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An improved fully stereoselective synthesis of both enantiomers of rimantadine and its
trifluoromethylated analogues has been developed, using N-isopropylsulfinylimines as
starting chiral material, proving the superiority of the isopropyl group as chiral inducer over
the tert-butyl group in the case of hindered N-sulfinylimines.

Enantiomerically pure amines are of interest as chiral building blocks for numerous biologically
active compounds, as intermediates in the synthesis of pharmaceutical drugs, and as ligand in
organic and organometallic catalysis.! The stereoselective 1,2-additions of organometallics to
imines constitutes one of the most direct approaches for the synthesis of chiral amines.
Interestingly, in contrast to the main chiral transformations, where a catalytic approach is always
preferred to a stoichiometric one, the synthesis of chiral amine is an exception owing to the
particularity of chiral N-sulfinylimines. Indeed, in the last two decades chiral N-sulfinylimines have
proven to be ideal substrates for the synthesis of structurally-diverse enantiopure amines, not only
for laboratory experiments but also for industrial scale production.?

The pioneering work of Davis group at mid-90s, using p-tolylsulfinilimine, demonstrated the
great potential of the sulfinylimime approach where the sulfinyl group plays the triple role of chiral
auxiliary, activating the CN bond, and an easily removable amine’s protective group.® However, the
real breakthrough in the field came with the use of the bulkier N-tert-butylsulfinylimines,
synthesized for the first time by Garcia-Ruano, Fernandez and col. in 19964 and extensively
developed by Ellman, one year later.> The development of highly efficient methods for the
synthesis of the starting N-tert-butanesulfinamide, currently commercially available in both
enantiomeric forms, and known as Ellman’s reagent, contributed to the great success of the
approach, as evidenced by its innumerable applications described in the literature.? More recently,
we introduced the N-isopropylsulfinylimines as an alternative intermediate to both tert-butyl and p-
tolylsulfinylimines. The advantage of this chiral controller is based on its ability to induce a greater
chiral discrimination than the p-tolylsulfinyl group and a higher reactivity than the tert-butylsulfinyl
group, while maintaining or even exceeding the chiral induction of the process. The usefulness of
the isopropylsulfinyl group was demonstrated as chiral organcatalyst in the allylsilylation of
hydrazones® and as chiral inductor in the enantioselective synthesis of various trifluoromethyl aryl
amines including the trifluoromethyl analogue of the calcimimetic drug R-(+)-NPS R-568.” The
isosteric substitution of hydrogen by fluoride is of special interest in the design of new drugs, with a
critical role and impact in drug potency, often significantly improving their pharmacological
properties.? Guided by our interest in the synthesis of trifluoromethylated derivatives of biological
relevance,®® we became interested on Rimantadine. Rimantadine, 1-(1-adamantyl)ethylamine, an
antiviral used in the treatment of type A influenza by inhibiting proton conductance of the M2 ion
channel of the virus,!° is also used as an antiparkinsonian drug thanks to its NMDA antagonistic
properties.!! Rimantadine was approved by the Food and Drug Administration (FDA) in 1994 and
commercialized as a racemic mixture. Currently, rimantadine is no longer clinically used due to the
loss of its therapeutic efficacy, as a consequence of the preponderance of resistant viral strains.
Surprisingly, although the antiviral effect of rimantadine and analogues has been known for more
than four decades, the study of the relative activity of the two enantiomers at the molecular level
was only addressed in 2016. Although it is known that in vivo both enantiomers of rimantadinne
has the same therapeutic efficacy, the reported in-vitro results are controversial. Solid state NMR
and molecular dynamics studies conducted very recently, and for the first time, suggest that (R)-
rimantadine enantiomer binds more strongly than (S) enantiomer to the M2 channel.*? However,
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functional assays supported by theoretical and by ITC studies showed, at the contrary, that both
enantiomers have the same affinity for the M2 channel.*®

Based on these premises and due to the structural simplicity of rimantadine and its interesting
mode of action at the molecular level, there is a continuing interest in developing analogues of
rimantadine to combat the threat that continues to present Influenza.* Recently, various
procedures have been developed to access both enantiopure (R)- and (S)-rimantadine, such as
the optical resolution of the commercially available racemic rimantadine,® or the application of
enzymatic methods for the reductive amination of methyl adamantyl ketone.'® However, until now
there is only one approach, recently reported, for the stereoselective synthesis of deuterated
rimantadine enantiomers.’? In this paper we present our methodology to the enantioselective
synthesis of both enantiomers of rimantadine, 1(R) and 1(S), as well as their corresponding
triffluoromethylated analogues, 2(R) and 2(S).

A retrosynthetic analysis of enantiopure (R)- or (S)-rimantadine shows that both enantiomers
(R>=Me, Scheme 1) could be prepared by nucleophilic addition of methyl Grignard to the adequate
N-sulfinylaldimine | (route a, Scheme 1), or by stereoselective reduction of C-N double bond of the
N-sulfinylketimine 1l (route b, Scheme 1). Taking into accounts our interest in developing a
methodology that allows the preparation of not only enantiopure rimantadine but also its
trifluoromethyl analogues, route (a) seemed to be most appropriate.
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Scheme 1. Retrosynthetic
scheme of enantiopure (R) or (S)-rimantadine and analogs.

Commercially available Ellman’s sulfinamides, (R)- and (S)-tert-butylsulfinamide (3(R), R* = tBu,
Scheme 1) provides a fast and direct access to the corresponding enantiomeric sulfinylaldimines,
5(R) and 5(S) respectively, by condensation with 1-adamantyl carboxaldehyde 4, Scheme 2. Thus,
oxidation of 1-(adamantyl)methanol to the corresponding aldehyde, followed by condensation with
(R)-N-tert-buthylsulfinamide 3(R), produced the (R)-N-(adamantan-1-ylmethylidene) tert-
butylsulfinylaldimine 5(R). This aldimine was treated with methyl Grignard at -78°C and the
reaction was left to rise to r.t., to give the addition product as a mixture of both diastereomers
6(Rs,Sc) and 6(Rs,Rc) in moderate chemical yield (60%) and diastereomeric ratio, (80:20 d.r.)
(Scheme 2). This result can be rationalized by invoking the steric hindrance of the tert-butyl and
adamantyl groups, which forces on one hand to raise the temperature so that the reaction takes
place and on the other, to promote the formation of N-(adamant-1-ylmethyl) tert-butanesulfinamide
via competitive reduction of the imine.!” A similar behaviour was observed in the addition of
Ruppert-Prakash's to the tert-butylsulfinylaldimine 5(R), vyielding the corresponding
trifluoromethylated diastereomers 7(Rs,Rc) and 7(Rs,Sc), with low chemical yield (50%) and only
moderate diastereoselectivity (82:18 d.r.), (Scheme 2).
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Scheme 2. Nucleophilic additions to N-tert-butylsulfinylaldimine 5(R).

In light of these results we decided to contrast the behavior of N-isopropylsulfinilimines in the
synthesis of the challenging rimantadine enantiomers as representative of sterically hindered
amines. (R)- and (S)-N-(adamantan-1-ylmethylidene) isopropylsulfinylaldimine, 10(R) and 10(S),
were prepared in a two-step one-pot procedure by reaction of LHMDS with the corresponding
isopropylsulfinate  9(S) and 9(R), respectively, followed by condensation with 1-
adamantylcarboxaldehyde 4 in THF, in the presence of CsF. The isopropylsulfinylating agents 9(S)
and 9(R) were prepared formerly as previously described, from dicyclohexylidene-D-glucose
(DCGOH) and isopropylsulfinyl chloride 8 as starting materials by the diastereodivergent "DAG

methodology" (scheme 3).18
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Scheme 3. Diastereodivergent synthesis of N-isopropylsulfinylaldimines 10(S) and 10(R).

Starting with the trifluoromethylated analogues, the condensation of Ruppert-Prakash’s reagent
with isopropylsulfinylimines 10(S) was accomplished in toluene and the temperature was
maintained at -50 °C. 'H and '°F NMR analysis of the crude mixture show that the reaction takes
place with a 50% conversion and a total diastereoselection in favor of the trifluoromethylated
sulfinamide 11(Ss,Rc) (Scheme 4). Fortunately, the trifluoromethylated sulfinamide obtained was
easily purified by flash chromatography and the unreacted sulfinylimine recovered and reused.
Raising the temperature has a beneficial effect on the reaction conversion (100%), in detriment of
the diastereoselection. As it has been stated in other similar substrates, the stereochemical
outcome of the addition of the trifluoromethyl group can be rationalized by a non-chelated Cram
model with the approach of the nucleophile on the less hindered si face of the C-N double bond.
Desulfinylation of N-sulfinamide 11(Ss,Rc) with 4N HCI in methanol at 0°C provided the
corresponding trifluoromethylated rimantadine hydrochloride analogue 2(R). Following a similar



route, starting from the N-sulfinylimine 11(Rs,Sc) the enantiomeric trifluoromethylated analogue of
(S)-rimantadine hydrochloride was also obtained (Scheme 4).
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Scheme 4. Synthesis of enantiopure trifluromethylated rimantadine analogues 2(R) and 2(S).

In the case of rimantadine and homologues, the reaction of N-isopropylsulfinylimine 10(R) with the
Grignard reagent (R= Me or Et) did not yield the expected addition products to the double bond.
Instead, a mixture of products was obtained as a result of the reduction of the imine, together with
the nucleophilic attack of Grignard!” reagent on sulfinyl sulfur atom* (Scheme 5). Unfortunately,
the addition of a Lewis acid (BF3.OEt,) as an additive did not improve the result.*®

O\ ;‘.' O\ , R
ProNT —A—— Sy
10(R) H

RMgX
Toluene, R=Me, Et
-78tor.t.

O\ ;. O\ ’:-.

iPr”S‘H@ + RSP+ OHC\@

Scheme 5. Reaction products by treating N-sulfinylimine 10(R) with grignard reagents.

At this point, we, therefore, decided to evaluate route b (Scheme 1) for the synthesis of both
enantiomers of rimantadine, using N-isopropylsulfiniylketimines as starting intermediates. The
advantage of this approach lies in the possibility of obtaining the desired enantiomer of rimantadine
through the appropriate choice of the reducing agent, through a diastereodivergent process. Both,
tert-butyl and isopropylsulfinylketimines 12(R) and 14(R) were prepared as indicated in Scheme 6,
by condensation of the methyl adamanthyl ketone with the corresponding alkylsulfinamide, in the
presence of titanium tetraethoxide.
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Scheme 6. Synthesis of N-sulfinylketimines 12(R) and 14(R).

The reduction of N-tert-butylsulfinylketimine 12(R) with L-selectride yielded the sulfinamide
6(Rs,Sc) as the major diastereomer in high chemical yield and 80% d.e.. When DIBAL was used
as the reducing agent, sulfinamide 6(Rs,Rc) was obtained with 92% chemical yield and 75% d.e.
In both cases a chromatographic separation was necessary to obtain the diastereomerically pure
sulfinamides (Table 1). Interestingly, when N-isopropylsulfinylketimine 14(R) was tested as
starting material, the stereoselectivity of the process was improved significantly. Despite the lower
steric volume of the isopropyl compared to the tert-butyl group, the reduction of N-
isopropylsulfinylimine with L-selectride or DIBAL took place in a complete stereoselective manner,
yielding sulfinamides 15(Rs,Sc) and 15(Rs,Rc), respectively, as a unique diastereomer, with good
chemical yields (Table 1).

Table 1. Diastereodivergent reduction of N-tert-butyl- and N-isopropyl-sulfinylketimines, 12(R) and 14(R).

O\S__:" /CHs [Red] O\S_;" CHg O\S__:" CHs
®N THF, Temp. ® N ® H/@
® = tBu, iPr (Rs,Sc) (Rs,Rc)
€l (¢9) Yield
Entry | R | Imine [Red] Temp Sulfinamide (Rs,Sc) : (%)
(Rs,Rc)
L-
1 tBu | 12(R) ) -78°C to -40°C 6(Rs,Sc) 90:10 93
Selectride
2 tBu | 12(R) DIBAL -78°C 6(Rs,Rc) 13:87 92
L-
3 iPr | 14(R) ] -78°C to -40°C 15(Rs,Sc) 100: 0 70
Selectride
4 iPr | 14(R) DIBAL -78°C 15(Rs,Rc) 0:100 90

Thus, both enantiomers of rimantadine, 1(R) and 1(S), were easily obtained as the corresponding
hydrochloride salt, in enantiopure form, by desulfinylation of isopropylsulfinamides 15(Rs,Sc) and
15(Rs,Rc¢), respectively with HCI 4N (Scheme 7). Thereby, we have developed an improved totally
stereoselective synthesis for both enantiomers of rimantadine and for their trifluoromethyl
analogues using N-isopropylsufinylimines as chiral starting materials.
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Scheme 7. Synthesis of enantiopure (R)- and (S)-rimantadine, 1(R) and 1(S).

In summary, we have reported in this work a comparative study on the stereoselective synthesis of
sterically challenging rimantadine and analogues using N-isopropylsulfinylimines and tert-
butylsulfinylimines as chiral intermediate. The N-isopropylsulfinyl group has demonstrated its
preeminence over the tert-butylsulfinyl one both in the nucleophilic additions of trifluoromethyl
anions on the sulfinylaldimines, and in the diastereoselective hydrogenation of the corresponding
sulfinyl ketimines. These N-isopropylsulfinylimines can be easily prepared in a diastereodivergent
manner using the "DAG methodology”. The present work represents an improved fully
stereoselective synthesis of both enantiomers of rimantadine and its trifluoromethylated analogues.



Further application of the protocol in the preparation of pharmacologically and synthetically
relevant enantiopure sterically hindered amines is underway.
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