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Fi gure 1Sl Experimental pKs values of the tertiary
amne center in fluorinated precursors to tricyclic thronmbin

i nhi bitors.
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Fi gure 2SI Experinmental pKs values of the tertiary
amne center in precursors to tricyclic thronbin inhibitors
bearing F, OH, and Ow substituents at the termna

pyrrolidine ring.



Fi gure 3Sl Experimental pKy values of the tertiary
am ne center in precursors to tricyclic thronmbin inhibitors of

t he | actam type.
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cis-47

Cis-47 adopts a chair conformation with F3 axial in both its neutral and protonated states

exp J [Hz] 2JHH 3\]HH 3\]HH 3\]HH 3\]HF 3\]HF 2JHF 3\]HF 3\]HH
H2e- H2u H2,,- H3e- H2u H2,,- H3s  Hdac H5,,-
H2, H3e H3e, H4 F3. F3. F3. F3. H4
cis-47 14.2 3.0 11 <1 11.0 41.6 462 366 n.d.
(neutral)
cis47
(DCl i) 14.5 2.9 <1 <1 10.1 40.6 45.7 36.2 n.d.
Fi gure 4aSl

NMR coupling constants for cis-47 in DO in

both neutral and protonated states. The NWVR spectral data are

given in Fig. 4cSl.
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trans-47

trans-47 adopts a chair conformation with F3 equatorial inits neutral state

exp J [Hz] 2JHH 3\]HH 3\]HH 3\]HH 3\]HF 3\]HF 2JHF 3\]HF 3JHH

Hoer  H2q  H2ac  H3ac H2eq- H2%-  H3a- Has  H5ec

H2,, H3., H3., H4,, F3eq F3eq F3eq F3eq H4,,

rans4r 454 44 9.1 9.1 9.3 64 483 nd 109
(neutral)

protonated trans-47 shows *Jyy and 2Jye pattern for rapidly interconverting chair conformations

exp J [Hz] 2JHH 3\]HH 3\]HH 3\]HH 3\]HF 3\]HF 2JHF 3\]HF 3\]HH
HZeq- H2eq' H2ax' H3- H2eq' H2ax' H3- H4- H5ax'
H24 H3 H3 H4 F3 F3 F3 F3 H4
trans-47
13.3 29 6.5 6.5 24.0 n.d. 45.1 n.d. 7.0
(DCl salt)
estimated J,44 and 3Jye [HZ] for protonated trans-47 in chair conformations
with diequatorial and diaxial substituents
averaged 3J, and 2Jye [HZz] assuming rapidly interconverting equally populated chair forms
estI[HA 2w Iy i i e e e P Pk
H2or  H2er H2a H34 H2e- H2x-  H34 Hda-  H5u-
H2. H3.x H3.x H4. F3eq F3eq F3eq F3eq H4.
chair model
3,4-dieq 4.4 9.1 9.1 9.3 6.4 n.d. 9.1
H2.  H2a H2e- H3- H2q- H2o-  H3yq  Héeg  H5
H2¢q H3g H3y Haq F3x F3x F3x F3x Haq
chair model
3,4-diax 11 3.0 3.0 41.6 11.0 n.d. 3.0
(1) (4.4+1.1)/12 (9.1+3.0)/2 (9.1+3.0)/2 (9.3+41.6)/2 (6.4+11.0)/2 (9.1+3.0)/2
(dieg): (diax) =28 =6.1 =61 =255 =87 =6.1
Fi gure 4bSl NMR coupling constants for trans-47 in DO

in both neutral and protonated states. The NVR spectral data

are given in Fig. 4cSl.



cis-3-Fluoro-4-benzyl-piperidine (cis-47)

'H NMR (600 MHz, D;O, 25 °C, ds-TSP): d= 7.39 (m, 2H, meta CH); 7.31 (m, 3H,
ortho/para CH); 4.68 (dbr, 2J(H,F) = 46.2 Hz, 1H, H3); 3.39 (dddd, %J(H,H) = 14.2 Hz,
3J(H,H) = 3.0, 1.6 Hz, *J(H,F) = 11.0 Hz, 1H, H2); 3.21 (dddd, 2J(H,H) = 12.8 Hz, 3J(H,H) =
4.9, 2.2, 2.0 Hz, 1H, H6); 2.88 (ddd, 2J(H,H) = 14.2 Hz, *J(H,H) = 1.1 Hz, *J(H,F) = 41.6 Hz,
1H, H2); 2.78 (dd, 2J(H,H) = 13.7 Hz, 1H, benzyl-CH,); 2.75 (dt, 2J(H,H) = 12.8 Hz, 3J(H,H)
= 12.8, 3.9 Hz, 1H, H6); 2.70 (dd, 2J(H,H) = 13.7 Hz, 3J(H,H) = 7.5 Hz, 1H, benzyl-CH, );
2.02 (dm, 3J(H,F) = 36.6 Hz, 1H, H4); 1.62-1.73 (m, 2H, H5) ppm.

N-protonated cis-47

'H NMR (400 MHz, D,O+DCl, 23 °C, ds-TSP): d = 7.39 (m, 2H, meta CH); 7.31 (m, 3H,
ortho/para CH); 4.82 gdbr, 2J(H,F) = 45.7 Hz, 1H, H3); 3.64 (dddd, 2J(H,H) = 14.5 Hz,
3J(H,H) = 2.9,1.8 Hz, *J(H,F) = 10.1 Hz, 1H, H2); 3.44 (dm, 2J(H,H) = 12.7 Hz, 1H, H6);
3.18 (dd, 2J(H,H) = 14.5 Hz, *H(H,F) = 40.6 Hz, 1H, H2); 3.03 (ddd, 2J(H,H) = 12.7 Hz,
3J(H,H) = 12.2, 5.4 Hz, 1H, H6); 2.83 (dd, 2J(H,H) = 13.7 Hz, %J(H,H) = 8.3, 1H, benzyl-
CHy); 2.73 (dd, 2J(H,H) = 13.7 Hz, %J(H,H) = 7.2 Hz, 1H, benzyl-CH,); 2.12 (dm, *J(H,F) =
36.2 Hz, 1H, H4); 1.76-1.91 (m, 2H, H5) ppm.

trans-3-Fluoro-4-benzy!l-piperidine (trans-47)

'H NMR (400 MHz, D20, 23 °C, ds-TSP): d = 7.39 (m, 2H, meta CH); 7.30 (m, 3H,
ortho/para CH); 4.40 (dtd, 2J(H,F) = 48.3 Hz, 3J(H,H) = 9.1, 9.1, 4.4 Hz, 1H, H3); 3.24
(dddd, 2J(H,H) = 12.3 Hz, J(H,H) = 4.4, 1.1 Hz, *J(H,F) = 9.3 Hz, 1H, H2); 3.09 (dd, J(H,H)
=135 Hz, 3J(H,H) = 4.5 Hz, 1H, benzyl-CH,); 2.86 (m, 1H, H6); 2.61 (ddd, 2J(H,H) = 12.3
Hz, 3J(H,H) = 9.1 Hz, 3J(H,F) = 6.4 Hz, 1H, H2); 2.54 (dd, 2J(H,H) = 13.5 Hz, 3J(H,H) = 9.1
Hz, 1H, benzyl-CH,); 2.43 (ddd, “J(H,H) = 12.8 Hz, %J(H,H) = 11.1, 3.1 Hz, H6); 1.99 (m,
1H, H4); 1.70 (m, 1H, H5); 1.21 (dtdd, 2J(H,H) = 14.0 Hz, 3J(H,H) = 10.9, 10.9, 4.2 Hz,
*J(H,H) = 1.1 Hz, 1H, H5) ppm.

N-protonated trans-47

'H NMR (600 MHz, D,O+DCl, 25 °C, ds-TSP): d = 7.40 (m, 2H, meta CH); 7.30 (m, 3H,
ortho/para CH); 4.76 (dtd, 2J(H,F) = 45.1 Hz, 3J(H,H) = 6.5, 6.5, 3.2 Hz, 1H, H3); 3.59 (ddd,
2J(H,H) = 13.3 Hz, %J(H,H) = 2.9 Hz, 3J(H,F) = 24.0 Hz, 1H, H2); 3.32 (m, 2H, H2, H6);
3.11 (ddd, 2J(H,H) = 11.9 Hz, 3J(H,H) = 7.3, 4.0 Hz, 1H, H6); 2.99 (dd, 2J(H,H) = 13.9 Hz,
2J(H,H) = 5.9 Hz, 1H, benzyl-CH,); 2.66 (dd, 2J(H,H) = 13.9 Hz, “J(H,H) = 9.1 Hz, 1H,
benzyl-CH.); 2.37 (m, 1H, H4); 2.02 (m, 1H, H5); 1.56 (dtd, 2J(H,H) = 14.6 Hz, 3J(H,H) =
7.0, 7.0, 3.7 Hz, 1H, H5) ppm.

Fi gure 4cSl NVR spectral data for cis-47 and trans-47
in DO in both neutral and protonated states. ds- TSP =

2,2,3,3-d4-3-(Trinmethyl silyl)propionic acid sodiumsalt.
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Fi gure 5SI ?pKa1 Effects observed upon t he

introduction of a fluorine substituent in ortho position to a

nitrogen atomin substituted benzi m dazol es.
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Fi gure 6Sl ?pKa1 Effects observed upon t he

introduction of a fluorine substituent in neta position to a

nitrogen atomin substituted benzi m dazol es.
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nitrogen atomin substituted benzi m dazol es.
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N /I::j 9.4 > SPh << SOPh~SO,Ph
SN TN

Fi gure 11SI Conparison of the experinmental pK; val ues

of tertiary amnes carrying a phenylthio, phenylsulfoxide, or

a phenylsulfone wunit 1in dposition, suggesting that the

sul f oxi de group exerts an effect simlar to a sul fone unit.[3!
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F F
pF-17 FaxpF-17
yF-07 2xy-F-07

N N
H H
9.4 75
(-1.9) (-3.8)
(-2.4; 79%) (-4.8, 79%)
F F
/d pF-17 U pF-17
ROOC™ ™y yF-07 NG y-F -0.7
H a-COOR -3.0 H a-CN -5.7
‘65  5-COOR -0.6 4.0 5-CN-0.7
(-4.8) (-7.3)
(-6.0; 80%) (-8.8; 83%)
F
ﬁF 2x p-F 1.7
2xy-F-07
ROOC
N a-COOR -3.0
45  0-COOR-06
-6.8)

EtO,C CFy
B-CF3-2.0 / \ / \
N 7-CF3-1.0 N N
B-COOEt -1.6 \
O) »-COOEt -1.0 @»
'5.4 8.9 10.3
(-3.5) estimated
(-5.6; 63%) 10.4 - 1.4 (a-Ph)
Fi gure 12SlI Experi nment al pKa values of substituted

pyrrolidine derivatives. The first parenthetical value bel ow
the pKs represents the total pKa shift relative to
unsubstituted pyrrolidine (11.3) or N-benzyl-pyrrolidine (9.9,
estimated). The expected total downshifts based on the pK;
decrenments from acyclic or 6-nenbered systens are given in
italics below together with the correction factor (ca. 60% -

80% that would have to be applied in order to match the
observed ones; the pK, decrement for d-COOEt is estimated by

anal ogy to d-COR (see Fig.1l4a,b).



Ref p-C=0 -1.8
ererence R o )/-C=O 11
pe=0 180 VR R'=F  R'=OH R'=OMe
N 4 : B-F-17 BOH-12 p-OMe-1.2
114 y-F-07 »-OH-0.8 »-OMe -0.8
r? R?=H R? = C(NH)NH, -HCl

a-phenyl -1.4  a-phenylamidinium -2.4

Compound pKarer PKa exper ApK, exper ApKjcac  corr. factor

()-3 11.4 56 -58 7.2 81%
(£)-6 11.4 45 -6.9 -8.2 84%
(£)-26 11.4 4.1 -73 -10.2 72%
()27 11.4 37 77 -10.2 75%
(+)-28 11.4 34 -8.0 -10.6 75%
(£)-29 11.4 4.2 7.2 -10.2 71%
()-30 11.4 4.2 7.2 -10.2 71%
(2)-31 11.4 33 -8.1 -10.6 76%
()-32 11.4 <20 >-9.4 -13.0 72%
()-33 11.4 33 -8.1 -12.2 66%
(2)-34 11.4 39 -75 -10.2 74%
(+)-35 11.4 36 -78 -10.2 76%
(+)-36 11.4 33 -8.1 -10.6 76%
()-37 11.4 39 -75 -10.2 74%
(+)-38 11.4 37 77 -10.2 75%
()-39 11.4 33 -8.1 -10.6 76%
()-40 11.4 <20 >-9.4 -13.0 72%
()41 11.4 32 -8.2 -12.2 67%
Fi gure 13SI Sunmmary of pKs-lowering substituent effects
in tricyclic thronbin inhibitors. For each substituent the

expected downshifts are given for its positions relative to
the tertiary amne center. The table lists selected conpounds
with substitution at the termnal pyrrolidine ring. The

experimental DpK, values (relative to hexahydro-pyrrolizine)

are conpared to the cal cul ated!® DpK, effects on the basis of
the pK, decrenents from acyclic and 6-nmenbered systens; the
ri ghtmost columm gives the correction factors that would have
to be applied in order to match the calculated values to the

observed ones.



