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a b s t r a c t

The reaction of selenium with NaBH4 and Br(CH2)6CH¼CH2 (2.0 equiv each) gives the dialkyl selenide
Se((CH2)6CH¼CH2)2 (91% after workup) which is combined with PtCl2 (0.5 equiv, toluene) to give trans-
PtCl2(Se((CH2)6CH¼CH2)2)2 (10, 85%). The reaction of 10 and Grubbs' first generation catalyst yields
macrocyclic (11, 60%) as a mixture of syn/anti isomers with
respect to the selenium lone pairs. The reaction of 11 and Ph2Zn gives the diphenyl complex

(12, 86%; mixture of isomers). When 11 is treated with H2

under conditions that hydrogenate related diphosphine complexes (5 bar, 50 �C, (Ph3P)3RhCl or PtO2,
CH2Cl2), no reaction occurs. Under more forcing conditions, (8 bar, 85 �C, Pd/C, C2H5OH), 11 and 12 give
the demetalated diselenamacrocycle Se(C14H28)2Se (13; 72-67%). The crystal structures of 11 and 12 show
anti selenium lone pairs and trans C¼C linkages; that of 13 exhibits columns of extended macrocycles.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Metal complexes with sterically restricted coordination spheres
offer unique domains for catalysis that potentially lead to new ac-
tivities and selectivities [1]. For some time, we have sought to en-
gineer such environments via three fold intramolecular ring closing
metatheses of metal complexes with triply olefinic trans ligands of
the formula E((CH2)mCH¼CH2)3 (E¼ P, As; m¼ 4e14) [2e5], as
exemplified in Scheme 1. The crude products, which are usually
mixtures of cis/trans C¼C isomers, are then hydrogenated to give
cage like complexes with three methylene chains linking the trans
disposed heteroatoms. These assemblies are also of interest in the
context of molecular rotors and gyroscopes [6].

For various reasons, we have also prepared similar adducts from
complexes with doubly olefinic trans phosphine ligands
PhP((CH2)mCH¼CH2)2 [7e9]. As shown in Scheme 2, these feature
. Gladysz).
two methylene chains, and can exhibit two stereoisomers that
differ in the syn/anti disposition of the unique phosphorus sub-
stituent (Ph). In the case of the platinum pentafluorophenyl chlo-
ride complex 6c, both forms have been isolated and
crystallographically characterized [7]. We sought to expand these
doubly trans spanning systems to a wider range of donor atoms,
especially those that might be further functionalized, such as via a
lone pair [10]. Accordingly, we initiated a feasibility study with
doubly olefinic selenium donor ligands, the successful results of
which are reported herein, together with structural and reactivity
data.

2. Results

Selenium powder was treated with the hydride reagent NaBH4
(2.0 equiv) to generate a functional equivalent of Na2Se [11]. The
subsequent addition of Br(CH2)6CH¼CH2 (2.0 equiv) afforded the
doubly olefinic dialkyl selenide Se((CH2)6H¼CH2)2 (9) as a light
yellow oil in 91% yield after workup. Compound 9, and all other
new species below, were characterized by NMR (1H, 13C{1H}) and
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Scheme 1. Representative complexes in which three methylene chains link trans
disposed phosphorus atoms: (a) Grubbs' first generation catalyst; (b) H2/catalyst. Scheme 3. Syntheses of new selenium containing compounds: (a) toluene; (b) Grubbs'

first generation catalyst, refluxing CH2Cl2; (c) Ph2Zn, THF; (d) Pd/C, 8 bar H2, 85 �C.
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IR spectroscopy, as well as microanalysis. As summarized in the
experimental section, all features were routine.

As shown in Scheme 3, PtCl2 and 9 (2.0 equiv) were combined in
toluene. After 48 h, workup gave the expected product trans-
PtCl2(Se((CH2)6CH¼CH2)2)2 (10) as an air stable yellow oil in 85%
yield. None of the NMR or IR data rigorously distinguished between
trans and cis geometries. However, trans-PtX2L2 species, which lack
permanent dipole moments, are more commonly isolated from
reactions in nonpolar solvents [3,12]. Also, all of the crystal struc-
tures of complexes derived from 10 exhibit trans geometries (vide
infra).

Next, a 0.0027M CH2Cl2 solution of 10was treated with Grubbs'
first generation catalyst (3.1mol%). Themixturewas refluxed (48 h)
and then chromatographed to give macrocyclic

(11) in 60% yield as a light
yellow solid that melted without decomposition at 116 �C. The 13C
{1H} NMR spectrum (CD2Cl2) showed a mixture of two dominant
isomers. No decoalescence phenomena or new signals were
Scheme 2. Representative complexes in which two methylene chains link trans
disposed phosphorus atoms: (a) Grubbs' first generation catalyst; (b) H2/catalyst.
observed when spectra were recorded at �90 �C.
Additional 13C{1H} NMR spectra were recorded in C6D5Br at

elevated temperatures. As shown in the supporting information
(Figure s1), most signals coalesced (361e393 K), indicating inter-
conversion of the isomers. Such facile equilibration would not be
expected for Z/E C¼C linkages. Importantly, there have been
detailed studies of pyramidal inversions of dialkyl selenide ligands
in trans-PtCl2(SeEt2)2 and the corresponding dibromide, diiodide,
and palladium complexes [13]. NMR signals were observed to
coalesce at 301e363 K (60MHz instrument), corresponding to
barriers of 15.6e18.2 kcal/mol. Thus, the isomers of 11 were pre-
sumed to differ in the syn/anti orientation of the selenium lone
pairs, akin to the two forms of trans-6c in Scheme 2. The C¼C
moieties were presumed to be trans (or predominantly so), as
inferred from two crystal structures below.

The corresponding complexes of PtCl2 and the dibridgehead
diphosphines P((CH2)n)3P (n¼ 14, 18), trans-2c,e (Scheme 1), readily
react with Ph2Zn to give the analogous diphenyl complexes [3a,14].
Thus, 11 and Ph2Zn (3.0 equiv) were combined in THF. Workup gave
the target complex (12) in
86% yield as a white powder, again as a mixture of presumably syn/
anti isomers.

Next, hydrogenation conditions analogous to those used in
Schemes 1 and 2were applied to 11. However, reactions in CH2Cl2 at
50 �C under 5 bar of H2 and with either PtO2 or (Ph3P)3RhCl as
catalysts (20mol%) gave, after 96 h, no detectable conversion. Re-
actions of 11 and 12were then conducted in C2H5OH at 85 �C under
8 bar of H2 with 10% Pd/C (50mol%). In both cases, workups gave
the same white solid in 67e72% yields, which as established below
proved to be the demetalated hydrogenated diselenamacrocycle
Se(C14H28)2Se (13).

Compounds 11e13 could be crystallized as described in the
experimental section. The structures were solved as outlined in
Table 1 and the experimental section. Two independent molecules
of 11 were present in the unit cell. These differed primarily in the
conformations or gauche/anti sequences of the macrocycles. Some
short methylene segments of 12 were disordered, but this could be
modeled (50:50 occupancy over two positions). Key interatomic
distances and angles are given in Table 2, and the molecular
structures are depicted in Figs. 1e3. All of the individual molecules
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featured an inversion center, as reflected by the atom labels. As
foreshadowed above, both 11 and 12were trans, trans C¼C isomers.
Additional structural features are analyzed in the discussion
section.
Table 2
Key crystallographic distances [Å] and angles [�].a

11b 11b 12

PteSe 2.4186(4) 2.4243(4) 2.3929(6)
2.4186(4) 2.4243(4) 2.3929(6)

Pt-Xc 2.3026(9) 2.2981(9) 2.076(5)
2.3026(9) 2.2981(9) 2.076(5)

SeeSe 4.8371(8) 4.8486(8) 4.7558(11)
SeeC 1.955(4) 1.959(4) 1.956(5)

1.961(4) 1.967(4) 1.945(6)
SeePteSe 180.00(0) 180.00(0) 180.00(2)
SeePteCl 84.97(3) 87.20(3) 85.90(13)

84.97(3) 87.20(3) 85.90(13)
95.03(3) 92.80(3) 94.10(13)
95.03(3) 92.80(3) 94.10(13)

X-Pt-X 180.00(0) 180.00(0) 180.00(0)
CeSeeC 100.37(17) 105.85(11) 100.10(2)
CeSeePt 109.51(12) 105.85(11 104.36(15)

104.19(12) 101.12(12) 102.99(18)
LP-SeeC 100.37(17) 105.85(11) 100.10(2)
LP-SeeSe-LP 180.00 180.00 180.00
CeSeeSeeC 180.00 180.00 180.00

73.35 77.58 75.83

a The numerous degeneracies are a result of the inversion centers (see text).
b Values for the two independent molecules in the unit cell.
c Distances from platinum to the ligating atoms of the non-phosphine ligands.
3. Discussion

This study establishes that the chemistry in Scheme 2 is easily
extended to related dialkyl selenide complexes. The C¼C metath-
eses are not adversely effected by the presence of selenium, which
has a stereochemically and potentially chemically active lone pair.
As shown in Scheme 4, this is in line with earlier results with the
doubly olefinic cis platinum bis(dialkyl sulfide) complexes 14 [15].
However, the hydrogenations in Scheme 3 are adversely affected by
the presence of selenium, although perhaps with further experi-
mentation a procedure that does not detach the macrocycle from
platinum might be found. No hydrogenations of the bis(dialkyl
sulfide) complex 15 (which could potentially turn out similarly)
were attempted.

The anti and syn isomers of 11 and 12 can be represented
schematically as in I and II in Scheme 5 (top). In the former, Ca and
Cc, and Cb and Cd, are homotopic (exchanged by a C2 symmetry
axis); in the latter Ca and Cd, and Cb and Cc, are homotopic. As
shown, a single pyramidal inversion at selenium is sufficient to
exchange all selenium bound carbon atoms (and other carbon
atoms in the macrocycle). In other dynamic processes involving
dialkyl sulfide and selenide ligands, both inversion and metal/
donor atom bond rotation must take place to consummate ex-
change [13,16].

Figs. 1 and 2 show that 11 and 12 crystallize as anti isomers (I).
Table 1
Summary of crystallographic data.

11

empirical formula C28H52Cl2PtSe2
formula weight 812.60
temperature [K] 99.88
diffractometer Bruker Venture
wavelength [Å] 1.54178
crystal system Triclinic
space group P-1
unit cell dimensions:
a[Å] 10.1740(5)
b[Å] 10.5714(5)
c[Å] 14.6487(7)
a[�] 86.217(2)
b[�] 88.611(2)
g[�] 89.310(2)

V[Å3] 1571.54(13)
Z 2
rcalc[Mg/m3] 1.717
m[mm�1] 12.654
F(000) 800
crystal size [mm3] 0.34� 0.21� 0.03
q limit[�] 4.191 to 70.654
index range (h, k, l) �12, 12, �12, 12, �17, 17
reflections collected 44553
independent reflections 5942
R(int) 0.0408
completeness to q 99.4
max. and min. transmission 0.8295 and 0.1015
data/restraints/parameters 5942/0/301
goodness-of-fit on F2 1.041
R indices (final) [I> 2s(I)]
R1 0.0259
wR1 0.0609
R indices (all data)
R2 0.0291
wR2 0.0624
largest diff. peak and hole [eÅ�3] 2.599 and �0.990
Although lone pairs are not represented in thermal ellipsoid plots,
the anti dispositions of the CeSeeC linkages are evident when the
SeePteSe axes are perpendicular to the plane of the paper. Given
the crystal structures, and the ready interconversion of syn and anti
isomers, we provisionally assign the latter as more stable. However,
syn isomers always dominate with the related platinum
12 13

C40H62PtSe2 C28H56Se2
895.90 550.64
110.15 100.0
Bruker Apex 2 Bruker Venture
0.71073 1.54178
Monoclinic Monoclinic
C12/c1 P121/c1

9.7643(15) 5.4228(2)
14.337(2) 34.7343(11)
27.693(4) 7.9073(3)
90 90
93.490(2) 107.515(2)
90 90
3869.4(10) 1420.35(9)
4 2
1.538 1.288
5.532 3.317
1792 584
0.42� 0.26� 0.24 0.26� 0.12� 0.018
2.527 to 28.195 2.544 to 70.017
�12, 12, �18, 18, �36, 36 �6, 6; �42, 42; �9, 9
48342 17649
4745 2701
0.0375 0.0620
100.0 99.8
0.7457 and 0.4258 0.4684 and 0.3482
4745/161/277 2701/0/136
1.476 1.222

0.0379 0.0461
0.0814 0.0859

0.0400 0.0575
0.0820 0.0896
1.936 and �2.710 0.804 and �0.563



Fig. 1. Thermal ellipsoid plots (50% probability) of the two independent molecules of 11 in the unit cell. Views with the SeePteSe axes in the plane of the paper (left) and
perpendicular to the plane of the paper (right).

Fig. 2. Thermal ellipsoid plots (50% probability) of 12. Views with the SeePteSe axis in the plane of the paper (left) and perpendicular to the plane of the paper (right).

Fig. 3. Thermal ellipsoid plot (50% probability) of 13. Key bond lengths [Å] and angles
[�]: Se1eC1 1.968(3), Se1eC14 1.965(3), C1eSe1eC14 98.11(15).

Scheme 4. Metatheses of related bis(dialkyl sulfide) complexes: (a) Grubbs' first
generation catalyst, refluxing CH2Cl2.
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bis(phosphine) complexes 6a-c in Scheme 2, which lack a low en-
ergy equilibration pathway. For both series of compounds, the ki-
netic distribution will be governed as illustrated with III and IV in
Scheme 5 (bottom). The first ring closing metathesis dictates the
relative configurations of the heteroatom stereocenters, which in
turn sets the syn/anti relationship of the heteroatom lone pairs or
substituents.

Many types of chiral trivalent selenium compounds have been
prepared, and the barriers to pyramidal inversion are usually quite
high, e.g. on the order of 30e34 kcal/mol [17,18]. More extreme
conditions are required as compared to analogous sulfur com-
pounds. This is in part due to the higher p character of the orbitals
used to make covalent bonds with selenium [19]. Accordingly, the
CeSeeC bond angle in 13 (98.11(15)�) is closer to 90� than the ideal
tetrahedral angle (109.5�). However, when one of the three sub-
stituents of a trivalent pyramidal heteroatom is a transition metal
fragment, inversion barriers are significantly lowered [13,16,20].
This phenomenon is evident with 11.

The intramolecular selenium-selenium distances in 11 and 12
range from 4.8486(8) to 4.7558(11) Å. These are slightly longer than
the phosphorus-phosphorus distances in 2c, syn-6c, and anti-6c
(4.611, 4.621, and 4.588 Å, respectively). This variability is of interest
from the standpoint of fine tuning barriers to ClePteCl or PtX2
rotation. For example, the rates of Fe(CO)(L)(L0) rotation are much
faster in adducts of dibridgehead diarsines as opposed to
dibridgehead diphosphines in 4a-c (Scheme 1), due to the ca. 4%
increase in the lengths of iron-arsenic vs. iron-phosphorus bonds
[2b].

The diselenamacrocycle 13, a thirty membered ring, is also of



Scheme 5. Newman projections (SeePteSe) representing anti (I) and syn (II) isomers of 11 and 12, and mechanisms of formation of 11 and 6a-c.
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interest from several standpoints. It represents a rare type of
saturated heterocycle, with the next largest system of formula
CnH2nSe2 featuring a fourteen membered ring [21] and the next
largest a tenmembered ring [22]. In the crystal, the selenium atoms
are arrayed in an exodentate manner [23], and each initiates an
extended Se(CH2)9 segment in which all torsion angles are ca. 180�

(Fig. 3). This imparts a two dimensional rectangular shape, enabling
the macrocycles to stack in columns in the lattice as depicted in
Figure s2 (supporting information). The closest selenium-selenium
contacts (4.93 Å, between columns) significantly exceed the sum of
the van der Waals radii (1.90 þ 1.90 Å) [24]. The structures of
several unsaturated polyselenamacrocycles with C¼C and C≡C
linkages have been determined, and these also feature columnar
packing motifs [25]. They exhibit similar or in some cases shorter
(3.60e3.84 Å) selenium-selenium distances, the bonding implca-
tions of which have been thoroughly analyzed [25].

In related work, it has proved possible to substitute the chloride
ligands of 2c and similar complexes by p-tolyl selenide (ArSe) li-
gands [14]. This raises the possibility of elaborating 11 to complexes
with PtSe4 coordination environments. There is currently much
interest in molecular precursors to the binary phase PtSe2, which
sees use as a component in a variety of devices such as photodiodes
and photovoltaic cells [26]. However, 11 or its chloride substitution
products would not be very atom economical sources of platinum/
selenium binary phases.

To our knowledge, there are no other types of trans spanning
bis(selenium) donor ligands, but a dicationic platinum(II) adduct of
a tetraselena crown ether links all cis and trans coordination sites
[27]. A reviewer noted that a cis adduct of PtCl2 and a 1,10-diselena
analog of 18-crown-6 has also been reported [28]. Platinum(II)
complexes of selenium donor ligands have received attention as
anti-cancer agents [29], and selenoethers can also be effective in
stabilizing metal nanoparticles [30].

In summary, this study has successfully extended themetathesis
methodology in Schemes 1 and 2 to olefinic dialkyl selenide
ligands, thereby providing the first doubly trans-spanning bis(-
dialkyl selenide) complexes. However, subsequent hydrogenation
steps are apparently inhibited, with forcing conditions leading to
the concomitant release of diselenamacrocycles. Given the many
unexpected findings above, additional types of complexes in which
two methylene chains span trans donor atoms are now under
investigation, and will be described in future reports.

4. Experimental section

4.1. General

Reactions (except hydrogenations) were conducted under inert
atmospheres using standard Schlenk techniques. Chemicals were
treated as follows: hexanes, CH2Cl2, toluene, and THF, dried and
degassed using a Glass Contour solvent purification system;
C2H5OH, CHCl3, CH3OH (EMD), benzene (BDH), CDCl3 and CD2Cl2
(2� Cambridge Isotope Laboratories), SiO2 (Silicycle, 40e63 mm.
230e400 mesh), neutral Al2O3 (Macherey-Nagel), selenium pow-
der (Alfa Aesar), NaBH4 (Fisher Scientific), Na2SO4 (EMD), PtCl2
(ABCR, 99.9%), Grubbs' catalyst (Cy3P)2RuCl2(¼CHPh); Aldrich,
97%), Ph2Zn (Acros, 95%), (Ph3P)3RhCl (Lancaster, 97%), PtO2
(Aldrich, 99.9%), and Pd/C (Alfa Aesar, 10%), used as purchased.

NMR spectra were recorded at ambient probe temperatures and
referenced as follows (d, ppm): 1H, residual internal CHCl3 (7.26),
CDHCl2 (5.32); 13C{1H}, internal CDCl3 (77.16), CD2Cl2 (53.5). In-
struments used were identical to those specified in previous papers
[3b].

Se((CH2)6CH¼CH2)2 (9). A Schlenk flask was charged with se-
lenium powder (0.798 g, 10.1mmol) and C2H5OH (40mL), and
fitted with a condenser. The mixture was refluxed, and NaBH4
(0.8134 g, 21.5mmol) was added in portions until the blackmixture
turned colorless. A solution of Br(CH2)6CH¼CH2 (3.8031 g,
19.9mmol) in C2H5OH (10mL) was added with stirring. After 8 h
(reflux), water (40mL) and CHCl3 (25mL) were added. The organic
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phase was separated, and the aqueous phase was extracted with
CHCl3 (3� 25mL). The combined organic phases were dried
(Na2SO4). The solvent was removed by rotary evaporation to give 9
as a light yellow oil (2.720 g, 9.03mmol, 91%). Anal. Calcd (%) for
C16H30Se (301.37): C, 63.77; H, 10.03; found C, 63.84; H, 9.94.

NMR (CDCl3, d/ppm): 1H (500MHz) 5.76 (ddt, 2H, 3JHHtrans¼
17.0 Hz, 3JHHcis¼ 10.3 Hz, 3JHH¼ 6.7 Hz, CH¼ ), 4.96 (br d, 2H,
3JHHtrans¼ 17.0 Hz, ¼CHEHZ), 4.91 (br d, 2H, 3JHHcis¼ 10.8 Hz, ¼
CHEHZ), 2.47e2.56 (m, 4H, CH2), 2.04e2.00 (m, 4H, CH2), 1.66e1.60
(m, 4H, CH2), 1.39e1.28 (m, 12H, remaining CH2); 13C{1H}
(126MHz) 138.8 (s, CH¼ ), 114.1 (s,¼CH2), 33.6 (s, CH2CH¼ ), 30.5 (s,
CH2), 29.7 (s, CH2), 28.7 (s, CH2), 28.5 (s, CH2), 23.8 (s, CH2). IR (cme1,
powder film): 3075 (w), 2924 (s), 2855 (m), 1639 (w),1458 (m), 994
(m), 910 (s), 726 (w).

trans-PtCl2(Se((CH2)6CH¼CH2)2)2 (10). A Schlenk flask was
charged with 9 (1.205 g, 4.00mmol), toluene (10mL), and PtCl2
(0.537 g, 2.02mmol) with stirring. After 48 h, the mixture was
concentrated to ca. 2mL and placed at the top of a silica column
(3.5� 25 cm), which was eluted with hexanes/CH2Cl2 (70:30 to
50:50 v/v) and then CH2Cl2. The solvent was removed from the
product containing fractions (assayed by tlc) by oil pump vacuum to
give 10 as a yellow oil (1.471 g, 1.69mmol, 85%). Anal. Calcd (%) for
C32H60Cl2PtSe2 (868.73): C, 44.24; H, 6.96; found C, 44.46; H, 6.78.

NMR (CDCl3, d/ppm): 1H (500MHz) 5.79 (ddt, 4H,
3JHHtrans¼ 17.0 Hz, 3JHHcis¼ 10.3 Hz, 3JHH¼ 6.7 Hz, CH¼ ), 4.99 (br d,
4H, 3JHHtrans¼ 17.0 Hz, ¼CHEHZ), 4.93 (br d, 4H, 3JHHcis¼
10.8 Hz, ¼CHEHZ), 3.10e3.05 (m, 4H, CH2), 2.70e2.64 (m, 4H, CH2),
2.06e2.02 (m, 8H, CH2), 1.87e1.81 (m, 8H, CH2), 1.47e1.32 (m, 24H,
remaining CH2); 13C{1H} (126MHz) 138.4 (s, CH¼ ), 114.2 (s, ¼CH2),
33.6 (s, CH2CH¼ ), 30.8 (s, CH2), 29.5 (s, CH2), 28.6 (s, CH2), 28.5 (s,
CH2), 28.2 (s, CH2). IR (cme1, powder film): 3076 (w), 2924 (s), 2855
(m), 1637 (w), 1458 (m), 995 (m), 964 (m), 907 (s), 724 (m).

(11). A Schlenk flask was
charged with 10 (1.746 g, 2.01mmol), Grubbs’ catalyst (0.0512 g,
0.0622mmol, 3.1mol%), and CH2Cl2 (750mL; the resulting solution
is 0.0027M in 10), and fitted with a condenser. The solution was
refluxed with stirring (48 h), cooled, and passed through a pad of
neutral alumina (10 cm). The solvent was removed from the filtrate
by rotary evaporation. The residue was placed at the top of a silica
column (3� 24 cm), which was eluted with hexanes (500mL) and
then hexanes/CH2Cl2 (70:30 to 50:50 v/v). The solvent was
removed from the product containing fractions (assayed by tlc) by
rotary evaporation to give 11 as a light yellow solid (0.977 g,
1.12mmol, 60%; mixture of isomers), mp (capillary) 116 �C, Anal.
Calcd (%) for C28H52Cl2PtSe2 (816.65): C, 41.38; H, 6.45; found C,
42.09; H, 6.36 [31].

NMR (CD2Cl2, d/ppm): 1H (500MHz) 5.33 (m, 2H, CH¼), 5.31 (m,
2H, CH¼), 3.13 (m, 2H, CH2), 3.06 (m, 2H, CH2), 2.51e2.46 (m, 4H,
CH2), 2.01 (m, 8H, CH2), 1.90 (m, 8H, CH2), 1.51e1.27 (m, 24H,
remaining CH2); 13C{1H} (126MHz) (major isomer only) 131.6 (s,
CH¼), 32.7 (s, CH2CH¼), 32.3 (s, CH2), 30.2 (s, CH2), 29.6 (s, CH2),
29.2 (s, CH2), 28.7 (s, CH2). IR (cme1, powder film): 2924 (s), 2846
(m), 1445 (m), 964 (m), 723 (m).

(12). A Schlenk flaskwas
chargedwith 11 (0.163 g, 0.199mmol), Ph2Zn (0.132 g, 0.600mmol),
and THF (10mL) with stirring. After 20 h, CH3OH (several drops)
were added and the sample was exposed to air. After 1 h, the sol-
vent was removed by rotary evaporation, and benzene (5.0mL) was
added. The suspension was filtered through a pipette filled with
silica, which was rinsed with benzene. The solvent was removed
from the combined filtrate by rotary evaporation to give 12 as a
white powder (0.1534 g, 0.171mmol, 86%; mixture of isomers), mp
(capillary) 140 �C, Anal. Calcd (%) for C40H62PtSe2 (895.92): C, 53.62;
H, 6.98; found C, 53.80; H, 6.89.

NMR (CDCl3, d/ppm) [32]: 1H (500MHz) 7.39 (m, 4H, o-Ph), 7.07
(m, 4H, m-Ph), 6.86 (m, 2H, p-Ph), 5.47 (m, 2H, ¼CH), 5.44 (m,
2H, ¼CH), 2.59e2.54 (m, 2H, CH2), 2.47e2.42 (m, 2H, CH2),
2.28e1.77 (br m, 20H, CH2), 1.44e1.39 (m, 24H, remaining CH2); 13C
{1H} (126MHz) (major isomer only) 163.3 (s, i-Ph), 139.4 (s, o-Ph),
131.2 (s, CH¼ ), 127.2 (s, m-Ph), 121.7 (s, p-Ph), 32.2 (s, CH2CH¼),
30.8 (s, CH2), 29.8 (s, CH2), 29.4 (s, CH2), 28.8 (s, CH2), 28.1 (s, CH2).
IR (cme1, powder film): 3040 (w), 2984 (m), 2915 (s), 2846 (m),
1560 (w), 1425 (m), 964 (m), 703 (s).

4.2. Hydrogenations

A Fischer-Porter bottle was charged with 11 (0.8133 g,
0.996mmol), CH2Cl2 (15mL), PtO2 (0.0454 g, 0.200mmol), and H2
(5 bar). The mixture was kept at 50 �C (venting H2 to maintain
5 bar) and stirred (96 h). The solvent was removed by rotary
evaporation. The residue was filtered through a short pad of silica
(3� 10 cm, rinsed with CH2Cl2). The solvent was removed from the
combined filtrate by rotary evaporation to give unreacted 11 as a
light yellow solid, as assayed by 1H and 13C NMR. B. Procedure A
was repeated, but with (Ph3P)3RhCl) in place of PtO2. The result was
identical. C. A Fischer-Porter bottle was charged with 11 (0.813 g,
0.996mmol), C2H5OH (15mL), 10% Pd/C (0.0532 g, 0.500mmol),
and H2 (8 bar). The mixture was kept at 85 �C (venting H2 to
maintain 8 bar) and stirred (96 h). Themixturewas filtered through
a short pad of silica (3� 10 cm, rinsed with CH2Cl2). The solvent
was removed from the combined filtrate by rotary evaporation.
Hexane (10mL) was added. The solid was collected by filtration and
dried by oil pump vacuum to give Se(C14H28)2Se (13) as a white
solid (0.3972 g, 0.721mmol, 72%), mp (capillary) 59e61 �C, Anal.
Calcd (%) for C28H56Se2 (550.66): C, 61.07; H, 10.25; found C, 60.91;
H, 10.47. D. Procedure C was repeated, but with 12 (0.790 g,
0.881mmol), C2H5OH (15mL), 10% Pd/C (0.0507 g, 0.476mmol),
and H2 (8 bar). An identical workup gave 13 as a white solid
(0.325 g, 0.590mmol, 67%).

NMR (CDCl3, d/ppm): 1H (500MHz) 2.55 (t, 8H, 3J¼ 6.8 Hz, CH2),
1.69e1.63 (m, 8H, CH2), 1.41e1.36 (m, 8H, CH2), 1.27 (br s, 32H,
remaining CH2); 13C{1H} (126MHz) 30.6 (s, CH2), 29.7 (s, CH2), 29.4
(s, CH2), 29.3 (s, CH2), 29.2 (s, CH2), 28.8 (s, CH2), 23.8 (s, CH2). IR
(cme1, powder film): 2915 (s), 2850 (m), 1462 (m), 1354 (m), 1279
(s), 1123 (m), 715 (m).

4.3. Crystallography

A. A CH2Cl2/hexane solution of 11 (4mL, 3:1 v/v) was allowed to
slowly concentrate. After 5 d, yellow plates were collected and data
obtained as outlined in Table 1. Cell parameters were obtained from
45 frames using a 1� scan and refined with 44553 reflections. In-
tegrated intensity information for each reflection was obtained by
reduction of the data frames with the program APEX3 [33]. Lorentz
and polarization corrections were applied. Data were scaled, and
adsorption corrections were applied using the program SADABS
[34]. The space group was determined from systematic reflection
conditions and statistical tests. The structurewas refined (weighted
least squares refinement on F2) to convergence [35,36]. Olex2 [36]
was employed for the final data presentation and structure plots.
Non-hydrogen atoms were refined with anisotropic thermal pa-
rameters. Hydrogen atoms were fixed in idealized positions using a
riding model. The absence of additional symmetry or voids was
confirmed using PLATON (ADDSYM) [37]. The unit cell contained
two independent molecules, each with crystallographic inversion
center. B. A CH2Cl2 solution of 12 was allowed to slowly concen-
trate. After 2 d, colorless blocks were collected and data obtained as
outlined in Table 1. The structure was solved as in A (60 frames,
48342 reflections). Two segments of one methylene chain were
disordered, but could be successfully modeled between two
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positions (C11eC15, C18eC20; 50:50 occupancy). The molecule
featured a crystallographic inversion center. C. A hexane/CH2Cl2
solution of 13 (4mL, 3:1 v/v) was allowed to slowly concentrate.
After 3 d, colorless plates were collected and data obtained as
outlined in Table 1. The structure was solved as in A (45 frames,
17649 reflections), and featured a crystallographic inversion center.
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