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Application of the XCORFE Long Range
Heteronuclear Correlation Sequence to Several
Biphenyls and m-Quaterphenyls

William B. Smith
Department of Chemistry, Texas Christian University, Fort Worth, Texas 76129, USA

A series of highly substituted biphenyls and m-quaterphenyls have been synthesized and carbon and proton NMR
spectra have been assigned by a combination of 1D and 2D techniques. The XCORFE variation of the long range
heteronuclear correlation experiment was found to be particularly valuable in making assignments via H-C-C->C

correlations.
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INTRODUCTION

Organic chemists have found the 2D heteronuclear
chemical shift correlation experiment (HETCOR) to be
of particular utility in tying together proton and carbon
chemical shifts for structure assignment purposes. The
extention of this experiment to two and three bond
couplings, potentially of equal or greater utility in the
assessment of the carbon framework, has proven more
challenging. The conventional HETCOR sequence
suffers in that the final pair of 90° pulses is bracketed
by delay periods which become long as the couplings
between protons and carbon become smaller. Com-
pounded by signal losses due to multiple homonuclear
proton couplings, T, losses can greatly reduce the sensi-
tivity of the experiment. One solution to this probiem
has been offered by Kessler, et al' who have produced
a pulse sequence, COLOC, which cuts the T, losses by
placing the evolution period inside the delay preceeding
the final pair of 90° pulses.

Recently, Reynolds, et al® have described another
approach (XCORFE, X-nucleus-proton CORrelation
with Fixed Evolution time) to this problem which seems
to offer some attractive features. Reproduced here for
discussion purposes, the details of the sequence includ-
ing the phase cycling are given in their article. As can
be seen, simultaneous 180° pulses on 'H and ’C are
stepped incrementally through a fixed evolution period.

3C NMR 'H NMR Biphenyls m-quaterphenyls

The sequence includes two bilinear rotations (BIRD
pulses), the first of which has the effect of decoupling
protons which are not directly bonded to *C but which
leave vicinal proton couplings intact for two bond
J(*HC" C) correlations. This allows one to differentiate
such two bond from three bond couplings in the long
range HETCOR experiment. The BIRD Sequence,
originally described by Garbow, Weitckamp and Pines’
was applied by Bax to the conventional one bond HET-
COR experiment to produce broad band homonuclear
decoupling.*

The second BIRD pulse addresses another problem
encountered in heteronuclear correlation spectroscopy
involving transfer of magnetization via long range coup-
lings. Bauer, Freeman and Wimperis® first pointed out
that large one bond J(CH) couplings may complicate
such spectra and interfere with the detection of signals
transferred through the long range couplings. Sub-
sequently, this effect has been observed.® Operationally,
the second BIRD pulse in the XCORFE sequence pro-
vides for the decoupling of this one bond modulation
of the long range response intensity.

Recently, during the course of certain synthetic studies
it became desirable to produce and characterize by NMR
a number of known highly substituted biphenyls and
m-quaterphenyls. Substituent additivity rules are only
approximate for quaternary aromatic carbons and
become even more uncertain when multiple substituents
are present. While the conventional HETCOR experi-
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ment is useful for carbon assignments when the immedi-
ately attached proton assignments are secure, the
XCORFE experiment offered a potentially useful aid
for the assignment of more remote carbons, particularly
those without attached protons. The results of these
studies are reported here.

EXPERIMENTAL

Compounds. 2,6-Dinitrobiphenyl (3) was prepared by a
modification of the procedure of Cornforth, Sierakowski
and Wallace.” Dimethoxyethane (DME, 50 ml) was dis-
tilled from lithium aluminum hydride into a 250 ml
three-necked flask which had been flame dried under
an argon purge. Potassium hydride (4.6 g, 35% in oil)
was added, and a solution of 3.0 g (41 mmol) of tert-
butyl alcohol in 10 ml of DME was added dropwise with
stirring. After fifteen minutes, the mixture was cooled
to 0°, and 7.9 g of copper (I) iodide (41 mmol} was
added. After coming to room temperature, stirring was
continued for one hour. A solution of 5.8 g (35 mmol)
of m-dinitrobenzene in 8 ml of dry pyridine was added
foilowed immediately by the addition of 7.4 g (35 mmol)
of iodobenzene. The mixture was stirred and heated to
reflux overnight. After cooling, the contents of the flask
were poured into 300 ml of water which was then made
acidic with hydrochloric acid. The crude reaction prod-
uct was collected by fiitration and air dried. The crude
product was slurried with low boiling light petroleum
and again filtered. The filter cake was broken up and
placed in Soxhlet extractor. Extraction was carried out
with 200 ml of ethyl acetate. During this process 0.5g
of very pure 2,6-dinitrobiphenyl, mp 191-192° (lit® 191-
192°) precipitated out. Evaporation of the solvent gave
7.2 g of light brown solid, mp 188-191°. The proton
NMR for this material was identical with that of the
pure sample. Crystallization was from a minimum of
hot ethyl acetate, yield 6.3 g, mp 191-192°.

Conversion of 2,6-dinitrobiphenyl to the 2-nitro-6-
methoxybiphenyl (4) was by treatment with sodium
methoxide in HMPT as per the route of Cornforth,
Sierakowski and Wallace.” This, in turn, was converted
to 2-nitro-3-iodo-6-methoxybipheny! (5) and by coup-
ling with copper triflate® to 4", 6-dimethoxy-2',2"-
dinitro-m-quaterphenyl (7). Compound 7 (300 mg) was
dissolved in 60 ml of acetic acid and catalytically hydro-
genated over 100 mg of palladium (5 per cent) on carbon.
Hydrogen uptake was slow, requiring three days for
completion. Workup consisted of filtration to remove
the catalyst, removal of the bulk of the solvent by rotary
evaporation, and precipitation of the product by the
addition to 100 ml of water. The melting points of all
compounds were in agreement with the reported
values.”®

Bipheny! was nitrated to form 2,2,4,4'-tetranitro-
bipheny! (2).” Copper tert-butoxide was prepared by
the method given above, and the tetranitrobiphenyl was
coupled with iodobenzene following the published pro-
cedure’ yielding 2/, 2", 4", 6'-tetranitro-m-quaterphenyl
(6).

NMR Determinations. All spectra were determined on
a Varian XL-300 NMR Spectrometer operating at

300 MHz for protons and 75 MHz for carbon. A 5 mm
switchable probe was used throughout. The 90° pulse
widths for this probe were 20 us for protons, 23.5 us for
carbon. Decoupling was carried out using the instru-
ment’s low power decoupler. Calibration of the proton
90° pulse on the decoupler coil using a sample of menthol
and the DEPT sequence gave a value of 89 us with a
low power coupler attenuation of 1. All experiments
were run on 30-50 mg samples made up to 0.7-1.0 ml
in deuterochloroform. Chemical shifts are reported with
respect to internal TMS. Varian version 6.1 software was
used throughout.

Heteronuclear chemical shift correlation spectra
(HETCOR) were acquired with 128 time increments
zero filled to give a final 1024 by 1024 data matrix. The
minimum sweep width required to cover the proton
spectrum in the aromatic region was used. The Varian
software uses the pulse sequence of Bax* for H-H decou-
pled spectra.

The XCORFE spectra were acquired similarly. The
delay A (D3 in the Varian software) was set at 0.05s.
The number of increments was determined by the
relationship NI=2-SW2 - T, where SW2 is the width
of the proton spectrum and T is defined by the pulse
sequence already given. An average value of 'J(CH) of
165 Hz was used. The most generally useful value for T
was 0.128, but trial experiments with T=0.07 or 0.04
were essayed in some instances.

RESULTS AND DISCUSSION

The compounds utilized in this study consisted of
biphenyl (1), included for comparison purposes, 2, 2',
4, 4'-tetranitro-biphenyl (2) and the three biphenyls 3, 4
and 5 below, as well as the three indicated m-quater-
phenyls. The assigned carbon and proton chemical shifts
are given in Tables 1 and 2, respectively. The values for
biphenyl were also determined and are included for
comparison purposes.

R =H if not specified

3 R,=R,=NO,
4 R,=NO,,R,=0CH,
5 R,=NO,,R,=0CH,,R,=1

6 R,=R,=NO,
7 R,=OCH,,R,=NO,
8 R,=OCH,,R,=NH,

The assignment techniques used throughout may be
exemplified by the case of 2/,2"-diamino-4", 6'-
dimethoxy-m-quaterphenyl (8). The 1D proton and *C
NMR Spectra are shown along with the XCORFE spec-
trum in Figure 1. The upfield proton doublet at 6.55 ppm
can be assigned to protons 5’ and 5" since these are ortho
to the methoxyl groups and para to the amino groups.
It follows that protons 4’ and 6” are to be assigned as
the doublet at 7.15 ppm. The associated carbons were
deduced from the HETCOR spectrum. The XCORFE
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Table 1. Carbon chemical Shifts (Deuterochloroform).* Table 2. Proton Chemical Shifts (Deuterochloroform)*
Compound Compound
Carbon 1 2 3 4 5 6 7 8 C-H 1 2 3 3 5 6 7 8
1 141.2 1384 1297 1250 1254 130.2 1316 1350 2 7.53 731 7132 135
2 1271 1469 1509 1510 1555 1283 129.6 130.6 3 737 915 800 7.38 745 733 730
3 128.7 1209 1271 1154 730 1280 1283 1289 4 7.28 766 737 7798 742 737 730
4 127.2 1484 1303 128.0 1394 130.1 1285 1273 5 8.62 715 684
5 128.1 1145 1142 6 7.56
6 131.7 157.6 1576 2 726 726 724
1 1313 1326 131.2 1299 1238 117.1 3 744 741 738
2 1284 129.2 12893 1509 1515 1430 4 744 737 738 758 734 7.15
3 1289 1282 1282 1293 1199 1184 5 800 704 655
4 1295 1285 1286 1305 1308 130.9 o . . ) .
5 1252 1122 102.0 anZ'CZimlcal shifts for protons that are identical by symmetry are
Y wen.
6 1506 1574 151.0 ® Not clearly resolved.
OCH, 56.0 56.4 56.7 557

2 The chemical shifts for carbons identified
given

by symmetry are not

spectrum shows H-5' to be correlated with the carbons
at 1’ and 3’ (both three bond correlations). The H-4' is
correlated with C-2' and C-6. At first glance there
appears to be a two bond correlation between H-4' and
C-3' but this is, in fact, a three bond correlation to C-1".
Consistently it was found that T values of 0.128 showed
these three bond couplings. Correlations which crossed
the essential single bond between aromatic rings were
observed in every case. This observation was of consider-
able value as it allows one to differentiate C-1' from
C-3'. The ortho protons on the terminal phenyls are
correlated with C-1" as well as with the ortho and para
carbons in their respective rings. In similar fashion, meta

proton and carbon assignments are given by the observa-
tion in the XCORFE spectrum that the meta protons
are correlated with the quaternary carbon at C-1 as well
as with the opposing meta carbon through the three
bond H-C-"C magnetization transfer. The combination
of HETCOR and XCORFE data provides nearly all the
needed assignments for both carbons and protons in
these compounds. They do not, however, allow a unique
decision on the assignments of the two carbons bearing
nitro groups in 2 and 6, and proton coupled *C NMR
spectra were obtained for both. The splitting patterns
were readily interpreted to yield the assignments in Table
1.

Substituent effects on chemical shifts for this series
of aromatics will reflect the usual inductive and field
effects compounded by the complexities of multiple
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Figure 1. The XCORFE spectrum of 2/, 2"-diamino-4”, §'-dimethoxy-m-quaterphenyl.



984 W. B. SMITH

Carbon chemical shifts
131 130 129 128 127
1 1 H t 1

3 -
/
//
6 - oL
\\ '.‘
\\ .'.‘
\\ .'..
4 - o] o v
/ : :
i
i
5 - $ ¥
\
|
\
- ]
7 / G‘S{\
. ~
~
~
. ~
N N
8 - ®© v )

Ortho carbons 0O
Meta carbons v
Para carbons ©

Figure 2. Schematic of the variation in pheny! carbon chemical
shifts for differing structures in this study.

substitution and transmission through the biaryl
framework. Schulman, et al’ have reported the long
range substituent effects for a series of 4-substituted
biphenyls systems which may approach planarity of the
aromatic rings allowing substantial conjugative inter-

action. By comparing substituent effects in a series of
substituted fluorenes and biphenyls, Roberts'® has
devised a scheme for calculating the degree of non-
planarity in several 2,2"-biphenyls.

Figure 2 shows the variations in chemical shifts for
the >C nuclei of the unsubstituted phenyl groups in the
present series of compounds. The vertical ordering is by
increasing substitutional complexity and electron donat-
ing power. Excepting biphenyl, these phenyls must be
oriented at substantial twist angles to their adjacent,
substituent-bearing aryl rings. Conjugative transmission
of substituent effects (resonance) must be minimal in
such systems. Not unexpectedly, meta-carbon chemical
shifts show a small range of chemical shifts (128-
129 ppm). Introduction of two nitro groups at the ortho
positions (3 and 6) produces a marked deshielding in
the unsubstituted ring at the ortho and para carbons.
The union of 3 to form 6 augments this deshielding
slightly.

Replacement of the nitro group in 3 by a methoxy
group causes a perceptible shielding increase for the
para carbon which persists upon iodination to 5 and
subsequent coupling to form 7. Reduction of the nitro
group in 7 to 8 produces a further shielding of the para
carbon. However, both the ortho carbons and C-1 exhibit
downfield shifts. These observations imply the operation
of a multiplicity of substituent effects and reemphasize
our deficiencies in understanding the details of their
operation.
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