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As characteristic structural elements of several of the non-
monomeric pyrrole-imidazole alkaloids, 1,1-bis(imidazolyl)-
propenes were assembled in a facile manner by double Grig-
nard reaction of metalated imidazoles with saturated esters,
followed by dehydration. The presence of nitrile functions or
acryl esters in the electrophile component leads to competing

Introduction

Pyrrole-imidazole alkaloids constitute a branched family
of biogenetically related natural products isolated from ma-
rine sponges.[1,2] Important biological activities include fish
feeding deterrency[3] and anti-biofilm activity.[4] A particu-
lar group is formed by pyrrole-imidazole alkaloids contain-
ing two C11N5 subunits such as nagelamides C (2),[5] S (3)
[6] and J (5)[7] or ageliferin (4, Figure 1), which continue to
be challenging targets for total synthesis.[8] Bis(imidazolyl)-
allyl- or -alkylamines of type 1 can be identified as core
structures, which may function as strategic intermediates for
total synthesis. Desymmetrization either by cyclization or
Diels–Alder cycloaddition is possible in principal, aiming
at unified approaches to nagelamide J (5) and ageliferin (4).
Monofunctionalization of 1 could give access to nagelamide
C (2). Moreover, oxidation of bis(imidazolyl)propenes or
-propanes may lead to tricyclic moieties present in the axi-
nellamines or massadines.[8,9] Therefore, we decided to de-
velop a convenient route to bis(imidazolyl)propenes of type
1.

Earlier we have reported the palladium-catalyzed cou-
pling of masked 2-aminoimidazoles and acrylic esters and
amides,[10] which had to contain a terminal double bond
and consequently reacted with only one 2-aminoimidazole
unit. Recently, Lovely et al. have shown that nonsymmetri-
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reactions, whereas propargyl esters are tolerated. Introduc-
tion of 2-amino groups was possible via the corresponding
dimethylsulfamoyl-protected 2-azidoimidazoles, which had
to be deprotected prior to hydrogenation. NOESY-based
analysis revealed preferred orientation of the imidazole 5-
positions towards the propenyl chain.

Figure 1. Bis(imidazolyl)propenes of type 1 could serve as building
block in the synthesis of nagelamide (2, 3 and 5) and ageliferin (4).

cal bis(imidazolyl)propenes can be assembled by Stille
cross-coupling of 4-iodo-5-vinylimidazoles and vinylstann-
anes derived from the corresponding alkynylimidazole.[11]

Results and Discussion
We decided to assemble symmetrical saturated and un-

saturated bis(4-imidazolyl)propenes such as 1 via the corre-
sponding carbinols by employing esters as electrophiles.
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On the imidazole side, we preferred iodine/metal ex-

change over deprotonation, because protection of the imid-
azole 2-position would not be required.[12] Magnesation
with EtMgBr was preferred over lithiation, because the lat-
ter may generate 2-lithioimidazoles in competition.[13] Bres-
low et al.,[14] Katritzky et al.,[15] Imanishi et al.[16] and Nich-
olas et al.[17] reacted 5-lithiated imidazoles with aldehydes,
esters, and alkyl carbonates obtaining hydroxy-alkylated
imidazoles, bis(imidazolyl) carbinols, and tris(imidazolyl)
carbinols. 4-Iodo-1-tritylimidazole has also been treated
with EtMgBr and the resulting Grignard nucleophiles were
treated with DMF, N-formylpiperidine,[18] substituted benz-
aldehydes,[19] thiophenecarbaldehydes, esters,[20] and Wein-
reb amides.[21]

4-Iodo-1-tritylimidazole (6)[22] and 1-(dimethylamino)-
sulfonyl-4-iodoimidazole (7)[23] were prepared following lit-
erature procedures. Iodine/magnesium exchange was carried
out with EtMgBr.[12] When saturated methyl esters without
heteroatom-H-bonds were offered as electrophiles, yields of
bis(imidazolyl) carbinols 8–18 were consistently high both
for trityl- and DMAS-protected 4-iodoimidazoles (50–95%,
Scheme 1).

We also studied ambident unsaturated electrophiles.
Phenylpropiolic methyl ester (19) reacted twice at the carb-
onyl carbon affording the alkynylated bis(imidazolyl) carb-
inol 20 (Scheme 2). Methyl cinnamate (21), however, was
attacked both in the β-position and at the carbonyl carbon
providing compound 22 with two imidazole units connected
via a C3 chain. Thus, α,β-unsaturated esters appear not to
be suitable for direct bis(imidazolyl) carbinol formation fol-
lowing Scheme 2. A nitrile function is also able to compete
with the methyl ester group. On reaction of α-cyanoacetate
23 with 2 equiv. of 6/EtMgBr, enamine 24 was the major
product (34 %), accompanied by considerable decomposi-
tion.

Formation of dimethylamino, dibenzylamino and 2,5-di-
methylpyrrole compounds 12, 13, 15, 17 and 18 shows that
nitrogen can be incorporated in the C3 side chain. We ex-
pected that the 2,5-dimethylpyrrole moiety of 18 could be
cleaved off by treatment with hydroxylamine,[24] but we were
not successful. Fortunately, doubly Boc-protected β-alanine
methyl ester (25) reacted to bis(imidazolyl) carbinol 27
(61%, Scheme 3), accompanied by ketone 26 (12%). The
main product 27 contained only one Boc group. Side prod-
uct 26 was possibly formed via retro Michael elimination of
the amine, followed by Michael addition of 6 to the re-
sulting acryl imidazole.

Elimination of water from tertiary carbinol 27 was
achieved by employing excess MsCl/NEt3 over 7 h, followed
by treatment with DBU. The remaining Boc-group was re-
moved quantitatively together with the two trityl groups un-
der acidic conditions affording the novel bis(imidazolyl)-
allylamine 29.[25] NOESY spectra (CD3OD) showed corre-
lations between the olefinic proton (δ = 6.56 ppm) and one
of the imidazole protons (δ = 7.59 ppm), whereas the other
imidazole proton (δ = 7.74 ppm) is in proximity of the
methylene protons (δ = 3.88 ppm). Thus, the allylamine
double bond is in cisoid arrangement to both C=C bonds
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Scheme 1. Synthesis of bis(imidazolyl) carbinols by double Grig-
nard reaction (Tr = triphenylmethyl; DMAS = (dimethylamino)-
sulfonyl).

Scheme 2. Reaction of imidazolylmagnesium bromide with ambi-
dent electrophiles.
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Scheme 3. Synthesis and conformation of the bis(imidazolyl)allyl-
amine 29.

of the imidazole units, making a hydrogen bond between
the two imidazoles possible. According to MM2 analysis,
compound 29 is not planar with at least one of the imid-
azole rings twisted out of the plane.

The chemistry of pyrrole-imidazole alkaloids is strongly
influenced by the amino groups located in the imidazole 2-
positions. Amination of the imidazole 2-position is possible
by azidation and reduction[26] and has also been applied
simultaneously for two N-methylated[27] and for two
DMAS-protected imidazole units.[11] We switched from trit-
yl- to DMAS-protection[11,12] of the imidazole, because we
expected greater stability of the rather sensitive azides, and
more simple 1H NMR spectra.

Scheme 4 summarizes a model study on the deprotection
strategy towards 2-aminoimidazoles. DMAS-protected 2-
azidoimidazole (30) can smoothly be reduced to DMAS-
protected 2-aminoimidazole 31. However, it turned out to
be impossible to cleave off the DMAS group in the presence
of the 2-amino group. Compound 31 persisted even under
drastic acidic conditions, whereas 2-azidoimidazole 30
smoothly underwent deprotection when treated with 12 

HCl, in accordance with results obtained by Lovely’s
group.[11,28] DMAS-protected 2-azidoimidazole 30 also re-
sisted reductive cleavage of the N–S bond with samarium
diiodide. In the case of other N-heterocycles, however,
DMAS groups have been removed under reductive condi-
tions.[29] The reason for the great stability of DMAS-pro-
tected 2-aminoimidazole under acidic conditions remains
unclear. Apparently, even a protonated 2-amino substituent
does not generate sufficient electron deficiency for cleaving
off DMAS. In the case of 2-free and 2-azidoimidazoles,
however, DMAS is removed. Differing from 1-DMAS-pro-
tected 2-aminoimidazoles, hydrolysis of the N-trityl analogs
is facile.[25,30] It can be concluded that DMAS-protected 2-
azidoimidazoles first have to be deprotected, followed by
reduction of the azide.
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Scheme 4. Conversion of DMAS-protected 2-azidoimidazole (30)
to 2-aminoimidazole (33).

For the synthesis of the desired bis(2-aminoimidazolyl)-
propenes, we first investigated the double azidation of
DMAS-protected bisimidazoles in the absence and presence
of the vinyl double bond. Bis(imidazolyl)propane 36 was
obtained from carbinol 14 in two steps by dehydration to
compound 34 and hydrogenation with Pd/C (Scheme 5).
Double azidation of the hydrogenated precursor 36 was
possible in satisfactory yield (40 %) and gave access to the
1,1-disubstituted propane 37. Fortunately, azidation of 34
was also possible without prior hydrogenation and pro-
ceeded smoothly affording bisazide 38 in 54% yield. This
sequence could be applied to the methoxylated precursor
16 which afforded product 39 in about 60% yield over two
steps.

A second issue concerned DMAS removal and chemose-
lective azide hydrogenation in the presence of the vinyl
double bond. Lindlar hydrogenation of 39 to compound 40
only affected the azide groups retaining the vinyl double
bonds. As expected from our model study (Scheme 4), it
turned out to be impossible to cleave off the DMAS groups
from 40.

However, we were pleased to observe that by following
the reversed order via deprotected bisazide 41, we were able
to synthesize the target compound 42. As compound 29
(Scheme 3), the diaminated compound 42 exhibits NOESY
correlations between the olefinic proton (δ = 6.31 ppm) and
one of imidazole protons (δ = 6.78 ppm) and between the
methylene protons (δ = 4.11 ppm) and the other imidazole
proton (δ = 6.94 ppm). The overall yield of bis(imidazolyl)-
propene 42 was 27 % over 5 steps.

In summary, we have shown that sp2-bridged 2-amino-
imidazoles can be assembled in a very facile and high yield-
ing manner by double Grignard reaction of metalated imid-
azoles with saturated esters, followed by dehydration. The
presence of nitrile functions or acryl esters leads to compet-
ing Grignard reactions, whereas propargyl esters are toler-
ated. Introduction of the 2-amino groups proceeds via the
corresponding azides. We are currently studying further de-
symmetrization of our building blocks towards the synthe-
sis of dimeric pyrrole-imidazole alkaloids.
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Scheme 5. Synthesis of DMAS-protected bis-2-aminoimidazoles
via double azidation.

Experimental Section
General: NMR spectra were taken with a Bruker DRX-400
(400.1 MHz for 1H, 100.6 MHz for 13C), a Bruker AV III-400
(400.1 MHz for 1H, 100.6 MHz for 13C) and a Bruker AV II-600
(600.1 MHz for 1H; 150.9 MHz for 13C), referenced to the solvent
signal or TMS. All measurements were carried out at 300 K. Mass
spectra were obtained with a LTQ Orbitrap Velos, a Thermo Finni-
gan LTQ FT, a Thermo Finnigan MAT95 and a Finnigan MAT
95 XLT spectrometer. IR spectra were recorded with a Bruker Ten-
sor 27 spectrometer. UV/Vis spectra were measured with a Varian
Cary 100 Bio UV/Vis-spectrometer. Melting points were measured
with a Büchi 530 melting point apparatus. Chemicals were pur-
chased from commercial suppliers and used without further purifi-
cation. Silica gel 60 (40–63 µm, Merck) was used for column
chromatography.

General Procedure for the Synthesis of Compounds 8–18: To a solu-
tion of 6 or 7 (1.00 equiv.) in dry CH2Cl2 (40 mL) under Ar atmo-
sphere was added EtMgBr (1.00 equiv.) and the solution was stirred
2 h at room temp. The electrophile (0.45 or 1.00 equiv.) was added
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and the reaction mixture was stirred at room temp. for 37.5 to
51 h. The reaction was quenched by addition of saturated aqueous
NH4Cl (50 mL). The layers were separated and the water phase was
extracted with CH2Cl2 (3 to 6 times with 25–70 mL). The combined
organic layers were dried with MgSO4 and the solvent was removed
under reduced pressure, followed by flash column chromatography.

Bis(1-trityl-1H-imidazol-4-yl)methanol (8): From 6 (4.36 g,
10.0 mmol), EtMgBr (3.57 mL, 10.0 mmol, 2.8  in Et2O) and
methyl formate (0.28 mL, 4.50 mmol) applying the general pro-
cedure. Column chromatography [silica, CHCl3, then CHCl3/
MeOH (50:1 to 20:1)] afforded 8 (2.89 g, 99%) as colorless solid.
Mp 109 °C. Rf (CHCl3/EtOAc, 20:1) = 0.04. 1H NMR (400 MHz,
CDCl3): δ = 7.35 (d, 4J = 1.4 Hz, 2 H, NCHN), 7.29–7.23 (m, 18
H, phenyl-CH), 7.10–7.07 (m, 12 H, phenyl-CH), 6.73–6.72 (m, 2
H, NCHCN), 5.80 (s, 1 H, CHOH), 3.59 (br. s, 1 H, OH) ppm.
13C NMR (100 MHz, CDCl3): δ = 143.1 (2 C, NCHCN), 142.4 (6
C, phenyl-Cquart.), 138.5 (2 C, NCHN), 129.7 (12 C, phenyl-CH),
128.0 (12 C, phenyl-CH), 127.9 (6 C, phenyl-CH), 118.6 (2 C,
NCHCN), 75.3 (2 C, CPh3), 65.9 (COH) ppm. MS (ESI+): m/z (%)
= 1299 (42) [2M + 2H]+, 649 (100) [M + H]+, 407 (28) [M – CPh3 +
2H]+, 243 (13). HRMS (ESI): calcd. 649.2962 (C45H37N4O); found
649.2963. IR (ATR): ν̃ = 3346 (w), 1488 (m), 1444 (m), 1188 (m),
1156 (m), 1128 (m), 1086 (m), 1035 (m), 1002 (m), 963 (m), 907
(w), 872 (m), 835 (m), 813 (m), 748 (s), 699 (s), 659 (s), 637 (m)
cm–1. UV (CH3Cl): λmax (lg ε) = 290 (2.41), 260 (3.27), 204 nm
(3.74).

1,1-Bis(1-trityl-1H-imidazol-4-yl)ethanol (9): From 6 (4.36 g,
10.0 mmol), EtMgBr (3.57 mL, 10.0 mmol, 2.8  in Et2O) and
methyl acetate (0.36 mL, 4.50 mmol) applying the general pro-
cedure. Column chromatography [silica, petroleum ether/ethyl acet-
ate (3:1 to 1:1), then CHCl3, then CHCl3/MeOH (50:1 to 20:1)]
afforded 9 (2.51 g, 84%) as colorless solid. Mp 137–145 °C. Rf

(CHCl3/MeOH, 20:1) = 0.27. 1H NMR (400 MHz, CDCl3): δ =
7.31–7.20 (m, 20 H, phenyl-CH, NCHN), 7.11–7.04 (m, 12 H,
phenyl-CH), 6.71 (d, 4J = 1.3 Hz, 2 H, NCHCN), 3.60 (br. s, 1 H,
OH), 1.85 (s, 3 H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ =
147.3 (2 C, NCHCN), 142.5 (6 C, phenyl-Cquart.), 138.2 (2 C,
NCHN), 129.8 (12 C, phenyl-CH), 127.9 (18 C, phenyl-CH), 117.3
(2 C, NCHCN), 75.2 (2 C, CPh3), 70.1 (COH), 28.8 (CH3) ppm.
MS (ESI+): m/z (%) = 1328 (28) [2M + 2H]+, 1327 (55) [2M +
H]+, 663 (100) [M + H]+, 421 (32) [M – CPh3 + H]+, 243 (18).
HRMS (ESI): calcd. 663.3124 (C46H38N4O); found 663.3134. IR
(ATR): ν̃ = 3164 (w), 1490 (m), 1445 (m), 1160 (m), 1140 (m), 1083
(m), 1035 (m), 974 (m), 905 (m), 870 (m), 828 (m), 744 (s), 698 (s),
658 (s), 638 (m) cm–1. UV (CHCl3): λmax (log ε) = 254 (4.98),
203 nm (3.42).

1,1-Bis(1-trityl-1H-imidazol-4-yl)propan-1-ol (10): From 6 (4.36 g,
10.0 mmol), EtMgBr (3.57 mL, 10.0 mmol, 2.8  in Et2O) and
methyl propionate (0.43 mL, 4.50 mmol) applying the general pro-
cedure. Column chromatography [silica, petroleum ether/ethyl acet-
ate (3:1 to 1:1), then CHCl3, then CHCl3/MeOH (50:1 to 20:1)]
afforded 10 (2.83 g, 93%) as colorless solid. Mp 151 °C. Rf (CHCl3/
EtOAc, 20:1) = 0.14. 1H NMR (300 MHz, CDCl3): δ = 7.31 (d, 4J
= 1.5 Hz, 2 H, NCHN), 7.30–7.25 (m, 18 H, phenyl-CH), 7.12–
7.08 (m, 12 H, phenyl-CH), 6.80 (d, 4J = 1.5 Hz, 2 H, NCHCN),
3.73 (br. s, 1 H, OH), 2.14, (q, 3J = 7.3 Hz, 2 H, CH2CH3), 0.82
(t, 3J = 7.4 Hz, 3 H, CH3) ppm. 13C NMR (75 MHz, CDCl3): δ =
146.3 (2 C, NCHCN), 142.5 (6 C, phenyl-Cquart.), 137.9 (2 C,
NCHN), 129.7 (12 C, phenyl-CH), 127.9 (6 C, phenyl-CH), 127.9
(12 C, phenyl-CH), 117.9 (2 C, NCHCN), 75.2 (2 C, CPh3), 73.1
(COH), 34.5 (CH2CH3), 8.1 (CH3) ppm. MS (ESI+): m/z (%) = 677
(100) [M + H]+, 435 (27) [M – CPh3 + 2H]+, 243 (31). HRMS
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(ESI): calcd. 677.3275 (C47H41N4O1); found 677.3278. IR (ATR):
ν̃ = 3029 (w), 1491 (m), 1445 (m), 1158 (m), 1135 (m), 1086 (m),
1035 (m), 994 (m), 967 (m), 871 (m), 852 (m), 826 (m), 745 (s), 698
(s), 658 (m), 639 (m) cm–1. UV (MeOH): λmax (lg ε) = 203 nm (5.03).

1,1-Bis(1-trityl-1H-imidazol-4-yl)butan-1-ol (11): From 6 (4.36 g,
10.0 mmol), EtMgBr (3.57 mL, 10.0 mmol, 2.8  in Et2O) and
methyl butyrate (0.36 mL, 4.50 mmol) applying the general pro-
cedure. Column chromatography [silica, petroleum ether/ethyl acet-
ate (3:1 to 1:1), then CHCl3, then CHCl3/MeOH (50:1 to 20:1)]
afforded 11 (2.80 g, 90%) as colorless solid. Mp 137–138 °C. Rf

(CHCl3/MeOH, 20:1) = 0.09. 1H NMR (400 MHz, CDCl3): δ =
7.30–7.24 (m, 20 H, phenyl-CH, NCHN), 7.13–7.07 (m, 12 H,
phenyl-CH), 6.79 (d, 4J = 1.5 Hz, 2 H, NCHCN), 3.71 (br. s, 1 H,
OH), 2.12–2.08 (m, 2 H, COHCH2), 1.34–1.24 (m, 2 H, CH2CH3),
0.86 (t, 3J = 7.4 Hz, 3 H, CH3) ppm. 13C NMR (100 MHz, CDCl3):
δ = 146.6 (2 C, NCHCN), 142.5 (6 C, phenyl-Cquart.), 137.9 (2 C,
NCHN), 129.8 (12 C, phenyl-CH), 127.9 (6 C, phenyl-CH), 127.9
(12 C, phenyl-CH), 117.7 (2 C, NCHCN), 75.2 (2 C, CPh3), 72.8
(COH), 44.1 (COHCH2), 17.1 (CH2CH3), 14.3 (CH3) ppm. MS
(ESI+): m/z (%) = 1383 (100) [2M + 2H]+, 691 (38) [M + H]+.
HRMS (ESI): calcd. 691.3437 (C48H43N4O); found 691.3453. IR
(ATR): ν̃ = 3346 (w), 2933 (m), 2862 (m), 1445 (m), 1135 (m), 1083
(m), 1036 (m), 1000 (m), 813 (m), 753 (s), 697 (s), 658 (m), 637 (m),
534 (m) cm–1. UV (MeOH): λmax (log ε) = 203 nm (4.96).

3-(Dibenzylamino)-1,1-bis(1-trityl-1H-imidazol-4-yl)propan-1-ol (12):
From 6 (4.36 g, 10.0 mmol), EtMgBr (3.33 mL, 10.0 mmol, 3.0 

in Et2O) and methyl 3-(dibenzylamino)propanoate (1.27 g,
4.50 mmol) applying the general procedure. Column chromatog-
raphy [silica, petroleum ether/ethyl acetate (3:1 to 1:1), then CHCl3,
then CHCl3/MeOH (50:1)] afforded the alcohol 12 (2.75 g, 70%)
as colorless solid. Mp 222–223 °C (decomp.). Rf (CHCl3/MeOH,
20:1) = 0.06. 1H NMR (300 MHz, CDCl3): δ = 7.31 (d, 4J = 1.5 Hz,
2 H, NCHN), 7.27–7.17 (m, 28 H, phenyl-CH), 7.09–7.04 (m, 12
H, phenyl-CH), 6.77 (d, 4J = 1.5 Hz, 2 H, NCHCN), 3.52 (s, 4 H,
NCH2C), 2.69 (t, 3J = 5.6 Hz, 2 H, COHCH2), 2.58 (t, 3J = 5.4 Hz,
2 H, COHCH2CH2) ppm. 13C NMR (75 MHz, CDCl3): δ = 147.1
(2 C, NCHCN), 142.6 (6 C, phenyl-Cquart.), 138.3 (2 C, NCHN),
137.3 (2 C, phenyl-Cquart.), 129.8 (12 C, phenyl-CH), 129.4 (4 C,
phenyl-CH), 128.1 (4 C, phenyl-CH), 127.9 (12 C, phenyl-CH),
127.8 (6 C, phenyl-CH), 127.0 (2 C, phenyl-CH), 118.4 (2 C,
NCHCN), 75.1 (2 C, CPh3), 74.4 (COH), 56.7 (2 C, NCH2C), 51.0
(COHCH2), 35.0 (COHCH2CH2) ppm. MS (ESI+): m/z (%) = 1745
(26) [2M + 2H]+, 872 (100) [M + H]+. HRMS (ESI): calcd.
872.4323 (C61H54N5O); found 872.4300. IR (ATR): ν̃ = 3059 (w),
1491 (m), 1445 (m), 1157 (m), 1132 (m), 745 (s), 698 (s), 659 (m),
637 (m) cm–1. UV (MeOH): λmax (lg ε) = 253 (3.73), 203 nm (5.05).

Methyl 3-(2,5-Dimethyl-1H-pyrrol-1-yl)propanoate (43): To a solu-
tion of methyl 3-aminopropanoate hydrochloride (1.00 g,
7.16 mmol) and KOH (0.38 g, 6.80 mmol) in CH3CN (35 mL) were
added hexane/2,5-dione (0.92 mL, 7.88 mmol) and MeOH (10 mL).
The mixture was stirred at room temp. for 20 h before 2  HCl
(100 mL) and Et2O (200 mL) were added. The layers were sepa-
rated and the water phase was extracted with Et2O (2�100 mL).
The combined organic phases were washed with 2  HCl (100 mL)
and H2O (100 mL) and dried with MgSO4. After removal of the
solvent under reduced pressure, column chromatography [silica, pe-
troleum ether/ethyl acetate (10:1)] afforded 43 (1.10 g, 85%) as col-
orless oil. Rf (petroleum ether/EtOAc, 10:1) = 0.37. 1H NMR
(400 MHz, CDCl3): δ = 5.71 (s, 2 H, NCCH), 4.04–4.00 (m, 2 H,
NCH2), 3.64 (s, 3 H, OCH3), 2.58–2.54 (m, 2 H, NCH2CH2), 2.18
(s, 6 H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ = 170.9 (CO),
126.6 (2 C, NCCH), 105.3 (2 C, NCCH), 51.2 (OCH3), 38.6
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(NCH2), 34.8 (COCH2), 11.8 (2 C, CH3) ppm. MS (EI): m/z (%) =
181 (100) [M+], 166 (20), 150 (12) [M OMe]+, 122 (20) [M –
CO2Me]+, 108 (87), 94 (82) [C6H8N]+. HRMS (EI): calcd. 181.1103
(C10H15NO2); found 181.1106. IR (ATR): ν̃ = 3103 (w), 1734 (s),
1438 (m), 1408 (m), 1374 (m), 1320 (m), 1300 (m), 1250 (m), 1196
(m), 1170 (s), 1074 (m), 1018 (m), 984 (m), 748 (s) cm–1. UV
(MeOH): λmax (lg ε) = 291 (1.96), 204 nm (3.92).

3-(2,5-Dimethyl-1H-pyrrol-1-yl)-1,1-bis(1-trityl-1H-imidazol-4-yl)-
propan-1-ol (13): From 6 (2.19 g, 5.00 mmol), EtMgBr (1.70 mL,
5.00 mmol, 3.0  in Et2O) and a solution of 43 (922 mg,
5.00 mmol) in dry CH2Cl2 (10 mL) which was stirred with 4 Å mo-
lecular sieves for 4 h applying the general procedure. Column
chromatography (RP18, MeOH/H2O, 5:1) afforded 13 (1.56 g,
81%) as colorless solid. Mp 196–197 °C. Rf (CHCl3/MeOH, 20:1)
= 0.12. 1H NMR (400 MHz, CDCl3): δ = 7.34–7.26 (m, 20 H,
phenyl-CH, NCHN), 7.12–7.08 (m, 12 H, phenyl-CH), 6.85 (d, 4J
= 1.5 Hz, 2 H, NCHCN), 5.70 (s, 2 H, CH2NCCH), 4.08 (br. s, 1
H, OH), 3.79–3.75 (m, 2 H, NCH2), 2.39–2.34 (m, 2 H, COCH2),
2.10 (s, 6 H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ = 145.7
(2 C, NCHCN), 142.2 (6 C, phenyl-Cquart.), 138.2 (2 C, NCHN),
129.7 (12 C, phenyl-CH), 128.0 (18 C, phenyl-CH), 127.5 (2 C,
CH2NCCH), 117.5 (2 C, NCHCN), 104.6 (2 C, CH2NCCH), 75.3
(2 C, CPh3), 71.7 (COH), 42.1 (COHCH2), 39.3 (NCH2), 12.3 (2
C, CH3) ppm. MS (ESI+): m/z (%) = 1541 (40) [2M + 2H]+, 770
(100) [M + H]+, 692 (31), 311 (26). HRMS (ESI): calcd. 770.3853
(C53H48N5O); found 770.3845. IR (ATR): ν̃ = 3059 (w), 1491 (m),
1445 (m), 1409 (m), 1158 (m), 1133 (m), 1084 (m), 1036 (m), 1001
(m), 872 (m), 828 (m), 744 (s), 698 (s), 659 (s), 638 (m) cm–1. UV
(MeOH): λmax (lg ε) = 203 nm (5.01).

4,4�-(1-Hydroxypropane-1,1-diyl)bis(N,N-dimethyl-1H-imidazole-1-
sulfonamide) (14): From 7 (1.90 g, 6.31 mmol), EtMgBr (2.10 mL,
6.31 mmol, 3.0  in Et2O) and a solution of methyl propionate
(0.27 mL, 2.84 mmol) in dry CH2Cl2 (5 mL) which was stirred with
molecular sieves (4 Å) for 2 h applying the general procedure. Col-
umn chromatography [silica, CHCl3, then CHCl3/MeOH (20:1)] af-
forded the alcohol 14 (743 mg, 64%) as colorless solid. Mp 162 °C.
Rf (CHCl3/MeOH, 20:1) = 0.17. 1H NMR (400 MHz, CDCl3): δ =
7.84 (d, 4J = 1.5 Hz, 2 H, NCHN), 7.29 (d, 4J = 1.4 Hz, 2 H,
NCHCN), 3.83 (br. s, 1 H, OH), 2.86 (s, 12 H, NCH3), 2.18 (q, 3J
= 7.4 Hz, 2 H, COHCH2), 0.86 (t, 3J = 7.4 Hz, 3 H, CH3) ppm.
13C NMR (100 MHz, CDCl3): δ = 147.8 (2 C, NCHCN), 136.1 (2
C, NCHN), 113.9 (2 C, NCHCN), 72.7 (COH), 38.2 (4 C, NCH3),
34.5 (COHCH2), 7.8 (CH3) ppm. MS (ESI+): m/z (%) = 429 (100)
[M + Na]+. HRMS (ESI): calcd. 429.0985 (C13H22N6NaO5S2);
found 429.0986. IR (ATR): ν̃ = 3259 (w), 1472 (m), 1384 (s), 1264
(m), 1174 (s), 1124 (m), 1108 (m), 1088 (m), 1071 (m), 1054 (m),
1010 (m), 987 (m), 955 (s), 910 (m), 858 (m), 847 (m), 720 (s), 617
(m), 595 (s) cm–1. UV (MeOH): λmax (lg ε) = 217 (3.89), 202 nm
(3.98).

4,4�-[3-(Dibenzylamino)-1-hydroxypropane-1,1-diyl]bis(N,N-dimeth-
yl-1H-imidazole-1-sulfonamide) (15): From 7 (3.61 g, 12.0 mmol),
EtMgBr (4.00 mL, 12.0 mmol, 3.0  in Et2O) and methyl 3-(di-
benzylamino)propanoate (750 mg, 2.65 mmol) applying the general
procedure. Column chromatography [silica, CHCl3/MeOH (50:1),
then CHCl3/MeOH (20:1) and RP18, MeOH/H2O (1:1), then
MeOH/H2O (2:1), then MeOH] afforded the alcohol 15 (1.15 g,
72%) as colorless solid. Mp 196 °C. Rf (RP18, MeOH/H2O, 2:1) =
0.04. 1H NMR (400 MHz, CDCl3): δ = 7.74 (d, 4J = 1.5 Hz, 2 H,
NCHN), 7.34–7.25 (m, 10 H, phenyl-CH), 7.00 (d, 4J = 1.5 Hz, 2
H, NCHCN), 3.57 (s, 4 H, CH2NCH2CH2), 2.78 [s, 12 H,
N(CH3)2], 2.71–2.68 (m, 2 H, CH2NCH2CH2), 2.56–2.53 (m, 2 H,
CH2NCH2CH2), 1.71 (br. s, 1 H, OH) ppm. 13C NMR (100 MHz,
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CDCl3): δ = 149.0 (2 C, NCHCN), 137.2 (2 C, phenyl-Cquart.) 136.2
(2 C, NCHN), 129.4 (4 C, phenyl-CH), 128.4 (4 C, phenyl-CH),
127.6 (2 C, phenyl-CH), 114.3 (2 C, NCHCN), 74.3 (COH), 58.1
(2 C, CH2NCH2CH2), 50.2 (COHCH2CH2), 38.1 [4 C, N(CH3)2],
34.1 (COHCH2) ppm. MS (ESI+): m/z (%) = 624 (55) [M + Na]+,
6 0 2 ( 1 0 0 ) [ M + H ] + . H R M S ( E S I ) : c a l c d . 6 0 2 . 2 2 1 4
(C27H36N7O5S2); found 602.211. IR (ATR): ν̃ = 3029 (w), 1456
(m), 1388 (m), 1173 (s), 1078 (m), 960 (m), 723 (s), 699 (m), 591
(s) cm–1. UV (MeOH): λmax (lg ε) = 203 nm (4.43).

4,4�-(1-Hydroxy-3-methoxypropane-1,1-diyl)bis(N,N-dimethyl-1H-
imidazole-1-sulfonamide) (16): From 7 (3.63 g, 12.1 mmol), EtMgBr
(4.02 mL, 12.1 mmol, 3.0  in Et2O) and methyl 3-methoxypro-
panoate (0.64 mL, 5.43 mmol) applying the general procedure. Col-
umn chromatography [silica, petroleum ether/ethyl acetate (1:1),
then CHCl3, then CHCl3/MeOH (40:1), then CHCl3/MeOH (10:1)]
afforded the alcohol 16 (1.68 g, 71%) as colorless solid. Mp 161 °C.
Rf (CHCl3/MeOH, 10:1) = 0.10. 1H NMR (400 MHz, CDCl3): δ =
7.85 (d, 4J = 1.5 Hz, 2 H, NCHN), 7.29 (d, 4J = 1.5 Hz, 2 H,
NCHCN), 3.49 (t, 3J = 5.6 Hz, 2 H, CH3OCH2), 3.29 (s, 3 H,
OCH3), 2.86 [s, 12 H, N(CH3)2], 2.54 (t, 3J = 5.7 Hz, 2 H,
CH3OCH2CH2) ppm. 13C NMR (100 MHz, CDCl3): δ = 148.2 (2
C, NCHCN), 136.4 (2 C, NCHN), 114.2 (2 C, NCHCN), 73.3
(COH), 70.0 (OCH2), 58.9 (OCH3), 39.4 (COHCH2), 38.2 [4 C,
N(CH3)2] ppm. MS (ESI+): m/z (%) = 459 (100) [M + Na]+. HRMS
(ESI): calcd. 459.1091 (C14H24N6NaO6S2); found 459.1091. IR
(ATR): ν̃ = 3233 (w), 1470 (m), 1380 (s), 1268 (m), 1211 (m), 1172
(s), 1117 (m), 1085 (s), 1068 (s), 1004 (m), 954 (s), 928 (m), 845
(m), 722 (s), 643 (m), 620 (m), 592 (s) cm–1. UV (MeOH): λmax

(lg ε) = 217 (3.89), 202 nm (3.97).

4,4�-[3-(Dimethylamino)-1-hydroxypropane-1,1-diyl]bis(N,N-dimeth-
yl-1H-imidazole-1-sulfonamide) (17): From 7 (2.11 g, 7.00 mmol),
EtMgBr (2.33 mL, 7.00 mmol, 3.0  in Et2O) and methyl 3-(di-
methylamino)propanoate (413 mg, 3.15 mmol) applying the general
procedure. Column chromatography [silica, petroleum ether/ethyl
acetate (1:1), then CHCl3, then CHCl3/MeOH/NH3 (90:10:1), then
CHCl3/MeOH/NH3 (70:10:1)] afforded the alcohol 17 (723 mg,
51 %) as colorless oil. Rf (CHCl3/MeOH/NH3, 70:10:1) = 0.43. 1H
NMR (400 MHz, CDCl3): δ = 7.86 (d, 4J = 1.5 Hz, 2 H, NCHN),
7.28 (d, 4J = 0.8 Hz, 2 H, NCHCN), 2.86 [s, 12 H, SO2N(CH3)2],
2.40 (br. s, 4 H, COHCH2CH2), 2.25 [s, 6 H, CH2N(CH3)2] ppm.
13C NMR (100 MHz, CDCl3): δ = 149.5 (2 C, NCHCN), 136.8 (2
C, NCHN), 114.7 (2 C, NCHCN), 74.8 (COH), 56.6 (NCH2), 45.4
[2 C, CH2N(CH3)2], 38.5 [4 C, SO2N(CH3)2], 35.0 (COHCH2) ppm.
MS (ESI+): m/z (%) = 450 (100) [M + H]+. HRMS (ESI): calcd.
450.1588 (C15H28N7O5S2); found 450.1587. IR (ATR): ν̃ = 3126
(w), 1463 (m), 1418 (m), 1386 (s), 1269 (m), 1171 (s), 1079 (s), 1054
(m), 1004 (m), 960 (s), 839 (m), 754 (m), 722 (s), 587 (s) cm–1. UV
(MeOH): λmax (lg ε) = 216 (3.86), 202 nm (3.96).

4,4�-[3-(2,5-Dimethyl-1H-pyrrol-1-yl)-1-hydroxypropane-1,1-diyl]-
bis(N,N-dimethyl-1H-imidazole-1-sulfonamide) (18): From 7
(602 mg, 2.00 mmol), EtMgBr (0.67 mL, 2.00 mmol, 3.0  in Et2O)
and a solution of methyl 3-(2,5-dimethyl-1H-pyrrol-1-yl)propano-
ate (163 mg, 0.90 mmol) in dry CH2Cl2 (10 mL) which was stirred
with molecular sieves (4 Å) for 3.5 h applying the general pro-
cedure. Column chromatography [silica, petroleum ether/ethyl acet-
ate (1:1), then CHCl3, then CHCl3/MeOH (20:1)] afforded 18
(341 mg, 76%) as yellow solid. Mp 221 °C (decomp.). Rf (CHCl3/
MeOH, 20:1) = 0.40. 1H NMR (400 MHz, CDCl3): δ = 7.85 (d, 4J
= 1.4 Hz, 2 H, NCHN), 7.30 (d, 4J = 1.4 Hz, 2 H, NCHCN), 5.72
(s, 2 H, CH2NCCH), 4.18 (br. s, 1 H, OH), 3.79–3.74 (m, 2 H,
NCH2), 2.86 (s, 12 H, NCH3), 2.45–2.40 (m, 2 H, COHCH2), 2.15
(s, 6 H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ = 147.2 (2 C,
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NCHCN), 136.3 (2 C, NCHN), 127.2 (2 C, CH2NCCH), 113.8 (2
C, NCHCN), 105.1 (2 C, CH2NCCH), 71.3 (COH), 42.1
(COHCH2), 38.7 (NCH2), 38.2 (4 C, NCH3), 12.2 (2 C, CH3) ppm.
MS (ESI+): m/z (%) = 500 (100) [M + H]+. HRMS (ESI): calcd.
500.1744 (C19H30N7O5S2); found 500.1747. IR (ATR): ν̃ = 3127
(w), 1461 (m), 1416 (m), 1387 (s), 1272 (m), 1172 (s), 1086 (m),
1056 (m), 1005 (m), 960 (m), 837 (m), 724 (s), 620 (m), 590 (s) cm–1.
UV (MeOH): λmax (lg ε) = 296 (2.85), 203 nm (4.20).

3-Phenyl-1,1-bis(1-trityl-1H-imidazol-4-yl)prop-2-yn-1-ol (20): To a
solution of 6 (4.36 g, 10.0 mmol) in dry CH2Cl2 (40 mL) under Ar
atmosphere was added EtMgBr (3.57 mL, 10.0 mmol, 2.8  in
Et2O) and the solution was stirred 2 h at room temp. 19 (0.66 mL,
4.50 mmol) was added dropwise and the reaction mixture was
stirred at room temp. for 45 h. After removal of the solvent under
reduced pressure, column chromatography [silica, petroleum ether/
ethyl acetate (3:1 to 1:1), then ethyl acetate, then CHCl3, then
CHCl3/MeOH (20:1)] afforded 20 (2.69 g, 80%) as colorless solid.
Mp 94 °C. Rf (CHCl3/EtOAc, 20:1). = 0.20. 1H NMR (300 MHz,
CDCl3): δ = 7.36 (d, 4J = 1.5 Hz, 2 H, NCHN), 7.35–7.32 (m, 2
H, phenyl-CH), 7.32–7.25 (m, 18 H, phenyl-CH), 7.24–7.20 (m, 3
H, phenyl-CH), 7.14–7.08 (m, 12 H, phenyl-CH), 6.97 (d, 4J =
1.5 Hz, 2 H, NCHCN), 4.27 (s, 1 H, OH) ppm. 13C NMR
(75 MHz, CDCl3): δ = 144.0 (2 C, NCHCN), 142.4 (6 C, phenyl-
Cquart.), 138.7 (2 C, NCHN), 131.9 (2 C, phenyl-CH), 129.8 (12 C,
phenyl-CH), 128.1 (1 C, phenyl-CH), 128.0 (18 C, phenyl-CH),
127.9 (2 C, phenyl-CH), 122.9 (1 C, phenyl-Cquart.), 118.7 (2 C,
NCHCN), 90.9 (C�CCOH), 84.1 (C�CCOH), 75.4 (2 C, CPh3),
67.0 (COH) ppm. MS (ESI+): m/z (%) = 1498 (41) [2M + 2H]+,
749 (100) [M + H]+, 507 (34) [M – CPh3 + 2H]+, 243 (18). HRMS
(ESI): calcd. 749.3280 (C53H41N4O); found 749.3278. IR (ATR): ν̃
= 3335 (w), 1492 (m), 1446 (m), 1159 (m), 1130 (m), 1037 (m), 1006
(m), 943 (m), 874 (m), 832 (m), 748 (s), 699 (s), 660 (m), 640 (m)
cm–1. UV (MeOH): λmax (lg ε) = 376 (4.36), 252 (4.29), 243 nm
(2.87).

3-Phenyl-1,3-bis(1-trityl-1H-imidazol-4-yl)propan-1-one (22): To a
solution of 6 (4.36 g, 10.0 mmol) in dry CH2Cl2 (40 mL) under Ar
atmosphere was added EtMgBr (3.57 mL, 10.0 mmol, 2.8  in
Et2O) and the solution was stirred for 2 h at room temp. 21
(730 mg, 4.50 mmol) was added and the reaction mixture was
stirred at room temp. for 46 h. The reaction was quenched by ad-
dition of saturated aqueous NH4Cl (50 mL). The layers were sepa-
rated and the organic phase was washed with water (50 mL) and
saturated aqueous NH4Cl (50 mL). The combined water layers
were extracted with CH2Cl2 (3�25 mL) and the combined organic
layers were dried with MgSO4. After removal of the solvent under
reduced pressure, column chromatography [silica, petroleum ether/
ethyl acetate (1:1), then ethyl acetate] afforded 22 (2.71 g, 80%)
as colorless solid. Mp 122–124 °C. Rf (EtOAc) = 0.69. 1H NMR
(300 MHz, CDCl3): δ = 7.49 (d, 4J = 1.4 Hz, 1 H, COCNCH), 7.35
(d, 4J = 1.4 Hz, 1 H, COCCH), 7.34–7.18 (m, 23 H, phenyl-CH,
CH2CHCNCH), 7.16–7.03 (m, 13 H, phenyl-CH), 6.62 (dd, 4J =
1.3 Hz, 1 H, CH2CHCCH), 4.74 (t, 3J = 7.4 Hz, 1 H, COCH2CH),
3.72 (dd, 3J = 6.8, 2J = 16.4 Hz, 1 H, COCH2CH), 3.56 (dd, 3J =
6.8, 2J = 16.4 Hz, 1 H, COCH2CH) ppm. 13C NMR (75 MHz,
CDCl3): δ = 194.5 (CO), 144.2 (CH2CHCN), 144.2 (2 C, phenyl-
Cquart.), 142.5 (3 C, phenyl-Cquart.), 141.7 (3 C, phenyl-Cquart.),
140.8 (NCCOC), 139.2 (COCCH), 138.5 (CH2CHCNCH), 129.8
(6 C, phenyl-CH), 129.7 (6 C, phenyl-CH), 128.3 (3 C, phenyl-CH),
128.2 (6 C, phenyl-CH), 128.2 (3 C, phenyl-CH), 128.0 (2 C,
phenyl-CH), 127.9 (6 C, phenyl-CH), 127.9 (2 C, phenyl-CH), 126.0
(1 C, phenyl-CH), 125.6 (NHCNCCOC), 118.3 (CH2CHCCH),
76.0 (CPh3), 75.1 (CPh3), 44.8 (COCH2CH), 40.4 (COCH2CH)
ppm. MS (ESI): m/z (%) = 751 (25) [M + H]+, 509 (9) [M – CPh3
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+ 2H]+, 311 (100) [Tr-imidazole + H]+, 243 (25). HRMS (ESI):
calcd. 751.3437 (C53H43N4O); found 751.3455. IR (ATR): ν̃ = 1673
(m), 1529 (m), 1491 (m), 1445 (m), 1157 (m), 1131 (m), 1036 (m),
932 (m), 745 (s), 699 (s), 659 (m), 638 (m) cm–1. UV (MeOH): λmax

(lg ε) = 259 (3.14), 203 nm (4.03).

(Z)-Methyl 3-amino-3-(1-trityl-1H-imidazol-4-yl)acrylate (24): To a
solution of 6 (4.36 g, 10.0 mmol, 1.00 equiv.) in dry CH2Cl2
(40 mL) under Ar atmosphere was added EtMgBr (3.57 mL,
10.0 mmol, 2.8  in Et2O) and the solution was stirred 2 h at room
temp. 23 (0.40 mL, 4.50 mmol) was added dropwise and the reac-
tion mixture was stirred at room temp. for 48 h. The reaction was
quenched by addition of saturated aqueous NH4Cl (50 mL). The
layers were separated and the organic phase was washed with water
(50 mL) and saturated aqueous NH4Cl (50 mL). The combined
water layers were extracted with CH2Cl2 (3�25 mL) and the com-
bined organic layers were dried with MgSO4. After removal of the
solvent under reduced pressure, column chromatography [silica, pe-
troleum ether/ethyl acetate (5:1 to 1:1)] afforded the amine 24
(628 mg, 34 %) as colorless solid. Mp 53–55 °C. Rf (petroleum
ether/EtOAc, 5:1) = 0.10. 1H NMR (400 MHz, CDCl3): δ = 7.44
(d, 4J = 1.3 Hz, 1 H, NCHN), 7.37–7.31 (m, 9 H, phenyl-CH), 7.20
(d, 4J = 1.4 Hz, 1 H, NCHCN), 7.15–7.10 (m, 6 H, phenyl-CH),
4.88–4.87 (m, 1 H, COCH), 3.65 (s, 3 H, OCH3) ppm. 13C NMR
(100 MHz, CDCl3): δ = 170.8 (CO), 153.1 (CNH2), 141.8 (3 C,
phenyl-Cquart), 139.0 (NCHN), 136.3 (NCHCN), 129.7 (6 C,
phenyl-CH), 128.3 (3 C, phenyl-CH), 128.2 (6 C, phenyl-CH), 120.3
(NCHCN), 78.5 (COCH), 75.9 (CPh3), 50.1 (CH3) ppm. MS
(ESI+): m/z (%) = 819 (8) [2M + H]+, 410 (100) [M + H]+, 353
(8), 243 (16). HRMS (ESI): calcd. 410.1863 (C26H24N3O2); found
410.1866. IR (ATR): ν̃ = 3476 (w), 3335 (w), 1660 (m), 1602 (m),
1577 (s), 1526 (m), 1491 (m), 1443 (m), 1354 (m), 1302 (m), 1219
(m), 1154 (s), 1087 (m), 1033 (m), 968 (m), 868 (m), 839 (m), 745
(s), 698 (s), 661 (m), 638 (m) cm–1. UV (MeOH): λmax (log ε) = 306
(4.23), 237 (3.99), 204 nm (4.71).

Methyl 3-[Bis(tert-Butoxycarbonyl)amino]propanoate (25): To a
solution of methyl 3-(tert-butoxycarbonylamino)propanoate
(6.40 g, 31.5 mmol) in CH3CN (100 mL) was added Boc2O (14.7 g,
67.4 mmol) and DMAP (385 mg, 3.15 mmol). The mixture was
stirred at room temp. for 5 d before water (300 mL) and EtOAc
(200 mL) were added. The layers were separated and the organic
phase was washed with saturated aqueous NH4Cl (3�100 mL).
The combined water layers were extracted with EtOAc
(2�100 mL) and the combined organic layers were dried with
MgSO4. After removal of the solvent under reduced pressure, col-
umn chromatography [silica, petroleum ether/ethyl acetate (5:1)] af-
forded 25 (7.78 g, 81%) as colorless oil. Rf (petroleum ether/EtOAc,
5:1) = 0.55. 1H NMR (400 MHz, CDCl3): δ = 3.89 (t, 3J = 7.4 Hz,
2 H, NCH2), 3.68 (s, 3 H, OCH3), 2.61 (t, 3J = 7.5 Hz, 2 H,
COCH2), 1.42 (s, 18 H, CH3) ppm. 13C NMR (100 MHz, CDCl3):
δ = 171.6 (CO), 152.1 (2 C, CO), 82.4 [2 C, C(CH3)3], 51.5 (OCH3),
42.1 (NCH2), 33.5 (COCH2), 27.9 [6 C, C(CH3)3] ppm. MS (EI):
m/z (%) = 303 (0.02) [M+], 147 (14) [M – Boc – C4H9]+, 104 (16)
[M – 2Boc + H]+, 57 (100) [C4H9]+. HRMS (EI): calcd. 303.1682
(C14H25NO6); found 303.1662. IR (ATR): ν̃ = 2981 (w), 1738 (s),
1695 (m), 1442 (m), 1394 (m), 1350 (s), 1323 (m), 1254 (m), 1229
(m), 1169 (s), 1135 (s), 1106 (s), 1042 (m), 854 (m), 777 (m) cm–1.
UV (MeOH): λmax (lg ε) = 203 nm (3.42).

Tert-Butyl 3-Hydroxy-3,3-bis(1-trityl-1H-imidazol-4-yl)propylcarb-
amate (27) and 1,3-bis(1-trityl-1H-imidazol-4-yl)propan-1-one (26):
To a solution of 6 (4.36 g, 10.0 mmol) in dry CH2Cl2 (40 mL) under
Ar atmosphere was added EtMgBr (3.33 mL, 10.0 mmol, 3.0  in
Et2O) and the solution was stirred 2.5 h at room temp. 25 (1.36 g,
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4.50 mmol) was added and the reaction mixture was stirred at room
temp. for 48 h. The reaction was quenched by addition of saturated
aqueous NH4Cl (50 mL). The layers were separated and the or-
ganic phase was washed with water (50 mL) and saturated aqueous
NH4Cl (50 mL). The combined water layers were extracted with
CH2Cl2 (3�25 mL) and the combined organic layers were dried
with MgSO4. After removal of the solvent under reduced pressure,
column chromatography [silica, petroleum ether/ethyl acetate (3:1
to 1:1), then CHCl3, then CHCl3/MeOH (50:1 to 20:1)] afforded
alcohol 27 (2.18 g, 61%) as colorless solid and ketone 26 (0.374 mg,
0.554 mmol, 12%) as yellow oil. 27: Mp 185 °C. Rf (CHCl3/MeOH,
20:1) = 0.16. 1H NMR (400 MHz, CDCl3): δ = 7.33 (d, 4J = 1.3 Hz,
2 H, NCHN), 7.30–7.20 (m, 18 H, phenyl-CH), 7.11–7.08 (m, 12
H, phenyl-CH), 6.83 (d, 4J = 1.3 Hz, 2 H, NCHCN), 5.44 (br. s, 1
H, NH), 4.67 (br. s, 1 H, OH), 3.23–3.15 (m, 2 H, NHCH2), 2.38
(t, 3J = 6.1 Hz, 2 H, COHCH2), 1.39 (s, 9 H, CH3) ppm. 13C NMR
(100 MHz, CDCl3): δ = 155.8 (CO), 145.7 (2 C, NCHCN), 142.2
(6 C, phenyl-Cquart.), 138.0 (2 C, NCHN), 129.5 (12 C, phenyl-
CH), 127.8 (12 C, phenyl-CH), 127.8 (6 C, phenyl-CH), 117.8 (2
C, NCHCN), 78.2 [C(CH3)3], 75.1 (2 C, CPh3), 72.7 (COH), 40.7
(CCH2), 36.6 (NHCH2), 28.3 (3 C, CH3) ppm. MS (ESI+): m/z (%)
= 1585 (54) [2M + 2H]+, 1477 (18) [2M – Boc – H2O + 2H]+, 792
(100) [M + H]+, 243 (57). HRMS (ESI): calcd. 792.3914
(C52H50N5O3); found 792.3920. IR (ATR): ν̃ = 3422 (w), 1705 (m),
1492 (m), 1445 (m), 1364 (m), 1229 (m), 1159 (m), 1133 (m), 1085
(m), 1036 (m), 1000 (m), 906 (m), 870 (m), 828 (m), 745 (s), 699
(s), 659 (m), 638 (m) cm–1. UV (MeOH): λmax (log ε) = 250 (3.70),
204 nm (5.00). 26: Rf (CHCl3/MeOH, 50:1) = 0.13. 1H NMR
(400 MHz, CDCl3): δ = 7.59 (d, 4J = 1.4 Hz, 1 H, NCHN), 7.43
(d, 4J = 1.4 Hz, 1 H, NCHCN), 7.34–7.27 (m, 19 H, phenyl-CH,
NCHN), 7.14–7.08 (m, 12 H, phenyl-CH), 6.60 (d, 4J = 1.3 Hz,
1 H, NCHCN), 3.33–3.29 (m, 2 H, COCH2), 3.00–2.96 (m, 2 H,
COCH2CH2) ppm. 13C NMR (100 MHz, CDCl3): δ = 195.7 (CO),
142.4 (3 C, phenyl-Cquart), 141.6 (3 C, phenyl-Cquart), 140.7 (CCO),
140.6 (COCH2CH2C), 139.2 (NCHN), 138.1 (NCHN), 129.7 (6 C,
phenyl-CH), 129.5 (6 C, phenyl-CH), 128.3 (3 C, phenyl-CH), 128.2
(6 C, phenyl-CH), 127.8 (6 C, phenyl-CH), 127.8 (3 C, phenyl-CH),
125.4 (NCHCN), 117.8 (NCHCN), 75.9 (CPh3), 74.9 (CPh3), 38.2
(COCH2), 22.9 (COCH2CH2) ppm. MS (ESI+): m/z (%) = 1350
(68) [2M + 2H]+, 675 (100) [M + H]+. HRMS (ESI): calcd.
675.3118 (C47H38N4O); found 675.3105. IR (ATR): ν̃ = 1674 (m),
1570 (m), 1530 (m), 1491 (m), 1445 (s), 1157 (m), 1132 (s), 1087
(m), 1036 (m), 747 (s), 699 (s), 658 (s), 638 (m) cm–1. UV (MeOH):
λmax (log ε) = 255 (4.12), 204 nm (4.97).

tert-Butyl 3,3-Bis(1-trityl-1H-imidazol-4-yl)allylcarbamate (28): To
a solution of 27 (300 mg, 0.38 mmol) in dry CH2Cl2 (15 mL) was
added MsCl (0.12 mL, 1.52 mmol) and Et3N (0.32 mL,
2.27 mmol). The mixture was stirred at room temp. for 7 h before
DBU (0.23 mL, 1.52 mmol, 4.00 equiv.) was added. The mixture
was stirred for another 16 h and then quenched with aqueous
NH4Cl solution (25 mL). The mixture was extracted with diethyl
ether (6�25 mL). The combined ether extracts were dried with
MgSO4 and then concentrated under reduced pressure. Column
chromatography [silica, CHCl3/MeOH (30:1) and RP18, MeOH/
H2O/0.5% TFA, 5:1] afforded 28 (225 mg, 76%) as colorless solid.
Mp 214 °C. Rf (RP18, MeOH/H2O, 5:1) = 0.12. 1H NMR
(400 MHz, CDCl3): δ = 7.42 (d, 4J = 1.4 Hz, 1 H, NCHN), 7.38
(d, 4J = 1.2 Hz, 1 H, NCHN), 7.34–7.18 (m, 18 H, phenyl-CH),
7.15–7.04 (m, 12 H, phenyl-CH), 6.72 (br. s, 1 H, NCHCN), 6.60
(d, 4J = 1.2 Hz, 1 H, NCHCN), 6.52 (t, 3J = 7.5 Hz, 1 H, CHCH2),
5.61 (t, 3J = 5.1 Hz, 1 H, NH), 4.03 (dd, 3J = 6.4, 7.3 Hz, 2 H,
CH2), 1.42 (s, 9 H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ =
155.8 (CO), 142.2 (3 C, phenyl-Cquart.), 142.1 (3 C, phenyl-Cquart.),
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141.4 (NCHCN), 138.6 (NCHN), 138.3 (NCHCN), 138.1
(NCHN), 129.5 (CCHCH2), 129.4 (6 C, phenyl-CH), 129.4 (6 C,
phenyl-CH), 127.9 (6 C, phenyl-CH), 127.9 (6 C, phenyl-CH), 127.8
(3 C, phenyl-CH), 127.8 (3 C, phenyl-CH), 123.4 (CHCH2), 121.4
(NCHCN), 119.7 (NCHCN), 78.4 (CCH3), 75.2 (CPh3), 75.1
(CPh3), 38.5 (NHCH2), 28.4 (3 C, CH3) ppm. MS (ESI+): m/z (%)
= 1549 (32) [2M + 2H]+, 1450 (26) [2M – Boc + 4H]+, 774 (100)
[M + H]+, 675 (20) [M Boc + 2H]+. HRMS (ESI): calcd. 774.3808
(C52H48N5O2); found 774.3823. IR (ATR): ν̃ = 1705 (m), 1491 (m),
1445 (m), 1229 (m), 1159 (m), 1133 (m), 1086 (m), 1037 (m), 868
(m), 831 (m), 745 (s), 699 (s), 658 (s), 639 (m) cm–1. UV (MeOH):
λmax (lg ε) = 255 (4.19), 204 nm (4.98).

3,3-Bis(1H-imidazol-4-yl)prop-2-en-1-amine (29): To a solution of
28 (294 mg, 0.38 mmol) in MeOH (5 mL) was added H2O/0.5%
TFA (10 mL) and the mixture was stirred at room temp. for 5 h.
After removal of the solvent under reduced pressure, column
chromatography (RP18, MeOH/H2O/0.5% TFA, 1:2) afforded 29
(71.0 mg, 99%) as colorless oil. Rf (RP18, MeOH/H2O, 1:2) = 0.15.
1H NMR (400 MHz, CD3OD): δ = 8.89 (d, 4J = 1.3 Hz, 1 H,
NCHN), 8.75 (d, 4J = 1.4 Hz, 1 H, NCHN), 7.74 (d, 4J = 1.3 Hz,
1 H, NCHCN), 7.59 (d, 4J = 1.4 Hz, 1 H, NCHCN), 6.56 (t, 3J =
7.1 Hz, 1 H, CHCH2), 3.88 (d, 3J = 7.1 Hz, 2 H, CHCH2) ppm.
13C NMR (100 MHz, CD3OD): δ = 137.3 (NCHN), 137.1
(NCHN), 133.0 (NCHCN), 129.2 (NCHCN), 127.6 (CHCH2),
122.0 (CCHCH2), 121.8 (NCHCN), 119.9 (NCHCN), 39.0 (CH2)
ppm. MS (ESI+): m/z (%) = 190 (100) [M + H]+, 165 (16), 105
(2). HRMS (ESI): calcd. 190.1087 (C9H12N5); found 190.1068. IR
(ATR): ν̃ = 3118 (m), 3016 (m), 2836 (m), 2634 (m), 1660 (s), 1429
(m), 1178 (s), 1124 (s), 833 (s), 796 (s), 720 (s), 625 (m), 597 (m)
cm–1. UV (MeOH): λmax (lg ε) = 202 (3.55), 261 nm (3.56).

2-Azido-N,N-dimethyl-1H-imidazole-1-sulfonamide (30): To a solu-
tion of N,N-dimethyl-1H-imidazole-1-sulfonamide (1.75 g,
10.0 mmol) in dry THF (100 mL) under argon atmosphere at
–78 °C was added nBuLi (4.80 mL, 12.0 mmol, 2.5  solution in
hexane) and the solution was stirred 1 h at room temp. TosN3

(1.97 g, 10.0 mmol) was added dropwise and the reaction mixture
was allowed to reach room temp. The reaction mixture was stirred
for additional 18 h and the reaction was quenched by addition of
saturated aqueous NH4Cl (50 mL) and H2O (60 mL). The layers
were separated and the water layer was extracted with CH2Cl2
(5�100 mL). The combined organic layers were dried with MgSO4

and the solvent was removed under reduced pressure. Column
chromatography [silica, petroleum ether/EtOAc (5:1), then petro-
leum ether/EtOAc (3:1)] afforded the azide 30 (859 mg, 40 %) as
yellow solid. Mp 75 °C. Rf (petroleum ether/EtOAc, 3:1) = 0.19.
1H NMR (400 MHz, CDCl3): δ = 7.12 (d, 3J = 1.8 Hz, 1 H,
NCN3NCHCH), 6.84 (d, 3J = 1.8 Hz, 1 H, NCN3NCH), 2.98 [s, 6
H, N(CH3)2] ppm. 13C NMR (100 MHz, CDCl3): δ = 140.4 (CN3),
126.3 (NCN3NCH), 119.5 (NCN3NCHCH), 38.4 [2 C, N(CH3)2]
ppm. MS (ESI+): m/z (%) = 278 (100), 253 (55), 239 (39) [M +
Na]+, 217 (65) [M + H]+, 194 (96). HRMS (ESI): calcd. 217.0502
(C5H9N6O2S); found 217.0509. IR (ATR): ν̃ = 2166 (s), 2145 (m),
1524 (m), 1493 (m), 1388 (s), 1306 (m), 1280 (m), 1244 (m), 1166
(s), 1138 (s), 1103 (m), 1035 (m), 966 (s), 909 (m), 720 (s), 678 (s),
570 (s), 555 (s) cm–1. UV (MeOH): λmax (lg ε) = 259 (3.90), 202 nm
(3.77).

2-Amino-N,N-dimethyl-1H-imidazole-1-sulfonamide (31): Azide 30
(288 mg, 1.33 mmol) was reduced to the corresponding amine by
dissolving it in EtOH (15 mL) in presence of Lindlar catalyst (Pd/
CaCO3 with 5% Pb, 5% Pd, 566 mg, 0.266 mmol Pd) and stirring
the reaction mixture at room temp. under 1 atm H2 (balloon) over-
night. The reaction mixture was filtered through a pad of Celite
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and the filtrate was concentrated. The residue was purified by col-
umn chromatography (silica, CHCl3/MeOH, 30:1) to give amine 31
(210 mg, 83%) as a colorless solid. Mp 139 °C. Rf (CHCl3/MeOH,
30:1) = 0.09. 1H NMR (400 MHz, CDCl3): δ = 6.77 (d, 3J = 1.9 Hz,
1 H, NCNH2NCHCH), 6.59 (d, 3J = 2.0 Hz, 1 H, NCNH2NCH),
5.43 (br. s, 2 H, NH2), 2.92 [s, 6 H, N(CH3)2] ppm. 13C NMR
(100 MHz, CDCl3): δ = 148.9 (CNH2), 125.8 (NCNH2NCH), 113.6
(NCNH2NCHCH), 38.9 [2 C, N(CH3)2] ppm. MS (ESI+): m/z (%)
= 191 (100) [M + H]+. HRMS (ESI): calcd. 191.0597
(C5H11N4O2S); found 191.0605. IR (ATR): ν̃ = 3455 (w), 3117 (m),
1639 (m), 1562 (m), 1453 (m), 1373 (m), 1268 (m), 1188 (m), 1160
(s), 1136 (m), 1046 (s), 963 (s), 758 (m), 704 (s), 593 (s) cm–1. UV
(MeOH): λmax (lg ε) = 232 (3.76), 201 nm (3.53).

2-Azido-1H-imidazole (32): To a solution of the protected azide 30
(57.0 mg, 0.264 mmol) in MeOH (2 mL) was added an excess of
concd. HCl (5 mL) and the reaction mixture was refluxed for 2 h.
The reaction mixture was concentrated and the residue was purified
by column chromatography (silica, CHCl3/MeOH/NH3, 40:10:1) to
give the deprotected azide 32 (28.0 mg, 97%) as a colorless solid.
Mp 135–136 °C (decomp.). Rf (CHCl3/MeOH, 20:1) = 0.43. 1H
NMR (400 MHz, CD3OD): δ = 6.87 (s, 2 H, NHCHCHN,
NHCHCHN) ppm. �13C NMR (100 MHz, CD3OD): δ = 142.1
(CN3), 122.2 (2C, NHCHCHN, NHCHCHN) ppm. MS (EI): m/z
(%) = 171 (6), 155 (7), 109 (64) [M+], 91 (18), 83 (27), 81 (35),
54 (100), 53 (31). HRMS (EI): calcd. 109.0383 (C3H3N5); found
109.0380. IR (ATR): ν̃ = 2741 (m), 2123 (s), 1578 (m), 1485 (s),
1305 (m), 1231 (m), 1150 (m), 1097 (m), 989 (m), 861 (m), 829 (m),
775 (m), 736 (s), 690 (s), 539 (m) cm–1. UV (MeOH): λmax (lg ε) =
254 (3.83), 202 nm (3.68).

4,4�-(Prop-1-ene-1,1-diyl)bis(N,N-dimethyl-1H-imidazole-1-sulfon-
amide) (34): To a solution of 14 (1.47 g, 3.62 mmol) in dry CH2Cl2
(45 mL) was added MsCl (2.24 mL, 29.0 mmol) and Et3N
(6.00 mL, 43.4 mmol). The mixture was stirred at room temp. for
7.5 h before DBU (4.33 mL, 29.0 mmol) was added. The mixture
was stirred for another 5 h and then quenched with aqueous
NH4Cl solution (50 mL). The mixture was extracted with CH2Cl2
(3�30 mL). The combined organic layers were dried with MgSO4

and then concentrated under reduced pressure. Column chromatog-
raphy [silica, CHCl3/MeOH (50:1)] afforded 34 (1.39 g, 99%) as
yellow oil. Rf (CHCl3/MeOH, 50:1) = 0.09. 1H NMR (400 MHz,
CDCl3): δ = 7.96 (d, 4J = 1.3 Hz, 1 H, NCHN), 7.85 (d, 4J =
1.4 Hz, 1 H, NCHN), 7.30 (d, 4J = 1.4 Hz, 1 H, NCHCN), 7.24
(d, 4J = 1.3 Hz, 1 H, NCHCN), 6.80 (q, 3J = 7.3 Hz, 1 H, CHCH3),
2.91 [s, 6 H, N(CH3)2], 2.86 [s, 6 H, N(CH3)2], 1.97 (d, 3J = 7.3 Hz,
3 H, CHCH3) ppm. 13C NMR (100 MHz, CDCl3): δ = 142.9
(NCHCN), 139.1 (NCHCN), 136.0 (NCHN), 135.8 (NCHN),
127.2 (CHCH3), 124.9 (CCHCH3), 116.6 (NCHCN), 114.0
(NCHCN), 38.0 [2 C, N(CH3)2], 38.0 [2 C, N(CH3)2], 15.0
(CHCH3) ppm. MS (ESI+): m/z (%) = 411 (74) [M + Na]+, 399
(100), 389 (62) [M + H]+. HRMS (ESI): calcd. 411.0880
(C13H20N6NaO4S2); found 411.0880. IR (ATR): ν̃ = 1462 (m), 1419
(m), 1386 (s), 1267 (m), 1206 (m), 1171 (s), 1115 (m), 1077 (s), 1004
(m), 960 (s), 934 (m), 835 (m), 722 (s), 592 (s) cm–1. UV (MeOH):
λmax (lg ε) = 230 (4.14), 202 nm (4.19).

4,4�-(Propane-1,1-diyl)bis(N,N-dimethyl-1H-imidazole-1-sulfon-
amide) (36): Alkene 34 (407 mg, 1.05 mmol) was reduced to the
corresponding alkane by dissolving it in EtOH (5 mL) in presence
of Pd/C (Pd/C with 5% Pd, 782 mg, 0.37 mmol Pd) and stirring the
reaction mixture at room temp. under 1 atm H2 (balloon) over-
night. The reaction mixture was filtered through a pad of Celite
and the filtrate was concentrated. The residue was purified by col-
umn chromatography (silica, CHCl3/MeOH, 40:1) to give alkane



Bis(imidazolyl)propene Core of Nagelamides C and S

36 (317 mg, 77 %) as a colorless solid. Mp 135 °C. Rf (CHCl3/
MeOH, 20:1) = 0.21. 1H NMR (400 MHz, CDCl3): δ = 7.84 (d, 4J
= 1.4 Hz, 2 H, NCHN), 7.08 (dd, 4J = 1.2, 0.6 Hz, 2 H, NCHCN),
3.83 (t, 3J = 7.5 Hz, 1 H, CHCH2), 2.85 [s, 12 H, N(CH3)2], 2.06
(quint, 3J = 7.4 Hz, 2 H, CHCH2), 0.90 (3J = 7.3 Hz, 3 H, CH3)
ppm. 13C NMR (100 MHz, CDCl3): δ = 145.4 (2 C, NCHCN),
136.3 (2 C, NCHN), 114.2 (2 C, NCHCN), 40.3 (CHCH2), 38.2
(CHCH2), 27.5 [4 C, N(CH3)2], 12.1 (CH3) ppm. MS (ESI+): m/z
(%) = 391 (100) [M + H]+. HRMS (ESI): calcd. 391.1217
(C13H23N6O4S2); found 391.1214. IR (ATR): ν̃ = 1378 (s), 1270
(m), 1212 (w), 1168 (s), 1091 (m), 1072 (s), 1005 (m), 957 (s), 759
(m), 721 (s), 592 (s) cm–1. UV (MeOH): λmax (lg ε) = 274 (3.06),
219 (3.88), 202 nm (3.97).

4,4�-(Propane-1,1-diyl)bis(2-azido-N,N-dimethyl-1H-imidazole-1-
sulfonamide) (37): To a solution of 36 (260 mg, 0.666 mmol) in dry
THF (15 mL) under argon atmosphere at –78 °C was added nBuLi
(0.930 mL, 2.33 mmol, 2.5  solution in hexane) and the solution
was stirred 1.25 h at room temp. TosN3 (486 mg, 2.46 mmol) was
added dropwise and the reaction mixture was allowed to reach
room temp. The reaction mixture was stirred for additional 2 h and
the reaction was quenched by addition of saturated aqueous
NH4Cl (20 mL) and H2O (10 mL). The reaction mixture was ex-
tracted with EtOAc (3�60 mL). The combined organic layers were
dried with MgSO4 and the solvent was removed under reduced
pressure. Column chromatography [silica, hexane/EtOAc (3:1)] af-
forded the diazide 37 (125 mg, 40 %) as brown oil. Rf (hexane/
EtOAc, 1:1) = 0.37. 1H NMR (400 MHz, CDCl3): δ = 6.91 (d, 4J
= 0.7 Hz, 2 H, NCHCN), 3.57 (t, 3J = 7.4 Hz, 1 H, CHCH2), 2.98
[s, 12 H, N(CH3)2], 1.94 (quint, 3J = 7.4 Hz, 2 H, CHCH2), 0.90
(t, 3J = 7.3 Hz, 3H CH2CH3) ppm. 13C NMR (100 MHz, CDCl3):
δ = 140.8 (2 C, NCHCN), 139.4 (2 C, CN 3) , 115.8 (2 C,
CN3NCHC), 40.4 (CHCH2), 38.4 [4 C, N(CH3)2], 26.8 (CHCH2),
12.1 (CH3) ppm. MS (ESI+): m/z (%) = 967 (100) [2M + Na]+, 945
(24) [2M + H]+, 495 (25) [M + Na]+, 473 (36) [M + H]+. HRMS
(ESI): calcd. 473.1245 (C13H21N12O4S2); found 473.1243. IR
(ATR): ν̃ = 2140 (s), 1510 (m), 1386 (s), 1238 (m), 1171 (m), 1126
(m), 1072 (m), 966 (s), 856 (m), 723 (s), 577 (s) cm–1. UV (MeOH):
λmax (lg ε) = 265 (4.17), 203 nm (4.12).

4,4�-(Prop-1-ene-1,1-diyl)bis(2-azido-N,N-dimethyl-1H-imidazole-1-
sulfonamide) (38): To a solution of 34 (426 mg, 1.10 mmol) in dry
THF (10 mL) under argon atmosphere at –78 °C was added nBuLi
(1.54 mL, 3.85 mmol, 2.5  solution in hexane) and the solution
was stirred 1 h at room temp. TosN3 (803 mg, 4.07 mmol) was
added dropwise and the reaction mixture was allowed to reach
room temp. The reaction mixture was stirred for additional 2 h and
the reaction was quenched by addition of saturated aqueous
NH4Cl (20 mL) and H2O (10 mL). The reaction mixture was ex-
tracted with EtOAc (3�60 mL). The combined organic layers were
dried with MgSO4 and the solvent was removed under reduced
pressure. Column chromatography [silica, hexane/EtOAc (3:1)] af-
forded the diazide 38 (284 mg, 54 %) as brown oil. Rf (hexane/
EtOAc, 3:1) = 0.65. 1H NMR (400 MHz, CDCl3): δ = 7.10 (s, 1 H,
NCHCN), 7.06 (s, 1 H, NCHCN), 6.70 (q, 3J = 7.3 Hz, 1 H,
CHCH3), 3.03 [s, 6 H, N(CH3)2], 2.97 [s, 6 H, N(CH3)2], 1.95 (d,
3J = 7.3 Hz, 3 H, CHCH3) ppm. 13C NMR (100 MHz, CDCl3): δ
= 139.9 (CN3), 139.7 (CN3), 138.4 (NCHCN), 134.7 (NCHCN),
127.7 (CHCH3), 124.3 (CCHCH3), 118.4 (NCHCN), 115.8
(NCHCN), 38.5 [2 C, N(CH3)2], 38.5 [2 C, N(CH3)2], 15.2
(CHCH3) ppm. MS (ESI+): m/z (%) = 471 (100) [M + H]+. HRMS
(ESI): calcd. 471.1088 (C13H19N12O4S2); found 471.1085. IR
(ATR): ν̃ = 2141 (s), 1511 (m), 1420 (m), 1389 (s), 1239 (m), 1173
(s), 1130 (s), 1076 (s), 967 (s), 871 (m), 724 (s), 663 (m), 575 (s)
cm–1. UV (MeOH): λmax (lg ε) = 251 (4.30), 201 nm (4.24).
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4,4�-(3-Methoxyprop-1-ene-1,1-diyl)bis(N,N-dimethyl-1H-imid-
azole-1-sulfonamide) (35): To a solution of 16 (1.66 g, 3.80 mmol)
in dry CH2Cl2 (40 mL) was added MsCl (2.35 mL, 30.4 mmol) and
Et3N (6.34 mL, 45.6 mmol). The mixture was stirred at room temp.
for 6 h before DBU (4.54 mL, 30.4 mmol) was added. The mixture
was stirred for another 16 h and then quenched with aqueous
NH4Cl solution (50 mL). The mixture was extracted with CH2Cl2
(4�35 mL). The combined organic layers were dried with MgSO4

and then concentrated under reduced pressure. Column chromatog-
raphy [silica, CHCl3 then CHCl3/MeOH (40:1)] afforded 35 (1.56 g,
98 %) as colorless solid. Mp 136 °C. Rf (CHCl3/MeOH, 15:1) =
0.21. 1H NMR (400 MHz, CDCl3): δ = 7.96 (d, 4J = 1.3 Hz, 1 H,
NCHN), 7.89 (d, 4J = 1.4 Hz, 1 H, NCHN), 7.44 (d, 4J = 1.4 Hz,
1 H, NCHCN), 7.37 (d, 4J = 1.9 Hz, 1 H, NCHCN), 6.74 (t, 3J =
6.6 Hz, 1 H, CHCH2), 4.27 (d, 3J = 6.6 Hz, 2 H, CHCH2), 3.38 (s,
3 H, OCH3), 2.92 [s, 6 H, N(CH3)2], 2.87 [s, 6 H, N(CH3)2] ppm.
13C NMR (100 MHz, CDCl3): δ = 142.0 (NCHCN), 138.6
(NCHCN), 136.0 (NCHN), 135.9 (NCHN), 127.7 (CHCH2), 126.7
(CCHCH2), 117.1 (NCHCN), 115.2 (NCHCN), 69.2 (OCH2), 57.8
(OCH3), 37.9 [2 C, N(CH3)2], 37.9 [2 C, N(CH3)2] ppm. MS (ESI+):
m/z (%) = 419 (100) [M + H]+, 387 (72) [M – OMe]+, 171 (20).
HRMS (ESI): calcd. 419.1166 (C14H23N6O5S2); found 419.1164.
IR (ATR): ν̃ = 1463 (m), 1419 (m), 1387 (s), 1269 (m), 1172 (s),
1076 (s), 1005 (m), 959 (s), 915 (m), 832 (m), 722 (s), 589 (s) cm–1.
UV (MeOH): λmax (lg ε) = 233 (4.11), 202 nm (4.15).

4,4�-(3-Methoxyprop-1-ene-1,1-diyl)bis(2-azido-N,N-dimethyl-1H-
imidazole-1-sulfonamide) (39): To a solution of 35 (800 mg,
1.91 mmol) in dry THF (60 mL) under argon atmosphere at –78 °C
was added nBuLi (2.68 mL, 6.69 mmol, 2.5  solution in hexane)
and the solution was stirred 2.5 h at room temp. TosN3 (1.39 g,
7.07 mmol) was added dropwise and the reaction mixture was al-
lowed to reach room temp. The reaction mixture was stirred for
additional 3 h and the reaction was quenched by addition of satu-
rated aqueous NH4Cl (20 mL) and H2O (10 mL). The reaction
mixture was extracted with EtOAc (3�60 mL). The combined or-
ganic layers were dried with MgSO4 and the solvent was removed
under reduced pressure. Column chromatography [silica, CHCl3,
then CHCl3/MeOH (3:1) and RP18, H2O/MeOH (1:1), then H2O/
MeOH (1:3)] afforded the diazide 39 (586 mg, 61%) as brown oil.
Rf (CHCl3/EtOAc, 3:1) = 0.27. 1H NMR (400 MHz, CDCl3): δ =
7.20 (s, 1 H, NCHCN), 7.18 (s, 1 H, NCHCN), 6.66 (t, 3J = 6.6 Hz,
1 H, CCHCH2), 4.27 (d, 3J = 6.6 Hz, 2 H, CCHCH2), 3.39 (s, 3
H, OCH3), 3.03 [s, 6 H, N(CH3)2], 2.99 [s, 6 H, N(CH3)2] ppm.
13C NMR (100 MHz, CDCl3): δ = 140.1 (CN3), 139.9 (CN3) 137.5
(NCHCN), 134.3 (NCHCN), 128.3 (CCHCH2), 125.8 (CCHCH2),
118.8 (NCHCN), 117.0 (NCHCN), 69.5 (OCH2), 58.1 (OCH3),
38.5 [2 C, N(CH3)2], 38.4 [2 C, N(CH3)2] ppm. MS (ESI+): m/z (%)
= 1023 (4) [2M + Na]+, 523 (100) [M + Na]+, 467 (63), 277 (44).
HRMS (ESI): calcd. 523.1013 (C14H20N12NaO5S2); found
523.1016. IR (ATR): ν̃ = 2144 (s), 1513 (m), 1392 (s), 1177 (m),
1132 (m), 1076 (s), 967 (m), 870 (w), 725 (s), 666 (m), 576 (s) cm–1.
UV (MeOH): λmax (lg ε) = 255 (4.22), 203 nm (4.16).

4,4�-(3-Methoxyprop-1-ene-1,1-diyl)bis(2-amino-N,N-dimethyl-1H-
imidazole-1-sulfonamide) (40): Alkene 39 (56.0 mg, 0.112 mmol)
was reduced to the corresponding alkane by dissolving it in EtOH
(15 mL) in presence of Lindlar catalyst (Pd/CaCO3 with 5% Pb,
5% Pd, 96 mg, 0.045 mmol Pd) and stirring the reaction mixture at
room temp. under 1 atm H2 (balloon) overnight. The reaction mix-
ture was filtered through a pad of celite and the filtrate was concen-
trated. The residue was purified by column chromatography (silica,
CHCl3/MeOH/NH3, 70:10:1) to give 40 (28.0 mg, 56%) as a yellow
oil. Rf (CHCl3/MeOH/NH3, 70:10:1) = 0.44. 1H NMR (600 MHz,
CDCl3): δ = 6.85 (s, 1 H, NCHCN), 6.84 (s, 1 H, NCHCN), 6.50
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(t, 3J = 6.8 Hz, 1 H, CCHCH2), 5.13 (br. s, 4 H, NH2), 4.21 (d, 3J
= 6.8 Hz, 2 H, CCHCH2), 3.35 (s, 3 H, OCH3), 2.97 [s, 6 H,
N(CH3)2], 2.92 [s, 6 H, N(CH3)2] ppm. 13C NMR (150 MHz,
CDCl3): δ = 147.8 (CNH2), 147.5 (CNH2), 137.0 (NCHCN), 133.6
(NCHCN), 127.6 (CCHCH2), 126.3 (CCHCH2), 112.9 (NCHCN),
111.6 (NCHCN), 69.5 (OCH2), 58.0 (OCH3), 38.7 [2 C, N(CH3)2],
38.7 [2 C, N(CH3)2] ppm. MS (ESI+): m/z (%) = 471 (100) [M +
Na]+, 449 (53) [M + H]+, 417 (80) [M – OCH3]+. HRMS (ESI):
calcd. 449.1384 (C14H25N8O5S2); found 449.1380. IR (ATR): ν̃ =
3441 (w), 2922 (w), 1636 (m), 1379 (m), 1266 (w), 1172 (m), 1053
(m), 964 (m), 717 (s), 600 (s) cm–1. UV (MeOH): λmax (lg ε) = 260
(3.85), 213 (4.17), 203 nm (4.23).

4,4�-(3-Methoxyprop-1-ene-1,1-diyl)bis(2-azido-1H-imidazole) (41):
To a solution of the protected azide 39 (396.0 mg, 0.791 mmol) in
MeOH (10 mL) was added an excess of concd. HCl (5 mL) and the
reaction mixture was refluxed for 3 h. The reaction mixture was
concentrated and the residue was purified by column chromatog-
raphy (silica, CHCl3/MeOH/NH3, 90:10:1) to give the deprotected
azide 41 (163.0 mg, 72%) as a colorless solid. Rf (CHCl3/MeOH/
NH3, 90:10:1) = 0.34. 1H NMR (400 MHz, CD3OD): δ = 6.91 (s,
1 H, NHCH), 6.73 (s, 1 H, NHCH), 6.28 (br. s, 1 H, CCH), 4.16
(d, 3J = 4.5 Hz, 2 H, CH2), 3.33 (s, 3 H, OCH3) ppm. 13C NMR
(100 MHz, CD3OD): δ = 144.1 (CN3), 142.5 (CN3), 130.5
(NHCHCN), 127.3 (CCHCH2), 127.2 (NHCHCN), 124.3
(CCHCH2), 116.8 (NHCHCN), 115.5 (NHCHCN), 70.7 (CH2),
58.2 (OCH3) ppm. MS (ESI+): m/z (%) = 309 (100) [M + Na]+,
595 (28) [2M + Na]+. HRMS (ESI): calcd. 309.0931
(C10H10N10NaO); found 309.0930. IR (ATR): ν̃ = 3133 (w), 2124
(s), 1524 (m), 1498 (w), 1459 (w), 1148 (m), 1076 (m), 771 (m) cm–1.
UV (MeOH): λmax (lg ε) = 272 (4.23), 202 nm (4.04).

4,4�-(3-Methoxyprop-1-ene-1,1-diyl)bis(1H-imidazol-2-amine) (42):
Diazide 41 (137.0 mg, 0.479 mmol) was dissolved in MeOH (5 mL)
in presence of Lindlar catalyst (Pd/CaCO3 with 5% Pb, 5 % Pd,
102 mg, 0.048 mmol Pd). After stirring at room temp. under 1 atm
H2 for 4 h, the reaction mixture was filtered through a pad of Celite
and the filtrate was concentrated. The residue was purified by col-
umn chromatography (RP18, MeOH/H2O/0.5% TFA, 1:6) to give
diamine 42 (97.0 mg, 86%) as a yellow oil. Rf (RP18, MeOH/H2O,
1:6) = 0.50. 1H NMR (600 MHz, CD3OD): δ = 6.94 (s, 1 H,
NH2CNCH), 6.78 (s, 1 H, NH2CNHCH), 6.31 (t, 3J = 6.6 Hz, 1
H, CHCH2OCH3), 4.11 (d, 3J = 6.6 Hz, 2 H, CH2OCH3), 3.36 (s,
3 H, OCH3) ppm. 13C NMR (150 MHz, CD3OD): δ = 149.9
(CNH2), 149.4 (CNH2), 129.7 (CHCH2OCH3), 127.5 (CH2CHC),
121.7 (CH2CHCC), 120.5 (CH2CHCC), 115.3 (NH2CNCH), 113.6
(NH2CNHCH), 69.7 (CH2OCH3), 58.6 (OCH3) ppm. MS (ESI+):
m/z (%) = 235 (13) [M + H]+, 203 (100), 201 (30). HRMS (ESI):
calcd. 235.1302 (C10H15N6O); found 235.1302. IR (ATR): ν̃ = 3153
(m), 1669 (s), 1181 (s), 1129 (s), 837 (m), 799 (m), 720 (m) cm–1.
UV (MeOH): λmax (lg ε) = 354 (2.97), 265 (3.48), 203 nm (3.76).

Supporting Information (see also the footnote on the first page of
this article): NMR spectra of compounds 8–18, 20, 22, 24–32, 34–
43, NOESY spectra of compounds 29, 42.
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