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Compound 20
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Compound 20
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Compound 21
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Compound 23
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Compound 23
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Compound 25
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Compound 25
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Compound 29
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Compound 30
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Compound 31
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Compound 32

000~
L0

660~
WW.I

(TR S\
\

!..TR

£0 u;.
PETY

L2
9Kl
05T=

95T
89 n\v

OE'ES
Tr'E~

el

og'p—

T8
£6 vv

GE'9
nv.ov

£96—

|

JAMM_

A_Mkh

)

TREARRY

-

- e e

T

35

0.5

25 20 15 10 0s

30

4.0

45

5.0

2 (ppm)

10.0 9.5 2.0 85 8.0 75 7.0 6.5 &0

10.5

EToe
¥l ﬁur.
SLE
=t
50'5E
b} .x.M
S9°20
1L 0v—

1w’

16'85—

mMR\

016~

P SIT -

FeTT—
10T~

OLGET
S6'6€1

£ TSI~

ROLT~

30 20 10

40

13 120 110 100 90 80 0 60
1 (ppm)

140

30



- P
SONBID

B3

Pt Bt
530m0w3z§
ARRAmeG
0 5 D

STRIN

IRNRREBRE

O S oA -
£2s8s3

BOL

B86°S -

WTL—

Compound 34

=)
—
::ﬁ\(fl.
)
s
—
‘JHHMM
_
—
=
_<
3
__
. =
I.N
o

R <
i1 |
J;ON _“
ﬂ ‘

Qo
- I

b

v

Al

B2LAl—

e —

LERET—
BLIRT

BRIPE——

Led'eEl

L
FEVLEL—
IS OR L ——

ARTLLL

HH
HO

L=

31



Table S1. Crystal data and structure refinement for compound 16.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

knih109

C20H23N30s

385.41

150(2) K

1.54178 A

Monoclinic

P21

a=7.39130(10) A a=90<
b =9.4942(2) A b=92.8700(10)<
c=13.1498(3) A g=90°<
921.62(3) A3

2

1.389 Mg/m3

0.836 mm-1
408

0.373 x 0.343 x 0.281 mm3
3.36510 68.217<

-8<=h<=8, -9<=k<=11, -15<=I<=15
5409

2429 [Rint = 0.0213]

94.5%

Semi-empirical from equivalents
0.7530 and 0.7025

Full-matrix least-squares on F2
2429/ 1/ 257

1.234
R1 = 0.0394, wR2 = 0.0913
R1 = 0.0394, wR2 = 0.0913
0.07(5)

0.083(4)

0.298 and -0.283 e.A-3

32



Table S2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A2x

103) for compound 16. U(eq) is defined as one third of the trace of the orthogonalized Uil tensor.

X y z U(eq)
C@) 1860(3) 5256(3) 7362(2) 25(1)
N(1) 1851(3) 3786(2) 7034(2) 29(1)
O(1A) 2391(3) 3511(2) 6188(2) 43(1)
O(1B) 1314(3) 2876(2) 7607(2) 43(1)
C(2 1147(3) 5507(3) 8320(2) 25(1)
C(3) 1243(3) 6831(3) 8751(2) 24(1)
0(3) 686(2) 7201(2) 9684(1) 30(1)
C(3A) -44(3) 6098(3) 10286(2) 35(1)
C4) 2049(3) 7881(3) 8189(2) 23(1)
O(5) 2387(2) 9217(2) 8505(1) 26(1)
C(5) 3804(3) 9744(2) 7857(2) 25(1)
C(6) 5710(3) 9447(3) 8401(2) 25(1)
C(7) 6861(3) 8382(3) 7883(2) 31(1)
C(8) 6609(3) 7989(3) 6920(2) 32(1)
C(9) 4412(3) 7558(3) 5391(2) 29(1)
C(10) 3617(3) 6158(3) 5798(2) 28(1)
C(11) 2657(3) 6304(3) 6784(2) 24(1)
C(12) 2664(3) 7614(3) 7237(2) 23(1)
C(13) 3453(3) 8955(3) 6845(2) 24(1)
C(14) 5103(3) 8567(3) 6242(2) 26(1)
C(15) 2059(3) 9723(3) 6138(2) 31(1)
C(16) 1562(3) 8861(3) 5190(2) 35(1)
N(17) 3190(3) 8382(3) 4700(2) 34(1)
Cc@a7) 2754(4) 7678(4) 3734(2) 46(1)
N(18) 5561(2) 9024(2) 9454(1) 27(1)
C(19) 4918(3) 9925(3) 10134(2) 28(1)
0(19) 4717(3) 11182(2) 9938(2) 36(1)
C(20) 4418(4) 9297(3) 11129(2) 36(1)
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Table S3. Bond lengths [A] and angles [ for compound 16.

C(1)-C(11)
C(1)-N(1)
N(1)-O(1A)
C(2)-H(2A)
C(3)-C(4)
C(3A)-H(3AA)
C(3A)-H(3AC)
C(4)-C(12)
C(5)-C(13)
C(5)-H(5A)
C(6)-C(7)
C(7)-C(8)
C(8)-C(14)
C(9)-N(17)
C(9)-C(10)
C(10)-C(11)
C(10)-H(10B)
C(12)-C(13)
C(13)-C(15)
C(15)-C(16)
C(15)-H(15B)
C(16)-H(16A)
N(17)-C(17)
C(17)-H(17B)
N(18)-C(19)
C(19)-0(19)
C(20)-H(20A)
C(20)-H(20C)

C(11)-C(1)-C(2)
C(2)-C(1)-N(1)
O(1B)-N(1)-C(2)
C(3)-C(2)-C(2)
C(1)-C(2)-H(2A)
0(3)-C(3)-C(4)
C(3)-0(3)-C(3A)
0O(3)-C(3A)-H(3AB)
0O(3)-C(3A)-H(3AC)
H(3AB)-C(3A)-H(3AC)
0(5)-C(4)-C(3)
C(4)-0(5)-C(5)
0O(5)-C(5)-C(6)
0O(5)-C(5)-H(5A)
C(6)-C(5)-H(5A)
Table S3. (continued).

1.400(3)
1.460(3)
1.229(3)
0.9500
1.393(3)
0.9800
0.9800
1.376(3)
1.538(3)
1.0000
1.506(3)
1.324(4)
1.495(3)
1.473(3)
1.559(4)
1.515(3)
0.9900
1.503(3)
1.538(3)
1.521(4)
0.9900
0.9900
1.457(3)
0.9800
1.342(3)
1.229(3)
0.9800
0.9800

123.4(2)
115.5(2)
119.28(19)
120.6(2)
119.7
116.8(2)
116.62(19)
109.5
109.5
109.5
125.73(19)
105.43(16)
108.86(17)
109.

109.8

C(1)-C(2)
N(1)-O(1B)
C(2)-C(3)
C(3)-0(3)
0(3)-C(3A)
C(3A)-H(3AB)
C(4)-0(5)
0(5)-C(5)
C(5)-C(6)
C(6)-N(18)
C(6)-H(6A)
C(7)-H(7A)
C(8)-H(8A)
C(9)-C(14)
C(9)-H(9A)
C(10)-H(10A)
C(11)-C(12)
C(13)-C(14)
C(14)-H(14A)
C(15)-H(15A)
C(16)-N(17)
C(16)-H(16B)
C(17)-H(17A)
C(17)-H(17C)
N(18)-H(18A)
C(19)-C(20)
C(20)-H(20B)

C(11)-C(1)-N(1)
O(1B)-N(1)-O(1A)
O(1A)-N(1)-C(1)
C(3)-C(2)-H(2A)
0(3)-C(3)-C(2)
C(2)-C(3)-C(4)
0(3)-C(3A)-H(3AA)
H(3AA)-C(3A)-H(3AB)
H(3AA)-C(3A)-H(3AC)
0(5)-C(4)-C(12)
C(12)-C(4)-C(3)
0(5)-C(5)-C(13)
C(13)-C(5)-C(6)
C(13)-C(5)-H(5A)
N(18)-C(6)-C(7)

1.409(3)
1.226(3)
1.380(3)
1.359(3)
1.434(3)
0.9800
1.355(3)
1.471(2)
1.573(3)
1.451(3)
1.0000
0.9500
0.9500
1.540(3)
1.0000
0.9900
1.379(3)
1.533(3)
1.0000
0.9900
1.466(3)
0.9900
0.9800
0.9800
0.8800
1.501(3)
0.9800

120.93(19)
122.4(2)
118.29(19)
119.7
126.5(2)
116.57(19)
109.5
109.5
109.5
112.8(2)
121.4(2)
103.97(17)
114.48(18)
109.8
108.5(2)
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N(18)-C(6)-C(5)
N(18)-C(6)-H(6A)
C(5)-C(6)-H(6A)
C(8)-C(7)-H(7A)
C(7)-C(8)-C(14)
C(14)-C(8)-H(8A)
N(17)-C(9)-C(10)
N(17)-C(9)-H(9A)
C(10)-C(9)-H(9A)
C(11)-C(10)-H(10A)
C(11)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(12)-C(11)-C(10)
C(4)-C(12)-C(11)
C(11)-C(12)-C(13)
C(12)-C(13)-C(15)
C(12)-C(13)-C(5)
C(15)-C(13)-C(5)
C(8)-C(14)-C(9)
C(8)-C(14)-H(14A)
C(9)-C(14)-H(14A)
C(16)-C(15)-H(15A)
C(16)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
N(17)-C(16)-H(16A)
N(17)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
C(17)-N(17)-C(9)
N(17)-C(17)-H(17A)
H(17A)-C(17)-H(17B)
H(17A)-C(17)-H(17C)
C(19)-N(18)-C(6)
C(6)-N(18)-H(18A)
0(19)-C(19)-C(20)
C(19)-C(20)-H(20A)
H(20A)-C(20)-H(20B)
H(20A)-C(20)-H(20C)

112.01(17)
106.8
106.8
117.8
122.2(2)
118.9
115.7(2)
106.8
106.8
108.6
108.6
107.6
117.4(2)
124.4(2)
127.49(18)
110.46(19)
99.64(17)
111.77(19)
114.5(2)
108.1
108.1
109.3
109.3
108.0
109.5
109.5
108.0
113.4(2)
109.5
109.5
109.5
120.4(2)
119.8
122.5(2)
109.5
109.5
109.5

C(7)-C(6)-C(5)
C(7)-C(6)-H(6A)
C(8)-C(7)-C(6)
C(6)-C(7)-H(7A)
C(7)-C(8)-H(8A)
N(17)-C(9)-C(14)
C(14)-C(9)-C(10)
C(14)-C(9)-H(9A)
C(11)-C(10)-C(9)
C(9)-C(10)-H(10A)
C(9)-C(10)-H(10B)
C(12)-C(11)-C(1)
C(1)-C(11)-C(10)
C(4)-C(12)-C(13)
C(12)-C(13)-C(14)
C(14)-C(13)-C(15)
C(14)-C(13)-C(5)
C(8)-C(14)-C(13)
C(13)-C(14)-C(9)
C(13)-C(14)-H(14A)
C(16)-C(15)-C(13)
C(13)-C(15)-H(15A)
C(13)-C(15)-H(15B)
N(17)-C(16)-C(15)
C(15)-C(16)-H(16A)
C(15)-C(16)-H(16B)
C(17)-N(17)-C(16)
C(16)-N(17)-C(9)
N(17)-C(17)-H(17B)
N(17)-C(17)-H(17C)
H(17B)-C(17)-H(17C)
C(19)-N(18)-H(18A)
0(19)-C(19)-N(18)
N(18)-C(19)-C(20)
C(19)-C(20)-H(20B)
C(19)-C(20)-H(20C)
H(20B)-C(20)-H(20C)

115.3(2)
106.8
124.5(2)
117.8
118.9
106.8(2)
113.48(18)
106.8
114.6(2)
108.6
108.6
113.48(19)
128.9(2)
107.9(2)
107.88(19)
109.12(18)
117.44(19)
111.53(18)
106.35(18)
108.1
111.6(2)
109.3
109.3
110.9(2)
109.5
109.5
112.0(2)
112.66(18)
109.5
109.5
109.5
119.8
121.5(2)
116.1(2)
109.5
109.5
109.5
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Table S4. Anisotropic displacement parameters (A2x 103) for compound 16. The anisotropic
displacement factor exponent takes the form: -2p2[hZ2a*2U1l + .. + 2 h k a* b* U1Z]

ull u22 u33 u23 ul3 ul2
C(1) 26(1) 20(1) 28(1) -1(1) 3(1) 2(1)
N(1) 32(1) 22(1) 33(1) -1(2) 6(1) 0(1)
O(1A) 61(2) 28(1) 41(1) -11(2) 23(1) -3(1)
O(1B) 68(1) 21(1) 43(1) 3(1) 15(1) -6(1)
C(2) 24(1) 25(1) 27(1) 3(1) 5(1) 0(1)
C(3) 21(1) 28(1) 25(1) -1(2) 8(1) 1(1)
03 37(1) 29(1) 26(1) -1(1) 15(2) -2(1)
C(3A) 40(1) 35(2) 29(1) 4(1) 16(1) -2(2)
C(4) 20(1) 24(1) 25(1) 0(1) 3(1) 2(1)
0(5) 28(1) 22(1) 28(1) -4(1) 10(1) -1(2)
C(5) 30(1) 19(2) 27(1) 1(1) 8(1) -1(1)
C(6) 30(2) 21(1) 26(1) 1(1) 4(1) -3(2)
C(7) 25(1) 36(2) 32(1) 2(1) 4(2) 3(1)
C(8) 26(1) 37(2) 32(1) -1(2) 10(1) 5(1)
C(9) 34(1) 31(1) 24(1) 1(1) 9(1) 1(1)
C(10)  34(1) 26(1) 25(1) -2(2) 10(1) 1(1)
C(1y)  26(2) 23(1) 23(1) 0(1) 4(2) 2(1)
C(12) 22(1) 21(1) 25(1) 3(1) 4(1) 2(1)
C(13) 27(2) 20(1) 25(1) 2(1) 7(1) 1(1)
C(14) 29(1) 27(1) 24(1) 1(1) 9(1) -2(2)
C(15)  36(2) 25(1) 31(1) 5(1) 2(1) 4(1)
C(16) 37(1) 37(2) 31(2) 5(1) -1(2) 3(1)
N(17) 42(1) 38(1) 23(1) 2(1) 3(1) -1(1)
C(17) 57(2) 55(2) 25(1) -1(2) 2(1) -5(2)
N(18)  34(1) 22(1) 25(1) 1(1) 3(1) 1(1)
C(19) 28(1) 28(1) 28(1) -4(1) -2(2) -2(2)
0(19) 48(1) 21(1) 39(1) -5(1) 2(1) -1(1)

C(20)  42(1) 40(2) 26(1) -2(1) 0(1) -1(1)




Table S5. Hydrogen coordinates (x 104) and isotropic displacement parameters (A2x 103) for

compound 16.

X y z U(eq)
H(2A) 597 4759 8671 30
H(3AA) -318 6469 10956 52
H(3AB) 844 5334 10369 52
H(3AC) -1156 5735 9943 52
H(5A) 3647 10780 7745 30
H(6A) 6392 10357 8410 30
H(7A) 7835 7964 8273 37
H(8A) 7410 7319 6651 38
H(%9A) 5484 7297 4996 35
H(10A) 2752 5770 5271 34
H(10B) 4615 5470 5902 34
H(14A) 5549 9444 5915 31
H(15A) 953 9910 6510 37
H(15B) 2564 10641 5934 37
H(16A) 834 8034 5379 42
H(16B) 815 9441 4704 42
H(17A) 2176 8350 3254 68
H(17B) 1924 6894 3843 68
H(17C) 3868 7318 3455 68
H(18A) 5896 8172 9648 32
H(20A) 4465 10028 11656 54
H(20B) 5273 8543 11324 54
H(20C) 3189 8909 11058 54
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Table S6. Torsion angles [ for compound 16.

C(11)-C(1)-N(1)-O(1B)
C(11)-C(1)-N(1)-O(1A)
C(11)-C(1)-C(2)-C(3)
C(1)-C(2)-C(3)-0(3)
C(2)-C(3)-0(3)-C(3A)
0(3)-C(3)-C(4)-0(5)
0(3)-C(3)-C(4)-C(12)
C(12)-C(4)-0(5)-C(5)
C(4)-0(5)-C(5)-C(13)
0(5)-C(5)-C(6)-N(18)
0(5)-C(5)-C(6)-C(7)
N(18)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(14)
C(14)-C(9)-C(10)-C(11)
N(1)-C(1)-C(11)-C(12)
N(1)-C(1)-C(11)-C(10)
C(9)-C(10)-C(11)-C(1)
C(3)-C(4)-C(12)-C(11)
C(3)-C(4)-C(12)-C(13)
C(10)-C(11)-C(12)-C(4)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-C(15)
C(11)-C(12)-C(13)-C(5)
C(6)-C(5)-C(13)-C(12)
C(6)-C(5)-C(13)-C(14)
C(6)-C(5)-C(13)-C(15)
C(7)-C(8)-C(14)-C(9)
C(15)-C(13)-C(14)-C(8)
C(12)-C(13)-C(14)-C(9)
C(5)-C(13)-C(14)-C(9)
C(10)-C(9)-C(14)-C(8)
C(10)-C(9)-C(14)-C(13)
C(14)-C(13)-C(15)-C(16)
C(13)-C(15)-C(16)-N(17)
C(15)-C(16)-N(17)-C(9)
C(10)-C(9)-N(17)-C(17)
C(10)-C(9)-N(17)-C(16)
C(5)-C(6)-N(18)-C(19)
C(6)-N(18)-C(19)-C(20)

172.4(2)
-7.5(3)
-1.4(3)

-176.8(2)
1.2(3)
2.7(3)

179.77(19)

-18.1(2)
30.4(2)

-12.0(3)

112.7(2)

145.1(2)
-0.8(4)
34.0(3)

-175.6(2)
-0.9(4)

-177.5(2)
-4.3(3)

-179.87(18)

-171.8(2)
2.8(3)
-31.8(3)
87.4(3)
-154.9(2)
88.5(2)
-27.5(3)

-154.74(19)

-151.1(2)
172.4(2)
58.0(2)
169.42(19)
61.3(3)
-62.4(2)
54.7(3)
-50.4(3)
56.8(3)
-66.1(3)
62.4(3)
-64.8(3)
166.4(2)

C(2)-C(1)-N(1)-O(1B)
C(2)-C(1)-N(1)-O(1A)
N(1)-C(1)-C(2)-C(3)
C(1)-C(2)-C(3)-C(4)
C(4)-C(3)-0(3)-C(3A)
C(2)-C(3)-C(4)-0(5)
C(2)-C(3)-C(4)-C(12)
C(3)-C(4)-0(5)-C(5)
C(4)-0(5)-C(5)-C(6)
C(13)-C(5)-C(6)-N(18)
C(13)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
N(17)-C(9)-C(10)-C(11)
C(2)-C(1)-C(11)-C(12)
C(2)-C(1)-C(11)-C(10)
C(9)-C(10)-C(11)-C(12)
0(5)-C(4)-C(12)-C(11)
0(5)-C(4)-C(12)-C(13)
C(1)-C(11)-C(12)-C(4)
C(1)-C(11)-C(12)-C(13)
C(4)-C(12)-C(13)-C(14)
C(4)-C(12)-C(13)-C(15)
C(4)-C(12)-C(13)-C(5)
0(5)-C(5)-C(13)-C(12)
0(5)-C(5)-C(13)-C(14)
0(5)-C(5)-C(13)-C(15)
C(7)-C(8)-C(14)-C(13)
C(12)-C(13)-C(14)-C(8)
C(5)-C(13)-C(14)-C(8)
C(15)-C(13)-C(14)-C(9)
N(17)-C(9)-C(14)-C(8)
N(17)-C(9)-C(14)-C(13)
C(12)-C(13)-C(15)-C(16)
C(5)-C(13)-C(15)-C(16)
C(15)-C(16)-N(17)-C(17)
C(14)-C(9)-N(17)-C(17)
C(14)-C(9)-N(17)-C(16)
C(7)-C(6)-N(18)-C(19)
C(6)-N(18)-C(19)-O(19)

-2.9(3)
177.2(2)
173.8(2)

0.7(3)

-176.40(19)

-175.1(2)
2.0(3)
159.3(2)
-92.1(2)
-127.9(2)
-3.1(3)
18.5(4)
-90.0(2)
-0.6(3)
174.0(2)
-3.1(3)
173.1(2)
-2.4(3)
3.4(3)
178.1(2)
143.53(19)
-97.3(2)
20.4(2)
-30.1(2)
-146.2(2)
86.6(2)
-30.3(3)
-67.6(3)
43.9(3)
-62.1(2)

-169.98(17)

66.4(2)
-63.8(2)

-173.73(19)

-174.1(2)
166.5(2)
-65.0(3)
166.7(2)
-12.0(3)
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Table S7. Hydrogen bonds for compound 16 [A and 9.

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
C(3A)-H(3AA)...O(1B)#1 0.98 2.46 3.417(3) 166.2
C(5)-H(5A)...0(1B)#2 1.00 2.63 3.504(3) 1455
C(9)-H(9A)...0(1A)#3 1.00 2.54 3.348(3) 137.3
N(18)-H(18A)...0(19)#4 0.88 2.02 2.825(3) 150.8

Symmetry transformations used to generate equivalent atoms:

#1 -xX,y+1/2,-z+2 #2 x,y+1,z #3 -x+1y+1/2,-z+1

#4 -x+1,y-1/2,-z+2
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Structures of Naloxone and Naltrexone

Naloxone

Naltrexone

3D models of the haptens and target drugs. Structures were constructed and geometry optimized
using the built-in MM2 method in ChemDraw 18.1. Structures were presented in a similar
orientation as in Fig. 6 (main text) to facilitate comparison.
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