
MAGNETIC RESONANCE IN CHEMISTRY, VOL. 35, 215È221 (1997)

Correlations in a Highly Fluorinated Alkyl19F,13C
Chain and Coupling Constant Signs at the
Fluorocarbon/Hydrocarbon Interface
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University Medical Center, Durham, North Carolina 27710, USA

The Ðrst 19F,13C HMQC correlations with full carbon decoupling and the Ðrst HMBC correlations using Ñuorine
detection methods are reported, and combined with 19F-decoupled 13C data and 19F, 19F COSY and TOCSY to
derive the 19F and 13C assignments for the highly Ñuorinated alkanol 8,8,8 7,7 6,6 5,5 4,4 3,3-tridecaÑuorooctan-
1-ol. The analyses of unique sets of multiple 19F,13C and 1H,13C cross peaks provides information about the
relative signs of the coupling constants at the Ñuorocarbon/hydrocarbon interface.
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INTRODUCTION

Fluorinated alkyl compounds have exceptional abilities
to dissolve gases such as oxygen.1,2 They Ðnd applica-
tion as blood substitutes,3 breathing media in lungs and
monitors of oxygen tension in tissues4,5 and tumors.6

In the absence of Ñuorine decoupling, the 13C NMR
spectra of perÑuorinated or highly Ñuorinated alkyl
chains are very complex. The chemical shifts of the Ñuo-
rinated carbon nuclei are very near to one another, and
the 13C resonances are split by multi-bond 19FÈ13C
couplings. There are further splittings from 1HÈ13C
couplings in the case of highly Ñuorinated compounds.
This is shown in the fully coupled 13C NMR spectrum
[Fig. 1(A)] of the highly Ñuorinated alkanol 8,8,8 7,7 6,6
5,5 4,4 3,3 tridecaÑuorooctan-1-ol (1).

CF3(CF2)5CH2CH2OH

1

At 125 MHz, the six Ñuorinated carbons (C-3ÈC-8)
give rise to [57 resolved lines in a 16 ppm region
between 106 and 122 ppm due to one-, two- and poss-
ibly three-bond ÑuorineÈcarbon couplings as well as
multi-bond protonÈcarbon couplings from the proto-
nated methylene groups. The C-2 methylene appears at
34.3 ppm as a nine-line triplet of triplets with a one-
bond protonÈcarbon coupling of ca. 130 Hz and a two-
bond ÑuorineÈcarbon coupling of ca. 21 Hz. The C-1
methylene resonates at 55.0 ppm as a second triplet of
triplets with a one-bond protonÈcarbon coupling of ca.
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145 Hz and an additional small coupling of ca. 5 Hz,
which is taken as a two-bond protonÈcarbon coupling.
In a previous study,7 we devised two strategies based on
1H,13C correlations to obtain a spectral simpliÐcation
of the Ñuorinated chain of 1. Using one-dimensional
(1D) selective INEPT and two-dimensional (2D) NMR,
we spectrally selected nine out of the [57 resolved lines
between 106 and 122 ppm and identiÐed these lines as
arising from the C-3 moiety.CF2The NMR analysis of 1 is completed here using
homonuclear 19F, 19F 2D NMR, 19F-decoupled 13C
1D NMR and heteronuclear 19F,13C 2D NMR corre-
lation methods. We are aware of only three papers8h10
that have explored 19F,13C 2D correlations. We pre-
viously reported the Ðrst single- and multi-bond
19F,13C correlations using 13C detection methods.8
Bourdonneau and Brevard9 and Berger10 have used
19F detection to record single-bond 19F,13C corre-
lations based on the HMQC method11 without 13C
decoupling. Here we report the Ðrst Ñuorine-detected
single- and multi-bond correlations based on the
HMQC method with full 13C decoupling11,12 and on
the HMBC technique12,13 to complete the 13C and 19F
NMR assignments in 1. In addition, we have deter-
mined the relative signs of the coupling constants at the
interface of the Ñuorinated and protonated portions of 1
by analyses of unique sets of multiple 2D cross peaks.

EXPERIMENTAL

The perÑuoroalkanol 1 was purchased from Aldrich
Chemical (St Louis, MO, USA) and was used without
further puriÐcation. NMR data were recorded on a
sealed sample of 80% (v/v) of 1 in in a 5 mmC6D6
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216 A. A. RIBEIRO

NMR tube at 28 ¡C using a Varian Unity 500 spectro-
meter. NMR spectra were recorded using a 5 mm
Varian inverse probe with the high-band coil tuned for
19F resonance at 470.38 MHz and the low-band coil
tuned for 13C resonance at 125.72 MHz. The 19F 90¡
pulse was 8 ls. The 19F 1D NMR spectra were record-
ed between [84 and [135 ppm using a 25 873 Hz
spectral window digitized into 100 032 points. We used
this same spectral window with 4K points for 2D
COSY14,15 and TOCSY16 and with 2K points for the
2D HMQC and HMBC experiments.

COSY spectra were recorded in the absolute value
mode ; 600 time increments were collected and zero-
Ðlled to 4096 points with sine-bell weighting along both
dimensions. Sixteen scans were collected per increment
and the relaxation delay was 1 s. TOCSY spectra were
collected in the phase-sensitive mode using two sets of
256 time increment spectra with Gaussian weighting in
both dimensions, 16 scans per time increment, 1 s delay
and 70 ms mixing time.

The 13C 90¡ pulse was 10 ls. 1D 13C NMR spectra
were recorded between 20 and 140 ppm using a 15 089
Hz spectral window digitized into 128 000 points. The
19F decoupler was calibrated directly on the 19F-
coupled resonance (C-8) of 1, which is a clearCF3quadruplet of triplets with Hz centered at1JCF B 287
about 118.1 ppm [Fig. 1(A)]. O†-resonance decoupling
gave reduced values of which were used to obtain1JCFat various decoupler power values. GARP117cH2

/2n
and WALTZ18,19 decoupling gave Ðelds of [32cH2

/2n
kHz which were adequate to decouple the andCF3 CF219F regions simultaneously.

Single-bond 19F,13C heteronuclear chemical shift
correlation spectra were recorded in the inverse mode
using 19F detection based on the HMQC11,12 method
with 13C decoupling using GARP1.17 A BIRD Ðlter
was used to obtain better suppression of unwanted
signals. Two sets of 300 time increments were obtained
in the phase-sensitive mode, processed using Gaussian
functions, and zero-Ðlled to a Ðnal size of 2K ] 2K. The
relaxation delay was 1.2 s with 32 transients per
increment.

Fluorine-detected multiple bond correlation spectra
(HMBC) were recorded in the phase-sensitive mode
without 13C decoupling during acquisition.12,13 The
HMBC spectra were plotted in mixed mode [absolute
value in (19F) and phase sensitive in (13C)]. Af2 f1shifted Gaussian weighting function was used along f2and a cosine weighting function was used along Twof1.sets of 274 time increments were zero-Ðlled to a Ðnal
size of 2K] 2K. The relaxation delay was 1.2 s, the
Ðlter delay corresponded to an average of 275 Hz1JCFand 64 transients were obtained per increment. The
long range 19FÈ13C couplings were allowed to evolve
for a delay of 15 ms.

RESULTS AND DISCUSSION

The 470 MHz 19F NMR spectrum of 1 reveals the
single perÑuoromethyl and Ðve perÑuoromethylene(CF3)groups to resonate as six distinct 19F signals(CF2)between [85 and [130 ppm (Fig. 2). The [85.6 ppm

Figure 1. Expansions of 125 MHz 13C NMR spectra of the highly fluorinated octanol 1 in (A) 13C NMR multiplets in the presenceC
6
D

6
.

of 19F–13C and 1H–13C coupling, 2048 scans. C-3–C-8 give rise to ¿57 lines between 122 and 106 ppm. C-1 is the ‘triplet of triplets’ near
55.0 ppm and C-2 is the ‘triplet of triplets’ near 34.3 ppm. (B) 13C NMR spectrum with 19F decoupling of the signals, 400 scans. TheCF

2
singlets arise from C-4–C-6. The 118.1 ppm quartet with arises from C-8. The 109.4 ppm quartet with arises from C-7. The triplet1J

FC
2J

FC
at 118.8 ppm with arises from C-3. C-2 now appears similar to C-1. (C) With simultaneous 19F decoupling of the and groups,2J

HC
CF

2
CF

3
the 13C resonances simplify to singlets, except for C-3, which retains triplet character from coupling.2J

HC
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2D 19F,13C SHIFT CORRELATIONS 217

Figure 2. 470 MHz 19F NMR spectrum of the highly fluorinated octanol 1 in showing the signal at É85.6 ppm and theC
6
D

6
CF

3
CF

2
resonances at É117 to É131 ppm with expansions of selected resonances (see text for details).

signal is assigned to C-8 based on intensity and(CF3)chemical shift/structural considerations. The signalCF3is a triplet with unresolved couplings. The linewidth of
the center line is ca. 6 Hz. The assignment of the CF2signals is not obvious. The expansions reveal complex
resonances with linewidths near 50 Hz and poorly
resolved couplings. The [125.7 and [127.7 ppm CF2multiplets (C-5 and C-4) show Ðne structure but the
[ 126.8 ppm multiplet (C-6) is a broad, featureless
resonance with unresolvable couplings. This 19F spec-
trum of 1 is observed when the sample is well shimmed
and the 1H resonances from the C-1 and C-2 CH2groups (Fig. 1 in Ref. 7) and the 13C signals (Fig. 1) are
sharp with well resolved couplings and linewidths of
2È4 Hz.

The amplitude of cross peaks in COSY is known to
depend on the relaxation of the coupled nuclei, andT2not on which governs the e†ective linewidth of aT2*,
resonance.15 COSY thus has a very useful feature with
an ability to detect spinÈspin couplings between nuclei
even when the coupling is not resolved. 19F,19F 2D
COSY has been used previously to explore couplings in

Ñuorinated alkyl chains.10,20 The full and expanded
19F,19F 2D COSY maps obtained experimentally for 1
are shown in Fig. 3(A) and (B). The resonance atCF3[85.6 ppm shows a strong cross peak to the [126.8
ppm and a weak cross peak to the [125.7 ppmCF2line, while each resonance shows multiple o†-CF2 CF2diagonal connectivities. For example, the [125.7 ppm

resonance (arising from C-5) couples to all theCF2other Ñuorinated moieties. The multiple cross peaks in
the 19F,19F COSY of this linear Ñuoroaklyl chain are
unusual compared with the results for the 1H,1H
COSY of linear alkyl chains, e.g. the butyl group in
amiodarone,21 which only evidence the three-bond
coupling between adjacent groups. The 19F,19FCH2COSY result showing a complete network of spins for a
linear chain is more similar to that expected from a
TOCSY experiment. In fact, a phase-sensitive 19F,19F
TOCSY experiment carried out with 70 ms mix time
(not shown) resulted in a virtually identical 2D map as
the COSY method. The results provide evidence that
the 19FÈ19F couplings in 1 persist across three, four or
Ðve bonds.20 The and couplings are3JFF , 4JFF 5JFF

Figure 3. (A) 470 MHz 2D COSY map showing 19F–19F spin connectivities between and regions of the highly fluorinated alcoholCF
3

CF
2

1 in (B) Expanded 2D map showing connectivities within the region. Note the presence of dominant and weaker cross peaksC
6
D

6
. CF

2
arising from four- and three- or five-bond 19F–19F couplings.
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218 A. A. RIBEIRO

detected by COSY despite being small relative to the
linewidths of the 19F resonances.

The COSY expansion [Fig. 3(B)] reveals distinct
dominant and weaker COSY cross peaks. For example,
the connectivities from the [125.7 ppm 19F signal (C-5)
to the 19F resonances at [117.7 and [130.35 ppm are
clearly stronger than the cross peaks to the 19F signals
at [126.8 and [127.7 ppm. Since work on
Ñuoropolymers20 has shown usually to be larger4JFFthan and the dominant COSY connectivities3JFF 5JFF ,
are appropriately interpreted as arising from n, n ] 2
couplings, i.e. between next-nearest neighbor groups.
Using this view, the [85.6 ppm [126.8 ppm(CF3),and [127.7 ppm signals can be assigned to(CF2) (CF2)C-8, C-6 and C-4, respectively. Also, the [125.7 ppm
signal is identiÐed as C-5, and the [117.7 and [130.35
ppm signals are identiÐed as the C-3ÈC-7 pair.CF2To put these tentative assignments on Ðrmer ground,
we explored the use of heteronuclear strategies. 19F,13C
couplings are about double 1H,13C couplings, and 19F
shifts occur over a wider spectral range than 1H shifts.
On a 500 MHz NMR spectrometer, the separation
between the and resonances is ca. 30 kHz.CF3 CF2This is a factor of about six larger than the 5 kHz
needed to span a 10 ppm 1H window. Thus, complete
19F decoupling is more difficult to achieve than com-
plete 1H decoupling. Indeed, in early work with
Ñuoroalkanes2,22,23 using traditional noise decoupling
methods, two separate 13C spectra needed to be record-
ed, Ðrst with the 19F decoupler set on the tri-
Ñuoromethyl resonance (ca. [85 ppm) and then at the
mid-point of the perÑuoromethylene resonances (ca.
[120 ppm). The successful recording of a single 13C
spectrum for a Ñuoroalkane with complete 19F decoup-
ling was achieved only with the use of very high power
(50 W) decoupler units.2,23 In the present study, we
implement newer and more efficient broadband decoup-
ling schemes such as GARP117 or WALTZ18,19 that
use \2 W of power to achieve complete 19F decoupling
of and resonances.CF3 CF2

When Ñuorine decoupling is applied simultaneously
to the and regions, all the Ñuorinated carbonCF3 CF2signals collapse to singlets [Fig. 1(C)], except for the
perÑuoromethylene resonance at 118.8 ppm, which is a
triplet with a small two-bond 1HÈ13C coupling. This
triplet is clearly the group from C-3 adjacent to theCF2C-2 in the hydrocarbon portion of 1. This C-3CH2assignment agrees with the previous 1H,13C 2D and
selective INEPT results.7 The two-bond 19F coupling to
the C-2 at 34.3 ppm is also removed, and this reso-CH2nance collapses to a multiplet with mainly triplet char-
acter from a large one-bond 1HÈ13C coupling and a
small two-bond 1HÈ13C coupling.

When the decoupler is set to decouple only the CF2resonances, the 13C quadruplet of triplets centered at
ca. 118.1 ppm in the fully coupled spectrum [Fig. 1(A)]
collapses to a simple quartet with a one-bond 19FÈ13C
coupling of 287 Hz [Fig. 1(B)] and is unequivocally
identiÐed as the C-8 resonance. A second 13CCF3quartet appears at 109.4 ppm with a two-bond 19FÈ13C
coupling of ca. 34 Hz. This quartet clearly arises from
the perÑuoromethylene next to the group, i.e. theCF3C-7 The C-3 at 118.8 ppm is again a 13CCF2 . CF2triplet with a two-bond 1HÈ13C coupling.

19F,13C heteronuclear 2D NMR spectroscopy on Ñu-
orohydrocarbons is at present essentially unexplored.
Figure 4(A) shows the expanded 19F,13C single bond
(HMQC) shift correlation map for the Ðve groupsCF2of 1 with corresponding 1D 19F and 19F-decoupled 13C
spectra plotted on the top and side of the 2D map. Five
single AX-type cross peaks are seen connecting the
directly bonded perÑuoromethylenes to their respective
carbons. The 118.8 and 109.4 ppm 13C resonances were
unequivocally identiÐed as C-3 and C-7 by Ñuorine
decoupling (above). The [117.7 and [130.35 ppm 19F
resonances are therefore assigned to the C-3 and C-7

groups from their respective direct correlations toCF2those 13C signals. A similar direct correlation of the
[85.6 ppm 19F signal to the 118.1 ppm 13C signal (not
shown) veriÐes its assignment to the C-8 group.CF3

Figure 4. (A) 19F-detected 2D 19F–13C single-bond correlation (HMQC) of directly fluorinated carbons of the highly fluorinated alcohol 1
in (B) 19F-detected 2D 19F–13C multi-bond correlation (HMBC) of 1 optimized for couplings of ca. 33 Hz. The responses fromC

6
D

6
. 2J

FC
the at É85.6 ppm show ‘sinc wiggles’ due to the weighting function in the data processing.CF

3
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2D 19F,13C SHIFT CORRELATIONS 219

This leaves the three central perÑuoromethylene groups
(C-4ÈC-6) to be identiÐed.

Figure 4(B) shows the corresponding multi-bond
(HMBC) 19F,13C shift correlation map for the andCF3regions with the 1D 19F NMR spectrum plottedCF2on top of the 2D map. Using a 15 ms evolution time,
direct and multi-bond responses are successfully elicited
at four of the six 19F positions. For example, the C-3

gives the 19F-coupled direct response at 118.8 ppmCF2and a strong multi-bond cross peak to the 111.7 ppm
13C position which is recognized as the correlation2JFCto the C-4 carbon. The C-3 also yields a strongCF2response at the C-2 methylene (34.3 ppm) (see2JFCbelow). The C-7 resonance at [130.35 ppm elicitsCF2two strong connectivities at 111.2 and 118.1 ppm which
are recognized as the responses to C-6 and2JFC (CF2)C-8 The four multi-bond responses suffice for a(CF3).full assignment. Only the 13C signal at 112.0 ppm
remains to be assigned to C-5. Consistency of assign-
ments is checked by using the direct correlation in
HMQC from C-4 (111.7 ppm) to assign the [127.7
ppm 19F signal to the C-4 and then going back inCF2 ,
the HMBC results to locate the multi-bond responses at
118.8 ppm (C-3) and 112.0 ppm (C-5). The C-8 CF3resonance at [ 85.6 ppm elicits a strong response2JFCat 109.4 ppm (C-7) and a 19F-coupled direct response at
118.1 ppm (C-8). At the conditions of the HMBC
experiment, the [125.7 and [126.8 ppm 19F signals
(from C-5 and C-6) showed streaking from noise and no
successful multi-bond responses were observed at these
19F positions. However, a sufficient number of
responses were obtained at the other 19F positions to
derive the complete 19F and 13C assignments for 1 sum-
marized in Table 1.

It has been known for some time that the relative
signs of the NMR spin coupling constants for an AMX
system of three coupled spins can be determined by 2D
NMR spectroscopy.15,24 The presence of a passive M
spin creates two AX subspectra, each corresponding to
the M spin in the a or b state. The single AX cross peak
normally observed in 2D experiments (e.g. Fig. 4)
changes to a set of multiple cross peaks split by JAMalong one axis and by along the other axis. ThisJAX

Table 1. 19F, 1H and 13C NMR assignments
of CF

3
(CF

2
)
5
CH

2
CH

2
OHa

1H 19F 13C

Carbon (ppm)b (ppm)c (ppm)d

C-1 3.94 54.994

C-2 2.46 34.345

C-3 É117.700 118.820

C-4 É127.732 111.725

C-5 É125.699 112.020

C-6 É126.777 111.199

C-7 É130.350 109.423

C-8 É85.622 118.074

a Data at 28 ¡C.
b 1H chemical shifts relative to internal TMS.
c 13C chemical shifts expressed on TMS scale by
setting to 128 ppm.C

6
D

6
d 19F chemical shifts expressed relative to CFCl

3
scale by setting a 3% trifluoroacetic acid in D

2
O

solution to É76.0 ppm.

modulation of AX cross peaks by a passive M spin
o†ers the opportunity to obtain the relative signs and
magnitudes of the coupling constants in a simple
manner. We and several others have exploited this
phenomenon7,8,25h29 to explore mutually coupled 19F,
1H and 13C spins using single-bond heteronuclear
correlation experiments with 1H and 13C as the active
spins and 19F as the passive spin. More recently, we
found that the multi-bond 2D correlation experiment
allows the recording of multiple cross peak patterns
that are not accessible by the single-bond experiments.8
We also found that correlation experiments with 19F
and 13C spins as the active spins and 1H as the passive
spin gave access to other couplings relevant to the
three-nucleus system. This combination of the single-
and multi-bond experiments with either 19F or 1H as
the passive M spin o†ers a novel, straightforward, yet
powerful way to obtain complete coupling constant and
sign information about the relevant three-spin system.

The detection of multiple cross peaks at the C-3 CF2or C-2 of 1 serves as an example of these strategiesCH2as it o†ers the opportunity to gain information on the
signs and magnitudes of the heteronuclear coupling
constants at the interface of the Ñuorinated and proto-
nated portions of 1.7,8 The strategies are illustrated by
Ðrst examining the strong multi-bond cross peak
obtained by 19F,13C correlation from the C-3 toCF2the C-2 Here 19F and 13C are the active AX spinCH2 .
pair while 1H is the passive M spin. This correlation
appears at 19F,13C\ [117.7, 34.3 ppm on the 2D map
[Fig. 5(A)], and is seen as a unique set of three cross
peaks appearing between 33.0 and 35.4 ppm (13C) and
[117.5 and [117.8 ppm (19F). The magnitudes and
relative signs7,8 of the heteronuclear andsplittings,3JHFcan be measured directly from Fig. 5(A). A1JHC , 3JHFcoupling of 18.7 Hz is obtained from the cross-peak
spacing along the 19F axis and a coupling of 1301JHCHz is obtained from the spacing along the 13C axis. The
highest frequency 19F cross peak near [117.6 ppm
(along has the highest 13C frequency near 35.0 ppmf2)(along and the lowest frequency 19F cross peak nearf1),[117.1 ppm has the lowest 13C frequency near 33.1
ppm. When processed with Varian software, the result
appears as three cross peaks skewed with a positive
slope. Because the cross peaks are shifted in the same
direction along both the and axes, the signs off1 f2 3JHFand can be taken to be the same.1JHCFigure 5(B) shows the single-bond 1H,13C correlation
at the C-2 methylene obtained in a 1H-detected HMQC
experiment, i.e. at 1H,13C\ 2.46, 34.3 ppm. The 1H and
19F nuclei have reversed roles here. 1H and 13C are
now the active AX spins and 19F serves as the passive
M spin. The single-bond 1H,13C correlation is a set of
three cross peaks appearing between 34.1 and 34.5 ppm
(13C) and between 2.41 and 2.48 ppm (1H). A value of
18.7 Hz is obtained for from the spacing along the3JHF1H axis and a value of 21 Hz is obtained for from2JFCthe spacing along the 13C axis. The highest frequency
1H cross peak near 2.48 ppm has the highest 13C fre-
quency near 34.5 ppm, and the lowest frequency 1H
cross peak near 2.41 ppm has the lowest 13C frequency
near 34.1 ppm. The result appears as three cross peaks
tilted with a positive slope, indicating that the signs of

and are the same.3JHF 2JFC
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220 A. A. RIBEIRO

Figure 5. Sets of multiple cross peaks at the fluorocarbon/hydrocarbon interface of 1. (A) 19F–13C multi-bond correlation at É117.7, 34.3
ppm. (B) 1H–13C single-bond correlation at 2.46, 34.3 ppm. (C) 1H–13C multi-bond correlation at 2.46, 118.8 ppm.

Figure 5(C) shows the multi-bond 1H,13C correlation
from the C-2 to the C-3 located atCH2 CF21H,13C\ 2.46, 118.8 ppm. This correlation was re-
corded in a 13C-detected experiment to obtain a higher
digital resolution along the 13C axis. This multi-bond
correlation consists of a set of three major cross peaks,
each of which is further split into three distinct “minorÏ
peaks along the 13C axis. The spacing between the
centers of the three main cross peaks along the 13C axis
is ca. 255 Hz, corresponding to a The separation1JFC .
within each main cross peak is ca. 31.7 Hz, correspond-
ing to a The extra coupling along the 13C axis2JFC .
arises from an active coupling of the C-42JFC CF2group with the C-3 group. The major cross peaksCF2are split along the 1H axis by the Hz coup-3JHF\ 18.7
ling, while each set of “minorÏ cross peaks is essentially
colinear along the 1H axis, as no coupling can existJHFbetween the C-4 and the C-3 The modulationCF2 CF2 .
of the active AX spins of the C-2 by the passive MCH2spins of the C-3 is then considered to be a separateCF2three-nucleus interaction that is independent of the
e†ect of the C-4 In this multi-bond correlation,CF2 .
the highest frequency 1H cross peak near 2.50 ppm has
the lowest 13C frequency near 117.3 ppm, and the
lowest frequency 1H cross peak near 2.42 ppm has the
highest 13C frequency near 120.6 ppm. The result
appears as three cross peaks tilted with a negative slope,

Table 2. Several heteronuclear coupling constants in
CF

3
(CF

2
)
5
CH

2
CH

2
OHa

Carbon 1J
HC

2J
HC

3J
HF

1J
FC

2J
FC

C-1 145.2 4.8

C-2 130.1 18.7 21.2

C-3 3.9 18.7 254.9 31.7

C-7 Á270 34.0b

C-8 287.2 33.1

a Data in Hz at 28 ¡C. The fluorine-coupled multiplets
between 109 and 115 ppm show splittings in the1J

FC
range 264–270 Hz and splittings in the range 31.7–2J

FC
34.4 Hz for C-4 to C-6, but the multiplets are too
complex to assign these splittings.

from the (C-8) measured when decouplingb 2J
FC

CF
3

the fluorine groups.CF
2

indicating that the relative signs of and are3JHF 1JFCunlike.
Because all three heteronuclear couplings are viewed

relative to and this coupling is common to all3JHF ,
three cross peaks, knowledge of the absolute sign of any
of the four coupling constants or3JHF , 1JFC , 2JFC 1JHCallows the determination of the sign of the other three
coupling constants. is known to be generally of1JFCnegative sign.30,31 Figure 5(C) then indicates that 3JHFin 1 ought to be assigned a positive sign. Accordingly,
since is common to the other two cross peaks, Fig.3JHF5(B) and (A) indicate that and are to be2JFC 1JHCassigned positive signs. The identiÐed heteronuclear
coupling constants of 1 are listed in Table 2.

CONCLUSION

The complexities of interpretation of Ñuorine-coupled
13C spectra and lack of straightforward Ñuorine-
decoupling capabilities on commercial NMR instru-
ments have hampered the use of 13C NMR strategies
for the structural analysis of Ñuorinated molecules.
Instead, in many cases 19F NMR is the only approach
used. A full analysis is possible in simple cases. As the
number of Ñuorine nuclei and molecular size increase,
both the location and assignment of the Ñuorine reso-
nances become uncertain. Thus extensive work has been
carried out by Weigert and Karel32 and Bauduin et
al.33 to develop calculational models that predict the
19F NMR chemical shifts for saturated Ñuorocarbons.

In this work we have combined efficient Ñuorine
decoupling with the 19F-detected HMQC and HMBC
experiments to derive complete 19F and 13C assign-
ments in the highly Ñuorinated alkanol 1. This rep-
resents a new approach with potential for a fuller
structural characterization of the carbon backbones of
Ñuorocarbon molecules. Despite broad 19F lines, we
obtained strong 19F,13C single-bond responses. We did
not observe a full complement of 19F,13C multi-bond
correlations. Four groups, C-3, C-4, C-7 and C-8, gave a
sufficient number of two-bond 19F,13C responses to
allow the derivation of a full set of assignments. Multi-
bond correlations were not detected from the C-5 and
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2D 19F,13C SHIFT CORRELATIONS 221

C-6 groups, which show the broadest 19F signals.CF2Since these groups give strong single-bond responses, it
is unlikely that their lack of multi-bond responses is due
to a relaxation process. These groups may simplyT2*have a di†erent value for the two-bond ÑuorineÈcarbon
coupling or there may be destructive interference from
several values of multi-bond 19FÈ13C couplings.34 This
point needs further investigation as other Ñuorinated
systems are explored. Finally, the 2D strategies illus-
trated here o†er a simple method to obtain the signs

and magnitudes of heteronuclear coupling constants in
a complete manner in highly Ñuorinated systems.
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