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Abstract: The reaction of 5-alkynyl-3,4-dihydro-2H-pyrroles (imine) with AuCls led to the syn-
thesis of the vinyl gold(l11) complexes 3 that could give the aurocycles 4 with an excess of
AuCls. In the base presence the dimerization of 4 was observed leading to 5. If NaAuCls was
used as gold(l1l) source a ligand exchange was observed leading to the complexes 6. Nucleo-
philicity of both nitrogen atom and alkyne function as well as imine-enamine tautomerism were
involved to explain the formation of 3.
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1. Introduction

The interest in gold(I11) complexes is ever increasing due to their optical (1) and catalytic prop-
erties (2). It is interesting to note that most of these complexes have aryl or hetero-aryl C-
Au(l1) bonds where the introduction of gold(l1l) was mainly achieved by trans-metalation (3)
or oxidative addition (4). The design of complexes involving Au(lll) and alkenes remain poorly
explored although they were frequently proposed as reaction intermediates. The first vinylgold
complex characterized using X-ray crystallography has been proposed by Hashmi et al. (5). and
obtained by Ahn et al. (6). More recently the groups of Bochmann et al (7) and Tilset et al (8)
have obtained [(CA"N~C)Au(olefin)] complexes that were characterized by X-ray crystallog-
raphy. We have previously published the synthesis of 5-alkynyl-3,4-dihydro-2H-pyrroles (9)
and in this current work we report the preparation of gold(l1l) vinyl complexes with AuClz and
how their cyclization led to [(C*C)Au(X)(Y)] complexes (aurocycles) that are able to dimerize.
To the best of our knowledge such aurocycles are rare (10) and only described with a biphenyl-
ligand type (3a, 4a, 7b). When NaAuCls was used, classical ML or ML2 type gold (I1l) com-



plexes were obtained. After the ligands description, their reactivity versus AuCls and NaAuCls
will be reported. Crystallographic data are given for each type of gold(I11) complex obtained.

2. Results and discussion

2.1. Synthesis of the ligands 2a-c.

For this study three 5-alkynyl-3,4-dihydro-2H-pyrroles 2a-c were prepared in moderate yields
(60-67%) (Scheme 1) from the N-Boc protected ynones la-c using a 1M ZnCl, solution in
diethylether (9). In all compounds the alkyne in position 5 was bearing an aryl group (Ar). It
should be noted that on the infra-red spectra obtained with solid samples the compounds 2a-c
exhibited an intense NH vibration (see Sup info) attributed to the enamine tautomers E.
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a: Z=H, b: Z=2-OCHj, ¢: Z=4-OCHj in solid phase

Scheme 1. Synthesis of imines 2a-c (ligands)

2.2 Synthesis of vinylgold(I11) complexes 3a-c.

If AuCls in halogenated solvent was employed the vinylgold(111) complexes 3a-c were obtained
from the cyclic imines 2a-c (Scheme 2). The yields were always < 50% even though all starting
material was consumed in the reaction (see Sup info).

The complexes were yellow-green (3a) or orange (4b-c) solids and were stable for several
weeks at room temperature in air presence. It was observed that 2b and 2c formed precipitates
quicker than 2a probably because of the electrodonating effect of the methoxy substituent. By
slow evaporation of the solvent [(CDz).CQO] crystals suitable for X-ray study were obtained with
3a. Protodeauration was never observed even after water addition.

Cl
AuCl; leq / CDCly O Ar
VA a8h.rt N .
H _-ClI
__—Au
(HCI generated in situ) Cl \
Cl

3a-c

Scheme 2. Synthesis of vinylgold(I11) complexes 3a-c

The [M-H] ions were observed in HRMS (ESI) attesting the addition of AuCls and HCI
to the cyclic imines 2a-c. In the crystal structure of 3a (Figure 1) the Au'"' atom, coordinated
with three chloride ligands, presented a square-planar geometry like in the vinylgold complexes
previously described (6a) showed in Scheme 3.
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Figure 1. Molecular structures of vinylgold complex 3a

ORTEP view of 3a (50% probability). Key bond lengths (A): Au-C1 = 2.030(7), Au-CI3 =
2.2864(18), Au-Cl1 = 2.2856(18), Au-CI2 = 2.343(2), C1-C7 = 1.335(10).

The C-Au bond length [2.030(7) A] was close that of the vinylgold complex (6a)
[2.004(19)]. The pyrrolidine, Ar and AuCls were twisted with the following angles (degrees):
Aul-C1-C2-N3 = -54.4(9), CI1-Aul-C1-C7 = -83.1(6), C1-C7-C8-C9 = 138.7(8). The trans-
formation of the alkyne moiety was clearly attested in *CNMR (disappearance of the sp carbon
signals) and in IR (disappearance of the 2200cm™ vibration). A broad signal near 12.5 ppm in
'HNMR was in accordance with the imine protonation as well as the broad band near 3200 cm
in IR. The 3 CNMR shifts of the new sp? carbons were similar for the three compounds: C-Au:
near 120 ppm and C-ClI: unshielded near 130 ppm.

2.3. Probable mechanism for the formation of the vinylgold(l11) complexes

As shown below (Scheme 3) a vinylgold(lll) complex was previously postulated by
Hashmi et al. (5) and isolated by Ahn et al. (6a) in order to explain the preparation of oxazoles
from acetylenic amides. The alkyne activation was mediated by AuClz which enabled the nucle-
ophilic attack of the oxygen atom of the amide moiety and finally cyclisation. In our case, a
similar mechanism (Scheme 4) could be envisaged but the origin of HCI remained to be ex-
plained.

TI \N\// N/
CI—AuI] 4~ k{ Ar
Cll // \_/O 7/()\

H
Scheme 3. Formation of vinylgold (I11) complex from acetylenic amides

When the reaction was performed in CHBr3 the addition of HBr was not observed. In this
case, the solvent did not provide HBr (or HCI). When the reaction was performed in anhydrous
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CHClI; or laboratory grade CH2Cl. the yields were close: 47% with anhydrous CH2Cl> and 43%
with laboratory grade CH.Cl,. Yields with CHBrs, CHCIs or CDClIs under argon or air atmos-
phere were always close to 45%. That excluded a reaction between H>O and AuCls inducing
HCI liberation. Therefore, we concluded that HCI was generated by a reaction between the
imines and AuCls as reported in Scheme 4. Addition of the dissolved part of AuCls to the imine
2 gave the complex 6 (observed by *H NMR). Then, imine-enamine tautomerism enabled for-
mation of the postulated intermediate 7 acting as HCI source. This mechanism could also ex-
plain the trans addition which was also recently reported with ethynylpyridines and HX (11). As

AuCls was both acting for alkyne activation (2b, 2c>2a) and CI” source, the yields were always
<50% and the conversion of the starting material was complete. Two complementary experi-
ments were in favor of this mechanism. First, 6a (vide infra) did not react with AuCls. Moreover
the use of HAUCI4 as possible gold and HCI source resulted in the formation of a mixture im-
possible to analyze.

H
\ J o\ » degradation
, N TN = =N
Low solubility Cl—Au—Cl CI——E)Au——Q’ i}
in CDCl; 6 | X/R 7 ! - &AL<
AuCl; cl

N

® / Ar
\
H ©__cl

CI/Au
\CI 3 (yield < 50%)

Scheme 4. Formation of vinylgold (I111) complex from imines

Some others alkenyl gold(l11) complexes have been prepared by Bochman et al by inser-
tion of allenes or alkynes into their [(C*N~C)Au(H)] complexes (12). In this case, the regio- and
stereoselective trans-auration process was mediated by a radical. A diene-diylgold(I11) complex
prepared by Helaja et al (13) has been obtained by H migration. One can also notice that the
AuCl3 addition on dimethylacetylen was previously reported and discussed by R. Huttel and H.
Forkl (14).

2.4. Synthesis of aurocycles 4a, 4c and of dimer 5a.

During our reactivity study of 2a with AuCls the reaction has been performed with two
equivalents of AuCls. In this condition a mixture of 2a, 3a and a new compound 4a was ob-
tained. In fact, the excess of AuCls did not improve the formation of 3a but induced its cyclisa-
tion into the aurocycle 4a. Then the complexes 3a-c were allowed to react with one equivalent
of AuCls in CDClz over 48-72h at RT. With 3a and 3c a 50/50 mixture of the complexes 3 and 4
was obtained (scheme 5). The cyclisation of 3b did not occur because of the steric hindrance
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between Cl and OCHs. The yields of this cyclisation were always <50% and the aurocycles
were quite difficult to separate from the starting vinylgold complexes (see experimental part) by
crystallization.

Cl

AuCly leq / CDCl;y e )~
3a, 3¢ > N

Q
| Au z

CI/

Cl
4a: Z=H, 4c:Z=0CH;

Scheme 5. Synthesis of aurocycles 4a and 4c

Figure 2. Molecular structure of aurocycle 4a

ORTEP view of 4a (50% probability). Key bond lengths (A) and angles (deg) : Aul - C1 =
2.022(10), Aul-C8 = 2.067(11), Aul-Cl2 = 2.346(3), Aul-ClI1 = 2.410(3), CI3-C7 = 1.733(11),
C1-C6 = 1.406(15), C6-C7 = 1.436(17), C7-C8 = 1.381(15), C8-C9 = 1.445(15); C1-Aul-C8 =
81.6(4), C1-Aul-CI2 = 93.0(3), C8-Aul-CI2 = 173.0(3), C1-Aul-Cl1 = 176.8(3), C8-Aul-Cl1=
100.5(3), Cl2-Aul-CI1 = 85.01(10), C7-C8- Aul = 110.9(8), C6-C1-Aul = 114.7(8).

The HCI elimination was attested in MS and *H NMR by the disappearance of one aro-
matic proton and confirmed by the X-ray structure of 4a (Figure 2) and 4b (see supplementary
information). The bond lengths measured for 4a are very close to those reported for aurocycles
with to aryl ligands (3b, 7b): Au-C1 and Au-C8 (2.022, 2.046) versus 1.97(3), 2.00(2) and
2.028, 2.046). The aurocycle and the pyrroline ring were twisted around chirality axis C8-C9.
The BC NMR spectra (15) were particularly modified with the transformation of one CH into
quaternary carbon. One could also notice that the 'J CH values (167-169Hz) of the carbon in
ortho position of Au were modified by the C-Au'" bond formation.

In the presence of Ds-pyridine or K>COz the loss of HCI induced the formation of the
neutral homodimer 5a (Fig 3) which showed distinct internal and external methylene shifts. This
type of dimer was previously reported with 2a and PdCl. (9). The formation of heterodimers was
not observed.



Figure 3. Molecular structures of complex dimeric aurocycle 5a

ORTEP view of 5a (50% probability). A molecule of CHCIs has been omitted for clarity. Key
bond lengths (A) and angles (deg): Aul-C8 = 2.000(4), Aul-C1 = 2.030(5), Aul-N33 =
2.105(5), Aul-Cl1 = 2.3568(12), C6-C7 = 1.467(7); C8-Aul-C1l = 77.6(2), C8-Aul-N33 =
99.24(19), C1-Aul-N33 = 176.61(19), C1-Aul-Cl1 = 95.80(15), C8-Aul-Cl1 = 172.57(13),
N33-Aul-Cl1 = 87.45(13), C6-C1-Aul = 114.1(4).

2.5. Mechanism for the formation of 4a, 4c.

The intramolecular formation of this new type of aurocycle was favored by the spatial
proximity of the gold(I11) and the nucleophilic phenyl ring. Then, AuCls activated the cyclisa-
tion and trapped the hydrochloride acid which was formed (Scheme 6). This auration reaction
has been previously reported (16) but, as it was difficult to control, exchange (3) or oxidation
(4) reactions were preferred to prepare arylgold compounds.

Cl Cl Cl
®
N / 7 — ﬁ / 7 —
| @ I -
H /AU/CI H Au“‘/ Cl \ :
cl \— cl— \ cl
Cl & _ql cl AuCI® o-complex z
Au/ P
3a,3¢  c— \ n-complex ¢ AuCI®
Cl

43, c+ HAUC14

Scheme 6. Proposal of synthesis mechanism of 4a, 4c



2.6. Synthesis of the ML (and ML2) complexes 6a, 6¢ (and 6’a, 6°c)

In a previous study, we demonstrated the excellent ability of 2a to give complexes with
Znlz and PdCl, (9). With these divalent metal complexes of ML2 type were obtained. In the
case of PdCI2 both cis and trans complexes were crystallized. In the presence of one equivalent
of NaAuCls, 2H20 the cyclic imine 2a gave the corresponding gold(I1l) complexes 6a + 6’a
(70/30) in a 70% yield (Scheme 7). The ligand exchange reactions were performed in CHzOH
(or CDsOD) at room temperature and the ML type complex was obtained in good yield. A yel-
low precipitate was observed which was dissolved in CDCls. When CD2Cl, was used, the pres-
ence of another compound 6a’ was noted. As 6a’ was insoluble in CDClIs (see experimental sec-
tion) pure 6a suitable for X-ray study (Fig 4) was obtained as pale-yellow crystals by slow
evaporation of solvent. A small amount of 6a’ was obtained after complete elimination of 6a
using CDCIz and some crystals obtained by slow evaporation in the NMR tube enabled us to
establish the ML2 structure of 6a’ (Fig 4). The low solubility of 6a’ can be explained by its ion-
ic structure with AuCls as anion. The spatial structure of 6a and 6’a were similar to those re-
ported for other neutral gold (II1) trihalide complexes involving nitrogen (17), arsenic (18),
phosphorous (18,19), or for complexes with amino acids (20). The same structure was also
founded in NHC complexes (21). A NHC complex with trans geometry like 6a’ was also previ-
ously described (22). With 2c a 80/20 mixture of 6¢ and 6’c was also obtained in 77% vyield.
The complex 6¢ was a yellow-orange solid less soluble than 6a. The separation of these two
complexes remained difficult because of their low solubility.

7 Z
NaAuCly leq/ N " N Ar
CH;0H ' o
2a,2¢ —— » Cl—Au—©Cl Cl—Au—oCl
4-6h, 1.t. | +  Ar | ® AuCl,
X N
Cl RN %
6a, 6¢ 6'a, 6'c

Scheme 7. Synthesis of complexes ML and ML2




Figure 4. Molecular structures of complex ML 6a and ML?2 6a’

ORTEP view of 6a (ML) (50% probability). Key bond lengths (A) : Aul-N1 = 2.015(3), Aul-
Cl2 = 2.2662(11), Aul-Cl1 = 2.2716(11), Aul-CI3 = 2.2810(11), N1-C5 = 1.288(6), C5-C6 =
1.429(6), C6-C7= 1.198(6), C7-C8 = 1.432(6), C8-C9 = 1.391(7). ORTEP view of 6a’ (ML2)
(50% probability). A molecule of CH2Cl. has been omitted for clarity. Key bond lengths (A):
Au2-N1=2.005(3), Au2-N1_#2 = 2.005(3), Au2-CI3 = 2.2674(13), N1-C5 = 1.283(5), C5-C6 =
1.412(6), C6-C7 = 1.191(6), C7-C8 = 1.434(7).

3. Conclusion

In conclusion, we have shown that some types of gold(111) complexes were obtained from
5-alkynyl-3,4-dihydro-2H-pyrroles and fully characterized. The particularly interesting reactivi-
ty of this ligand with Au(ll1) can be explained by the addition of three chemical properties: the
alkyinophilicity of the gold(l1), the basicity of the imine and the imine-enamine tautomerism.
Introduction of chirality in the aurocycles is now in progress.

4. Experimental section

4.1. Materials and instrumentation

All reagents were of high quality and were purchased from commercial suppliers; they
were either used without further purification or were purified/dried according standard proce-
dures. *H and 3C NMR were recorded at 300 and 75 MHz or 500 and 100 MHz respectively
(using TMS as an internal standard); shifts (6 values) are given in parts per million (ppm), cou-
pling constants (J values) are given in Hertz (Hz), and multiplicity of signals are reported as
follows: s (singlet), d (doublet), t (triplet), g (quadruplet), quint (quintet), sext (sextet), m (mul-
tiplet), * (broad signal), dt (doublet of triplet), td (triplet of doublet).UV spectra were recorded
using a Specord 205 (Analitkjena) and IR spectra with a Perkin—Elmer (Spectrum 2) apparatus
using a Universal ATR Sampling Accessory. HRMS analyses were obtained with a Waters Q-
TOF 2 or a Micromass ZABSpec TOF or a Bruker MicrO-TOF QIl or a LTQ Orbitrap XL in-
strument for ESI. X-ray crystallographic data were collected with an APEXII crystal diffrac-
tometer. Thin-layer chromatography was performed using pre-coated silica gel plate (0.2 mm
thickness). Numerous reactions were performed in deuterated solvent to check the reactions.

4.2. Ynones la-c
The preparation and the structural data of the ynone 1a were described in ref 9.
4.2.1. tert-Butyl [6-(2-methoxyphenyl)-4-oxohex-5-yn-1-yl]carbamate 1b

'H NMR (CDCls): & = 7.50 (dd, J=7.6, 1.7 Hz, 1H), 7.45 (td, J=8, 1.7 Hz, 1H), 6.95 (t, J=7.5
Hz, 1H), 6.93 (t, J=7.5 Hz, 1H), 4.69 (s*, NH), 3.91 (s, 3H), 3.21 (q, J=7.5 Hz, 2H), 2.74 (t, J=
7.2 Hz, 2H), 1.95 (quint, J=7 Hz, 2H), 1.45 (s, 9H). 3C NMR (CDCls): § = 187.4, 161.5, 156.0,
135.0, 132.6, 120.6, 110.8, 109.0, 91.9, 88.6, 79.3, 55.8, 42.7, 39.8, 28.4, 24.6. HRMS (ESI):
[M+Na]* C1sH23NOsNa calc.340.15193, found. 340.152. IR v-alkyne: 2197 cm!

4.2.2. tert-Butyl [6-(4-methoxyphenyl)-4-oxohex-5-yn-1-yl]Jcarbamate 1c

IH NMR (CDCls): & = 7.53 (d, J=8.9 Hz, 2H), 6.90 (d, J=8.9 Hz, 2H), 4.67 (s*, NH), 3.85 (s,
3H), 3.20 (g, J=6.6 Hz, 2H), 2.72 (t, J= 7.2 Hz, 2H), 1.92 (quint, J=7 Hz, 2H), 1.45 (s, 9H). 13C
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NMR (CDCl): 6 = 187.2, 161.7, 156.0, 135.1, 114.4, 111.6, 92.3, 87.7, 79.3, 55.4, 42.6, 39.9,
28.4, 24.5. HRMS (ESI): [M+Na]* CisH23NO4Na calc.340.15193, found. 340.1519. F°C: 91.
Infra-red: v-alkyne: 2194 cm*

4.3. Imines 2a-2c

4.3.1. General Procedure for the Preparation of Imines 2a—c from Ynones la-c

Ynone 1 (4 mmol) was dissolved in a 1M solution of ZnCl; in diethyl ether (5 eq) under a nitro-
gen atmosphere. The solution was stirred for 15 h at room temperature and then a 1M aqueous
solution of Na2COs (100 mL) was added and stirring was maintained for 30 min. The white pre-
cipitate of ZnCOz was filtered off and washed with diethyl ether (5x40 mL). Combined organic
were washed with 0.1 M aqueous solution of Na>COs (50 mL) then with a Na»>SOs saturated
aqueous solution. The organic layer was dried with Na2SO4 and concentrated under vacuum to
give the crude product, which was purified by chromatography over silica gel. Remark: a 2M
solution of NH4OH can be used in place of Na.COs but the yields are lower.

The preparation and the structural data of the imine 2a were described in ref 9.
4.3.2. 5-[(2-Methoxyphenyl)ethynyl]-3,4-dihydro-2H-pyrrole 2b

Yield from 1b: 62%. 'H NMR (CDCls): § = 7.48 (dd, J=7.6, 1.7 Hz, 1H), 7.34 (td, J=8, 1.7 Hz,
1H), 6.92 (t, J=7.5 Hz, 1H), 6.90 (t, J=7.5 Hz, 1H), 4.01 (txt, J=7.2, 2.2 Hz, 2H), 3.89 (s, 3H),
2.77 (txt, J= 7.2, 2.2 Hz, 2H), 1.95 (quint, J=7 Hz, 2H). 3C NMR (CDCls): & = 160.6, 159.8,
134.1, 130.9, 120.5, 111.0, 110.7, 89.1, 88.7, 62.0, 55.8, 39.9, 22.5. HRMS (ESI): [M+H]*
C13H12NO calc.200.10699, found. 200.1065. IR: v-alkyne: 2197 cm™ and v-NH: 3375 cm™
(enamine).

4.3.3. 5-[(4-Methoxyphenyl)ethynyl]-3,4-dihydro-2H-pyrrole 2c

Yield from 1c: 67%. *H NMR (CDCls): § = 7.50 (d, J=7.6 Hz, 2H), 6.89 (d, J=7.5 Hz, 2H), 4.04
(txt, J=7.2, 2.2 Hz, 2H), 3.84 (s, 3H), 2.75 (txt, J= 7.2, 2.2 Hz, 2H), 1.98 (quint, J=7 Hz, 2H).
13C NMR (CDCls): 6 = 160.5, 159.8, 133.9, 114.1, 113.7, 92.9, 83.9, 61.9, 55.3, 39.9, 22.5.
HRMS (ESI): [M+H]* C13H14NO calc.200.10699, found. 200.1071. Infra-red: v-alkyne: 2195
cmtand v-NH: 3359 cm (enamine).

4.4. Vinylgold(111) complexes 3a-c

The yields were very depending on the work-up and on the quantities of imines (<100-150mg
was the best).

4.4.1. (E)-Trichloro[2-chloro-1-(3,4-dihydro-2H-pyrrol-1-ium-5-yl)-2-phenylvinyl] aurate (111)
3a

To a suspension of AuClz (101.2mg; 0.33mmol) in 3 mL of halogenated solvent (not anhydrous,
deuterated or not) 56.4mg (1eq) of 2a were added. This suspension was agitated during 48h and
the formation of a yellow-green solid was observed. After filtration and washing with 1mL of
solvent this solid was dissolved in CD3COCD3 and the solution again filtered on Celite in order
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to eliminate a little black residue. With CDCl3 a 43% yield was obtained. By slow evaporation
of the NMR solvent suitable crystals for X-ray were obtained. With anhydrous CH2Cl» a 47%
yield was obtained and with usual CH2Cl. the yield was reduced to 41%.

IH NMR (CDsCOCDs): & = 12.15 (s*, 1H), 7.86 (m, 2H), 7.48 (m, 3H), 4.49 (tt, J=7.8, 2.2,
2H), 3.72 (tt, J=8, 2.2 Hz, 2H), 2.61 (quint, J=8, 2H). 3C NMR (CDsCOCD3): & = 189.1, 139.7,
131.5, 131.0, 129.6, 129.3, 120.7, 55.2, 39.7, 21.1. HRMS (ESI): [M-H]" C12H1iN®*Cl,Au
calc.505.93167 found. 505.9319. UV: A 302nm (£=10252), A 212nm (g =23665). IR: v-NH":
3197cm™, v-C=N: 1590 cm

4.4.2. (E)-Trichloro[2-chloro-1-(3,4-dihydro-2H-pyrrol-1-ium-5-yl)-2-(2methoxyphenyl]  vi-
nyhaurate(l11) 3b

To a suspension of AuCls (32mg; 1.05mmol) in 3 mL of CDClIs 56.4mg (1eq) of 2b were added.
This suspension was agitated during 48h and the formation of a yellow-green solid was ob-
served. After filtration and washing with 1mL of solvent this solid was dissolved in CD3COCDs
and the solution again filtered on Celite. Yield: 35%.

IH NMR (CDsCOCD3): & = 12.15 (s*, 1H), 7.60 (dd, J=7.6, 1.7 Hz, 1H), 7.43 (td, J=8, 1.7 Hz,
1H), 7.08 (d, J=8 Hz, 1H), 7.00 (txd, J=7.5, 1 Hz, 1H), 4.46 (txt, J=7.2, 2.2 Hz, 2H), 3.86 (s,
3H), 3.70 (txt, J= 7.2, 2.2 Hz, 2H), 2.59 (quint, J=7 Hz, 2H). 3C NMR (CDsCOCD3): & =
188.7, 158.3, 132.5, 131.6, 131.4, 128.8, 121.8, 120.9, 112.9, 56.1, 55.0, 39.9, 21.2. HRMS
(ESI): [M-H] C13H1sNO%ClsAu calc.535.94224 found. 535.9429.

4.4.3. (E)-Trichloro[2-chloro-1-(3,4-dihydro-2H-pyrrol-1-ium-5-yl]-2-(4-methoxyphenyl)
vinyl) aurate (I11) 3c

To a suspension of AuCls (152mg; 0.5 mmol) in 3 mL of CDClz 100mg (1eq) of 2c were added.
This suspension was agitated during 48h and the formation of an orange solid was observed.
After filtration and washing with 1mL of solvent this solid (140mg) was dissolved in
CDsCOCD3 and the solution again filtered on Celite. After solvent evaporation 130mg of 4c
were obtained. Yield: 48%.

'H NMR (CD3COCD3): 6 = 10.80 (s*, 1H), 7.84 (dd, J=9 Hz, 2H), 7.43 (td, J=8, 1.7 Hz, 1H),
7.03 (d, J=9 Hz, 2H), 4.46 (txt, J=7.8, 2.3 Hz, 2H), 3.89 (s, 3H), 3.70 (txt, J=7.8, 2.3 Hz, 2H),
2.59 (quint, J=8 Hz, 2H). 3C NMR (CD3sCOCDs): & = 187.8, 161.2, 131.0, 130.4, 118.1, 113.7,
54.9, 54.0, 38.9, 20.3. On a 100MHz spectrum recorded in CD3sCN signals at 130.5, 131.2,
133.3 could be observed. HRMS (ESI): [M-H]C13H13N*®*OCLAu calc.535.94224 found.
535.9428. UV: A: 295nm (¢ =12967), A: 200nm (e =40733). IR: v-NH*: 3179cm?, v-C=N:
1633, 1601 cm™?

4.5. Aurocycles 4a, 4c

45.1. (E)-Dichloro[2-chloro-1-(3,4-dihydro-2H-pyrrol-1-ium-5-yl)-2-phenylvinyl] aurate(l1)
4a

To a suspension 0f140mg of AuClz (0.46mmoles) in 5 mL of CDCl3z were added 235 mg of 3a
(1eq). After 72h of stirring out of light the mixture was filtered giving 345mg of a solid which
was dissolved in CD3COCDs and filtered again in order to eliminate a black residue. This solu-

10



tion was constituted by a 50/50 mixture of 3a and 4a (see sup info). By slow evaporation 40mg
of creme 4a was formed (yield: 17%). The separation of 3a and 4a remained extremely difficult.
Crystals of 4a were obtained by slow evaporation in the NMR solvent.

!H NMR 500MHz (CDsCOCDs): 6 = 8.03 (dd, J=8.7, 1.1, 1H), 7.25 (td, J=8.5, 1.1, 1H), 7.11
(td, J=8.5,1.1Hz,1H), 7.07 (dd, J=8.5,1.1Hz,1H), 4.83 (tt, J=7.8, 2.1, 2H), 3.49 (tt, J=7.8, 2.1
Hz, 2H), 2.53 (quint, J=8 Hz, 2H). *C NMR 500MHz (CD3COCD:s): & = 189.0, 140.5, 132.3,
131.7, 130.4, 130.1, 121.5, 55.9, 40.4, 21.9.1] of the carbon near Au: 167Hz. HRMS (ESI): [M-
H] C12H10NO*Cl:Au calc.469.95499 found. 469.9549. UV A: 315nm (g =1635), A: 229nm
(e =24318), L: 200nm (g =27528).

45.2. (E)-Dichloro[2-chloro-1-(3,4-dihydro-2H-pyrrol-1-ium-5-yl)-2-(4-methoxyphenylvinyl]
aurate(l11) 4c

To a suspension of AuCls (140mg, 0.46mmoles) in 5 mL of CDCIz were added 235 mg of 3c
(1eq). After 72h of stirring out of light the mixture was filtered giving 345mg of a solid which
was dissolved in CD3COCD3 and filtered again in order to eliminate a black residue. This solu-
tion was constituted by a 50/50 mixture of 3c and 4c (see sup info). By slow evaporation 40mg
of orange 4c was formed (yield: 17%). The separation of 3c and 4c remained extremely diffi-
cult. Crystals of 4c were obtained by slow evaporation in the NMR solvent.

IH NMR (CD.Clo): & = 7.79 (d, J=2.5, 1H), 7.24 (d, J=8.7, 1H), 6.73 (dd, J=2.5, 8.7, 1H), 4.01
(qt, J=8, 1.7Hz, 2H), 3.85 (s, 3H), 3.65 (tq, J= 8, 1.7 Hz, 2H), 2.37 (quint, J=8, 2H). 3C NMR
500MHz (CD:Cl): & = 183.0, 161.1, 151.6, 139.7, 133.6, 130.1, 116.8, 113.5, 55.8, 50.4, 39.9,
21.95. HRMS (ESI): [M-H]'C13H12NO%ClsAu calc.499.96556 found. 499.9552. UV A: 343nm
(e =4320), A: 240nm (£ =24866), A: 200nm (& =40303).

4.6. Dimer 5a
The dimer 5a was obtained using two procedures.

a) The dimer 5a could be quantitatively prepared in the NMR tube by addition of some
drops of D5-pyridine on a solution of 10mg of 4a in CD3COCDz3. This complete for-
mation of 5a was attested by the separation of the protons of the three CH> groups.

b) 5a can also be prepared by agitation of 4a (10mg) in a mixture of CDClz (ImL and
D20+Cs2CO3 (0.5mL). Neutralization of 4a induced the complete formation of the dimer
5a and its dissolution in CDCls. Crystals of 5a suitable for X-ray analysis were obtained
by slow evaporation in the NMR tube.

IH NMR (CDCls): & = 7.86 (dd, J=7.7, 1 Hz, 1H), 7.17 (dd, J=7.5, 1 Hz, 1H), 7.04 (dd, J=7.5,
1.5 Hz, 1H), 7.00 (dd, J=7.5, 1.5 Hz, 1H), 4.40 (m, 1H), 3.79 (m,1H), 3.49 (m, 1H), 2.80 (m,
1H), 2.41 (m, 1H), 2.15 (m, 1H). *C NMR 500MHz (CDCls, 100MHz) : & = 182.6, 148.5,
144.0, 143.9, 138.4, 131.9, 129.0, 128.1, 125.5, 60.8, 38.9, 22.5.
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4.7. Complexes ML and ML2
4.7.1. Dichloro-N, N -di[5-(phenylethynyl)-3,4-dihydro-2H-pyrrole]tetrachloroaurate(l1) 6a

To a solution of 130mg of NaAuCls, 2H20 (0.33mmol) in CH3OH (or CD3OD) 65mg of 2a
(1eq) were added. After some minutes a yellow solid precipitated. The reaction was allowed to
react for 4 hours with stirring and then filtrated. The yellow precipitate was washed with 1mL of
CH3OH and dried under vacuum. 110mg of solid were obtained. It was a 73/27 mixture of 6a
and 6’a with a 58% yield. This solid was dissolved in CDClIs (3 + 1 mL) and after evaporation
of the solvent 54 mg of pure 6a were obtained (Yield: 29%).

IH NMR (CDCls): § = 7.73 (dt, J=7, 1.4 Hz, 2H), 7.57 (tt, J=7.5, 1.4 Hz, 1H), 7.46 (it, J=7.4,
1.3 Hz, 2H), 4.35 (tt, J=7.65, 2.2 Hz, 2H), 3.17(tt, J=8, 2.1 Hz, 2H), 2.39 (qt, J=8 Hz, 2H). 13C
NMR (CDCls): § = 168.0, 133.5, 132.6, 129.0, 118.6, 110.8, 81.8, 61.7, 39.9, 21.6. Infra-Red: v
-alkyne: 2201 cm™ HRMS (ESI): C12Hu®NCliAu calc.505.93167, found. 505.9321. UV: A =
319nm (¢ =21788), A = 303nm (¢ =23051), % = 233nm (& =30300).

Remark: If the precipitate solid was dissolved in CD,Cl, the presence of another compound
6a’was noted with similar NMR data (mixture of 6a and 6’a): *H NMR (in CD-ClI of the frac-
tion insoluble in CDCIs): 6 = 7.51 (dt, J=7.3, 1.5 Hz, 2H), 7.46 (tt, J=7.5, 1.( Hz, 1H), 7.29 (it,
J=7.5, 1.5 Hz, 2H), 4.42 (tt, J=8, 2.2 Hz, 2H), 3.37 (it, J=8.4, 2.1 Hz, 2H), 2.51 (quint, J=8.2
Hz, 2H). 3C NMR (mixture in CD2Cly): 6 = 133,0, 132.5, 129.3, 81.8, 62.1, 39.7, 21.6. HRMS
(ESI): [C24H22N2**ClAu* cale. 605.08201, found. 605.0818.

Crystals of 6a and 6’a were obtained by slow evaporation of the NMR solvent.

4.7.2. Dichloro-N,N’-di[5-(4-methoxyphenylethynyl)-3,4-dihydro-2H-pyrrole] tetrachloroau-
rate(l11) 6¢

To a solution of 160mg of NaAuCls, 2H20 (0.4mmol) in CD30D (3 mL) 79mg of 2¢ (1leq) were
added. After some minutes an orange solid precipitated. The reaction was allowed to react for 3
hours with stirring and then filtrated. The yellow precipitate was washed with 1mL of CH3:0H
and dried under vacuum. 173mg of solid were obtained. It was a 80/20 mixture of 6¢ and 6’c
with a 86% yield. This solid was dissolved in CDClz (1 mL) and after evaporation of the solvent
96 mg of pure 6a were obtained (Yield: 48%). The ML2 complex 6¢> was only obtained as mix-
ture.

ML complex 6¢: *H NMR (CDCls): § = 7.72 (d, J=9 Hz, 2H), 7.02 (d, J=9 Hz, 2H), 4.32 (tt,
J=7.6, 2.1 Hz, 2H), 3.91 (s, 3H), 3.18 (tt, J=7.8, 2.1 Hz, 2H), 2.38 (quint, J=8 Hz, 2H). *C
NMR (CDCls): 6 = 163.2, 133.7, 114.8, 110.3, 82.1, 61.6, 55.7, 39.8, 21.7. Infra-Red: v alkyne:
2198 cm HRMS (ESI): [C13H13sNO*ClsNaAu]* , calc. 523.96205, found 523.9621. UV: A =
346nm (e =14848), A = 231nm (g =18975).

ML2 complex 6¢”: 'H NMR (CD:Cl): & = 7.49 (d, J=9 Hz, 2H), 6.76 (d, J=9 Hz, 2H), 4.35 (m,
2H), 3.82 (s, 3H), 3.34 (M, 2H), 2.49 (M, 2H).
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5. Accession codes

CCDC 1871903, CCDC 1871904, CCDC 1871905, CCDC 1871906, CCDC 1871907, CCDC
1871908 contain the supplementary crystallographic data. These data can be obtained free of
charge via www.ccdc.cam.uk/ data_request/cif, or by emailing data_request@ccdc.cam.ac.uk,
or by contacting The Cambridge Crystallographic Data Center, 12 Union Road, Cambridge CB2
1EZ, UK; fax: +44 1223 336033.
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