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Figure 9 (SI).  Least-square superimposition of the crystal 
structures of inhibitors (±)-4d and (±)-12[1] bound to 
thrombin.  
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Figure 10 (SI). ORTEP representation of the X-ray crystal 
structures of (±)-1a[3] and (±)-2a.[4]  The H-bonding pattern 
observed in the crystal packing of (±)-1a (up) and in the 
crystal packing of (±)-2a (down).  
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Figure 11 (SI).  Analysis of the X-ray crystal structure of 
(±)-3g.[5]  ORTEP representation. Tables of all 
intermolecular F-contacts to other atoms (Y) < 4.0 Å 
observed in the crystal packing of (±)-3g. 
 

  

 

 

F Y dF…Y dF…H-Y[2]   
F15 F16 3.31 - 

F15 C19 3.40 2.58 (H19B) 

F15 O6 3.60 - 

F15 N18 3.64 - 

F15 C22 3.69 3.27 (H22A) 

F15 C5 3.72 3.22 (H5A) 

F15 C21 3.83 3.20 (H21B) 

F15 C28 3.83 3.62 (H28A) 

F Y dF…Y dF…H-Y[2]   
F16 F16 2.98 - 

F16 C25 3.23 2.72 (H25A) 

F16 C11 3.25 - 

F16 C24 3.26 2.77 (H24A) 

F16 F15 3.31 - 

F16 C12 3.42 - 

F16 C20 3.77 2.91 (H20B) 

F16 C21 3.95 3.01 (H21B) 
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Figure 9 (SI).  Analysis of the crystal structure of 
compound (±)-4b.[6]  ORTEP representation and table of all 
intermolecular F-contacts to other atoms (Y) < 4.0 Å 
observed in the crystal packing of (±)-4b. 

F Y dF…Y dF…H-Y[2]   
F15 C18 3.24 2.38 (H18) 

F15 C19 3.50 2.91 (H19) 

F15 C12 3.62 3.56 (H12) 

F15 C11 3.84 3.94 (H11) 

F15 O6 3.98 - 
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Figure 10 (SI).  Analysis of the crystal structure of N-(4-
fluorobenzyl)maleimide 6.[7]  ORTEP representation and tables 
of all intermolecular F-contacts to other atoms (Y) < 4.0 Å 
observed in the crystal packing.  
 

F Y dF…Y dF…H-Y[2] 
F15’ C5’ 2.94 - 

F15’ C4’ 2.97 3.07 (H4A’) 

F15’ O6’ 3.13 - 

F15’ C3’ 3.23 2.68 (H3A’) 

F15’ C4’ 3.25 2.71 (H4A’) 

F15’ O7’’ 3.58 - 

F15’ N1’ 3.63 - 

F15’ C3’ 3.63 4.18 (H3A’) 

F15’ O6’’ 3.82 - 

F15’ C14’ 3.94 3.64 (H14A’) 

F15’ C13’’ 3.95 3.10 (H13A’’) 

F Y dF…Y dF…H-Y[2] 
F15 C3’’ 3.01 3.10 (H3A’’) 

F15 C2’’ 3.11 - 

F15 C3 3.12 2.55 (H3) 

F15 C4 3.17 2.67 (H4A) 

F15 O7 3.29 - 

F15 O7’’ 3.37 - 

F15 C10’’ 3.59 2.82 (H10A’’) 

F15 C4’’ 3.60 4.09 (H4A’’) 

F15 N1’’ 3.76 - 

F15 O6 3.94 - 

F Y dF…Y dF…H-Y[2] 
F15’’ C3 3.12 3.06 (H3A) 

F15’’ C2 3.18 - 

F15’’ C4’’ 3.22 2.57 (H4A’’) 

F15’’ O6’ 3.24 - 

F15’’ O7 3.25 - 

F15’’ C3’’ 3.39 2.94 (H3A’’) 

F15’’ C11 3.72 2.97 (H11A) 

F15’’ C4 3.91 4.41 (H4A) 

F15’’ O7 3.93 - 
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Experimental Part (SI)  
 
(3aSR,4RS,8aSR,8bRS)-4-(4-Bromophenyl)perhydropyrrolo[3,4-
a]pyrrolizine-1,3-dione ((±)-1b) and (3aSR,4SR,8aRS,8bRS)-
4-(4-Bromophenyl)perhydropyrrolo[3,4-a]pyrrolizine-1,3-
dione ((±)-2b). A solution of maleimide (291 mg, 3.0 mmol) 
maleimide, 4-bromobenzaldehyde (583 mg, 3.15 mmol) 4, and 
L-proline (363 mg, 3.15 mmol) in MeCN (9 mL) was heated to 
reflux for 16 h.  The solvent was removed in vacuo and (±)-
1b and (±)-2b separated by CC (CH2Cl2/EtOAc 65:35).  (±)-1b: 
Yield: 182 mg (19 %, colorless needles).  M.p. 173-175 °C.  
IR (KBr): 1763, 1699, 1482, 1345, 1192, 1081.  1H NMR (300 
MHz, CDCl3):?δ?= 1.62-1.84 (m, 2H), 1.96-2.20 (m, 2H), 2.63-
2.74 (m, 1H, H-C(6)), 2.82-2.94 (m, 1H, H-C(6)), 3.33 (d, J 
= 8.1, 1H, H-C(8b)), 3.52 (t, J = 8.3, 1H, H-C(3a)), 3.79 
(dd, J = 9.9 and 7.5, 1H, H-C(8a)), 4.03 (d, J = 8.7, 1H, 
H-C(4)), 7.26, 7,46 (AA’BB’, J = 8.3, 4H, Ar), 7.68 (br s, 
1H, NH).  13C NMR (75 MHz, (CD3)2SO):?δ??= 23.1, 29.0, 49.9, 
50.3, 51.4, 67.1, 67.3, 119.9, 130.1, 138.5, 176.9, 179.8.  
HRMS: calcd for C15H16BrN2O2 [MH]+, 335.0395; found 335.0395 
and 337.0369.  (±)-2b: Yield: 335 mg (33 %, colorless 
needles).  M.p. 177-178 °C. IR (KBr): 1780, 1698, 1489, 
1357, 1344, 1183, 1073.  1H NMR (300 MHz, CDCl3):?δ?= 1.70-
1.91 (m, 2H), 1.96-2.12 (m, 2H), 2.64-2.74 (m, 1H, H-C(6)), 
2.95-3.05 (m, 1H, H-C(6)), 3.34 (dd, J = 9.0 and 6.6, 1H, 
H-C(3a)), 3.65 (t, J = 9.0, 1H, H-C(8b)), 3.87 (dd, J = 8.7 
and 6.6, 1H, H-C(8a)), 4.07 (d, J = 6.6, 1H, H-C(4)), 7.37, 
7,49 (AA’BB’, J = 8.4, 4H, Ar), 7.83 (br s, 1H, NH)).  13C 
NMR (75 MHz, (CD3)2SO):?δ?= 24.2, 26.5, 48.5, 50.9, 56.3, 
67.9, 120.1, 129.4, 131.1, 142.0, 178.3, 179.2.  HRMS: 
calcd for C15H16BrN2O2 [MH]+, 335.0395; found 335.0393 and 
337.0367.  
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(2-Fluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzonitrile 
((±)-3b).  Compound (±)-3b was synthesized according to the 
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procedure described for compound (±)-3d.  Yield: 113 mg 
(58%, colorless prism).  M.p. 200-202 °C  (EtOAc/hexane). 
IR (KBr): 2224, 1778, 1705, 1491, 1457, 1420, 1400, 1344, 
1184, 1175.  1H NMR (300 MHz, CDCl3):?δ??= 1.60-1.88 (m, 
2H), 1.96-2.24 (m, 2H), 2.56-2.68 (m, 1H, H-C(6)), 2.84-
2.97 (m, 1H, H-C(6)), 3.35 (d, J = 8.1, 1H, H-C(8b)), 3.56 
(t, J = 8.4, 1H, H-C(3a)), 3.81 (dd, J = 9.8 and 7.4, 1H, 
H-C(8a)), 4.13 (d, J = 8.7, 1H, H-C(4)), 4.58 and 4.65 (AB, 
J = 15.0, 2H, CHH'-N(5)), 6.99-7.12 (m, 2H, Ar(F)), 7.17-
7.31 (m, 2H, Ar(F)), 7.34, 7.48 (AA’BB’, J = 8.5, 4H, Ar).  
13C NMR (75 MHz, CDCl3):?δ??= 23.4, 29.7, 36.1, 48.9, 50.5, 
50.8, 68.0, 68.3, 111.2, 115.3 (d, J = 21.4), 118.7, 122.1 
(d, J = 14.6), 123.8 (d, J = 3.7), 128.5, 129.5 (d, J = 
7.9), 130.1 (d, J = 3.6), 131.7, 143.4 160.4 (d, J = 
247.9), 174.5, 177.2.  19F NMR (282 MHz, CDCl3 + 
CFCl3):?δ??= -116.4 (m).  HRMS: calcd for C23H21FN3O2 [MH]+, 
390.1618; found 390.1609. 
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(3-Fluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzonitrile 
((±)-3c).  Compound ((±)-3c was synthesized according to 
the procedure described for compound (±)-3d.  Yield: 161 mg 
(83%, colorless crystals).  M.p. 181-182°C (EtOAc/hexane).  
IR (KBr): 2223, 1779, 1704, 1617, 1593, 1488, 1451, 1423, 
1398, 1359, 1342, 1273, 1232, 1183, 1143.  1H NMR (300 MHz, 
CDCl3):?δ??= 1.60-1.88 (m, 2H), 1.96-2.22 (m, 2H), 2.55-2.66 
(m, 1H, H-C(6)), 2.82-2,95 (m, 1H, H-C(6)), 3.33 (d, J = 
8.1, 1H, H-C(8b)), 3.55 (t, J = 8.3, 1H, H-C(3a)), 3.78 
(dd, J = 10.1 and 7.1, 1H, H-C( 8a)), 4.12 (d, J = 8.7, 1H, 
H-C(4)), 4.47 and 4.53 (AB, J = 14.4, 2H, CHH'-N(5)), 6.92-
7.08 (m, 3H, Ar(F)), 7.20-7.31 (m, 1H, Ar(F)), 7.33, 7.52 
(AA’BB’, J = 8.3, 4H, Ar).  13C NMR (75 MHz, CDCl3):?δ??= 
23.4, 29.7, 41.9, 49.0, 50.5, 50.8, 68.0, 68.3, 111.4, 
114.8 (d, J = 20.7), 115.5 (d, J = 22.0), 118.7, 124.3, 
128.6, 129.9 (d, J = 7.9), 131.8, 137.6 (d, J = 7.3), 
143.4, 162.5 (d, J = 246.0), 174.6, 177.3.  19F NMR (282 
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MHz, CDCl3 + CFCl3):?δ??= -112.2 (td, J = 9.2 and 5.6).  
HRMS: calcd for C23H21FN3O2 [MH]+, 390.1618; found 390.1609. 
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(2,3-Difluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzonitrile 
((±)-3e).  Compound (±)-3e was synthesized according to the 
procedure described for compound (±)-3d.  Yield: 165 mg 
(81%, colorless crystals).  M.p. 160-161 °C  
(EtOAc/hexane).  IR (KBr): 2224, 1776, 1710, 1494, 1433, 
1400, 1349, 1339, 1278, 1175, 1162.  1H NMR (300 MHz, 
CDCl3):?δ??= 1.60-1.89 (m, 2H, H-C(7), H-C(8)), 1.96-2.24 
(m, 2H, H-C(7), H-C(8)), 2.58-2.68 (m, 1H, H-C(6)), 2.86-
2,97 (m, 1H, H-C(6)), 3.32 (dd, J = 8.1 and 0.9, 1H, H-
C(8b)), 3.58 (t, J = 8.4, 1H, H-C(3a)), 3.81 (dd, J = 9.6 
and 7.2, 1H, H-C( 8a)), 4.15 (d, J = 8.4, 1H, H-C(4)), 4.59 
(dd, J = 14.7 and 0.9, 1H, CHH'-N(5)), 4.65 (dd, J = 14.7 
and 0.9, 1H, CHH'-N(5)), 6.93-7.16 (m, 3H, Ar(F)), 7.37, 
7.52 (AA’BB’, J = 8.1, 4H, Ar).  13C NMR (75 MHz, 
CDCl3):?δ??= 23.4, 29.7, 35.9, 48.9, 50.5, 50.8, 68.0, 68.3, 
111.4, 116.7 (d, J = 17.1), 118.7, 123.8 (dd, J = 6.7 and 
4.9), 124.5 (d, J = 11.6), 124.7 (t, J = 2.6),  128.5, 
131.8, 148.5 (dd, J = 249.6 and 13.1), 150.2 (dd, J = 248.4 
and 12.5),  174.3, 177.0.  19F NMR (282 MHz, CDCl3 + 
CFCl3):?δ??= - 137.4 (ddd, J = 20.3, 10.7  and 4.2, 1F),  -
141.1 (dt, J = 21.5 and 6.5, 1F).  HRMS: calcd for 
C23H20F2N3O2 [MH]+, 408.1524; found 408.1519.  Anal. calcd 
for C23H19F2N3O2: C 67.81, H 4.70, F 9.33, N 10.31; found: C 
67.81, H 4.89, F 9.29, N 10.19. 
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(2,6-Difluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzonitrile 
((±)-3f).  Compound (±)-3f was synthesized according to the 
procedure described for compound (±)-3d.  Yield: 176 mg 
(86%, colorless crystals).  M.p. 211-212 °C  
(EtOAc/hexane).  IR (KBr): 2225, 1776, 1710, 1624, 1473, 
1451, 1433, 1398, 1352, 1293, 1270, 1238, 1176.  1H NMR 
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(300 MHz, CDCl3):?δ??= 1.59-1.87 (m, 2H, H-C(7)), H-C(8)), 
1.95-2.22 (m, 2H, H-C(7)), H-C(8)), 2.55-2.65 (m, 1H, H-
C(6)), 2.83-2.95 (m, 1H, H-C(6)), 3.32 (d, J = 8.1, 1H, H-
C(8b)), 3.53 (t, J = 8.3, 1H, H-C(3a)), 3.79 (dd, J = 10.1 
and 7.4, 1H, H-C(8a)), 4.11 (d, J = 8.7, 1H, H-C(4)), 4.59, 
4.68 (AB, J = 14.6, 2H, CHH'-N(5)), 6.80-6.92 (m, 2H, 
Ar(F)), 7.20-7.31 (m, 1 H, Ar(F)), 7.34, 7.47 (AA’BB’, J = 
8.6, 4H, Ar).  13C NMR (75 MHz, CDCl3):?δ??= 23.5, 29.8, 
30.1, 49.0, 50.4, 50.9, 68.0, 68.4, 110.8 (t, J = 20.0), 
111.2, 111.2 (d, J = 18.9), 118.8, 128.5, 129.6 (t, J = 
10.4), 131.7, 143.6, 161.3 (dd, J = 250.9 and 7.3), 173.9, 
176.7.  19F NMR (282 MHz, CDCl3 + CFCl3):?δ??= -112.9 (t, J 
= 6.5).  HRMS: calcd for C23H20F2N3O2 [MH]+, 408.1524; found 
408.1515. 
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(3,4-Difluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzonitrile 
((±)-3g).  Compound (±)-3g was synthesized according to the 
procedure described for compound (±)-3d.  Yield: 159 mg 
(78%, colorless crystals).  M.p. 150-151 °C  
(EtOAc/hexane).  IR (KBr): 2223, 1773, 1712, 1608, 1518, 
1440, 1429, 1397, 1348, 1336, 1286, 1212, 1170, 1120.  1H 
NMR (300 MHz, CDCl3):?δ??= 1.60-1.89 (m, 2H, H-C(7)), H-
C(8)), 1.96-2.22 (m, 2H, H-C(7), H-C(8)), 2.56-2.66 (m, 1H, 
H-C(6)), 2.83-2.95 (m, 1H, H-C(6)), 3.32 (d, J = 8.1 and 
0.6, 1H, H-C(8b)), 3.55 (t, J = 8.4, 1H, H-C(3a)), 3.77 
(dd, J = 10.5 and 7.2, 1H, H-C( 8a)), 4.13 (d, J = 8.4, 1H, 
H-C(4)), 4.46 (s, 2H, CH2-N(5)), 6.98-7.14 (m, 3H, Ar(F)), 
7.34, 7.56 (AA’BB’, J = 8.4, 4H, Ar).  13C NMR (75 MHz, 
CDCl3):?δ??= 23.4, 29.6, 41.4, 48.8, 50.5, 50.7, 67.9, 68.2, 
111.5, 117.2 (d, J = 17.7), 117.8 (d, J = 17.7), 118.7, 
125.0 (dd, J = 6.0 and 3.7), 128.6, 131.8, 132.2 (dd, J = 
5.5 and 4.2), 143.4, 149.8 (d, J = 248.4), 150.0 (d, J = 
247.1), 177.2, 174.5.  19F NMR (282 MHz, CDCl3 + 
CFCl3):?δ??= -136.5 (ddd, J = 21.5, 11.9, and 7.6, 1F), -
137.8 (m, 1F).  HRMS: calcd for C23H20F2N3O2 [MH]+, 408.1524; 
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found 408.1522.  Anal. calcd for C23H19F2N3O2: C 67.81, H 
4.70, F 9.33, N 10.31; found: C 67.76, H 4.92, F 9.28, N 
10.23. X-ray. 

 
(3aSR,4RS,8aSR,8bRS)-4-(2-(3,5-Difluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzonitrile 
((±)-3h).  Compound 3h was synthesized according to the 
procedure described for compound 3d.  Yield: 154 mg (76%, 
colorless prism).  M.p. 168-170 °C (EtOAc/hexane). IR 
(KBr): 2223, 1774, 1711, 1622, 1608, 1595, 1465, 1437, 
1397, 1335, 1319, 1166, 1119.  1H NMR (300 MHz, CDCl3):?δ??= 
1.60-1.88 (m, 2H), 1.96-2.22 (m, 2H), 2.58-2.68 (m, 1H, H-
C(6)), 2.86-2.97 (m, 1H, H-C(6)), 3.35 (d, J = 8.1, 1H, H-
C(8b)), 3.58 (t, J = 8.4, 1H, H-C(3a)), 3.79 (dd, J = 9.6 
and 7.2, 1H, H-C( 8a)), 4.15 (d, J = 8.9, 1H, H-C(4)), 4.49 
(s, 2H, CH2-N(5)), 6.70-6.81 (m, 3H, Ar(F)), 7.37, 7.57 
(AA’BB’, J = 8.3, 4H, Ar).  13C NMR (75 MHz, CDCl3):?δ??= 
23.4, 29.7, 41,6, 48.9, 50.5, 50.8, 68.0, 68.3, 103.4 (t, J 
= 25.3), 111.3 (dd, J = 18.0 and 7.9), 111.5,  118.7, 
128.6, 131.9, 138.7 (t, J = 9.2), 143.2, 162.8 (dd, J = 
248.7 and 12.5), 174.5, 177.2.  19F NMR (282 MHz, CDCl3 + 
CFCl3):?δ??= - 108.8 (t, J = 7.9). HRMS: calcd for 
C23H20F2N3O2 [MH]+, 408.1524; found 408.1510. 

 
(3aSR,4RS,8aSR,8bRS)-4-(2-(2,3,4,5,6-Pentafluorbenzyl)-1,3-
dioxodecahydro-pyrrolo[3,4-a]pyrrolizin-4-yl)benzonitrile 
((±)-3i).  Compound (±)-3i was synthesized according to the 
procedure described for compound ((±)-3d.  Yield: 179 mg 
(78%, colorless needles).  M.p. 160-161 °C (EtOAc/hexane).  
IR (KBr): 2231, 1779, 1713, 1520, 1508, 1398, 1344, 1329, 
1176.  1H NMR (300 MHz, CDCl3): δ??= 1.60-1.88 (m, 2H), 
1.96-2.24 (m, 2H), 2.57-2.68 (m, 1H, H-C(6)), 2.85-2.97 (m, 
1H, H-C(6)), 3.33 (d, J = 7.8, 1H, H-C(8b)), 3.57 (t, J = 
8.4, 1H, H-C(3a)), 3.76 (dd, J = 9.8 and 7.4, 1H, H-C(8a)), 
4.17 (d, J = 8.7, 1H, H-C(4)), 4.60, 4.65 (AB, J = 15.8, 
2H, CHH'-N(5)), (7.42, 7.59 (AA’BB’, J = 8.3, 4H, Ar).  13C 
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NMR (75 MHz, CDCl3):?δ??= 23.4, 29.7, 30.6, 48.7, 50.5, 
50.8, 67.8, 68.2, 108.3 (td, J = 16.7 and 3.9), 111.4, 
118.7, 128.5, 131.7, 137.1 (dm, J = 252.7), 140.9 (dm, J = 
255.2), 143.3, 146.2 (dm, J = 250.3), 173.6, 176.5.  19F NMR 
(282 MHz, CDCl3 + CFCl3): δ??= -140.6 (dd, J = 22.5 and 8.6, 
2F), -153.1 (t, J = 20.9, 1F), -161.1 (m, 2F).  HRMS: calcd 
for C23H17F5N3O2 [MH]+, 462.1241; found 462.1230.  Anal. 
calc. for C23H16F5N3O2: C 59.87, H 3.50, F 20.59, N 9.11; 
found: C 59.82, H 3.70, F 20.72, N 9.06.  X-ray.[8] 

 
(3aSR,4RS,8aSR,8bRS)-4-(2-(4-Chlorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzonitrile 
((±)-3j).  Compound (±)-3j was synthesized according to the 
procedure described for compound (±)-3d.  Yield: 174 mg 
(86%, colorless crystals).  M.p. 184-185 °C  
(EtOAc/hexane).  IR (KBr): 2223, 1772, 1706, 1607, 1493, 
1432, 1395, 1334, 1299, 1230, 1168.  1H NMR (300 MHz, 
CDCl3): δ??= 1.60-1.88 (m, 2H), 1.96-2.21 (m, 2H), 2.54-2.65 
(m, 1H, H-C(6)), 2.81-2.93 (m, 1H, H-C(6)), 3.31 (dd, J = 
7.8 and 0.6, 1H, H-C(8b)), 3.52 (t, J = 8.4, 1H, H-C(3a)), 
3.77 (dd, J = 10.2 and 7.5, 1H, H-C(8a)), 4.10 (d, J = 8.7, 
1H, H-C(4)), 4.44, 4.51 (AB, J = 14.1, 2H, CHH'-N(5)), 
7.21, 7.28 (AA’BB’, J = 8.4, 4H, Ar(Cl)), 7.30, 7.51 
(AA’BB’, J = 8.4, 4H, Ar).  13C NMR (75 MHz, CDCl3):?δ??= 
23.4, 29.6, 41.8, 48.9, 50.5, 50.8, 68.0, 68.3, 111.4, 
118.7, 128.6, 130.2, 131.8, 133.8, 133.9, 143.4, 174.5, 
177.3.  HRMS: calcd for C23H21ClN3O2 [MH]+, 406.1324; found 
406.1316.  Anal. calcd for C23H20ClN3O2: C 68.06, H 4.97, Cl 
8.73, N 10.35; found: C 68.06, H 5.02, Cl 8.80, N 10.26. 
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(2-Fluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzamidine 
Hydrochloride ((±)-4b).  Compound (±)-4b was synthesized 
according to the procedure described for compound (±)-4d.  
Yield: 75 mg (56%, colorless solid)).  M.p. > 210 °C  
(dec.).  IR (KBr): 3468, 3267, 2958, 1776, 1710, 1669, 
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1490, 1430, 1399, 1351, 1339, 1174.  1H NMR (300 MHz, 
CD3OD): δ??= 1.72-1.92 (m, 2H), 2.02-2.20 (m, 2H), 2.59-2.69 
(m, 1H, H-C(6)), 2.84-2.96 (m, 1H, H-C(6)), 3.48 (d, J = 
8.1, 1H, H-C(8b)), 3.70-3.80 (m, 2H, H-C(3a) and H-C(8a)), 
4.32 (d, J = 8.4, 1H, H-C(4)), 4.55 and 4.61 (AB, J = 15.5, 
2H, CHH'-N(5), 7.02-7.10 (m, 1H, ArF), 7.13 (td, J = 7.4 
and 0.9, 1H, ArF), 7.13 (td, J = 7.6 and 1.8, 1H, ArF), 
7.26-7.36 (m, 1H, ArF), 7.51, 7.63 (AA’BB’, J = 8.6, 4H, 
Ar).  13C NMR (75 MHz, CD3OD):?δ??= 24.3, 30.5, 36.8, 50.2, 
51.8, 52.1, 69.3, 69.6, 116.2 (d, J = 21.4), 123.8 (d, J = 
14.7), 125.2, 128.2, 128.4, 130.2, 130.6, 146.7, 161.6 (d, 
J = 246.0), 167.9, 176.8, 179.7.  19F NMR (282 MHz, CD3OD + 
CFCl3):?δ??= -117.0 (m).  HRMS: calcd for C23H24FN4O2 [MH]+, 
407.1883; found 407.1872.  X-ray. 
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(3-Fluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzamidine 
Hydrochloride ((±)-4c).  Compound (±)-4c was synthesized 
according to the procedure described for compound (±)-4d.  
Yield: 101 mg (76%, light yellow solid)). M.p. > 160°C 
(dec.).  IR (KBr): 3333, 3062, 1775, 1699, 1676, 1615, 
1591, 1489, 1399, 1340, 1176.  1H NMR (300 MHz, CD3OD):?δ??= 
1.72-1.90 (m, 2H), 2.01-2.18 (m, 2H), 2.58-2.68 (m, 1H, H-
C(6)), 2.82-2.93 (m, 1H, H-C(6)), 3.48 (d, J = 8.1, 1H, H-
C(8b)), 3.69-3.80 (m, 2H, H-C(3a) and H-C(8a)), 4.31 (d, J 
= 8.7, 1H, H-C(4)), 4.48 and 4.54 (AB, J = 14.7, 2H, CHH'-
N(5)), 6.92-7.09 (m, 3H, Ar-F)), 7.33 (td, J = 8.3 and 5.7, 
1H, Ar-F)), 7.48, 7.64 (AA’BB’, J = 8.3, 4 H, Ar).  13C NMR 
(75 MHz, CD3OD):?δ??=  24.4, 30.5, 42,5, 50.3, 51.8, 52.0, 
69.3, 69.5, 115.4 (d, J = 21.3), 115.8 (d, J = 22.0), 
124.9, 128.2, 128.4, 130.2, 131.2 (d, J = 7.9), 139.7 (d, J 
= 6.7), 146.7, 163.9 (d, J = 244.2), 168.0, 177.0, 179.8.  
19F NMR (282 MHz, CD3OD + CFCl3):?δ??= -112.6 (td, J = 9.0 
and 5.6).  HRMS: calcd for C23H24FN4O2 [MH]+, 407.1883; 
found 407.1875. 
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(3aSR,4RS,8aSR,8bRS)-4-(2-(2,3-Difluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzamidine 
Hydrochloride ((±)-4e).  Compound (±)-4e was synthesized 
according to the procedure described for compound (±)-4d.  
Yield: 68 mg (59%, colorless solid).  M.p. > 180 °C (dec.).  
IR (KBr): 3105, 1776, 1703, 1615, 1492, 1437, 1431, 1403, 
1344, 1175.  1H NMR (300 MHz, CD3OD):?δ??= 1.73-1.92 (m, 2H, 
H-C(7), H-C(8)), 2.02-2.20 (m, 2H, H-C(7), H-C(8)), 2.60-
2.70 (m, 1H, H-C(6)), 2.85-2.97 (m, 1H, H-C(6)), 3.50 (d, J 
= 8.1, 1H, H-C(8b)), 3.70-3.82 (m, 2H, H-C(3a) and H-
C(8b)), 4.33 (d, J = 8.7, 1H, H-C(4)), 4.61 (s, 2H, CHH'-
N(5)), 7.01-7.27 (m, 3H, Ar(F)), 7.52, 7.65 (AA’BB’, J = 
8.4, 4H, Ar).  13C NMR (75 MHz, CD3OD):?δ??= 24.2, 30.5, 
36.3, 50.2, 51.9, 52.1, 69.3, 69.6, 117.7 (d, J = 17.1), 
125.5 (dd, J = 6.7 and 4.9), 125.9; 126.6 (d, J = 11.6), 
128.5, 128.6, 130.3, 146.9, 149.8 (dd, J = 248.4 and 13.4), 
151.7 (dd, J = 246.6 and 12.8), 168.2, 177.0, 179.8.  19F 
NMR (282 MHz, CD3OD + CFCl3):?δ??= -138.3 (m, 1F), -142.1 
(ddd, J = 20.3, 6.5 and 6.2 1F).  HRMS: calcd for 
C23H23F2N4O2 [MH]+, 425.1789; found 425.1794. 
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(2,6-Difluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzamidine 
Hydrochloride ((±)-4f).  Compound (±)-4f was synthesized 
according to the procedure described for compound (±)-4d.  
Yield: 103 mg (75%, colorless solid).  M.p. > 162°C (dec.).  
IR (KBr): 3369, 3051, 1773, 1700, 1626, 1509, 1481, 1437, 
1401, 1347, 1119, 1176.  1H NMR (300 MHz, CD3OD):?δ??= 1.70-
1.88 (m, 2H, H-C(7), H-C(8)), 2.00-2.22 (m, 2H, H-C(7), H-
C(8)), 2.56-2.66 (m, 1H, H-C(6)), 2.81-2.93 (m, 1H, H-
C(6)), 3.44 (d, J = 8.4, 1H, H-C(8b)), 3.70 (t, J = 8.3, 
2H, H-C(3a) and H-C(8b)), 4.28 (d, J = 8.4, 1H, H-C(4)), 
4.58 and 4.65 (AB, J = 14.9, 2H, CHH'-N(5)), 6.89-7.00 (m, 
2H, Ar(F)), 7.36 (tt, J = 8.4 and 6.6, 1H, Ar(F)), 7.49, 
7.62 (AA’BB’, J = 8.3, 4H, Ar).  13C NMR (125 MHz, 
CD3OD):?δ??= 24.3, 30.6, 31.7 (t, J = 4.2), 50.3, 51.9, 
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52.0, 69.5, 69.6, 112.3 (dd, J = 20.2 and 5.5), 112.5 (t, J 
= 18.4), 128.4, 128.5, 131.3 (t, J = 10.4), 147.0, 163.0 
(dd, J = 249.8 and 7.6), 168.4, 176.7, 179.3.  19F NMR (282 
MHz, CD3OD + CFCl3):?δ = -113.3 (m).  HRMS: calcd for 
C23H23F2N4O2 [MH]+, 425.1789; found 425.1781. 
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(3,4-Difluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzamidine 
Hydrochloride ((±)-4g).  Compound (±)-4g was synthesized 
according to the procedure described for compound (±)-4d.  
Yield: 103 mg (75%, colorless solid).  M.p. > 180 °C 
(dec.).  IR (KBr): 3354, 3126, 1774, 1699, 1613, 1519, 
1486, 1439, 1401, 1342, 1285, 1210, 1176, 1118.  1H NMR 
(300 MHz, CD3OD):?δ?= 1.74-1.92 (m, 2H, H-C(7), H-C(8)), 
2.00-2.20 (m, 2H, H-C(7), H-C(8)), 2.58-2.69 (m, 1H, H-
C(6)), 2.83-2.94 (m, 1H, H-C(6)), 3.48 (d, J = 8.1, 1H, H-
C(8b)), 3.69 (m, 2H, H-C(3a) and H-C(8b)), 4.32 (d, J = 
8.7, 1H, H-C(4)), 4.45 and 4.51 (AB, J = 14.7, 2H, CHH'-
N(5)), 7.04-7.28 (m, 3H, Ar(F)), 7.48, 7.67 (AA’BB’, J = 
8.4, 4H, Ar).  13C NMR (75 MHz, CD3OD):?δ??= 24.2, 30.5, 
42.1, 50.3, 51.9, 52.0, 69.3, 69.5, 118.3 (d, J = 18.3), 
125.9 (dd, J = 6.7 and 3.6), 128.3, 128.4, 130.2, 134.6 
(dd, J = 5.5 and 4.3), 146.7, 150.9 (dd, J = 246.0 and 
14.0), 151.1 (dd, J = 246.6 and 12.8), 168.0, 176.9, 179.7.  
19F NMR (282 MHz, CD3OD + CFCl3):?δ??= -137.5 (ddd, J = 
22.6, 9.6 and 7.6, 1F), -137.8 (m, 1F).  HRMS: calcd for 
C23H23F2N4O2 [MH]+, 425.1789; found 425.1559. 
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(3,5-Difluorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzamidine 
Hydrochloride ((±)-4h).  Compound ((±)-4h was synthesized 
according to the procedure described for compound (±)-4d.  
Yield: 56 mg (40%, colorless solid).  M.p. > 150 °C.  IR 
(KBr): 3383, 3096, 1772, 1700, 1675, 1624, 1598, 1487, 
1465, 1430, 1399, 1343, 1176.  1H NMR (300 MHz, CD3OD):?δ??= 
1.73-1.90 (m, 2H), 2.00-2.20 (m, 2H), 2.59-2.70 (m, 1H, H-
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C(6)), 2.84-2.96 (m, 1H, H-C(6)), 3.49 (d, J = 8.1, 1H, H-
C(8b)), 3.70-3.81 (m, 2H, H-C(3a) and H-C(8a)), 4.33 (d, J 
= 8.7, 1H, H-C(4)), 4.47 and 4.54 (AB, J = 15.0, 2H, CHH'-
N(5)), 6.80-6.94 (m, 3H, Ar-F)), 7.50, 7.66 (AA’BB’, J = 
8.3, 4H, Ar).  13C NMR (75 MHz, CD3OD):?δ??= 24.2, 30.5, 
42,3, 50.3, 51.9, 52.0, 69.3, 69.6, 103.8 (t, J = 25.4), 
111.9 (dd, J = 18.0 and 7.9), 128.4, 128.5, 130.1, 141.4 
(t, J = 9.2), 146.7, 164.3 (dd, J = 247.2 and 12.2), 168.1, 
176.9, 179.7.  19F NMR (282 MHz, CD3OD + CFCl3): δ?= -109.0 
(t, J = 8.6).  HRMS: calcd for C23H23F2N4O2 [MH]+, 425.1789; 
found 425.1780. 
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(2,3,4,5,6-Pentafluorobenzyl)-
1,3-dioxodecahydro-pyrrolo[3,4-a]pyrrolizin-4-
yl)benzamidine Hydrochloride ((±)-4i).  Compound ((±)-4i 
was synthesized according to the procedure described for 
compound (±)-4d.  Yield: 111 mg (73%, colorless needles).  
M.p. > 220 °C (dec., Et2O/EtOH).  IR (KBr): 3356, 3060, 
1775, 1713, 1674, 1520, 1511, 1506, 1490, 1395, 1345, 1178.  
1H NMR (300 MHz, CD3OD): δ = 1.70-1.90 (m, 2H), 2.00-2.18 
(m, 2H), 2.58-2.68 (m, 1H, H-C(6)), 2.84-2.95 (m, 1H, H-
C(6)), 3.45 (dd, J = 8.1 and 0.9, 1H, H-C(8b)), 3.66-3.75 
(m, 2H, H-C(3a) and H-C(8a)), 4.31 (d, J = 8.7, 1H, H-
C(4)), 4.58 and 4.65 (AB, J = 14.7, 2H, CHH'-N(5)), 7.52, 
7.66 (AA’BB’, J = 8.3, 4H, Ar).  13C NMR (75 MHz, CD3OD): δ? 
= 24.3, 30.6, 31.2, 50.3, 51.9, 52.0, 69.3, 69.4, 110.7 
(tt, J, J = 18.2 and 4.3), 128.4, 130.0, 146.6, 168.0, 
176.1, 178.8.  19F NMR (282 MHz, CD3OD + CFCl3):?δ??= -140.0 
(dd, J = 21.4 and 7.3, 2F), -155.3 (t, J = 20.3, 1F), -
162.8 (m, 2F).  HRMS: calcd for C23H20F5N4O2 [MH]+, 479.1506; 
found 479.1493. 
 
(3aSR,4RS,8aSR,8bRS)-4-(2-(4-Chlorobenzyl)-1,3-
dioxodecahydropyrrolo[3,4-a]pyrrolizin-4-yl)benzamidine 
Hydrochloride ((±)-4j).  Compound (±)-4j was synthesized 
according to the procedure described for compound (±)-4d.  
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Yield: 61 mg (53%, colorless solid).  M.p. > 165 °C (dec.).  
IR (KBr): 3349, 3104, 1773, 1703, 1675, 1613, 1536, 1492, 
1431, 1400, 1343, 1174.  1H NMR (300 MHz, CD3OD):?δ?= 1.72-
1.90 (m, 2H), 2.00-2.18 (m, 2H), 2.56-2.67 (m, 1H, H-C(6)), 
2.81-2.93 (m, 1H, H-C(6)), 3.47 (d, J = 8.1, 1H, H-C(8b)), 
3.69-3.79 (m, 2H, H-C(3a) and H-C(8a)), 4.30 (d, J = 8.7, 
1H, H-C(4)), 4.45 and 4.52 (AB, J = 14.4, 2H, CHH'-N(5)), 
7.22 and 7.32 (AA’BB’, J = 8.4, 4H, Ar(Cl)), 7.45, 7.63 
(AA’BB’, J = 8.7, 4H, Ar).  13C NMR (75 MHz, CD3OD):?δ?= 
24.3, 30.5, 42.5, 50.4, 51.9, 52.0, 69.4, 69.5, 128.3, 
128.4, 129.5, 130.2, 130.9, 134.5, 135.9, 146.8, 168.0, 
177.0, 179.8.  HRMS: calcd for C23H24ClN4O2 [MH]+, 425.1789; 
found 425.1794. 
 
N-(4-Fluorobenzyl)maleimide (6). Compound 6 was synthesized 
from (4-fluorobenzyl)amine (12.8 g, 102 mmol) maleic 
anhydride (10.0 g, 102 mmol) according to a literature 
procedure for the corresponding benzyl derivative.[9]  Yield:  
8.9 g (42%, colorless crystals).  M.p. 88-89 °C.  IR (KBr): 
1699, 1602, 1511, 1436, 1408, 1350, 1222, 1158, 1140.  1H 
NMR (300 MHz, CDCl3):?δ?= 4.64 (s, 2H, NCH2), 6.71 (s, 2H, 
CHCH), 6.94-7.03 (m, 2H, Ar), 7.29-7.36 (m, 2H, Ar).  13C 
NMR (75 MHz, CDCl3):?δ = 40.7, 115.4 (d, J = 21.9), 130.2 
(d, J = 8.5), 131.9 (d, J = 3.7), 134.0, 162.1 (d, J = 
245.0), 170.1.  19F NMR (282 MHz, CDCl3 + CFCl3):?δ?= -113.9 
(m). MS: calcd for C11H8FNO2 [M]+, 205.05; found 204.96.  X-
ray. 
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