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SYNTHESIS

General

'H, ¥ | and"®C NMR spectra were measured on Bruker Avance speeters and are reported
on thed scale;'®F NMR spectra were referenced againgf«Cthe multiplicities are expressed
like following: s = singlet, d = doublet, t = trgtl g = quartet; where necessary, assignment of the
NMR signals was derived from 2D spectra; mass spacere recorded using a Finnigan MAT
8200 mass spectrometer (El), a Finnigan MAT LCQI(E&® a Finnigan MAT 95 (FAB); IR
data were collected with a Digilab Excalibur specteter; the relative intensities of IR spectra
are reported as follows: br = broad, s = strong; medium, w = weak; the UV-Vis spectra were
recorded using a Analytik Jena Specord S 100 speeter in a 1 cm pathway cuvette; melting
points were determined using a Bichi Melting pddib40 apparatus and are uncorrected,;
elemental analyses were measured by the Anal\tadabratory of the Institut fir Anorganische

Chemie der Universitat Gottingen using a HeraeudNCHRAPID instrument. Solvents were
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dried (RO, for CH,Cl,, Mg for MeOH and Cakifor DMF) and distilled prior to use. All other
reagents were used as received. 3,5-Bis-chlormétiydyrazole hydrochloride and 3,4-

diethylpyrrolé were prepared as described in the literature. @olwchromatography was
performed on MN (Macherey-Nagel AG) aluminium ox{thasic, Brockmann Activity 1) unless
otherwise indicated. Analytic thin layer chromatagny (TLC) was carry out using aluminium
oxid (layer thickness 0.2 mm) alumninium-backed ¥t¢#&£ds with fluorescent indicator

(254 nm) purchased from Fluka.

3,5-Bis-chloromethyl-1H-pyrazole (2) 3

3,5-Bis-chloromethyl-H-pyrazole hydrochloride was suspended in,Clkland over-laid with an
agueous NaC®solution (0.1 M, excess). After stirring the reactmixture overnight at room
temperature, the mixture was extracted with,Cl the organic phase isolated, dried {8i&, or
MgS(Qy), and evaporated to drynessvacuo to obtain the target compound in near-quantitative
yields. The compound was not further purified asddudirectly for the next step. m.p.: 71-75 °C;
'H NMR (200 MHz, CDGCJ 301 K): d (ppm) = 4.62 (s, 4H; 2xXidy), 6.38 (s, 1H; EP*%), 10.14
(s, 1H; NH); °C-NMR (101 MHz, CDCJ, 301 K):5 (ppm) = 36.5 CH,), 105.3 CHP*?, 145.0
(CP29; MS (EI): miz (%): 164 (20)[M]*, 129 (100) [M-CIJ, 94 (16) [M-2xCIf, 65 (22)
[(C3HN2)]™; IR (KBr): v = 3192 (s), 3108 (s), 2994 (s), 2869 (s), 1458 ®8)I5 (w), 1264 (m),
1142 (w), 1006 (w), 730 (m) ch elemental analysis calcd (%) fosHEN,Cly: C: 36.39, H:
3.66, N: 16.98, Cl: 42.97; found: C: 36.74, H: 3.M316.98.

3,5-Bis(3,4-dimethyl-H-pyrrole-2-yl-methyl)-1H-pyrazole (3):

3,4-Diethylpyrrole (3.5 g, 28.4 mmol) was, undehyarous conditions (}, dissolved in dry
CHyCI, (200 mL). The reaction mixture was cooled in aetace-dry ice bath to -78 °C and
n-BuLi (2.5 M in hexan, 11.4 mL, 28.4 mmol) was addarefully in portions. After stirring for
1.5 h, 3,5-bis-chloromethylH-pyrazole 2) (1.0 eq, 1.33 g, 8.10 mmol) dissolved in dry CH
(50 mL) was added drop-wise. The reaction wasestifor 4 h at -78 °C. Subsequently, the

1 T.G. Schenck, J. M. Downes, C. R. C. Milne, P.MBicKenzie, H. Boucher, J. Whelan and B. Bosniciorg.
Chem. 1985,24, 2334.

2 a) L. Sessler, A. Mozaffari and J. M. R. Johngdrg. Synth. 1992,70, 68. b) D. Hartman and L. M. Weinstock,
Org. Synth., Coll. Vol VI , 1988 620.

% S. KatsiaouniDiplomarbeit, 2004, Géttingen, Germany.



reaction was allowed to warm to room temperaturermmght. A saturated ag. NBI solution
(150 ml) was added and the mixture was extracteéd @H,Cl, (3 x 100 mL). The combined
organic layers were dried over MO, filtered, and the solvent removed by rotary evapon

to yield a brown oil that was purified by columnraimatography (basic alumina, Brockmann
activity |, CHCI,:MeOH 45:1). After the removal of the solverf, was obtained as a
hygroscopic light brown soliR.49 g, 91 %)The product is susceptible to slow decomposition
at room temperature in air and is best kept inftbezer under N R = 0.50 (aluminium oxide,
CH,Cl»:MeOH 1:20); m.p.: 36 — 45 °CH NMR (500 MHz, CDC} 301 K): 3 (ppm) = 1.11-1.14
(t, 3 (H,H) = 7.5 Hz, 6H; ©3), 1.21-1.24 (t3J (H,H) = 7.51 Hz, 6H; El), 2.45-2.51 (m3J
(H,H) = 7.5 Hz, 8H; E,CH>), 3.83 (s, 4H; py-B,-pz), 5.88 (s, 1H; 8%, 6.33-6.34 (m, 2H;
CHP), 8.19 (br s, 2H; M), 8.69-10.19 (br s, N); 3C NMR (126 MHz, CDGJ, 301 K):3 (ppm)
=14.6 CHs), 16.1 CHs), 17.4 CH,), 18.5 CHy), 23.8 (pyCH»-pz), 103.5 CH™), 112.8 CHY),
120.3 CY), 123.8 C"), 124.8 C"), 147.1 C™); MS (EI): m/z (%): 338 (62)[M]", 323 (10)[M-
(CHy)] %, 309 (7) [M-(GHs)] ", 217 (20) [M-(GH11N)] *, 200 (22) [M-(GH1eN)] *, 186 (5) [M-
(CroH1eN)] ¥, 154 (12) [(GH4N3)] ¥, 122 (100) [(GH2N)] ©. HRMS-(+)ESI (methanol/water):
m/z calcd for GiHziN4 [M+H]™: 339.25432, found: 339.25433; IR (KBv)= 3356 (s), 2926 (m),
1674 (m), 1558 (m), 1443 (s), 298 (w), 1083 (W)Aqw), 779 (m), 532 (m) cih elemental
analysis calcd (%) fo€21H30N4: (H,0)o 25 C 73.52, H 8.97, N 16.34; found: C 73.59, H 887,
16.45.

3,5-Bis-(3,4-diethyl-1-formylpyrrol-2-yImethyl)-1H-pyrazole (1):

A procedure for the diformylation of dipyrromethaneas adopted from the literatifreTo a
cooled (ice bath) solution & (282mg, 0.83 mmol) in dry DMF (608 mg, 8.33 mmol, 10 e@s
added benzoyl chloride (0.76 mL, 6.7 mmol, 8.0w@gjer a Natmosphere. The reaction mixture
was stirred at 0 °C for 2 h, followed by additiodah at room temperature. (For larger scale
preparations we recommend to stir the reactionurexseveral hours longer.) The dark brown
mixture was cooled to 0°C and quenched by adduifoa wet, ethanolic N&O; solution (1.0 g
NaCO; dissolved in 80 mL 1:1 #D:EtOH). The solution was extracted with &Hp (3 %

100 mL), the organic phase was dried ovep3@ and evaporated to drynessvacuo. The

4 R. P. Brifias and C. Briickndretrahedron, 2002,58, 4375.



resulting black oil was purified using column chaography (basic alumina, Brockmann
activity I, CHCl,:MeOH 20:1). The third, main fraction was collectadd the solvent was
evaporated under vacuum to affdrés a lightly brown solid. Subsequent recrystaliczatrom
EtOH gavel as a light ocher solid (288 mg, 88 %; the yielfldaoge scale preparations were
reduced to 40-70 %).;R 0.44 (aluminium oxide, C4€l;:MeOH 15:1); m.p.: 191 — 195 °CH
NMR (500 MHz, DMSO-¢,301 K): 3 (ppm) = 0.89-0.92 (£J (H,H) = 7.5 Hz, 6H; El3), 1.09-
1.12 (t,3J (H,H) = 7.5 Hz, 6H; El3), 2.29-2.33 (qJ (H,H) = 7.5 Hz, 4H; ®,CHs), 2.60-2.65
(9, 3J (H,H) = 7.5 Hz, 4H; ®,CHs), 3.80 (s, 4H; py-6,-pz), 5.74 (s, 1H; 8, 9.45 (s, 2H;
CHO), 11.40 (br s; N), 12.28 (br s; K). **C NMR (126 MHz, DMSO-g 301 K): & (ppm) =
15.8 CH3), 16.2 CH.CHs), 16.6 CH,CHs), 17.4 CHa3), 23.4 (br, pycH»-pz), 102.7 CH),
122.9 €Y%, 127.0 C™CHO), 135.5CY), 136.4 CY), 144.6 (br,CY%, 176.3 CHO). MS (EI): m/z
(%): 394 (100)[M]", 365 (63) [M-(GHs)]", 351 (5) [M-(GH7)]", 337 (13) [M-X(C;Hs)+H]",
323 (5) [M-2(CzHs)- (CHs)+2H]", 243 (28) [M-(GH12NO)]*, 228 (16) [G3H1eN4]", 214 (18)
[C12H14N4]", 200 (12) [GaH12N4] ", 150 (30) [GH12NOJ", 122 (50) [GH12N]", 94 (7) [GN2He]";
HRMS-(+)ESI (methanol/water)m/z calcd for GsH3iN4O, [M+H]™: 395.24415; found:
395.24413; IR (KBr)v = 3243 (s), 2929 (m), 1608 (vs), 1448 (m), 1350, (b280 (w), 1134
(w), 1010 (m), 856 (w), 772 (s) ¢melemental analysis calcd (%) fob#30N4O (H0)os5: C
68.46, H 7.74, N 13.88, 0 9.912, found: C 68.44,.H, N 14.29.

Schiff base macrocycle (4):

Bisaldehydel (200 mg, 0.51 mmol) was dissolved undetirNdry MeOH (250 mL) at 50 °C. To
the stirred solution was added drop-wise 1,2-diamémzene (54.0 mg 0.51 mmol, 1.0 eq.)
dissolved in dry MeOH (10 mL). After 15 min, TFA.§4 mL, 20.0 mmol, 40 eq.) was added in
small portions and the reaction mixture was he#dekflux under Nfor 20 h. After this time,
the solvent was removed on the rotary evaporatdrtla@ resulting brown-red solid was purified
by column chromatography (basic alumina, Brockmaativity |, CHCl,:MeOH 30:1) to
provide product as a yellow-orange solid (213 mg, 90 %). Singlstals of4 were grown at

5 °C from a saturated ethanolic solutiordoR; = 0.79 (aluminium oxide, Ci€l,:MeOH 30:1);
m.p.: 241-244 °C!H NMR (500 MHz, CDCJ, 301 K): & (ppm) = 1.01-1.04 (£2J (H,H) =
7.5 Hz,6H; CH3), 1.16-1.19 (t3J (H,H) = 7.5 Hz, 6H; Gi3), 2.30-2.35 (m4H; CH,CHs), 2.53-
2.57 (9,3 (H,H) = 7.4 Hz,4H; CH,CHs), 3.88 (s, 4H; py-B,-pz), 5.67 (s, 1H; 8, 7.17 (s,
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4H; CH™), 8.16 (s, 2x HC=N), 10.50 (br sNH); °C NMR (126 MHz, CDGJ, 301 K):

3 (ppm) = 16.0 CH3), 17.0 CH,CHs), 17.3 CH2CHs), 17.4 CHa3), 24.0 (br, py€H,-pz), 103.9
(CH"), 117.2 (brC™, 122.6 "), 125.7 €™, 132.5 (brC*"), 146.1 (br, KL=N); MS (ESI in
MeOH) m/z (%): 467 (1L00{M+H]*; MS (FAB in 4-NBA)m/z (%): 467 (100{M+H]*; HRMS-
(+)ESI (MeOH/HO): mVz calcd for GgHasNg [M+H]": 467.29177; foundM+H]": 467.29177; IR
(KBr): v = 3428 (m), 3268 (w), 3061 (w), 2961 (m), 2926 (w868 (w), 1614 (vs), 1569 (s),
1443 (s), 1383 (w), 1335 (w), 1264 (m), 1210 (mM)QL (w), 1057 (w), 1010 (w), 963 (w), 894
(w), 807 (w), 745 (w) cri; UV-vis (CHCE): Amax[nm] (¢) = 332 (23670), 361 (17560); elemental
analysis calcd (%) for £H3sNe(CH30H), 5(514.7): C 71.18, H 7.83, N 16.33, found: C 71H9,
7.49, N 16.04.

Schiff base macrocycle (4-TFA):

The same preparation as described4fdnowever, the basic alumina-based deprotonatiem ist
replaced by a recrystallization of the crude prated material. Thus, after cooling the reaction
mixture to ambient temperature, the solvent wasok&d on the rotary evaporator and the
resulting brown-red solid was purified by crystliion in MeOH/CHCI, for one day at 5 °C.
Red single crystals of the TFA-salt grew by slovamwation of a saturated MeOH/gE,
solution of4-TFA. m.p.: 222-235 °C*H NMR (500 MHz, CDC} 301 K): & (ppm) = 1.13-1.16
(t, 3J (HH) = 7.5 Hz,6H; CHs), 1.17-1.20 (t3J (H,H) = 7.5 Hz, 6H; ®&3), 2.50-2.54 (m4H;
CH,CHs, DMSO-d), 2.73-2.78 (g3J (H,H) = 7.5 Hz,4H; CH,CH), 3.42 (br, NH), 4.13 (s, 4H;
py-CH»-pz), 6.21 (s, 1H; 8, 7.30-7.34 (dd®J (H,H) = 3.3 Hz,2H; CH™), 7.80-7.82 (dd®J
(H,H) = 3.3 Hz,2H; CH™, 8.62 (s, 2H; 2 HC=N), 11.15 (br sNH); **C NMR (126 MHz,
DMSO-a;, 301 K):3 (ppm) =; 15.1 CH3), 16.2 CH,CHs), 16.6 CH,CHs), 17.0 CH3), 24.2 (br,
py-CH,-pz), 104.4 CH¥), 116.7 CH™), 123.1 €Y, 125.2 €%, 126.6 CH™, 136.0 C7), 141.1
(br, C%, 142.3 (br, K=N), 157.5 C*P; %F NMR (188 MHz, DMSO-g 301 K): 89.0 (s,
CF3COO0); MS (ESI in MeOH)Wz (%): 467 (58)M+H]", 933 (78) [2x M+H]", 1047 (100) [
M+(CFsCOOH)J’; IR (KBr): v = 3430 (m), 3210 (w), 3178 (w), 2957 (m), 2947 (w§4Q (vs),
1570 (s), 1552 (w), 1435 (w), 1304 (w), 1190 (nd8Q (m), 1010 (w), 958 (w), 801 (m), 756
(w) cmi*; UV-vis (CHCk): Amax[nM] (¢) = 361 (35800), 448 (8070).
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Figure S1Q ESI-MS spectrum o#H]*(CFCOO) in methanol.
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Figure S11 UV-vis spectrum oft and BH]"(CFRCOO) in CHCl.
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X-ray Crystallography Data

Figure S12 View of the molecular structure df2EtOH In the interests of clarity all hydrogen
atoms not involved in hydrogen bonding and therdisoof the GHs-group have been omitted.
Selected atom distances (A) and angles (°):*812 2.906(2), N3-H3 0.92(3), 6:N4 2.962(2),
O1-N5 2.934(2), O1-H10 0.82(3), N1 2.920(2), N6—H6 0.94(3), N1D2’ 2.783(2), N1—
H1IN 0.92(3), O2:N2 2.778(2), O2—-H2 0.87(3), N4-C13 1.283(3), N4-Q14107(3), N5-C20
1.278(3), N5—C19 1.416(3); N3—-H®1 172(3), O1-H16N4 143(3), O1-H1ON5 141(3), N6—
H6--01 171(2), N1-H1N-O2' 179(2), O2—-H2:N2 179(3), C13-N4-C14 121.3(2), C20-N5-
C19 120.8(2). Symmetry transformation used to gererquivalent atoms () Xy, 0.5z
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Figure S13 View of the molecular structure df2EtOH. In the interests of clarity all hydrogen
atoms not involved in hydrogen bonding have beeittedn Symmetry transformation used to

generate equivalent atoms (’'X,y, 0.5z

Figure S14 View of the hydrogen bonding interactions4e2EtOH. In the interests of clarity all
hydrogen atoms not involved in hydrogen bondingehlagen omitted. Symmetry transformation

used to generate equivalent atoms (X):y+- 0.5z
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Figure S15 View of the molecular structure o#Hl]*-(CRCOOQ)-(H,0). In the interests of
clarity all hydrogen atoms not involved in hydrogeonding and the disorder of the £&dfoup
have been omitted. Selected atom distances (Apagks (°): N3-:01 2.931(3), N3—H3 0.87(3),
N5--01 3.242(3), N5-H5 0.90(3), N8D1 2.824(3), N6—H6 0.96(4), N102’ 2.838(3), N1-H1
0.94(4), O3-N2 2.912(3), 03:02’ 2.749(3), O3—-H3A 0.95(5), O3-H3B 1.01(5), N4-3C1
1.290(3), N4—-C14 1.412(3), N5—C20 1.319(3), N5-11916(3); N3—-H3-O1 170(3), N5-
H5--01 145(2), N6—H601 166(3), N1-H1-:02' 164(3), O3-H3A-N2 164(4), O3-H3B-02’
161(4), C13-N4-C14 121.6(2), C20-N5-C19 127.8(3)mr8etry transformation used to

generate equivalent atoms ():xXl-2-y, 2-z
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Figure S16 View of the molecular structure of#fi]*-(CRCOO)-(H.0). In the interests of
clarity all hydrogen atoms not involved in hydrogbanding have been omitted. Symmetry

transformation used to generate equivalent atom$-, 2-y, 2z

Figure S17 View of the hydrogen bonding interactions @H]*-(CRCOO)-(H,0). In the
interests of clarity all hydrogen atoms not invalve hydrogen bonding have been omitted.

Symmetry transformation used to generate equivalems (): 1%, 2-y, 2-z
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