38 (d, J = 
6.99 Hz, CHCH3), 0.90 (d, 3 H , J = 7.11 Hz, OCH2CH3). 

2-Methylperinaphthindenedione (18).16 A solution of 22 (8.8 
g, 34.5 mmol) in concentrated sulfuric acid (30 mL) was heated 
to 110 °C for 15 min. The reaction mixture was quenched by slow 
addition of ice (250 g) and water (200 mL). The resulting slurry 
was extracted with ethyl acetate (3 X 100 mL), and the organic 
phase was dried and concentrated to afford a yellow oil. Puri­
fication by flash chromatography using 1:1 hexane/ethyl acetate 
afforded 2.0 g of 1,2-cyclization product [23: mp 104-107 °C; :H 
NMR (DMSO-d6) 6 9.06 (d, 1 H, J = 8.0 Hz, ArH), 8.47 (d, 1 H, 
J = 8.2 Hz, ArH), 8.22 (d, 1 H, J = 7.6 Hz, ArH), 7.88 (m, 3 H, 
ArH), 3.51 (q, J = 7.6 Hz, 1 H, CHCH3), 1.29 (d, J = 7.6 Hz, 3 
H, CH3)] and 1.93 g (27%) of perinaphthindenedione 18 as a 
yellow solid: mp 175-177 °C (lit.16 mp 176-177 °C); : H NMR 
(DMSO-d6) 5 8.33 (br d, 2 H, ArH), 8.24 (br d, 2 H, ArH), 7.74 
(br t, 2 H, ArH), 2.05 (s, 3 H, CH3); IR (KBr) 3370, 1630 cm"1; 
MS m/z 210 (70), 184 (90), 155 (92), 127 (100). 

3-Bromo-2-methyl-l-oxo-lfl'-phenalene (19). Freshly re-
crystallized triphenylphosphine (1.50 g, 5.71 mmol) was dissolved 
in dry benzene (50 mL) at 0 °C. A solution of bromine (5.75 mL, 
1 N solution in benzene) was added slowly, followed by tri-
ethylamine (0.80 mL, 5.71 mmol). Perinaphthindenedione 18 was 
added in one lot and the resulting suspension was stirred at 25 
°C overnight under N2. The reaction mixture was vacuum filtered 
through a pad of silica gel, and the solids were washed with ether. 
The combined filtrate was concentrated to afford crude vinyl 

bromide, which was purified by flash chromatography (9:1 hex­
ane/ethyl acetate) to afford 0.35 g (27%) of 19 as a yellow solid: 
mp 152-155 °C; XH NMR (CDC13) 6 8.69 (d, 1 H, J = 7.4 Hz, ArH), 
8.32 (d, 1 H, J = 8.0 Hz, ArH), 8.18 (d, 1 H, J = 7.9 Hz, ArH), 
8.03 (d, 1 H, J = 8.4 Hz, ArH), 7.72 (m, 1 H, ATH), 7.65 (m, 1 H, 
ArH), 2.40 (s, 3 H, CH3). 

3-Methoxy-2-methyl- 1-oxo-IH-phenalene (20). Peri­
naphthindenedione 18 (0.30 g, 1.43 mmol) was dissolved in dry, 
reagent grade acetone (15 mL). Potassium carbonate (1.18 g, 8.55 
mmol) was added, followed by dimethyl sulfate (0.41 mL, 4.29 
mmol). The resulting mixture was stirred at reflux overnight. 
The solvent was removed and the residue was suspended in water 
and filtered. The crude enol ether was purified by flash column 
chromatography to afford 0.20 g (65%) of pure 20 as a yellow solid: 
mp 102-103 °C; XH NMR (CDC13) S 8.61 (d, 1 H, ArH), 8.16 (d, 
1 H, ArH), 8.07 (m, 2 H, ATH), 7.74 (m, 1 H, ArH), 7.66 (m, 1 H, 
ArH), 3.99 (s, 3 H, OCH3), 2.21 (s, 3 H, CH3); IR (KBr) 1630,1580 
cm"1. Anal. Calcd (C15H1202) C, H. 

3-[(Trifluoromethyl)sulfonyl]-2-methy 1-1-oxo-1H-
phenalene (24). To a solution of perinaphthindenedione 18 (4.54 
g, 21.6 mmol) in methylene chloride (150 mL) at 0 °C was added 
pyridine (1.75 mL, 21.6 mmol). After the mixture was stirred for 
15 min, a solution of the triflic anhydride (4.4 mL, 25.9 mmol) 
in methylene chloride (20 mL) was added and the resulting so­
lution was stirred for 45 min. The reaction mixture was diluted 
with methylene chloride (150 mL) and washed with brine and 
water. Drying and concentration yielded a black residue. Con­
tinuous trituration with hot hexane afforded 6.4 g of vinyl triflate 
24 (86%), which was used directly in the allylation reaction: :H 
NMR (CDC13) S 8.53 (m, 2 H, ArH), 8.36 (br d, 1 H, ArH), 7.90 
(m, 3 H, ArH), 2.17 (s, 3 H, CH3); IR (KBr) 1630,1565,1400 cm"1. 
Anal. Calcd (C15H9F304S) C,H. 

3-(2-Propenyl)-2-methyl-l-oxo-lfl-phenalene (25). An­
hydrous lithium chloride (6.08 g, 143.4 mmol) and tetrakis(tri-
phenylphosphine)palladium(O) (1.15 g, 0.996 mmol) were stirred 
together in dry tetrahydrofuran (120 mL) under a nitrogen at­
mosphere. To that suspension was added a solution of triflate 
24 (6.81 g, 19.91 mmol) and allyltributyltin (6.84 mL, 21.9 mmol) 
in tetrahydrofuran (50 mL). The resulting suspension was stirred 
at reflux for 20 h. The mixture was cooled to 25 °C, poured into 
1:1 pentane/ether (250 mL), and washed with 10% NH4OH, water, 
and brine. Concentration afforded crude product, which was 
purified by flash column chromatography using 10:1 hexane/ethyl 
acetate to afford 3.80 of 25 (82%) as a yellow solid: mp 88-90 
°C; :H NMR (DMSO-d6) 6 8.48 (d, 1 H, J = 7.3 Hz, ArH), 8.38 
(d, 1 H, J = 6.90 Hz, ArH), 8.17 (d, 1 H, J = 8.09 Hz, ArH), 8.11 
(d, 1 H, J = 7.42 Hz, ArH), 7.83 (m, 1 H, ArH), 7.69 (m, 1 H, ArH), 
6.00 (m, 1 H, CH2CH=CH2), 5.10 (m, 2 H, CH2CH=CH2), 3.75 
(d, 2 H, J = 5.84 Hz, CH2CH=CH2), 2.14 (s, 3 H, CH3); IR (KBr) 
1620, 1560 cm"1; MS m/z 234 (85), 219 (100). Anal. Calcd 
(C17HuO) C, H. 

2-Methyl-l-oxo-lfl'-phenalene-3-acetic Acid (26). To a 
cooled (0 °C) solution of 25 (3.75 g, 16.03 mmol) in tetrahydrofuran 
(50 mL) and water (50 mL) was added osmium tetraoxide (4.15 
mL of a 2.5% w/w solution in tert-butyl alcohol (0.32 mmol). 
After the mixture was stirred for 25 min, sodium periodate (15.42 
g, 72.12 mmol) was added. The mixture was stirred for 1.5 h as 
it warmed to 25 °C. Brine was added, and the resulting slurry 
was extracted with ether (4 X 100 mL). The organic phase was 
dried (MgS04) and concentrated to afford an oil, which was 
dissolved in dry acetone (200 mL). To that solution was added 
Jones reagent15 (16.1 mL, 1 N, 16.1 mmol). After stirring for 15 
min, the mixture was diluted with water (500 mL) and extracted 
with ether. The organic phase was dried and concentrated to 
afford 4.0 g of crude carboxylic acid. The material was recrys­
tallized from acetone/water to afford 2.25 g (56%) of acid 26 as 
a yellow solid: mp 147-149 °C; !H NMR (DMSO-d6) d 8.49 (d, 
J = 7.33 Hz, 1 H, ArH), 8.40 (d, J = 8.09 Hz, 1 H, ArH), 8.18 (d, 
J = 8.15 Hz, 1 H, ArH), 8.10 (d, J = 7.20 Hz, 1 H, ArH), 7.85 (dd, 
Jx = 7.44 Hz, J2 = 7.59 Hz, 1 H, ArH), 7.22 (dd, Jx = 7.63 Hz, 
J2 = 7.68 Hz, 1 H, ArH), 4.05 (s, 2 H, CH2C02H), 2.16 (s, 3 H, 
CH3); IR (KBr) 3300-2800, 1690, 1630 cm"1; MS m/z 252 (28), 
208 (100), 165 (70). Anal. Calcd (C16H1203) C, H. 

Biological Evaluation. The test compounds were evaluated 
as inhibitors of partially purified bovine lens aldose reductase by 
the spectrophotometric method of Hayman and Kinoshita.18b 
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With use of an in vitro sciatic nerve incubation, compounds 
were tested for their ability to inhibit sorbitol accumulation in 
isolated tissue. Sciatic nerves from rats (Sprague-Dawley) were 
quickly removed and incubated for 3 h in 4 mL of Hanks salt 
buffer (GIBCO) at 37 °C under an atmosphere of 95% air and 
5% C02. The buffer contained 5 or 50 mM glucose and 0-10"5 

M of test compound. At the end of the incubation period sorbitol 
levels were determined by a spectrofluorometric enzymatic assay.19 

The inhibition of aldose reductase in vivo was assessed in rats 
that were fed 20% galactose for 4 days. The test compounds were 
administered in the diet. At the termination of the experiment, 
the galactitol levels were determined in trichloroacetic acid extracts 
of the lenses and sciatic nerves by a modification of the method 
of Kraml and Cosyns.201" The galactitol levels in the drug-treated 
galactosemic animals were compared to that in the galactosemic 
control animals by Dunnett's multiple comparison. 
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Topography and Conformational Preferences of 
6,7,8.9-Tetrahydro-l-hydroxy-iV,JV-dipropyl-5iT-benzocyclohepten-6-ylaniine. A 
Rationale for the Dopaminergic Inactivity 
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In an attempt to rationalize the inability of phenolic benzocycloheptenylamines to activate dopamine (DA) D2 receptors, 
we have studied the conformational preferences and topography of 6,7,8,9-tetrahydro-l-hydroxy-iV,Af-dipropyl-
5H-benzocyclohepten-6-ylamine (1). Preferred conformations of 1 have been defined by use of experimental (NMR 
spectroscopic studies) and theoretical (MMP2, AMI, and MNDO calculations) methods. Topographical characteristics 
were studied by use of molecular graphics. Results from the MMP2 calculations agree with those from the AMI 
calculations and the NMR spectroscopic study—1 seems to preferentially adopt chair conformations with a pseu-
doequatorial C6 substituent. The MNDO calculations, however, produced results that deviate considerably from 
those of the other theoretical methods. Most likely, pharmacophore conformations of (S)-l do not present volumes 
that are part of the DA D2 receptor essential volume. Therefore, it appears that the energy penalty paid by the 
pharmacophore conformations is responsible for the dopaminergic inactivity of (S)-l. The inactivity of (R)-l may 
be due to high energies of pharmacophore conformations and/or to steric factors since these conformations produce 
large excess volumes that may be part of the DA D2 receptor essential volume. The model used in the present report—a 
flexible pharmacophore combined with a partial receptor-excluded volume—might be used in the design of new 
DA D2 receptor agonists. 

Computer-aided drug design (CADD) has developed into 
a powerful technique for the medicinal chemist of today.1 

Based on knowledge of enzyme structures2 or on deduced 
receptor (enzyme) excluded volumes,3 computer graphics 
can be used to design drugs. However, when it comes to 
flexible molecules, one does not know what energy criteria 
to use when defining biologically relevant conformations. 
If, e.g., the energies of all potential stabilizing interactions 
in a drug-receptor complex are added, the sum frequently 
is larger than 10 kcal/mol, even for rather small molecules.4 

This would indicate that conformations with fairly high 
energies might be of biological relevance. On the other 
hand, it has been argued tha t conformational energy 
penalties as small as 3-4 kcal/mol lead to biological in­
activity. l e , s Clearly, this poses a dilemma for medicinal 
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chemists working with CADD. 
We and others have previously defined a dopamine (DA) 

D2 receptor agonist pharmacophore6 and a partial DA D2 

(1) (a) Hopfinger, A. J. J. Med. Chem. 1985, 28, 1133-1139. (b) 
Fruhbeis, H.; Klein, R.; Wallmeier, H. Angew. Chem., Int. Ed. 
Engl. 1987,26,403-418. (c) Sheridan, R. P.; Venkataraghavan, 
R. Ace. Chem. Res. 1987, 20, 322-329. (d) Marshall, G. R. 
Annu. Rev. Pharmacol. Toxicol. 1987, 27,193-213. (e) Tolle-
naere, J. P.; Janssen, P. A. J. Med. Res. Rev. 1988, 8, 1-25. 

(2) (a) Hoi, W. G. J. Angew. Chem., Int. Ed. Engl. 1986, 25, 
767-778. (b) Hansen, C; Klein, T. E. Ace. Chem. Res. 1986, 
19, 392-400. 

(3) (a) Sufrin, J. R.; Dunn, D. A.; Marshall, G. R. Mol. Pharmacol. 
1981,19, 307-313. (b) Klunk, W. E.; Kalkman, B. L.; Ferren-
delli, J. A.; Covey, D. F. Mol. Pharmacol. 1983, 23, 511-518. 

(4) (a) Andrews, P. R.; Craik, D. J.; Martin, J. L. J. Med. Chem. 
1984, 27,1648-1657. (b) Andrews, P. Trends Pharmacol. Sci. 
1986, 148-151. 

(5) Pettersson, I.; Liljefors, T. J. Comput.-Aided Mol. Des. 1987, 
1, 143-152. 

0022-2623/89/1832-0765$01.50/0 © 1989 American Chemical Society 


