
Synthesis of the Pyrrole-Imidazole Alkaloid Sventrin from the Marine Sponge
Agelas sventres
Gregor Breckle, Kurt Polborn, and Thomas Lindel
Ludwig-Maximilians-Universität München, Department of Chemistry, Butenandtstr. 5Ð13,
D-81377 Munich, Germany
Reprint requests to Prof. Dr. Th. Lindel. Fax int: +(0)89/2180-7-7734.
E-mail: thomas.lindel@cup.uni-muenchen.de
Z. Naturforsch. 58b, 451Ð456 2003; received February 17, 2003

The marine pyrrole-imidazole alkaloid sventrin (1) and the hitherto unknown dehydrooroi-
din (3) have been synthesized stereoselectively via alkyne intermediates. The pathways start
from a 2-azido-4-alkynylimidazole which can be chemo- and stereoselectively reduced to the
corresponding amino alkene using NaAlH2(OCH2CH2OMe)2 (Red-Al) or, alternatively, to
the amino alkyne. Selective removal of simultaneously present Boc or trityl protecting groups
was possible employing either p-TsOH or acetic resp. formic acid.
Key words: Alkynes, Red-Al, Marine Natural Products

Pyrrole-imidazole alkaloids are exclusively found
in marine sponges of the orders Agelasida, Axinel-
lida and Halichondrida. Various modes of cycliza-
tion and dimerization of a common precursor lead
to the economic generation of structural diversity.
A detailed mechanistic consideration on the bio-
genesis of cyclized and dimerized pyrrole-imida-
zole alkaloids starting from the non-cyclized pre-
cursor oroidin (2) [1] has been published by Al
Mourabit and Potier [2]. As part of our program
on the exploration of the biomimetic chemistry of
the pyrrole-imidazole alkaloids [3], we report here
the first synthesis of the natural product sventrin
(1) and of the hitherto unknown dehydrooroidin
(3). Köck et al. recently isolated sventrin (1) from
Agelas sventres as the pyrrole-N-methylated ana-
log of oroidin (2, Scheme 1) [4].

Since oroidin cannot be methylated regioselec-
tively, the N-methylated pyrrolylcarbonyl unit had
to be introduced as a preformed building block.
Ideally, the bifunctional, unprotected 2-amino-
4(5)-(3-amino-1-propenyl)imidazole unit present
in sventrin (1) would have to be acylated. Reported
yields for the acylation of that partial structure with
4,5-dibromo-2-trichloroacetylpyrrole (11) range
from 13% to 65% [5,6]. Although side products
were not reported, interference by the 2-aminoim-
idazole portion of 1 on reaction of the bifunctional
“east-half” of oroidin (2) with the trichloromethyl-
ketones 7 resp. 11 appears possible. E. g., treatment
of oroidin (2) with acetic anhydride leads to ace-
tylation of the imidazole 2-amino group [1b].
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Our strategy aimed at an improvement of the
low to moderate coupling yields by introducing a
bulky protecting group at the imidazole portion
that was to be removed in the final step. The struc-
tures of two of our synthetic intermediates (5, 10)
in the crystal outline the steric shielding of the im-
idazole 2-amino group effected by trityl protecting
groups (Fig. 1).

Scheme 1 summarizes our syntheses of sventrin
(1) and of dehydrooroidin (3), starting from the
Boc- and trityl-protected alkynyl imidazole 4
which had been obtained via Sonogashira alky-
nylation of the corresponding iodoimidazole [7].
Lindlar hydrogenation of 4 would yield the Z-
double bond which would have to be isomerized
subsequently. We found that reduction of both the
azide function and the triple bond of 4 with NaAl-
H2(OCH2CH2OMe)2 (Red-Al) in toluene/THF
conveniently yielded stereochemically pure (E)-al-
kene 5 in a yield of 76%. To our knowledge, this
example is the first reduction of alkynylated N-
heterocycles to the corresponding alkenes employ-
ing Red-Al. The reduction of alkynes to alkenes
by Red-Al has in particular been reported for pro-
pargylic alcohols [8Ð11] and for alkynyl ethers
[12]. Mechanistic considerations on the stereo-
and regioselectivity of hydroalumination reactions
of internal alkynes have been published [13].

Chemoselective removal of the Boc group on
treatment of 5 with p-TsOH monohydrate in THF
gave the diamine 6 which was condensed with the
N-methylated trichloromethyl ketone 7 [14] to
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Scheme 1. Syntheses of the marine
pyrrole-imidazole alkaloid sventrin
(1) and the hitherto unknown dehy-
drooroidin (3) via alkyne intermedi-
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Fig. 1. Sterical shielding of the imidazole 2-
amino group by the trityl protecting group al-
kylating the imidazole ring nitrogen (single-
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give trityl-protected sventrin 8 in the high coupling
yield of 98%. The clean detritylation of 8 without
formation of side products turned out to be diffi-
cult, probably due to the good stabilization of the
guanidinylated triphenylmethane partial structure,
on protonation. Earlier, Ahond, Poupat et al. had
reported low yields in detritylation of the corre-
sponding oroidin precursor [15]. We performed a
study on the selective deprotection of the 5-alky-
nyl-2-aminoimidazole 9 revealing that the trityl
group can be selectively removed even in the pres-
ence of the Boc group when 9 is treated with 90%
HOAc/CH2Cl2/MeOH (2:1:1) under reflux (see
also [16]). On transfer of this protocol to the prob-
lem of deprotecting the alkene synthetic interme-
diate 8, surprisingly low yields (30Ð40%) of
sventrin (1) were obtained. It turned out that the
deprotection yield starting from 8 could be im-
proved to 76% by alternative employment of for-
mic acid in chloroform. The natural product
sventrin (1) was obtained in 4 steps from 4 in an
overall yield of 42%.

Table 1. Crystal data and structure refinement of 5 and 10.

5 10

Empirical fomula C30H32N4O2 · 1⁄2 C4H8O2 C25H22N4 ·2 CH3OH
Formula weight 524.65 442.55
Temperature [K] 295(2) 295(2)
λ (Mo-Kα) [Å] 0.71073 0.71073
Crystal system triclinic triclinic
Space group P 1̄ P 1̄
a [Å], α [∞] 13.073(2), 112.922(12) 9.162(2), 72.87(2)
b [Å], � [∞] 15.952(3), 98.736(10) 9.893(2), 81.89(2)
c [Å], γ [∞] 16.693(2), 105.612(13) 14.829(3), 70.94(2)
Volume [Å3] 2955.8(7) 1212.5 (4)
Z 4 2
ρcalcd. [Mg/m3] 1.179 1.212
Absorption coefficient [mmÐ1] 0.077 0.078
F(000) 1120 472
Crystal size [mm] 0.53 ¥ 0.43 ¥ 0.23 0.53 ¥ 0.33 ¥ 0.23
Range for data coll. Θ [∞] 2.36 to 23.97 2.70 to 21.66
Index ranges hkl Ð 14 � h � 0, Ð17 � k � 18, Ð 9 � h � 9, Ð10 � k � 9,

Ð 18 � l � 19 15 � l �0
Reflections collected 9707 2990
Independent reflections 9238 [R(int) = 0.0178] 2854 [R(int) = 0.0332]
Absorption correction Semi-empirical by psi-scans None
Max., and min. transmission 0.9989 and 0.9196
Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2

Data/restraints/parameters 9238/40/714 2854/2/311
Goodness of fit on F2 1.093 1.082
Final R indices [I > 2σ(I)] R1 = 0.0676, wR2 = 0.1716 R1 = 0.0661, wR2 = 0.1530
R Indices (all data) R1 = 0.0988, wR2 = 0.1980 R1 = 0.1019, wR2 = 0.1821
Largest diff. peak and hole [e/Å3] 0.369 and Ð 0.295 0.283 and Ð 0.283

For the synthesis of dehydrooroidin (3), chemo-
selective reduction of the azide group of 4 was re-
quired with retention of the triple bond. Treat-
ment of 4 with LiAlH4 for a short reaction time
(60 min) allowed the isolation of the alkyne 9,
again with a sterically hindered imidazole 2-amino
group. The Boc protecting group was selectively
removed by treatment with pTsOH, providing 10.
As a difference to the sventrin case, acylation of
10 with the N-unsubstituted trichloromethyl ke-
tone 11 [17] gave the tritylated dehydrooroidin
precursor 12 in the moderate yield of 50%. The
subsequent detritylation proceeded completely,
but the isolated yield (46%) was again lower than
in the case of the N-methylated pyrrole amide 8.

In summary, the first total syntheses of the ma-
rine natural product sventrin (1) and of the hith-
erto unknown dehydrooroidin (3) have been de-
veloped. Both compounds are now available for
further studies on their cyclization and dimeriza-
tion. The true potential of the biogenetic key
building block underlying the pyrrole-imidazole
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alkaloids has hardly been explored [18]. Due to its
N-methylation, cyclizations of sventrin (1) would
at most involve the pyrrole carbon atom, leading,
e. g., to analogs of N-methylisophakellin [19]. The
triple bond of dehydrooroidin (3) is designed to
prevent intramolecular cyclization and, instead, fa-
vor the formation of dimers.

Experimental Section

General

Unless otherwise noted, reagents were pur-
chased from commercial suppliers and used with-
out further purification. Reactions were controlled
by thin-layer chromatography (precoated silica gel
plate Merck F254). Flash chromatography was car-
ried out on silica gel (Merck, silica gel 60 (40Ð
63 µm)). Melting points are uncorrected. NMR
spectra were recorded on Varian 200 or 400 MHz
spectrometers. Chemical shifts refer to residual
solvent signals based on δTMS = 0. Mass spectra
were taken in EI, FAB (nitrobenzyl alcohol as ma-
trix), or ESI modes. Yields refer to purified com-
pounds.

[3-(2-Amino-1-trityl-1H-imidazol-4-yl)-allyl]-
carbamic acid tert-butyl ester (5)

To a solution of the azidoalkynylimidazole 4 ([7],
1.10 g, 2.2 mmol) in dry THF (50 ml) at 0 ∞C was
added Red-Al (2.5 equiv., 65% wt in toluene) un-
der an argon atmosphere. After 30 min the reac-
tion mixture was quenched with saturated Na2CO3
(5 ml), followed by addition of brine (5 ml). The
mixture was extracted with EtOAc (3 ¥ 20 ml).
The combined organic layers were dried (MgSO4)
and concentrated in vacuo. The resulting residue
was purified by flash chromatography (silica gel,
EtOAc) to yield 5 (809 mg, 76%) as a pale yellow
solid. Crystallization from EtOAc afforded color-
less crystals: M. p. 160 ∞C (decomp.). Ð UV/vis
(CHCl3): λmax (lg ε) = 269 nm (4.17). Ð IR (KBr):
ν̃ = 3444, 3059, 2976, 1713, 1617, 1534, 1493, 1447,
1365, 1248, 1170, 962, 747, 702 cmÐ1. Ð 1H NMR
(199.98 MHz, CDCl3): δ = 7.50Ð7.25 (m, 9H, phe-
nyl-CH), 7.26Ð7.15 (m, 6H, phenyl-CH), 6.28 (s,
1H, NCCHN), 6.15 (d, 3J = 15.4 Hz, 1H,
CH2CHCH), 5.98 (dt, 3J = 15.4, 5.5 Hz, 1H,
CH2CH), 4.58 (br. s, 1H, NH), 3.76 (dd, 3J = 5.5,
5.1 Hz, 2H, NHCH2C), 3.60 (s, 2H, NH2), 1.42 (s,
9H, C(CH3)3). Ð 13C NMR (100.57, CDCl3): δ =
155.70 (C = O), 149.57 (CNH2), 141.45 (3C, phe-
nyl-C), 133.24 (NCCHN), 129.99 (6C, phenyl-o-
CH), 128.17 (6C, phenyl-m-CH), 128.07 (3C, phe-
nyl-p-CH), 123.46 (CH2CH), 122.87 (CH2CHCH),

115.68 (NCCHN), 79.50 (C(CH3)3), 74.26 (CPh3),
42.70 (NCH2), 28.44 (3C, C(CH3)3). Ð MS (ESI):
m/z (%) = 481 (100) [M+]. Ð HRESIMS
C30H33N4O2 [M + H+]: calcd. 481.2603; found
481.2576. Ð C30H32N4O2 (480.6): calcd. C 74.97, H
6.71, N 11.66; found C 74.69, H 6.60, N 11.61.

4-(3-Amino-propenyl)-1-trityl-1H-imidazol-2-
ylamine (6)

To a solution of the alkenylaminoimidazole 5
(100 mg, 0.2 mmol) in THF (7 ml) was added p-
toluenesulfonic acid monohydrate (2.5 g) in small
portions over a period of 7 h. After addition of
saturated Na2CO3 (5 ml) and brine (5 ml) the re-
action mixture was extracted with THF (3 ¥ 5 ml),
dried (MgSO4) and concentrated in vacuo. Flash
chromatography (silica gel, CHCl3-MeOH-aq.
NH3 (70:10:1)) afforded 6 (61 mg, 78%) as a pale
yellow solid: M. p. 170 ∞C (decomp.) Ð UV/vis
(MeOH): λmax (lg ε) = 276 nm (4.03). Ð IR (KBr):
ν̃ = 3439, 3058, 1968, 1621, 1535, 1446, 1326, 965,
748, 702 cmÐ1. Ð 1H NMR (399.92 MHz, CD3OD):
δ = 7.41Ð7.29 (m, 9H, phenyl-CH), 7.26Ð7.12 (m,
6H, phenyl-CH), 6.37 (s, 1H, NCCHN), 6.15 (d,
3J = 15.7 Hz, 1H, CH2CHCH), 6.10 (dt, 3J = 15.7,
4.5 Hz, 1H, CH2CH), 3.28 (d, 3J = 4.5 Hz, 2H,
NHCH2C). Ð 13C NMR (100.57, CD3OD): δ =
150.40 (NCNH2N), 141.45 (3C, phenyl-C), 133.31
(NCCHN), 129.68 (6C, phenyl-o-CH), 127.89 (6C,
phenyl-m-CH), 127.81 (3C, phenyl-p-CH), 126.52
(CH2CH), 121.51 (CH2CHCH), 114.60 (NCCHN),
74.20 (CPh3), 43.04 (NHCH2). Ð MS (FAB+): m/z
(%) = 381 (2) [M + H+], 243 (100) [CPh3

+]. Ð
HRFABMS C25H25N4 [M + H+]: calcd. 381.2058;
found 381.2079.

4,5-Dibromo-1-methyl-1H-pyrrole-2-carboxylic
acid [3-(2-amino-1-trityl-1H-imidazol-4-yl)-
allyl]-amide (8)

(4,5-Dibromo-1-methyl-1H-pyrrole-2-yl)-tri-chlo-
romethylketone 7 ([14], 227 mg, 0.60 mmol) was
added to a solution of 6 (150 mg, 0.40 mmol) in
dry THF (15 ml). After 96 h the mixture was con-
centrated in vacuo and purified by flash chroma-
tography (silica gel, CHCl3-MeOH (10:1)) to yield
8 as a pale yellow solid (254 mg, 99%). M. p.
140 ∞C (decomp.) Ð UV/vis (CHCl3): λmax (lg ε) =
281 nm (4.34). Ð IR (KBr): ν̃ = 3436, 1639, 1533,
1492, 1447, 1254, 957, 747, 701 cmÐ1. Ð 1H NMR
(399.92 MHz, CDCl3): δ = 7.41Ð7.30 (m, 9H, phe-
nyl-CH), 7.21Ð7.14 (m, 6H, phenyl-CH), 6.57 (s,
1H, BrCCH), 6.33 (s, 1H, NCCHN), 6.27 (d, 3J =
15.4 Hz, 1H, CH2CHCH), 6.16 (dt, 3J = 15.4 Hz,
3J = 6.3 Hz, 1H, CH2CH), 5.95 (t, 3J = 5.2 Hz, 1H,
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NHCH2), 4.04 (dd, 3J = 6.3 Hz, 3J = 5.2 Hz, 2H,
NHCH2), 3.94 (s, 3H, NCH3), 3.55 (s, 2H,
CNH2). Ð 13C NMR (100.57, CDCl3): δ = 160.10
(C = O), 149.63 (NCNH2N), 141.41 (3C, phenyl-
C), 133.11 (NCCHN), 129.98 (6C, phenyl-o-CH),
128.19 (6C, phenyl-m-CH), 128.10 (3C, phenyl-p-
CH), 127.74 (CHCCO), 124.71 (CH2CHCH),
121.42 (CH2CH), 116.08 (NCCHN), 113.36
(BrCCH), 111.42 (BrCNCH3), 97.88 (BrCCH),
74.30 (CPh3), 41.50 (NHCH2CH), 35.69
(NCH3). Ð MS (FAB+): m/z (%) = 644/646/648 (6/
12/6) [M + H+], 243 (100) [CPh3

+]. Ð HRFABMS
C31H28Br2N5O [M + H+]: calcd. 644.0644; found
644.0661.

4,5-Dibromo-1-methyl-1H-pyrrole-2-carboxylic
acid [3-(2-amino-1H-imidazol-4-yl)-allyl]-amide
(sventrin) (1)

The coupling product 8 (139 mg, 0.22 mmol) was
dissolved in CHCl3 (10 ml) and treated with
HCO2H (3 ml). The mixture was refluxed for 18 h
and concentrated in vacuo. Flash chromatography
(silica gel, CHCl3:MeOH:NH3 = 40:10:1) yield
sventrin (1) as a pale yellow solid (66 mg, 76%).
M. p. 100 ∞C (decomp.) Ð UV/vis (CHCl3): λmax (lg
ε) = 279 nm (4.31). Ð IR (KBr): ν̃ = 3308, 2928,
1632, 1578, 1540, 1499, 1449, 1414, 1329, 1262,
1164, 1092, 956, 805, 752 cmÐ1. Ð 1H NMR (399.92
MHz, CD3OD): δ = 6.87 (s, 1H, BrCCH), 6.49 (s,
1H, NCCHN), 6.28 (dt, 3J = 15.9 Hz, 4J = 1.4 Hz,
1H, CH2CHCH), 5.89 (dt, 3J = 15.9, 6.2 Hz, 1H,
CH2CH), 3.97 (dd, 3J = 6.2 Hz, 4J = 1.4 Hz, 2H,
NHCH2), 3.94 (s, 3H, NCH3). Ð 13C NMR (100.57,
CD3OD): δ = 162.72 (C = O), 151.93 (NCNH2N),
131.26 (NCCHN), 129.44 (CHCCO), 122.52
(CH2CHCH), 122.48 (CH2CH), 117.13 (NCCHN),
115.91 (BrCCH), 112.49 (BrCNCH3), 99.18
(BrCCH), 42.48 (NCH2CH), 36.41 (NCH3). Ð MS
(ESI+): m/z (%) = 402/404/406 (47/94/42) [M +
H+]. Ð HRESIMS C12H14

79Br81BrN5O [M + H+]:
calcd. 403.9545; found 403.9503.

[3-(2-Amino-1-trityl-1H-imidazol-4-yl)-prop-2-
ynyl]-carbamic acid tert-butyl ester (9)

LiAlH4 (72 mg, 1.9 mmol) was suspended in dry
THF (5 ml) under argon at 0 ∞C. To this mixture a
solution of 4 (346 mg, 0.7 mmol) in dry THF
(10 ml) was added. After 1 h the reaction was
quenched with H2O (5 ml). The mixture was
treated with saturated Na2CO3 (5 ml) and ex-
tracted with EtOAc (4 ¥ 10 ml). The combined or-
ganic layer was washed with brine, dried (MgSO4)
and concentrated in vacuo. Flash chromatography
(silica gel, EtOAc) afforded 9 (292 mg, 89%) as a

pale yellow solid. M. p. 180 ∞C (decomp.) Ð UV/
vis (MeOH): λmax (lg ε) = 250 nm (4.05). Ð IR
(KBr): ν̃ = 3378, 2973, 1622, 1534, 1493, 1446, 1392,
1366, 1308, 1250, 1167, 1036, 907, 754, 740, 702,
674, 642 cmÐ1. Ð 1H NMR (199.98 MHz, CDCl3):
δ = 7.36Ð7.32 (m, 9H, phenyl-CH), 7.20Ð7.17 (m,
6H, phenyl-CH), 6.60 (s, 1H, CCHN), 5.20 (br. S,
1H, NH), 4.08 (d, 3J = 5.3 Hz, 2H, NHCH2C), 3.55
(s, 2H, NH2), 1.41 (s, 9H, C(CH3)3). Ð 13C NMR
(100.57 MHz, CDCl3): δ = 155.33 (C = O), 148.84
(NCNH2N), 141.07 (3C, phenyl-C), 129.95 (6C,
phenyl-o-CH), 128.23 (6C, phenyl-m-CH), 128.18
(3C, phenyl-p-CH), 121.85 (CCHN), 117.36
(CHCN), 85.29 (CH2CC), 79.63 (CCH3)3), 77.36
(CH2CC), 74.52 (NCPh3), 31.13 (NHCH2), 28.37
(3C, C(CH3)3). Ð MS (ESI): m/z (%) = 481 (100)
[M + H]+. Ð HRESIMS C30H31N4O2 [M + H+]:
calcd. 479.2447; found 479.2422. Ð C30H30N4O2
(478.6): calcd. C 75.29, H 6.32, N 11.71; found
C 74.91 H 6.25, N 11.61.

4-(3-Amino-prop-1-ynyl)-1-trityl-1H-imidazol-2-
ylamine (10)

p-TsOH monohydrate in THF (30 ml, 1.9 m) was
added to the alkynylaminoimidazole 9 (478 mg,
1 mmol). After stirring for 4 h the mixture was
treated with saturated Na2CO3 (100 ml) and brine
(50 ml), extracted with EtOAc (3 ¥ 100 ml), dried
(MgSO4) and concentrated in vacuo. Flash chro-
matography (silica gel, CHCl3-MeOH-aq. NH3
(40:10:1)) afforded 10 (286 mg, 91%) as a colorless
solid. M. p. 155 ∞C (decomp.) Ð UV/vis (MeOH):
λmax (lg ε) = 254 nm (4.12). Ð IR (KBr): ν̃ = 3438,
2231, 1618, 1532, 1446, 1308, 1034, 701 cmÐ1. Ð 1H
NMR (399.9 MHz, CD3OD): δ = 7.40Ð7.30 (m,
9H, phenyl-CH), 7.22Ð7.12 (m, 6H, phenyl-CH),
6.49 (s, 1H, NCCHN), 3.48 (s, 2H, NH2CH2). Ð
13C NMR (100.57 MHz, CD3OD): δ = 151.07
(NCNH2N), 142.39 (3C, phenyl-C), 131.03 (6C,
phenyl-o-CH), 129.36 (9C, phenyl-m-CH and phe-
nyl-p-CH), 121.85 (NCCHN), 118.62 (NCCHN),
89.98 (CH2CC), 77.34 (CH2CC), 75.88 (NCPh3),
32.04 (NH2CH2). Ð MS (FAB+): m/z (%) = 379
(8) [M + H]+, 243 (100) [CPh3

+]. Ð HRFABMS
C25H23N4 [M + H+]: calcd. 379.1875; found
379.1861.

4,5-Dibromo-1H-pyrrole-2-carboxylic acid
[3-(2-amino-1-trityl-1H-imidazol-4-yl)-prop-2-
ynyl]-amide (12)

(4,5-Dibromo-1H-pyrrole-2-yl)-trichloromethyl-
ketone 11 ([17], 76 mg, 0.20 mmol) was added to
a solution of 10 (50 mg, 0.13 mmol) in dry THF
(5 ml). After 7 d the mixture was concentrated
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in vacuo and purified by flash chromatography
(silica gel, CHCl3-MeOH (20:1)) to yield 12 as a
pale yellow solid (42 mg, 50%). M. p. 135 ∞C (de-
comp.) Ð UV/vis (CH2Cl2): λmax (lg ε) = 273 nm
(4.21). Ð IR (KBr): ν̃ = 3429, 3059, 2928, 2236,
1639, 1560, 1530, 1493, 1447, 1314, 1212, 1034, 753,
701 cmÐ1. Ð 1H NMR (399.92 MHz, CDCl3): δ =
7.34Ð7.30 (m, 9H, phenyl-CH), 7.18Ð7.12 (m, 6H,
phenyl-CH), 7.10 (br. s, 1H, CONH), 6.67 (s, 1H,
BrCCH), 6.60 (s, 1H, NCCHN), 4.29 (d, 3J =
4.0 Hz, 2H, NHCH2), 3.70 (br. s, 2H, CNH2). Ð
13C NMR (100.57, CDCl3): δ = 159.34 (C = O),
148.95 (NCNH2N), 140.74 (3C, phenyl-C), 129.86
(6C, phenyl-o-CH), 128.33 (6C, phenyl-m-CH),
128.30 (3C, phenyl-p-CH), 126.80 (CHCCO),
121.83 (NCCHN), 116.39 (NCCHN), 113.51
(BrCCH), 105.62 (BrCNCH3), 99.61 (BrCCH),
85.33 (CH2CC), 77.20 (CH2CC), 74.80 (CPh3),
30.14 (NHCH2). Ð MS (FAB+): m/z (%) = 628/
630/632 (0.5/1.0/0.5) [M + H+], 243 (100)
[CPh3

+]. Ð HRFABMS C30H24
81Br2N5O [M +

H+]: calcd. 632.0316; found 632.0320.

4,5-Dibromo-1H-pyrrole-2-carboxylic acid
[3-(2-amino-1H-imidazol-4-yl)-prop-2-ynyl]-
amide (dehydrooroidin) (3)

Coupling product 12 (28 mg, 0.04 mmol) was
dissolved in CHCl3 (5 ml) and treated with
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HCO2H (1 ml). The mixture was stirred for 24 h
and then concentrated in vacuo. Flash chromato-
graphy (silica gel, CHCl3-MeOH-NH3 (40:10:1))
yielded dehydrooroidin (3) as a pale yellow solid
(8 mg, 46%). UV/vis (MeOH): λmax (lg ε) =
275 nm (3.98), 377 (2.92). Ð IR (KBr): ν̃ = 3413,
2929, 1680, 1640, 1560, 1515, 1420, 1394, 1316,
1237, 978, 811, 754, 537 cmÐ1. Ð 1H NMR (399.92
MHz, CD3OD): δ = 6.83 (s, 1H, NCCHN), 6.82 (s,
1H, BrCCH), 6.60 (s, 1H, NCCHN), 4.28 (s, 2H,
NHCH2). Ð 13C NMR (100.57, CD3OD): δ =
159.85 (C=O), 148.49 (NCNH2N), 127.00
(CHCCO), 119.55 (NCCHN), 113.13 (BrCCH),
112.80 (NCCHN), 105.62 (BrCNCH3), 98.59
(BrCCH), 87.51 (CH2CC), 72.32 (CH2CC), 28.66
(NHCH2). Ð MS (FAB+): m/z (%) = 386/388/
390 (6/11/5) [M + H]+. Ð HRFABMS
C11H9

81Br2N5O [M + H+]: calcd. 389.9213; found
389.9224.

Crystal structure determination

Crystallographic data have been deposited with
the Cambridge Crystallographic Data Centre
(CCDC 204005 (5), CCDC 204006 (10)). Copies
may be obtained free of charge on application to
the director, CCDC 12 Union Road, Cambrige,
CB2 1E2, UK (fax: int. code +(44)01223/3 36-033,
E-mail: deposit@chemcrys.cam.ac.uk).


