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Fig 1. Structure of 3-methyfentanyl derivatives
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Tab 1. Physicochemical properties and analgetic activities ooy
- )
of 3-methylMentanyl derivatives ! Q;’\Qg,
ED,,* 1
Compd R; R, Rs MW mol:;kg Log—a LogP

1 . CyH,CH—CH— C.H, H 380.536 | 1.18x1077 6.928 3.04

OH CH,
2 C,H,uC—CH,— C,H, H 364.486 8.79x 1077 6.056 3.01

o

Z R 54 »
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Tab 3. Equations correlating analgetic activities with physicochemical constants
of 3-methylfentanyl derivatives
Sub-set 1, Bioactivities with various logP and logMW werce correlated
Equations n r s L, ty ts
1 log1/C=7.594~0.544 logP 18 0.299 | 0.972 | —1.252]
2 log1/C=-2,312+6.511 logP—1.165(logP)* 18 0.651 | 0.798 2,695 —2.952
8 log1/C=6.739+5.858 logP—1.064(logP)*~3,08310gMW| 18 0.671 | 0.808 2.276| —2.541| —0.810
Sub-set 2. Bioactivities with various R, were correlsted as R,=Ph and R;=H
Equations n r H t, ty [
4 log1/C=7.960—1.122 =y, 16 0.792} 0.569 | —4.860]
§ log1/C=6.972+0.213 wy,~0.390 73} 16 0.814 | 0.563 0.180; —1.153
6 log1/C=7.976~-0.968 MRy, 16 0.856 | 0.483 [ —6.187
7 1log1/C=7.001+0.176 MR,,—0.285 MR,} 16 0.877 | 0.465 0.217( —1.439
Sub-set 3. Introduction of Verloop constants in sub-set 2
Equations n r H t ty ts
8 log1/C=2.110~1.266 xs, +2.439 L—0.227 L? 11 0.861 0.496 | —2.403 1.957) —1.964
9 log1/C=6.453+1.814 my,—0.879 #;33—0.295 B, 11 0.888 0.466 1.466] —2.304] —0.661
* 10 log1/C=6.519+1.590 xs,—0.806 7s—0.205 B, 11 0.879 | 0.465 1.331f —-2.165 —0.685
11 log1/C=6.783+2.436 my,—1.022 #x,3—0.583 By 11 } 0.953 1 0.296 3.049] —4.196f —3.331
12 log1/C=—2,347—-0.806 m», +8.744 B,—~1.823 B} 11 0.866 0.486 | —3.075 1.286] —1.452
13 1log1/C=2.069—1.592 xy,+3.480 B,~0.414 B 11 0.879 0.463 | —4.319 2.1750 ~1.996
14 logl/C=5,593+1.269 mp,—0.802 ai+0.301B, 11 0.892 0.440 1.087| —2.277| —1.156
Sub-set 4. Bioactivities with various R;, R, and R; were analyzed
Equations n| r s t, t, ty t, ts ty ty
15 log1/C=7.855—0.406 I,~0.188 xo —~ |39(0.648/0.771)~1.346]—1.080|—3.245|~2.526
0.901 mgy,~1.102 4,
16 log1/C=7.811-0.477 I, —0.160 =y — [39]0.667/0.765/—1.565{—0.919}—0.330}—2.510—1.233
0.207 w2,—1.807 x4,—0.608 MR,,
17 log1/C=7.797~0.465 I;~0.164 x5, — (3910.669|0.776{—1.497—-0.926(—0.321}—2.474 --1.204] 0.357
0.204 %2,~1.134 22, —0.603 MRy, +
0.329 o
18 log1/C=7.801+0.091 I,+0.086 ~s, ~ {39]0.872/0.519] 0.406] 0.688] 0.635 0.993{—2.231} 2.201|~6.362
0.270 s, +0.386 ms,—0.748 MRy, +
1.411 0—19.758 o*
19 logl/C=7.701+0.076 I,—0.054ny, 39(0.866/0.514] 0.344| 0.452|—6.213[ 2.285(—7.357
~0.908 MR,,+1.448 0 —~17.339 o*
20 log1/C=7.819+0.078 I,—-0.250 =y, [39)0.867]0.513| 0.352|—0.595{—2.147 2.269]|—7.468
0.704 MRy, +1.434 017,095 o?
21 logl/C=7.785+0.107 I,+0.323 s — (39[0.868{0.510] 0.487 0.867|—-6.693] 2.226{—6.587
0.896 MRy, +1.401 o—18.529 at
22 log1/C=7.746+0.085 I,—0.882MR,, [39/0.865/0.508 0.387|—6.661] 2.295—7.540
+1.436 0—17.095 0*(0,=0.042)
23 log1/C =6.768+0.136 I,+0.340MR,, [39(0.874/0.498 0.625( 0.418/—1.520; 2.363/—7.682
—0.313 MR,}+1.451 0—17.0910"
(MR,,,=0.643) (0,=0.042)
24 log1/C=7.737-0.653 1,-0.878 MR,, (390.572/0.818|— 2.076|—4.119{—0.390
—-0.363 0




43 % % # 273
continued
Sub-set 5. Introduction of Verloop constants in sub-set 4
Equations n r s t, ty ty t ts
25 log1/C =8.499-0.406 1,—0.226 m,, —0.2560| 34 | 0.435] 0.884] —1.219f —1.147] —0.254] —1.843
-0.373 L
26 log1/C=8.464+0.275 1,~0.037 xe, +1.4840| 34 | 0.823| 0.568 1.155) —0.282 2.118} ~6.501] —3.288
—16.917 0*—0.429 L
27 log1/C=4.060+0.220 Io+1.477 0 —-17.0850% 34 | 0.835( 0.549 0.947] 2.184] —6.969] 1.077| ~1.430
+1.363 L-0.175 L?
28 log1/C=15.151+0.363 I, +1.520 0 —17.0750% 34 | 0.765} 0.644] 1.318] 1.916] —5.939] —~1.358] 1.249
~8.772 B, +2.052 B?
29 logl1/C=-11.340+0.382 I, +1.5260 - 34 0.827| 0.561] 1.663] 2.208] —6.813] 2.911f —3.039
17.074 o*+15.963 B,—3.499 B}
30 log1l/C=-4.229+0.312 I,~1.505 o~ 34 ] 0.817| 0.577 1.253 2.117| —6.632 1.324] —1.433
17.0790%+9.676 Bs—2.090 B}
31 log1/C=6.817+10.425 I, +1.539 0—17,0710% 34 | 0.772| 0.635] 1.641] 1.969| —6.025 0.093 —0.370
+0.172 B,~0.094 B}

FSHGRIITRIPHE 25~31, KR 27 LB DRI HE,

WLEZRAGERXR. KEREGEIHPHR 23 EF -5,

ERMRPTERRY, 1. £YEHEEH/ ASREABKZEALHBHEERR, —KIA
b, REBRAPRFBENEWEERIBE (log Py HETF 2, AR L,27R, RNF M
18 M RAA R MM 3-PEFKREATEY log P HIMKRT 2 (BRib Aty 31log P=1.92), i
EMHRBREZRBATIELT . XU log PEXT 2 b &¥ 5B ik SRR 2
BfERERAL, EMNOREEZERTRASH LEDIEESERRER, AR ENENR
EOFERRMREENSRANEMND. 2. F2,30xHhaN, £HEES R, ik
B H (L, Bi~B, & MRey) FsiAREE (7o) HUHRK, 3. MHXTH o BHBR N
HE (00=0.04), XRVIR LAHABSr. AXRFESIABRR FRIERFIRAEY 5 B M
FIEHEBIE TM. 4. R BURERSL B 240 R L ERIMIEEZ Ry, Ry, Ry UARE M

Tab 4. The squared correlation matrices

XU R Mo lH5 R,

For Eq 11 For Eq 23
w, g} B, I, MR,, MR¢ a ot
-~ 1 0.962 0.135 I, 1 0.292 0.265 0.0004 0.229
MR,, 1 0.980 0.0014 0.0767
3
Wi 1 0.100 MR, 1 0.0012 | 0.070
B, 1 o 1 0.106
o? 1
For Eq 27
I, '] ot L L2
I, 1 0.0009 0.208 0.147 0.156
/4 1 0.107 0.0006 0.0167 >
at 1 0.035 0.0377
L 1 0.992
L? 1

——————————-
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HAKEBEAHERE, 5. hBHB 23 W27, WENZESMEAY, FBRAHEREHI%E (B
23 3 MRy, 3520 27 9 L), SXRMTF MRy 1L SRE T R BUREMK BT, LM &
FHRINHTRRGESE. 6. (LAY 5~43log l/cHLREMESFB B UHEMNTHEE (W %3
FE 2), RILAW 11 (1-F-BE-3-PEF KR, 7302) 5, HAREYE 10%LLTF.7302
RAESE KRR (A=1.343) WREAIENBREWEERERBEKFK. HEEOER 7302 3
Mk TR, REERERNE-A-7302, EARBNRHER-B-7302 3 16 &4
#, MATAHAGLLHXARERH—AIRGk. 7. TRBHLBFHF—EHEER
B, RESIA 1-8 BREFBEAFF,
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Fig 2. Correlation between the found log -é— and the calcd log ?1:-
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Fig 3. Structure of compound 44
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EDg, {24 0.164 mg/kg CUhR., #H#kEE, ip). BBE%ILAY log 1/C KRIHY 6.431,
AR 23 HE, Hlog1/Chi(MRcu,0=7.87)

7.87

2
log 1/C=6.768+0.340><7.87><1l0—0.313><(1—0-) =6.843
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STUDIES ON QUANTITATIVE STRUCTURE-ACTIVITY RE-
LATIONSHIP (QSAR) OF 3-METHYLFENTANYL DERIVA-
TIVES

ZHU You-Cheng, WU Ji-An and XU Xiu-Rong

(Shanghai Institute of Maleric Medica, Academia Sinica) l

ABSTRACT The correlation between physicochemical properties and analgesic
activities of a series of 3-methylfentanyl derivatives was studied. Physicochemical
parameters used in the multiple regression analysis were partition coefficient (log P),
molecular ' weight (log MW) of compounds, hydrophobic parameters (a) of
substituents R;, R, and Ry, Verloop constants (L, B, B;, By, B;), molar refractivity
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(MR) of R; and Hammett constants (o) of R;. The indicator variable I, was
assigned the value of 1 for compounds containing OH group at the asterisked
carbon, otherwise, 0. Correlation analysis was performed in five sub-sets and the
results are as follows:

1. No regular relationship between the analgesic activity and partition
coefficients was found. The log P values in tables 1 and 2 showed that these
compounds have higher lipid solubility. Thus, they could readily penetrate through
blood-brain barrier and reach receptor sites. Their analgesic potency was mainly
dependent on their specific receptor binding affinity.

2. The best correlation in each sub-set is equations 8, 20, 32, and 36, Their
squared correlation matrices between different parameters used in the most significant
equations showed that there is some degree of intercorrelation except equations 8 and
12.

3. o? (equations 27~32) was found to be an important parameter (0,=0.04,
T>2).

4. Introducing a g-hydroxy group is beneficial to analgesic activity.

5. According to the result of equation 32 a new compound 44 (fig 3) was

designed and prepared, the observed log~(1:— of which is very close to the calculated

value.

In summary, the bioactivity is closely dependent on the physicochemical
properties of substituents R, and R,: strict parameter requirements of hydrophobic
constant, steric parameters for R, and Hammett constants for R;. They are important
groups interacting with receptor. R; may interact with receptor through Van der
Waals-type forces and R, may bind to a hydrophobic cavity of certain size on the
receptor surface, whereas substituent R, only play a carrier role in the drug transport
process.

Key words Fentanyl derivatives; 3-Methylfentanyl; Analgesic activity; Partition
coefficient (log P); Hydrophobic constant (x); Molar refractivity (MR); Verloop
constants (L, B,, B, B;, B,); Hammett constant (o); QSAR





