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Abstract : New quinoline compounds were designed, synthesized, and exammned with sub-
mitochondria. Most compounds showed high activity against NADH-ubiquinone oxidoreductase. Inhi-
bition activity was mainly affected by the length of the lipophilic part, regardless of bulkiness or lo-
cation of a phenyl group in the side chain. The f-methyl group was demonstrated to be the optimal
functionality on the nuclel of the quinoline derivatives so that either deletion or insertion of a me-
thylene on the group eliminated its activity(Received January 25, 1991, Accepted Mach 25,1991).

Respiratory electron transport(RET) inhibitors have
heen discovered in naturally occurring substances, but
few series of synthetic compounds have been found from
results of random screening research. Examples of the fo-
rmer are plericiding”,  myxalamid®,

and antimycin® and those of the latter are

rotenone”,
stigmatellin®

structure

benzimidazoles”, amytal®, fenaminosulf® and carboxin®.
Among  these piericidins,
myxalamid, bezimidazoles and amytal have been classi-
fied as inhjbitors of NADH-ubiquinone oxidoreductase in
complex I of the respiratory chain(Fig. 1). Earlier study®’
has suggested that the structural resemblance between

compounds,  rotenone,

O, SO, m o,
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Fig. 1. Respiratory electron transport(RET) system and inhibitors
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inhibitor and ubiquinone(UQ) should correlate with the
competitive behavior of the inhibitors at the site of
NADH-UQ oxidoreductase, where UQ plays the role of
an electron-carrying substrate'”.

Quinoline system is an attractive nucleus for a new
type of inhibitors conceived from menaquinone(MQ) be-
cause MQ 1s widely distributed in both respiratory™ and
photosynthetic mechanisms®'™®, and perform the function
of UQ. In order to elucidate further structural requisites
which affect inhibition activity'¥, we have synthesized
more compounds and we describe, herein full details of
inhibition activity of quinoline derivatives on NADH-UQ
oxidoreductase in the RET system.

Materials and Methods

Chemicals

Reagents for bioassay were purchased from Sigma Co.
Quinoline compounds were synthesized by a modifi-
cation™ of classical method® and identified by in-
strumental analyses. The lipophilic sidechains of these
compounds were designed following the same idea as for
the photosynthetic electron transport inhibitors' 79,

Isolation of submitochondrial partides(SMP)

The SMP suspension was obtained from bovine heart
mitochondria which was prepared by established methods
8. % as follows. The sucrose suspenion of bovine heart
mitochondria was adjusted to pH 8.5 at 0C with 0.IN
KOH and maintained at this pH value for 30 minutes.
The suspension was then treated with a glass-Teflon
homogenizer at 0C and was centrifuged at 19,000g for
7minutes at 0C. The collected supernatants were cen-
trifuged for 30 minutes at 80,000g. The final pellet was
taken up in 0.25M sucrose and, after adjustment of pH
7.5 with acetic acid, was stored in liquid nitrogen. NADH
-UQ oxidoreductase was characterized by using the me-
thod in literature®*” before use.

Inhibition bicassay met. od

Respiratory mnhibition of cornpounds was measured by
an oxygen electrode of Clark type(Rank Brothers) at 25
C in 2ml of a medium(pH 7.4) consisting of a SMP sus-

pension(0.2ml, 2mg protein), the phosphate buffer(1.8
ml), MgClL(10mmol), cytochrome(0.03mmol), ADP(0.5
mmol), and NADH(2mmol). The inhibitory activity of
compounds is expressed as a ply value, the negative log-
arithm of inhibitor amount(moles/mg-protein) at. 50%
inhibition.

Results and Discussion

Since simple side chains are readily provided by com-
mercial alkyl halides, it is useful to obtain information
about a linear size of the lipophilic domain at the binding
site. After obtaining some knowledge on an effective
length of the side chain, steric factors of the lipophilic do-
main can be probed by varying arylalkyl side chains as a
good templet to examine sterical and functional limits for
the inhibitors at the receptor site of the NADH-UQ
oxidoreductase, because of both its bulkiness and the z-
electron clouds in the phenyl part!* 72,

As shown in Table 1, two types of 4-hydroxyquin-
olines were classified by the position of the lipophilic si-
dechains, “Types A and B”. The compounds carrying a
saturated linear chain(1, 2, 5, 6) were fairly active, how-
ever they were less active than rotenone with SMP. On
the other hand, all the isopentanoid and isoprenoid si-
dechain ones(3, 4, 7. 8, 9) showed higher inhibition level
than straight chain ones in the SMP. This was thought to
indicate that some steric factors and double bond charac-
ter are required in the lipophilic sidechain for the inhibi-
tors to fit tightly to the binding niche. Especially, the ac-
tivity of compound 4(Type A) which has one more ad-
ditional methylene unit than 8 reached to the highest
level(the same level as natural rotenone), therefore, it
was confirmed that “Type A” should be a more prefer-
able structure than “Type B” for the sake of this inhi-
bition and further study was concentrated on “Type A”
using various phenylalkyl series.

Interesting results were obtained by varying the dis-
tance between the quinoline and the pheny! nucleus in
the sidechain(10~15), as shown in Table 2. Insertion of
six and eight methylene units caused the w-phenylalkyl
derivatives(13, 14) to reach the highest level of activity.
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Table 1. Effect of acyclic side chains in 4-hydroxyquinoline derivatives against NADH-ubiquinone oxidoreductase of

SMP
Comp. Structure a Comp.  Structure a
Plso Pl5
No, Type A No. Type B
OH
Rotenone” 10.8 5 mc*'" 9.4
—————————————————————————————— Nl CH *
OH 3
CH, OH
1 m 9.4 6 DS cd“zs 96
N cy, > '
OH CH,
cH OH
2 m : 9.3
N7~ ¢y 7 N s 10.2
OH N""cH,
CH
3 Xy 10.5 °!”( P )
N H 8 H 10.1
] 2 N cH, ?
OH on, OH
4 L 1.1 9 SOOI 10.2
N " NS cH,

“The negative logarithm of inhibitor amount(moles/mg-protein) at 50% inhibition. "Rotenone has been commonly used as a standard to compare the

inhibitory activity of various compounds.

Effect of methoxyphenyl isomers(17~19) and of a
branched methyl one(16) were examined. All of those
showed similar potential to inhibit the electron flow of the
RET system, therefore chemical parameters concerning
those functionalities may be unlikely limiting factors for
the binding of those 4-hydroxyquinolines in the receptor.

Consequently, 4-hydroxyquinoline derivatives with a
substituted phenylalkyl(19~29) showed the char-
acteristic patterns of activity depending on size of the
side chain, which were observed in the photosynthetic in-
hibitors"*®. In the series of para-alkyl- and para-alkoxy
—f-phenethyl derivatives, the same optimal length for ac-
tivity of 21 and 26 1s obvious as for the w—phenylalkyl de-
rivatives(13, 14), and this was unchanged by extending
further methylene units(19). Thus the range of suitable
sizes of the sidechain is around eleven carbon-bond
length in synthetic inhibitors, whereas in natural inhibi-
tors the range is around thirteen to fourteen carbon-
bond length®. It is noteworthy that the inhibition values
of those compounds(1, 2, 5, 6 in Table 1) are quite differ-
ent(presumably due to the electron rich group in the side

chain) despite their similar length of side chains. This re-

sult clearly indicated that the phenyl group might be ac-
commodated well in the binding niche of the NADH-UQ
oxidoreductase.

In Table 3, a bulky side chain, para—phenoxy-§-
phenethyl(32) was also indicated to induce as strong in-
hibition as phenylalkyl compounds(13~15), so that the
lipophilic domain for 4-hydroxyquinoline derivatives
should have large spatial tolerance to accept the ngid
structure. This idea is presumably understandable by re-
ferring the structure of D1 protein in chloroplast where a
large lipophilic group can fit into the herbicide binding do-
main® ' ¥ And hydroxyl group in the side chain(31~
33) caused to reduce the activity compared to their pre-
cursors, however DPiericidin A which has a terminal
hydroxyl group showed higher activity"#.

Although in the previous studies piericidin analogs
lacking the methyl group on the pyridine ring system
were proven to be inactive®, the effect of an extension
at that point had not been examined. So the methyl resi-
due of the quinoline ring was modified into ethyl and pro-
pyl groups. From those two sets of compounds(13 vs 34
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Teble 2. Effect of various phenylalkyl side chains in 4-hydroxyquinoline derivatives against NADH-ubiquinone

oxidoreductase of SMP
Comp.  Structure pl.,’ Comp.  Structure plg,”
No.  TypeA T No. Typea ‘
oH OH
cH CHs Catts
10 Sk 8.9 2 = 9.9
o OO
OH OH
CH CH CeH
11 |\ 3 O 9.3 21 C N O ST 104
P l %
N N
OH o OH
12 Xyt 10.1 Sauk Gt
I 2 I o
OH oH OH
13 SO _@ 10.7 CHy Catho
i Sy 23 :Nj ] 8.6
OH
14 Sy 10.7 o CuH
| . D 3 123
N (CHz)a__© 24 |, 8.4
- X
15 Y 3 _@ 10.5 CH OC,H
N (CHZ)IO 25 m 25 95
- P We
.CH. OH
16 1YY 10.3 CH OCH
9 \ ¢ 26 QY Ly 7 04
CH, N
oH OH
CH, CH;0 CH, OCg¢Hy3
17 | Sy e O 102 | 27 Y 0 10.2
N N’
OH
oH OC,H
(CH,), OCH, (CHz)‘
OH C,H
OCH, 0CH,
29 10.1
19 m(cmu—@ 10 m ‘CHZ)‘_@

*Refer to Table 1.

vs 35; 19 vs 36 vs 37) it is obvious that ethyl and propyl
substituents are less effective than methyl ones in inhibit-
ing the NADH-UQ oxidoreductase. It is considered that
the size of binding niche around f-methyl group is not so
wide that large alkyl group in f-position interferes with
strong binding to NADH-UQ oxidoreductase.

Also, the last part of Table 3 shows the activity of
compounds of which nucleus is modified(38 ~44). Typi-

cal examples of N-oxide(38), carboethoxy(39), 6-me-
thoxy(40), tetrahydrogenated quinolines(41, 42), showed
lower Inhibitory activity than their precursors, respect-
vely. The compounds(43~44) which were synthesized
as simple rotenone-type showed almost no activity, even
though rotenone is a highly active polycyclic compound.
This fact is similar to the effect of f-alkyl group in the A
type compounds.
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Table 3. Effect of miscellaneous 4-hydroxyquinoline derivatives against NADH-ubiquinone oxidoreductase of SMP

Comp. Structure pl. ? Comp.  Structure L2
No. Type A =50 No. Type A Piso
OH OH
ch 0 Ch
30 T 04 | g 3 och o5
OH 3
Ch on ocacH
31 1 <7.5 *
2 < 39 R ponk 8.5
OH N
Ch on OM
on 40 T J o
Ch
33 1 o 10.0 oH
N ch
oH 41 1S 10.1
N : AN CH
OH - 42 N 10.1
35 SO W
I, 2y 97 o :
OH CHO A 75
CaHs o 43 . <7.
3 I g 9.4 cwo” W
37 8.8 44 cho ‘N' <7.5
*Refer to Table 1.
. a functionality to probe the binding site; for example a
Conclusion

There is in fact as yet very little information on the
binding site of ubiquinone in NADH-UQ oxidoreductase,
although a bound form of ubiquinone in the photoreaction
center of photosynthetic bacteria, which evolutionary re-
lates to the mitochondrial system#”, has been revealed by
X-ray crystallography studies”®®’. In this sense, finding
of a large structural variation of quinolines as NADH-
UQ oxidoreductase inhibitors is valuable for further inves-
tigation on the respiratory electron transport system be-

cause these compounds are readily modified to introduce

radio-isotope, a photo-affinity label and/or a chiral cen-
ter ete.
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