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ABSTRACT
Racemic rimantadine, 1, has been studied by NMR in

CDCl; solution with the achiral shift reagent,
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tris(6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-
octanedionato)europium(III), 2, and the chiral
reagents, tris[3-(heptafluoropropylhydroxymethylene)-
d-camphorato)europium(III), 3, and tris(3-(trifluoro-
methylhydroxymethylene)-d-camphorato]europium(III), 4.
Substantial lanthanide induced shifts were observed for
all proton signals of 1 with each reagent.
Enantiomeric shift differences were seen for the CH,
absorption using 3 or 4, with larger values for 4.
Direct optical purity determinations of 1 should be
possible using 4. Complete unambiguous 'H and Be NMR
assignments for unshifted rimantadine were obtained

using both 1-D and 2-D techniques.

INTRODUCTION

Rimantadine, l,Cx-methyltricyclo(3.3.1.13J]decane—
l-methanamine, is an adamantane derivative that has
been studied for its antiviral and other pharmaco-
logical activity (1,2). The resolution of 1 into its
enantiomers has been reported together with their
specific rotation data at several wavelengths (3).
Numerous derivatives of adamantane have been studied
using NMR lanthanide shift reagents (LSR), since the
rigidity of the ring system is particularly amenable to

LSR structure determinations. A few examples of LSR

studies of adamantyl derivatives by 'H NMR include
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hydroxyadamantanes and l-adamantanemethanol (4); 1- and
2-adamantanol (5); l-adamantylamine, 1l-adamantanol, 1-
adamantanemethanol, l-adamantanemethanamine, and
analogs (6): numerous l-adamantyl derivatives (7); and
some alkyl- (8) and halogen-substituted (9)
adamantanones. There do not appear to have been any
LSR studies on 1 itself. 1In particular, in view of the
existence of enantiomers of 1, we were especially
interested in studies with chiral LSR to explore
possible direct optical purity determinations. The use
of achiral and chiral LSR has been extensively reviewed
(10-17).
EXPERIMENTAL

A sample of racemic rimantadine hydrochloride, 1-
HCl1l, was provided by Hoffmann-La Roche Inc., Nutley, NJ
07110, U.S.A. as lot no. 15918-14, sample Ro 22-

1859/004. Chloroform-d, (99.8 atom % D) obtained from
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Aldrich Chemical Corp., Milwaukee WI 53201, U.S.A., or
form Norell, Inc., Landisville NJ 08326, U.S.A., was
dried over 3A molecular sieves. Shift reagents were
obtained from Aldrich and were stored in a desiccator
over P,0;. Materials were used as supplied except as
noted.

In general, for LSR studies by 60 MHz 'y NMR, an
accurately weighed portion of 1, as the free base (see
below), typically about 14 mg, was added to 570-630 mg
CDC1l; [containing about 0.5%-tetramethylsilane (TMS) as
internal standard] in an oven-dried NMR sample tube and
dissolved by shaking; increments of shift reagent were
added, dissolved by shaking and the spectra immediately
recorded.

Spectra were obtained with a Varian EM360A 60 MHz
'H NMR spectrometer or a General Electric QE300
spectrometer at probe temperatures of 28° or 26° (+1°),
respectively. The 60 MHz 'H decoupling experiments
were performed using the Varian EM-3630 lock/spin
decoupler accessory. In 60 MHz spectra where TMS was
obscured by shift reagent peaks, CHCl, (present as an
impurity in the solvent) was used as internal standard.
For samples with chiral LSR added, when enantiomeric
shift differences, AAS, were observed, average chemical
shift values for the two optical antipodes are reported

here.
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For all spectra obtained on the QE-300 except the
long range Be-'4 correlation (CSCMLR) spectra, the
rimantadine concentration was 0.1706 molal. For the
CSCMLR experiments, a 0.836 molal solution was used.
The CSCMLR experiment was that described in GE
Applications Note No. 860310 (18) and uses the TANGO
pulse sequence (19). Optimum sensitivity for detection
of non-protonated carbons was achieved with a value of
30 msec for the delay, "D7," in this sequence. Observe
frequencies of 300.15 and 75.48 MHz were used for 'H
and “c, respectively. Chemical shifts are referenced

1

to internal TMS at 0.00 ppm for H. ¢ chemical shifts

are given relative to the center peak of CDCl; (77.0
ppm) .

Preparation of Free Base of Racemic 1: Racemic 1-HC1l
(262.7mg, 1.217 mmol) was dissolved in 12ml H,0 and
treated with ca. 8ml ag. 5% NaOH and 1.5 gm NaCl. The
mixture was extracted with CH,Cl, (8 ml) followed by
three additional 5 ml portions of CH,Cl,. The combined
organic extracts were dried over Na,CO; (anh.) and
solvent was removed on a rotary evaporator (at
aspirator pressure and a bath temperature of 50°) to
constant weight, to give 203.8 mg of the free base of
1, 93.4% recovery of an off-white oil which was used

for NMR studies without further purification. All free

base samples of 1 were routinely stored under N,.
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RESULTS AND DISCUSSION

The preliminary 60 MHz 'H NMR spectrum of racemic
1 (0.124 molal in CDCly at 28°) was fairly
uninformative because of little useful fine structure
in the signals of the adamantyl ring protens.

Because of questions of assignments of 1, extended

13C

studies were performed using 300 MHz 'H and 75 MHz
spectra. For 0.1706 molal 1 in CDCl, at 26°, the 'H
spectrum clearly allowed assignments of the sidechain,
as follows (8, ppm): 2.40(1H, q, 37=6.61 Hz, CHCH,);:

1.04 (2H, br s, NH,); 0.97 (3H, t, °

J = 6.63 Hz, CHy).
See Fig. 1. The ring protons appeared as a 3H broad
singlet (with shoulders) at 1.99 ppm, presumably the
tertiary bridgehead methines H(3,5,7); an apparent AB
guartet centered at 1.67 ppm with observed J=11.7 Hz
and a separation of 14.4 Hz between the central peaks,
with 6H intensity; and lastly, a 6H intensity distorted
AB quartet centered at 1.51 ppm. This latter AB
quartet showed the two central peaks barely separated
by 1.2 Hz and low intensity outer lines with apparent J
ca. 13 Hz. Thus, the 1.51 signal represents two sets
of protons that are nearly isochronous, in contrast to
the 1.67 multiplet which reveals greater chemical shift
nonedquivalence. We initially favored assignment of the
protons at C(2,8,9) to the 1.51 signal, since the shift
nonequivalence would reside only in the chiral

sidechain inducing a difference in the diastereotopic
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proton pair at each methylene. The protons at
C(4,6,10) might differ more significantly by being syn

or anti to the sidechain and could ke assigned to the

1.67 AB quartet. This would leave H(3,5,7) as the
broadened 1.99 signal, reflecting known small vicinal
'H-'# couplings of the adamantane skeleton, due to
dihedral angles of about 60° (17, 20, 21).

The proton-decoupled Be spectrum, Fig. 2, showed
the expected six signals at 55.85, 38.16, 37.35, 35.90,
28.54 and 16.97 ppm. Based on the downfield position
of the 55.9 ppm signal, the very low intensity of the
35.9 ppm signal, and results of a series of DEPT
experiments, tentative Be assignments were made as in
Table 1, with the methylene assignments possibly
reversed. Single frequency "on resonance" 'H
decoupling established that the carbon at 38.2 ppm was
attached to the protons which absorbed at 1.51 ppm,
while the carbon at 37.4 ppm was bound to the protons
with signal centered at 1.67 ppm. There was some
evidence in a symmetrized COSY spectrum of long range
coupling between the methine at 2.40 ppm and the
methylene at 1.51 ppm (circled in Fig. 3). This
suggested that the 1.51 ppm signal was due to H(2,8,9)
since only these protons would have potentially
observable four bond coupling to the sidechain methine

at 2.40 ppm.
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Fig. 2. The Be spectrum of 1 at 75.48 MHz, with 400
acquisitions, 48° pulses, recycle time of 2.81 s and
resolution of 1.22 Hz. Processing was with an
exponential line broadening of 2.00 Hz.



04: 01 30 January 2011

Downl oaded At:

310 BLUMENSTEIN, ROSS, AND ROTHCHILD

| L R S B B (R AL B B AL
2.4 2.2 2.0

Fig. 3. The 'H-'H COSY spectrum of rimantadine, with
8C0 Hz spectral width, 640 msec acquisition time and
1.14 s recycle time. The weak crosspeak of a possible
long range coupling (see text) is circled. The COSY
spectra are in the magnitude mode with 8 acquisitions
of 512 points for each of 128 t, values. Processing
was with unshifted sine-bell apodization in both
dimensions with zero filling once in t, for a final
data matrix of 256x256, which was symmetrized.
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‘This assignment was unambiquously confirmed by the
long range Be-'H correlation experiment, Fig. 4, which
mainly shows two- and three-bond couplings, with some
residual direct \Jw couplings. A clear correlation is
seen between the 55.9 ppm carbon, H,NCH, and the 1.51
ppm proton signal, allowing rigorous assignment of this
as H(2,8,9) by 3Jm' No such correlation is seen for
the 1.67 ppm signal, thereby establishing that the 1.67
ppm signal is due to the other set of methylenes,
H(4,6,10). With these " assignments now firmly in
hand, the assignments of the Be signal at 38.2 ppm to
C(2,8,9) and at 37.4 ppm to C(4,6,10) can be made. All
other correlations in the long range CH correlation
spectrum are fully consistent with previous
assignments. The utility of some of these 2-D NMR
techniques for structure determination in some related
systems has been reported (22-24).

Interestingly, close inspection (Fig. 4b) of these
latter correlations may permit assignment of syn versus
anti protons H(4,6,10) (Ho4l- A dihedral angle of

about 60° obtains for C(2)-H(4 and the dihedral

syn) '

angle is near 180° for C(2)-H(4 with a larger

anti) 4

coupling expected for the anti protons. The H(4,,)
should have 180° dihedral angles with C(6,10) and
substantiel 3J would be expected, in contrast to the

smaller °J expected with the near 60° dihedral angles



04: 01 30 January 2011

Downl oaded At:

312 BLUMENSTEIN, ROSS, AND ROTHCHILD

—_ —— I i
___________ 5 B
] T T T T l T T T T ‘ T T T 1 I T T
.5 2.0 1.5 1.0 PPM

Fig. 4 (a) The "long range" Be-'4 correlation
spectrum (GE "CSCMLR" experiment, see text) of 1, with
2 s pulse delay, and “C acquisition time of 102. 4

msec. The ¢ spectral width was 5000 Hz w1th 512 real
points for a resolution of 9.77 Hz. The 'H spectral
width was 600 Hz with 512 points (after zero filling)
in the 'H dimension for a resolution of 1.17 Hz. Data
in both dimensions were processed with a Lorentzian-
Gaussian function using a standard GE software value of
DM=3. (b) Expansion of Fig. 4a.

PPM
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Fig. 4 continued
of E(4,,) to C(6,10). Thus, C(2,8,9) should be more

strongly coupled, with larger 3J, to the anti H(4,6,10)
and C(4,6,10) more strongly coupled to the syn
H(4,6,10). In Fig. 4b, more intense crosspeaks are
seen with the downfield portion of the 'H AB quartet
centered at 1.67 ppm and the carbon resonance at 3§.2;
the carbon signal at 37.4 more strongly correlates with
the upfield portion of this AB quartet (and with the

proton signal at 1.51 ppm). If the larger crosspeaks
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in Fig. 4b correspond to larger coupling constant

magnitudes, then the ' ana "

C methylene assignments
discussed above may be extended, with the long range CH
correlation spectrum permitting assignment of syn and
anti H(4,6,10). Since C(2,8,9) should be more strongly

coupled to anti H(4,6,10) because of a 180° dihedral

angle, the strong crosspeaks for the downfield half of

the 1.67 ppm proton AB quartet indicate this half to be

the anti protons. The upfield half is strongly
correlated to C(4,6,10), consistent with appreciable 33
for the syn protons and a dihedral angle near 180°.
The assignments are summarized in Table 1.

Since the basic NH, is known to efficiently bind
LSR, it was expected that complexation should occur at
this site in 1. Variation of chemical shifts observed
upon incremental addition of the achiral reagent,
tris(6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-
octanedionato)europium(III), 2, is shown in Figure 5.
The lanthanide induced shift, zﬁ<5 , 1s defined as the
chemical shift of a nucleus in the presence of LSR
minus the chemical shift of the samz nucleus with no
added LSR. As expected, because of proximity to the
binding site, extremely large ZLS values were seen for
the NH,. The sidechain CH and CH; resonances were also
substantially shifted by added 2. Interestingly, some

variations in the relative slopes in the plots of
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12 ; . . .
Teble 1.'W end -°C chemicel shifts ( 5: ppm) of rimartacdine

Fretor I gkift I Cerbon I shift

| P |

2,8, | 1,512 1l 2.,8,¢ | 38.16
1 1 i

3,547 | 1.99 Pl 3,5,7 | 28.55
| b |

4,6,10 | 1.63b Il 4,€,10 I 37.35
(syn) | Hl |
| K I

4,6,10 | 1.71b f 1 | 35.¢0
(anti) } | |
[ N |

X-CE | 2.40 Il  o¢-CE |  55.85
| 1 I

CHy | 0.97 P CH, | 16.97
! i [
NH, | 1.04 1 |

&

Approxirate AB cuertet; evercge shift given for
ciasterectopic pairs..

b galf of approximete EB quartet centered at 1.67 ppm;

observed Jgem = 11.7 Ez.

chemical shift versus 2:1 ratio were noted for the
sidechain CH and CH;. At 2:1 ratios below ca. 0.5, the
methyl signal had greater slope (and larger induced
shifts) but the methine had greater slope at higher
ratios, suggesting a possible change in bound complex
geometry or stoichiometries. Assignments for the
adamantane skeleton protons are fully consistent with
those of Table 1. Vicinal couplings in this system are

known to be small, ca. 2.6 Hz, since HCCH dihedral
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Fig. 5. Variation of 'H chemical shifts of 1, in ppm,
with molar ratio of 2:1.

angles are close to 60° (17, 20, 21). At 60 MHz, with
lanthanide induced line broadening, clean multiplets to
permit assignments are generallyvnot seen. At a 2:1
ratio of 0.841 (the highest ratio examined here)

splitting fine structure was no longer observable in
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the signals of the CHCH; moiety. Because of the chiral
center, the two hydrogens of each CH, group [H, , ] at
C(2,8,9) are diastereotopic. Evidence for their
nonequivalence is seen in their appearance as an AB
guartet with very small outer lines, reflecting
substantial geminal 2y coupling of ca. 12 Hz. 1In
contrast, the protons of the CH, groups at C(4,6,10)
(Hmd) are diastereotopic by virtue of being syn or anti
with respect to the sidechain (and to added LSR), and
these exhibit separate signals at 2:1 ratios above 0.3.
Larger A& is seen for the syn relative to anti as
expected based on distance from the lanthanide binding
site. The syn protons H_ are upfield of Hy in
unshifted 1 and move downfield past H, as LSR is added.
It is especially striking that H(2,8,9), at higher
field than H(4,6,10) in unshifted 1, displays
substantially greater induced shift magnitudes. With a
2:1 molar ratio near 0.016, the chemical shifts of both
sets of methylenes are nearly identical; H(2,8,9) has
moved to lower field than H(4,6,10) with a 2:1 ratio of
0.356. With a 2:1 ratio near 0.05, H(2,8,9) coincides
with H(3,5,7). Anisochronicity of syn and anti
H(4,6,10) has essentially disappeared as the syn
protons move past the anti; their signal appears as a
broad singlet with no sign of AB quartet splitting.

With 2:1 ratios above 0.1, the syn protons are further
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downfield than the anti, and AB quartet fine structure
is again apparent, becoming especially obvious at 2:1
ratios above 0.3.

Our results appear consistent with some previous
reports. In an earlier study of l-adamantanemethanol
with tris(dipivalomethanato)europium(III), Eu (DPM) 4,
Cockerill and Rackham (4) observed slightly greater
slopes for the syn 2° hydrogens [corresponding to H, at
C(4,6,10) of 1] than for the 3° hydrogens
{corresponding to H, at C(3,5,7) of 1) in plots of
chemical shift versus molar ratio of LSR to substrate.
However, these slope values were the same within the
authors' experimental error. Using some geometric
assumptions regarding the LSR binding, the syn
hydrogens were estimated as 0.25+ 0.06 g closer to the
Eu than were the 3° methines. For the 1-
adamantanemethanol, larger induced shifts were seen for
H(2,8,9) and smallest for anti H(4,6,10), H;. The
CH,0H had the largest AB of any of the carbon-bound
hydrogens. For the homologous 1-(2-hydroxyethyl)-
adamantane, the 3° methine signal was further downfield
than the 2° H (corresponding to H, o of 1) in the
absence of LSR, although the 2° H were shifted further
downfield when LSR was added. Wahl and Peterson (5),
using l-adamantancl and Eu(DPM); in CDCl,, observed

slightly greater induced shifts for the syn-H(4,6,10)
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than for the tertiary H(3,5,7). Their geometric
approximations suggested that the former would be about
0.21 X closer to the bound Eu. We note that an early
NMR study of l-bromocadamantane assigned the 6H
intensity signal at lowest field to the 2° protons,
H(2,8,9)J with the 3° protons at slightly higher field
(25). This apparent contrast with our analysis of 1
can be explained by the greater expected inductive and
field deshielding effects expected for bromoadamantane.
In 1, the electronegative atom is one bond further from
the ring, and the dominant effect reflects greater
deshielding of 3° versus 2° hydrogens [as was seen for
1-(2-hydroxyethryladamantane) j.

Increments of the chiral reagent tris{3-
(heptafluoropropylhydroxymethylene) -d-
camphorato)europium(III), 3, known as Eu (HFBC);, were
added to a 0.136 molal solution of 1 in CDCl; to
produce the chemical shifts shown in Figure 6.
Bnantiomeric shift differences, AAS, defined as the
difference in chemical shift between corresponding
nuclei of enantiomeric molecules in the presence of
chiral LSR, were seen for the CH; signal of 1 at 3:1
molar ratios of 0.22 or higher. The CH; signal
appeared as a slightly broadened triplet (due to the
overlap of the doublet signals from each enantiomer)

for 3:1 ratios of ca. 0.33-0.50, indicating AA(S
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Fig. 6. Variation of 'H chemical shifts of 1, in ppm,
with molar ratio of 3:1. Note: Where enantiomeric
shift differences occur, average chemical shift values
for the optical antipodes are presented.

approximately equal to the vicinal coupling. At the
highest 3:1 level examined, 0.824, lanthanide induced
broadening became more severe and the triplet
(resulting from overlap of the doublet CH; signals for

each enantiomer) was more poorly resolved. These
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results are shown in Figure 7. The induced shifts were
similar to those seen with 2. Since the magnitudes of
AAS obtained with 3 were somewhat limited, a different
chiral LSR was examined.

In order to examine the possibility of obtaining
more analytically useful‘ﬁﬂs magnitudes, 1 was examined
as a 0.136 molal solution with added increments of
tris{3-(trifluoromethylhydroxymethylene)-d-
camphorato]europi .m(III), 4, known as Eu(TFC); or
Eu(FACAM);. Results were considerably improved
compared with AAS values seen with 3, although at
comparable molar ratios of LSR:substrate the lanthanide
induced shifts for the CH; signal were less with 4 than
with 3. For example, with a 3:1 ratio of 0.0998, the
methyl resonance of 1 appeared as a clean doublet, with
no sign of AA&, at 3.70 ppm. With a 4:1 molar ratio
of 0.0961, the methyl resonance is a sharp triplet at
2.63 ppm (due to overlap of the CH; doublet signals
from each enantiomer) i.e., AA6 is equal to the
vicinal CH;CH coupling of about 6.2 Hz. The finely
resolved triplet is characterized by average valley
heights between the three peaks of only 11.9% of the
central peak height, as measured to a baseline joining
the noise floor on either side of the triplet.
Interestingly, the signal of the methine at the chiral

center appears simply as a broadened quartet,
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o

indicating smaller LL0 even though this methine is
directly attached to the chiral center and one bond
closer than the CH; to the LSR binding site on
nitrogen. With a 4:1 ratio of 0.349, the CH; appsars
as four lines of nearly equal intensity (double
doublet) and almost equal spacing, since ;L:;é is 12.6
Hz (about twice the vicinal coupling constant of 6.45
Hz at this molar ratio). The valley separating the two
doublets was approximately 46% of the average peak
heights, so that direct optical purity determinations
of samples of 1 should be possible under these
conditions. Higher 4:1 ratios resulted in decreasing
Zk[&&. These results with 4 are shown in Figures 7 and
8. The observed small coupling constant variations for
the sidechain as LSR:substrate ratio is changed are not
unusual and probably reflect slight hybridization
changes as the LSR (a Lewis acid) binds to the amino
group. We observed an average 33 for CH;CH of

unshifted 1 of 6.61 Hz and the slight changes are close
to expected ekperimental error.

Further improvement in analytical utility for
optical purity determinations of 1 with 4 could be
achieved by means of homonuclear double resonance,
irradiating the sidechain methine signal to collapse
the methyl doublets (from each enantiomer) to two

singlets, as illustrated in Figure 9. Improved
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Fig. 8. Variation of '"H chemical shifts of 1, in ppm,
with molar ratio of 4:1. See Note for Fig. 6 caption.

.

resolution of the signals of each enantiomer, with
valley heights as low as 25% of the average peak
heights for the two CH; singlets, was readily obtained.
About 7% of a minor enantiomer should be detectable

under these conditions.
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Perhaps most significant is the improved LA

observed for the CH; signal of 1 with 4 versus 3,
especially in light of the larger AA8 values occurring
at smaller induced shifts. This suggests that there is
a greater sense of nonequivalence between the
enantiomers of 1 when they bind to 4 than to 3. The
observed increase in AA6 with 4 is not simply a result
of greater binding constant, since the induced shifts
are smaller (than with 3 at comparable molar ratios)
but must suggest different geometries in the
corresponding bound complexes. Evidently relatively
small changes in LSR structure are important, since 3
and 4 differ only by a CF,CF, moiety. Two factors
which may be crucial are: (a) steric hindrance in 3
versus 4 because of the longer ligand chains, and (b)
increased Lewis acid strength in 3 versus 4. We have
seen that the stronger acid, 3, may generally be
preferred with less basic substratés, e.g., amides, and
the weaker acid, 4, may be superior with strongly
complexing substrates such as 1, a primary alkyl amine.
The ¢ NMR assignments presented here for
unshifted 1 are of interest in relation to extensive
B¢ NMR studies of adamantane derivatives and analogs
(22-37, and references cited therein). Assignments in
some of these earlier reports have employed shift

reagents (26,28,31,32,34-36), SFORD (26-30, 36) and
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selective decoupling (27,29) as well as relative
intensities (by inverse gated decoupling with broad
band 'H decoupling and nOe suppression) (27) and
ancillary methods.
SUMMARY

We have reported results of achiral and chiral
LSR, 2, 3 and 4, on the 'H NMR spectra of 1.
Differences were found between the three LSR in the
observed relative magnitudes of induced shifts, and
between tﬁe chiral LSR 3 and 4 in terms of inducing
enantiomeric shift differences for the CH; signal of 1.
Reagent 4 showed considerable potential for use in
direct optical purity determinations of 1 at 4:1 molar
ratios from 0.1-0.5, with ratios near 0.35 being
optimal. 'H and C chemical shifts for 1 were obtained
using techniques which allowed strictly rigorous
assignments that can permit further consideration of 1

on the basis of various substituent chemical shift

rules.
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