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STUDIES OF HINDERED ROTATION AND MAGNETIC ANISOTROPY BY 'H, 
13C AND 19F NMR. 
PENTAFLUOROPHENYLMALEIMIDE AND PHENCYCLONE: A MODEL FOR 
DRUGS. 

THE DIELS-ALDER ADDUCT OF N- 

Key Words: Dynamic NMR, One- and two-dimensional NMR, 
Restricted rotation, COSY, Stereochemistry, Pharmaceuticals, 
Analysis. 
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New York NY 10019-1128, (b) New York University, Chemistry 
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Doctoral Faculty, Graduate School and University Center, City 
University of New York 

ABSTRACT 

The potent Diels-Alder diene, phencyclone, 1, reacts 
with N-pentafluorophenylmaleimide, 2, to form an adduct, 3,  
characterized by 'HI 13C, and 19F NMR at 300, 75 and 282 MHz, 
respectively. The one-dimensional (1D) and two-dimensional 

(2D) 'H and 13C NMR spectra of 2 at ambient temperatures imply 
a slow exchange limit (SEL) regime with respect to rotation 
of the unsubstituted bridgehead phenyl groups about severely 
hindered C(sp2)-C(sp3) bonds. Major non-bonded interactions 
are expected between the prtho protons of the C6Hs groups and 
H-1,8 of the phenanthrenoid moiety of 3. 
(COSY) NMR spectra show that the SEL regime also obtains for 
rotation about the N-C,F, bond of 3 ,  with five separate 

19F 1D and 2D 

* To whom correspondence should be sent at John Jay College 
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674 AMIN ET AL. 

fluorine signals seen, consistent with a preferred 
conformation in which the C6F5 may lie roughly perpendicular 
to the plane of the pyrrolidinedione moiety, and may be in 
the mirror symmetry plane of 3 .  The results are considered 
relevant to hindered aryl rotations in numerous 
pharmaceuticals. Selected spectral data for 2 and precursors 
are also presented. 

INTRODUCTION 
Numerous pharmaceuticals have been found to exhibit 

hindered rotations of unsubstituted C6HS groups or 
substituted aryl groups. In the former case, hindered 
rotations and preferred conformations may have implications 
in the appearance of ’H and 13C NMR signals with respect to 
line broadening, numbers of signals, or chemical shifts (1- 
4). With suitably substituted aryl groups, hindered rotation 
may result in the existence of enantiomeric atropisomers 
which may even differ in pharmacological activity (5-9). We 
have been especially interested in examining hindered aryl 
rotations in a series of adducts of the potent Diels-Alder 
diene, phencyclone, (10-18). We report here the results of 
one- and two-dimensional (lD, 2D) ‘HI 13C and 19F NMR studies 
on N-pentafluorophenylmaleimide, 2, and its precursor, and 
the Diels-Alder adduct, 3,  of 1 with 2. 

EXPERIMENTAL 
General NMR and other techniques were similar to those 

described earlier (13-18). Spectra were obtained on a Bruker 
ACF300 NMR spectrometer at 300 MHZ for ’H, 75 MHz for 13C and 
282 MHz for 19F using a QNP quad nuclear probe, B-VT 2000 
variable temperature controller and Aspect A3000 computer. 
Standard Bruker microprograms were ordinarily used. Reported 
melting points are uncorrected. IR data were obtained on a 
Perkin-Elmer 1640 FTIR with DTGS detector at 2cm-’ 
resolution, using 3M disposable type 61 polyethylene IR 
cards: only selected peaks are reported. Reagents and 
solvents were obtained from Aldrich Chemical (Milwaukee WI), 
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HINDERED ROTATION AND MAGNETIC ANISOTROPY 675 

Cambridge Isotope (Andover, MA) or Lancaster Synthesis 
(Windham NH) and were used as supplied. 
was used as internal standard (at 0.00 ppm) and spectra were 
first acquired with wide spectral window to accurately define 
19F shifts for the samples relative to CFC1,. The 19F spectra 
were then reacquired with a narrower spectral width 

For "F NMR, CFC13 
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676 AMIN ET AL. 

encompassing only the solute 19F signals (not CFC13) to 
achieve fine digital resolutions (ca. 0.5 Hz) in order to 
observe multiplet fine structure. 

Svnthesis of N-PentafluoroDhenvlmaleamic acid, 5: To a 
solution of maleic anhydride (freshly crushed briquettes, 
0.559 g, 5.70 mmol) in 6 ml CH,Cl,, was added C,F,NH, (1.054 g, 
5.76 mmol). The stirred mixture was gradually warmed and 
more CH2C12 was added to a final volume of ca. 55 ml. 
the mixture was boiled for 5 min, solvent was removed (rotary 
evaporator, aspirator pressure, 52' bath temperature) to 
yield a yellow oil that crystallized to an off-white solid of 
crude 5 (1.549 g, 97.7) which was used directly for the next 

After 

step. Mp (dec) 95-100'. IR: 1712.6, 1525.7, 1506.0, 1004.0, 

965.6, 853.2. See Discussion and Tables for NMR data. 
PreDaration of N-PentafluoroDhenvlmaleimide,2: A mixture of 
the crude maleamic acid, 5 (1.3749, 4.89 mmol), anhydrous 
sodium acetate (O.180gl 2.19 mmol) and acetic anhydride 
(2.019, 19.7 mmol), in a flask with reflux condenser topped 
by a drying tube (anh. CaCl,), was heated for 25 min in a 
boiling water bath, giving a dark red solution that became 
semisolid on cooling to room temperature. After 1 week, the 
mixture was treated with 25 ml 1.5% aq. HC1. This was 
extracted with Et20, and the ether layer was washed with 
dilute HC1, satd aq NaHCO,, and H,O (Zx), then dried (anh. 
Na,SO,) and solvent was removed (rotary evaporator, aspirator 
pressure, 43' bath temperature). The resulting slightly tan 
crude solid, 2 (1.079 g, nominal 4.10 mmol, 83%) had mp 79- 
85' and was used without further purification. IR: 1734.2, 
1525.3, 1374.1 (shldr), 1361.7, 1297.7, 1143.4, 1070.2, 
1049.9, 985.8, 822.0, 726.8, 694.8, 641.9. NMR data appear 
in Tables and Discussion. 
Preparation of Diels-Alder adduct from uhencvclone and N- 
pentafluorouhenvlmaleimide: To 451 mg crude 2. (nominal 1.71 
mmol) in 15 ml CH,Cl, was added 158 mg 1 (0.413 mmol) . After 
2 hr stirring, the intense green-black phencyclone color was 
largely discharged to give a clear yellow solution. (Note 
that a substantial excess of the crude maleimide [nominal 
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HINDERED ROTATION AND MAGNETIC ANISOTROPY 677 

H2NQF \ /  

F F 
4 

0 

4.15-fold excess] can be used to assure quick decolorization 
and consumption of 1, since the unreacted maleimide is quite 
soluble and can readily be separated from the less soluble 
adduct, 2.) The mixture was allowed to stand ca. 3.5 weeks. 
Partial solvent removal (rotary evaporator) and addition of 
hexane gave tan solid, collected by vacuum filtration and 
air-dried, 257 mg (0.398 mmol, 96.4% based on phencyclone) of 
crude 2 which was adequate for subsequent spectral studies. 
Mp 214-216'. IR 1794.4 (bridging ketone CO), 1736.0 (shldr), 
1732.6 ( N C O ) ,  1524.0 and 1519.5 (doublet), 1448.4, 1359.9, 

NMF? data appear in Tables and Discussion. 
1301.8, 1178.7, 993.7, 772.9, 754.6, 724.5, 698.0, 634.1. 

RESULTS AND DISCUSSION 
Condensation of pentafluoroaniline, 4, with maleic 

$ .  

anhydride gives N-pentafluorophenylmaleamic acid, 5, which 
undergoes cyclodehydration with sodium acetate in acetic 
anhydride to give ppentafluorophenylmaleimide, 2. Diels- 
Alder addition of 2 to phencyclone, L, produced the adduct 3 
for NMR studies. If the bridgehead phenyl rotation in 1 is 
slow on the NMF? timescale (19), resulting in SEL spectra, 
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618 AMIN ET AL. 

nine equal (2H) intensity aryl proton signals should be 
observed (barring accidental isochrony), comprising four 
gross doublets and five gross triplets. The multiplicity, 
assuming near-first-order spectra, would reflect the number 
of vicinal proton neighbors. Thus, the protons at the 
termini of the (CH), spin system for the phenanthrenoid 
moiety [H-1,8 and H-4,5] would be doublets, as would the 
ortho protons, H-2',6', of the phenyls. [The latter protons 
are at the termini of the (CH)5 spin system for each C6H5.] 
The five remaining aryl proton triplet signals would result 
from "non-terminall' methines within the (CH) and (CH) spin 
systems. Aryl 13C spectra should show nine methine and four 
unprotonated signals for 3 at SEL, assuming no accidental 
overlaps, for the phenanthrenoid and C,H, groups. 

would result in fast exchange limit (FEL) spectra due to 
rapid exchange of the two ortho positions, 2' and 6', in the 
phenyl groups, and the two meta positions, 3 '  and 5'. This 
could give rise to seven aryl proton signals, including one 
4H and two 2H doublet signals, in addition to one 4H and 
three 2H triplet signals. An FEL system for 1 should show 
four unprotonated aryl carbon signals and only seven CH aryl 
carbon signals for phenanthrenoid and phenyl groups, with two 
of the seven aryl CH signals being double intensity, i.e., 
C6H5 ortho and w. 
of "C by 19F in the C,F, group effectively results in the non- 
appearance of the carbon signals: they are lost in the noise 
because of low peak heights within the "C multiplet 
signals. ) 

In contrast, rapidly rotating bridgehead phenyls in 2 

(Note that extensive complex splitting 

In fact, the 'H NMR spectrum for 2 in CDC1, (ambient 
temperature) shows, in addition to a 2H singlet at 4.73 ppm 
for the two methine bridgeheads, an aryl 'H region which 
superficially shows five 2H and two 4H multiplets, suggesting 
the FEL system. (See Figure 1.) More careful inspection 
reveals the presence of three 2H doublets, centered at 8.69 
ppm, 8.28 ppm (slightly broad) and 7.13 ppm (strong leaning). 
An FEL system can not account for three 2H intensity 
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HINDERED ROTATION AND MAGNETIC ANISOTROPY 679 

3 
I 4 

Figure 1. The 300 MHz aryl region 'H spectrum for adduct 3 
in CDC1, at ambient temperature, shown as the projection 
spectrum for the COSY45 spectrum. (The singlet at 4.73 ppm 
for the two bridgehead methines is omitted. The CHC1, 
solvent impurity is marked S.) For the COSY45, the F2 
spectral width was 528 Hz. The spectrum is in the magnitude 
mode, with 2 dummy scans and 16 acquisitions for each of 128 
increments in t,, zero-filled once only in the F1 dimension 
for a final data matrix size of 256 x 512, to give a digital 
resolution of 2 Hz/point in each dimension. Data were 
processed with unshifted sine-bell apodization in both 
dimensions and symmetrized. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
2
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



680 AMlN ET AL. 

doublets, implying that this is an SEL system with 
coincidental overlaps. The two-dimensional (2D) chemical 
shift correlation spectra clarified the assignments. COSY90 
(not shown) effectively revealed the presence of (CH)& and 
(CH)5 spin systems. Starting from the assumption that the 
lowest field doublet could be assigned to H-4,5 of the 
phenanthrenoid moiety (based on our earlier work in this 
series), the 8.69 ppm doublet showed crosspeak correlations 
to the 2H triplet at 7.55 ppm, the 4H approximate triplet at 
7.20 ppm and the strongly leaning doublet at 7.125 ppm (weak 
correlation). These would define the phenanthrenoid (CH), 
system. The slightly broad doublet at 8.28 ppm reveals 
correlations to four other signals: 2H triplet at 7.73 ppm, 
4H triplet at 7.55 ppm, 2H triplet at 7.44 ppm (weak 
crosspeak) and the distorted 4H triplet ca. 7.20 ppm. This 
maps out the (CH)5 spin system of the slowly rotating 
bridgehead C6R5 rings. 
(Figure 1) provided the advantages of reduced intensity of 
peaks along the diagonal as well as crosspeak Viltinggt to 
unambiguously distinguish vicinal 'J couplings (positive 
signs) from ,J W-couplings (negative signs) (20). Crosspeak 
intensity alone does not always permit distinguishing 'J and 
LJ crosspeaks in these adducts of 1. 
resolution for COSY45 or COSY90 in the incremented t, 
dimension permits distinguishing, e.g., the "2x2" matrix of 
the ,J crosspeak for H-2'/6', 
crosspeaks. With suitably low contour level (more sensitive) 
for both COSY90 and COSY45, even small long-range couplings, 
e.g., H-1/4, H-2'/5', H-3'/6', could be detected (21). 
Crosspeaks correlating to the 4H multiplet ca. 7.2 ppm are 
slightly displaced from one another, confirming slight 
chemical shift differences between the gross triplet 
(assigned to H-2,7 at 7.20 ppm) and the gross doublet 
(assigned to H-6' at 7.22 ppm). Assignments are summarized 
in Table 1. 

The 13C spectra of 2 in both CDC13 and CD,COCD, appeared 
consistent with the SEL regime for slow C6H, rotation (Table 
1, Figure 2). With standard undegassed samples, a 3 sec 

The less-sensitive COSY45 experiment 

Use of fine digital 

from tt2x3tt or t13x3gt 
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I " " 1 " " I  " ' I " " I " " I " " I " ' ' I " " I " ' ' ~  8 8 , ' I " ,  1 1 ' " '  
135 0 134 0 I 3 3  0 I32 0 131.0 130.0 129.0 120.0 127.0 126.0 125.0 IZI.0 

PPM 

Figure 2 .  The aryl region 13C NMR of 2 ( 7 5  MHz) in CDC13 
(upper trace) and CD3COCD3 (lower trace), with composite 
pulse decoupling of protons, 3 sec relaxation delay, 
undegassed samples. Q denotes the split quaternary signal. 
(Carbons of the C,F, are not seen due to extensive splitting 
by 19F.) 
carbons. 

The four weaker signals are the non-protonated 

relaxation delay produced four clearly lower intensity 
signals for the nonprotonated aryl carbons and nine intense 
signals for the aryl methines (using composite pulse 
decoupling, CPD, of protons). In CDC13, two of the nine 
aryl methine signals were minimally separated (less than 2 

Hz) at ca. 128.74 ppm. The DEPT spectrum, which confirmed 
the distinction between 4' and CH aryl carbons, showed no 
separation of the peaks near 128.7 ppm (not shown). In 
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HINDERED ROTATION AND MAGNETIC ANISOTROPY 683 

CD,COCD,, there are two pairs of close aryl CH signals, near 
129.9 ppm (6.4 H z  separation) and near 129.1 ppm (3.0 Hz 
separation) so that acetone-d, is marginally superior in 
resolving all 13 aryl carbon peaks for the SEL regime. 
weak 4' carboh signal at 131.7 ppm (CDC1,) and 132.6 ppm 
(CD,COCD,) consistently appeared split, in both solvents, 
with a separation ca. 1.2 H z .  This was seen in different 
batches of 3 and with different spectral acquisitions. The 
explanation escapes us. A very speculative explanation may 
involve 19F - 13C coupling, which would involve a seven-bond 
coupling at the minimum; perhaps a through space coupling 
mechanism is operative (22). We have not explored this 
further since it does not appear directly related to the 
hindered bridgehead phenyl rotations of 3 .  We note that 
maleimide 2 showed "C NMR signals (CDC1,) at 135.32 ppm 
(HC=CH) and 166.76 ppm (C=O) , and 'H absorption at 6.99 ppm. 

The 19F NMR spectrum of 2 in CDC1, shows ~ distinct 
equal-intensity signals (Figure 3) as three gross triplets 
and two gross doublets. This is consistent with five 
fluorines of the ( C F ) ,  spin system in nonequivalent 
environments. 
Figure 3. 
is forced into a conformation roughly perpendicular to the 
average plane of the pyrrolidinedione ring, i.e., the C,F5 

lies in the plane of mirror symmetry of 2. This could result 
from steric repulsions between the imide carbonyls and the 
*'ortho'* fluorines, Fa and Fe. For five fluorine resonances 
to be observed, the C6F5 ring must be in the SEL regime with 
respect to rotation about the N-C6F5 bond. The anisotropic 
shielding effects from the phenanthrenoid moiety of 2 (and 
perhaps from the ketone carbonyl and bridgehead phenyls, as 
well) could then render anisochronous the signals of the a 
or anti nnorthonn fluorines (and, likewise, the or 
@@meta" f luorines) . The homonuclear 19F-"F COSY45 spectrum 
unexpectedly reveals that the lower field ortho fluorine 
signal, Fa, correlates to the higher field meta fluorine, F,,. 
If the phenanthrenoid moiety of 2 exerts anisotropic 

The 

The 19F -19F COSY spectrum is also shown in 
The results are fully explained if the CbF5 group 
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@ 
A C E 

D B 

! 

Figure 3 .  (a) High resolution 19F spectrum of 2 (CDC13, 
ambient temperature) at 2 8 2  MHz. Some minor impurity signals 
are noted by I. [Note: Digital resolution is ca. 0 . 5  
Hz/point. The vertical signal intensity and chemical shift 
axes are uniform for each expanded region. ] (b) The l9F-''F 
COSY45 spectrum of 2 in CDCl,, with a spectral width of 5556 
Hz in F2. The magnitude mode spectrum was acquired with 64 
increments in tl, zero-filling once in both F1 and F2 to a 
final data matrix size of 120 x 256, using unshifted sine- 
bell apodization in both dimensions, and symmetrized. 
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HINDERED ROTATION AND MAGNETIC ANISOTROPY 685 

shielding, it might have been expected that both of the 
fluorines to the phenanthrenoid portion (i.e., ortho 
and w n  meta) would be at higher field than the respective 
anti fluorines, but this is clearly not the case. It is 
possible that required spatial positioning for the fluorines 
relative to the phenanthrenoid group is critical, or that the 
other anisotropic groups (such as the ketone or phenyls) 
exert opposing effects on the vicinal 
fluorines at the nrf;hs and meta positions of the C6F5. 
last hypothesis is that proximity between the 2 n  ortho 
fluorine and the phenanthrenoid system leads to crowding and 
deshielding of this fluorine. (This presumes endo 
stereochemistry in 3 . )  

pentafluorophenylmaleimide, 2, showed an 19F NMFt spectrum in 
CDC1, (Figure 4) with the expected three resonances: a gross 
doublet, 2F intensity, at -143.35 pprn attributed to the two 
ortho fluorines; a simple triplet of triplets, 1 F  intensity, 
at - 1 5 1 . 4 0  ppm attributed to the fluorine (3J = 21.46 
Hz); and a gross triplet, 2 F  intensity, at -161.14 ppm for 
the two meta fluorines. With fine digital resolution of 0.5 
Hz/point, considerable spectral complexity is apparent, as 
seen in Fig. 4. Because of the symmetry in 2, we can not 
readily distinguish conformational preferences, i.e., 
coplanar versus perpendicular, €or the C,F, and heterocyclic 
rings. An AA'BB'C system results in either case and only 
three fluorine resonances are expected, whether SEL or FEL 

conditions obtain for C6F5 rotation. Since steric repulsions 
between the ortho fluorines and the imide N(CO), carbonyls 
should be similar in both 2 and 3,  and since the presence of 
five 19F resonances for 3 requires SEL perpendicular C,F, and 
pyrrolidinedione rings, the same situation may be present for 
- 2 as well. 

and vicinal anti 
A 

NMR data for precursors to 3 were also obtained. The N- 

With 2, the low field ortho fluorine is designated Fa 
and resonates at -143.51 ppm as a doublet of triplets of 
doublets, dtd', with observed couplings of ca. 22.3, 6.8 and 
2.5 Hz. The vicinal meta fluorine F, resonates at highest 
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Figure 4 .  
2, in CDCl at 282 MHz, showing expansions of (left to 
right) : ortho fluorines (as approximate doublet) : 
meta fluorines (as approximate triplets). (See for Fig. 
3a.) 

19F NMR spectrum of N-pentaf luorophenylmaleimide, 

and 

field, -161.68 ppm, as a triplet of double doublets 
(approximately), tdd, with couplings of about 21.9, 6.9 and 
1.6 Hz. The fluorine F, absorbs at -151.22 ppm as a 
clean tt, observed couplings of 21.5 and 2.6 Hz. Meta 
fluorine F, appears at -160.87 ppm as an approximate tdd, 
observed couplings 22.0, 6.7 and 1.6 Hz. The higher field 
ortho fluorine F, appears at -143.86 ppm, dtd, observed 
couplings 22.5, 7.0 and 2.8 Hz. (Couplings are believed 
accurate to 0.2 Hz.) The large couplings of ca. 22 Hz are 
assigned as vicinal 'J couplings. The simple tt pattern for 
the ~ a r a  fluorine permits rigorous assignment of the 4J I1Wtg 

couplings J,, and J,, as 2.6 Hz. For Fa and F, to appear as 
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HINDERED ROTATION AND MAGNETIC ANISOTROPY 681 

dtd multiplets, we must conclude accidental isogamy of 'J,, = 

5Jd = 6.8 Hz for Fa, and similarly 4Ja, = 5J, = ca. 7 Hz for 
F,. Using these approximate coupling constants, for the meta 
fluorines F, and F,, the five-bond couplings 5J, and 'J, are 
the larger values (ca. 7 Hz) and the four-bond coupling 'J, 
must be the smaller value (ca. 1.5 Hz). The complexity of 
19F - 19F couplings in fluoroaromatics is well known and leads 
to considerable variation in ,J, 'J and 'J magnitudes, 
depending upon structure (23). For 2, 19F spectral 
complexity did not permit us to confidently extract coupling 
constants except for the ~ a r a  fluorine, with 3J = 21.46 Hz 
and 'J = 2.08 Hz. 
shows that the fluorine of 2 at -151.40 ppm appeara only 
0.18 ppm upfield of the analogous F, at -151.22 ppm in adduct 
1. However, the fluorines F, and F, in 1 are shifted in 
opposite directions relative to the -161.14 ppm fluorine 
signal in 2, with F, resonating by 0.54 ppm to higher field 
(at -161.68 ppm) and F, 0.27 ppm to lower field (at -160.87 
ppm). Compared to the -143.35 ppm ortho fluorine signal in 
2, 2 shows Fa 0.16 ppm upfield at -143.51 ppm, and F, 0.51 
ppm to higher field at -143.86 ppm. Clearcut evidence for 
anisotropic shielding by the phenanthrenoid group in 3 of 
fluorines is not apparent, especially if the shielding should 
manifest itself most strongly for the vicinal ortho/meta pair 
of fluorines sy~! to the phenanthrenoid, e.g., FJF,. In 1, F, 

and F, show the larger upfield shifts relative to signals in 
2, but F, and F, are on "opposite sides" of the C,F, ring: 
they are not vicinal, based on 19F-19F COSY45 results. 

Comparing 19F chemical shifts for 2 and 2 

Because of low solubility in CDC13, the E- 
pentafluorophenylmaleamic acid, 5, had to be examined in more 
polar solvents, CD,COCD3 or CD3SOCD3, so chemical shifts can 
not be compared to results in CDC1, for the other compounds. 
The ambient temperature 19F spectra of 5 in d6-acetone or 
d,-dimethyl sulfoxide were only moderately resolved with 
respect to fine structure. Variable temperatur,e (V/T) 19F 

NMR studies indicated some unusual temperature dependence. 
We plan to report these results separately. We note here 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
2
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



688 

Table 2 

Nucleus 

Fa 

Fb 

Fc 

Fd 

Fe 

AMIN ET AL. 

19F NMR chemical shifts at 282 MHz (pprn). 

- 3 - 2 - 5 

-143.51 -143.35 -144.14 

-161.68 -161.14 -162.94 

-151.22 -151.40 -157.46 

-160.07 -161.14 -162.94 

-143.06 -143.35 -144.14 

&&es to T&I&: Chemical Shifts are relative to CFC1, as 
internal standard at 0.00 ppm, in CDC1, for adduct 1 and 
maleimide 2 ,  or in d,-DMSO for maleamic acid 5 ,  at ambient 
temperatures. Nucleus label designations are based on gross 
multiplicities (i.e. doublets for [ F a ,  F,], triplets for 
mg$.a [Fb, Fdl and ~ a r a  [F , ] ,  relative peak areas, and 19F-19F 
COSY45 data (for 1). See -. 

only the d,-DMSO results at 2 0 ° ,  which exhibited somewhat 
broad signals of a 2F intensity gross ttdoublet" (ortho) at 
-144.14 ppm, 1 F  intensity triplet (u, 3J = 23.0 Hz) at 
-157.46 ppm, and 2F intensity gross "triplettt (m) at 
-162.94 ppm. Note that the 'H NMR of 5 (CD3COCD3, ambient 
temperature) showed the expected AB quartet for the olefinic 
protons at 6.74 and 6.46 ppm, with observed coupling 12.53 
Hz, consistent with geometry for the HC-CH group. The 
broad amide NH signal was assigned at 10.17 ppm. NMR data 
for C,F,NH,, 4, have been reported for both 'H and 13C (24) and 
19F (25). Table 2 summarizes the 19F NMR shift data from this 
present work for the phencyclone adduct, 3 ,  the maleimide 2, 
and the maleamic acid 5. 

The 'H NMR for 3 indicates chemical shifts and magnetic 
anisotropic effects within the bridgehead phenyls and the 
phenanthrenoid moiety similar to previously reported adducts 
of 1 with N-substituted maleimides (13-18). This suggests 
similarities with respect to equilibrium conformations of the 
C,H, groups and probably also the stereochemistry of the 
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HINDERED ROTATION AND MAGNETIC ANISOTROPY 689 

Diels-Alder addition, presumably a. Table 1 includes 'H 
NMR data to compare 2 with the parent, phenanthrene. The 
striking shift differences between corresponding protons in 
the phenanthrenoid moiety of 3 and the reference hydrocarbon 
were discussed by us earlier. 
strong shielding by the CbH5 rings, i.e., for H-1,8 of 2. 

They are consistent with 

CONCLUSIONS 
We have reported the preparation of N-pentafluoro- 

phenylmaleimide, 2, by cyclodehydration of the maleamic 
acid, 5, derived from reaction of pentafluoroaniline, 4, with 
maleic anhydride. Phencyclone, 1, undergoes Diels-Alder 
addition with 2 to form the adduct, 2. The 300 MHz 'H and 75 
MHz 13C NMR spectra of 2 in CDC13 (or CD3COCD,) at ambient 
temperature are fully consistent with SEL systems with 
respect to sterically hindered rotations of the unsubstituted 
bridgehead phenyls about the C ( sp2) -C (sp') bonds, suggesting 
nonbonded interactions between the phenyl ortho H-2',6' and 
the phenanthrenoid H-1,8, similar to previously prepared 
adducts in this series. "F NMR studies ( 2 8 2  MHz) were also 
carried out on 2, 3 and 5.  While the presence of three 
fluorine resonances in 2 and 5 was expected, corresponding to 
ortho ( 2 F ) ,  meta ( 2 F ) ,  and ~ a r a  (1F) signals, 2 showed 
equal intensity fluorine signals, as two gross doublets 
(ortho Fa, FJ, and three gross triplets F,, F, and ~ a r a  

Fc). This implies: (a) hindered rotation and an SEL regime 
for C,F, rotation about the C(sp2)-N bond in 3 ,  and (b) a 
preferred conformation in which the C,F, ring essentially 
lies in the mirror plane of 2, perpendicular to the 
pyrrolidinedione ring. Both 'H and 19F 2D NMR (COSY45 or 
COSYSO) were employed to define correlations and permit 
assignments of the respective spin systems. 
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