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Stereochemistry relates to the three-dimensional arrangement of

atoms in molecules and is a fundamental chemical coriceptide

range of biological functions and physical properties are determined

by molecular recognition and complementarity, which implicitly
requires stereochemical information. In view of this importance,

methods for the determination of absolute spatial relationships in
organic diastereomers have been of remarkable historical signifi-

cance?

Interest in examining how the [2.2]paracyclophane (pCp) core
influences electronic coupling between organic chromopHRdees
us to considetrans-1,2-bis([2.2]paracyclophanyl)etherB,(which
holds a pair of pCp cores together by an olefinic linkage. As shown
in Figure 1, two diastereomers, mes&K), mesel)* or racemic
(RR) or (89, rac-1;, only (RR)-1 is shown), are possible,
corresponding to the chirality of the olefipCp plané. In this

contribution, we provide synthetic entries into the two diastereomers
of 1 and describe an approach for the determination of diastereomer

identity.

As shown in Scheme 1, we sought entry intoby olefin
metathesis coupling ofac-4-vinyl[2.2]paracyclophane catalyzed
by (PCy)(1,3-dimesityl-4,5-dihydroimdazol-2-ylidene)methylidene
RuChL [PCy; = tricycloheyxlphosphine] (Scheme 1 (A)NMR

meso-1 racemic-1
Figure 1. The structure ofnesel andracemicl.

Scheme 12

a(i) (PCys)(1,3-dimesityl-4,5-dihydroimidazol-2-ylidene)methylidene RuCl
CH,Cl,, 45 °C, overnight. (ii) Pd(OAg), P(o-toly, N(Et)s, DMF, 70 °C,
36 h.

spectroscopy, mass spectrometry, and HPLC analysis indicated that,, e separated in the drift cell and will appear as separate peaks

this synthetic route yielded primarily one produet95%). How-
ever, differentiation between threesel andrac-1 forms was not

possible using NMR spectroscopy, and efforts to obtain a single

crystal suitable for X-ray diffraction studies failed, because the
product yields small polycrystalline “beads”.

An alternative synthesis was by Heck reactiofi rac-4-vinyl-
[2.2]paracyclophane withac-4-bromo([2.2]paracyclophane using
Pd(OAc) (Scheme 1 (ii)). In this caséH NMR spectroscopy and
HPLC analysis indicated that the product wa30% of the same
diastereomer as from the olefin metathesis reaction~an@ of
a second form.

Information about the olefinic linkage connectivity was obtained
using ion mobility experiments and molecular mechanics calcula-
tions. In the ion mobility experiments sodiated ions of, formed
by MALDI, are mass selected and injected at low energy into a
drift cell’® containing ~1.5 Torr of He. The ions are rapidly
thermalized by collisions with the He gas and travel through the
drift cell under the influence of a weak electric field (716 V/cm).
lons exiting the drift cell are collected as a function of time, yielding
an arrival time distribution (ATD). Because the drift time of the
ions is directly proportional to their collision cross sectiérihe

ion size can be determined. Compact ions with small collision cross
sections drift faster and have shorter arrival times than more
extended ions with larger cross sections. Thus, different conformers
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in the ATD if their cross sections differ by at least 4%and they
do not interconvert as they drift.14

Racemic and meso connectivity details for sodiatedere
obtained by comparing the experimental ATD cross sections to the
collision cross sections of theoretical structures. For calculations,
a series of annealing and energy minimizations using AMBER 6.0
program&® were used to generate 100 low-energy structures for
both the sodiated meso (Nmesel) and the racemic (Naac-1)
forms. A temperature-dependent mdéétwith appropriate atomic
collision radii calculated from the ieAHe interaction potential was
used to calculate the angle-averaged collision cross sections for
each theoretical structure. A scatter plot of cross sections versus
energies for both Naac-1 and Namesel was then used to
identify the lowest energy family of structures.

Figure 2 illustrates the ATDs for sodiatddens obtained from
(a) olefin metathesis and (b) Heck reactions. A single ion peak is
observed in Figure 2a with a collision cross section of 437 A2,
Figure 2b shows two peaks, corresponding to collision cross sections
of 138+ 2 and 144+ 2 A2 The distribution of products determined
by the ATDs is consistent with the NMR spectroscopy and HPLC
results.

Theoretical modeling aihesel andrac-1 provides very different
conformations. Representations of the lowest energy family of
structures for each diastereomer are shown in Figure 3.

In Natmesel, the pCp cores are positioned in an “up/down”,
steplike configuration with one pCp above the plane of the olefinic
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Figure 2. Arrival time distributions of N& olefin-linked pCp ions taken A ( s ( s ( )
at 300 K for (a) reaction i in Scheme 1 and (b) reaction ii in Scheme 1. (i) MCPBA, CHCly, 25°C.
The arrows indicate theoretically predicted arrival times for"idasel .
and Ndrac-1. Na"(R,S,S,S5)-2
a
Na*rac-1
Na"(R RR,R)-2
Figure 3. Calculated low-energy structures of Nmesel and Narac-1. Na“®S.SR)-2
Carbon atoms are gray, and sodium atoms are yellow. Hydrogen atoms are b a (RS.SR)-
omitted for clarity.
Table 1. Experimental and Theoretical Cross Sections
cross sections (A?)
isomer experiment theory 680 780 880 980 1080
Na‘rac-12 137+ 2 139+ 2 Arrival Time (us)
+
maf';essgla b Egi % ﬂgi % Figure 4. Arrival time distributions of (a) N& epoxidizedmesel and (b)
N;ER’R RSI%) b 1404 2 1401 2 Nat epoxidizedrac-1 taken at 300 K. The peak positions of NR,SS,9-
LASIASIAY ul . -
Na*(RSSR)-2° 1454+ 2 145+ 2 2, Na"(RSSR)-2, and N&(RRR,R)-2 are marked above the ATDs (the

enantiomer of each molecule occurs at the same arrival time).

a Qlefinic-linked structures in Figure 2.Epoxide-linked structures in

Figure 5 (SRR, 9-2; approach from the open face provid&R R R)-2 and

(SSS9-2. If a cross-section difference of 4% occurs between
linkage and the other pCp below the plane. The i “binds” (RSSR)-2 and RRRR)-2, two peaks would be expected in the
to one pCp face, but essentially acts as a spectator ion without ATD for epoxidizedrac-1, while only one peak would be expected
forcing a particular conformation. The calculated average cross from mesel.
section of Namesel is 144+ 2 A2 in excellent agreement with Epoxidation ofl was achieved witimetachloro-peroxybenzoic
the experimental value obtained for the longest time peak from the acid (MCPBA) in CHCI, at 25°C. The starting materials were
Heck reaction (see Table 1). In Nac-1, the Na also attaches to ~98% puremesel andrac-1. The ATDs are shown in Figure 4
one face of the pCp unit, but the overall molecule adopts a distorted for (a) Na" epoxidizedmesel and (b) Na epoxidizedrac-1. A
“up/up” configuration with an average cross section of 132 single peak is observed in Figure 4a, corresponding to a cross
A2 This value is in excellent agreement with the experimental cross section of 1394+ 2 A2, whereas two peaks, in a 13:7 ratio, are
section obtained for the shortest time peak from the Heck reaction observed in Figure 4b, with cross sections of #4@ and 145+
and the only peak for the olefin metathesis reaction. Thus, the 2 A2
correlation between calculated and experimental ATD values allows  Representations of the lowest energy family of structures for one
one to determine that olefin metathesis provides1 with greater of each unique enantiomeric pair are shown in Figure 5. Fdr Na
than 95% selectivity, while the Heck reaction preferentially yields (RRR,9-2, the molecule adopts a twisted up/up configuration
mesel. where one pCp core is positioned perpendicular to the other pCp
To compare against traditional chemical diastereomer assignmentcore to minimize interactions with the epoxide. In this configuration,
methods, a reviewer suggested olefin epoxidation (Scheme 2). The the sodium ion “binds” the oxygen and one of the two pCp faces,
products frommesel are the enantiomeric paiR(SSS)-2 and resulting in an average cross section of H4® A2, This cross
(RRR,S-2, which should have identical ATDs. Epoxidation of section agrees with the experimental value obtained from Figure
rac-1 from the more hindered face gives rise ®$SR)-2 and 4a. Na(RRR/R)-2 is similar to Na(R,RR,S-2, as it also orients
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