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Abstract. Routes to diastereomers of constrained 4-amino4c control of reactions, reversible introduction of a repulsive
piperidines —a common pharmaceutically used diaminic buildgroup, direction of a reactant by intramolecular complexa-
ing block — are realized mainly on the basisGd-double tion, or involvement of radicalic or anionic intermediates with
bond species or their radicalic or anionic analogues. Kinetistrong isomerization tendency on the other hand are the tools
cally controlled reactions on the one hand and thermodynanfer a complementary accessibility of both diastereomers.

Contents considered due to a ring inversion and\aimversion

as dynamic processes: the arrangement of the 4-amino
group in an axial or equatorial manner corresponds to a
cis andtransisomer, respectively (Fig. 2).
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1. Introduction R FENTANVL 12 E
4-Aminopiperidine is found as diaminic component in /\ R’ REVIERTAR L 18
various active compounds. Fig. 1 shows presently com- /o \
mercially available drugs containing a 4-aminopiperid- . O %6 0 H
ine building block. The amino moiety in 4-positionis |, ™\ & S_NH @N"N:O
functionalized in different ways. It may be a simple é fj
heterocycle, a part of a spiro compound, an acylated or  ™n ) N
alkylated arylamine or a simple amide. The spectrum R R R
of activity is widespread. In most cases, the substituent gieagurn 16 o oMAZINE SpipERONE 18
17

R atN(1) [1] plays the main role for the corresponding FLUSPIRILENE 19
activity. Investigations of structure activity relationship, o R
however, have demonstrated the advantage of 4-ami- {4 Neg X
nopiperidine as diaminic component in these active COM-¢py N Rz@ H
pounds. In some cases, the aminopiperidine system be- fﬁ
haves as a real pharmacophoric group; this applies to N BENPERIDOL 21 ',“
the antihistaminics Bamiping and Thenalidine in & PlaoaMIDE 22 g
which only a methyl group is bond i{1). TIMIPERONE 24

. . - . . MIZOLASTINE 20
The 4-aminopiperidine moieB6adopts a chair con- £ %0 DOMPERIDONE 25

formation. Two chair conformers, however, are to beFig. 1

1) Presented in part at the Fourth Conference on Iminium Salts, Stimpfach-Rechenberg (Germany), September 14—16, 1999
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NR'R? R3 basis of compound9 with a prostereogenicN-dou-
%L 4 ble bond or a stereoger@N-intermediate of a radical
RN R &~ R \N% NR'R® type 30, 32 or an anion typ&1, 33. The main goal in

1 1 this context should be the presentation of complemen-
tary synthetic tools for a highly selective accessibility
of each of the two diastereomers of typ&and28.

Fig. 2 General information about reactions GN-double
bonds,CN-radicals andr-aminocarbanions is found in
ref. [2—6], [7] and [8], respectively; a consideration of

2. Diastereomers of Constrained Aminopiperidine  the subject of complementary routes to diastereomers,

Derivatives as Target Molecules however, is missing there. A comprehensive survey of
the chemistry of cyclopropaniminium ions is given in

It is to be expected that the two conformer6fas  reference [9]. The newest recommendations [10] of the

well as the thereof derivéd(1)-protonated species have Chemical Abstracts were used for assignment of dias-

different affinities to the receptor. The biological activ- tereomers of typ27 and28.

ity, therefore, will decrease if the suitable conformer is

disfavored energetically. Constraining of the piperid-

ine ring in26 by bridging prohibits the interconversion 3. Complementary Syntheses Based on Prostereo-

of both conformers. This allows the creation of modelsggenic or Stereogeni€N-Units in

27 and28for the non-isolable conformational isomers.

The model substanc@3 and28 should give an insight 3.1 the Tropane and Granatane System

into the sterical requirements of the receptor concern g constrained compoun@#/35 correspond to tro-

ing the geometry of the 4-aminopiperidine system an%ylamines for z = Chland to granatylamines for z =

could allow a design of activity (Fig. 3). The Presence(CH,) ; isomers4are designated asdoamines and
isomers35 as 3exaamines (Fig. 4). In the literature
the names pseudotropylaming-fropylamine), pseu-

cis- 26 trans- 26

X =NR'R? . . .
X R® dogranatylamine (§-granatylamine) or 3-amines are
R 6/\‘5\5/|\4 s R /\'E\il\ found for the latter. The 8ndoamino isomers4a,b
~N=, R SN X then were simply called as tropylamine, granatylamine
2 3
1 b 1 or 3a-amines.
™~ cogs_téaining -
riage
27 9 28 2,6-Constraining
R R.
\N N

ry At

RN X =NR', NOH, " NR'R? Z@H & NH,
3 3
)
b NH, H
29 34a,b 35a,b
X 3-endo-Isomer 3-exo-Isomer
ne |

R \N/:“l\“/\x R \N/:'zl\“/ *n R\N 3ab X=0

1 1

37a,b X =NOH
b zﬁ%\ 38ab X=NR'
30  RADICAL(n=1) 32 X~ 3%  X=NOMe
31 ANION1 (n= 2)1 2 33 a: z=CH, b: z=(CH,),
. X= NR orNRR Fig. 4
Fig. 3
Complementary ways to the tropylamine diastereo-
of defined substituents &i(1) andC(4) in the active mers34aand35a (R = CH;) were first described al-
compounds excludes an involvement of these centeready in 1898 by Willstatter and Mdiller [11]. Reaction
in bridging. The remaining possibilities for constrain- of oxime37awith sodium in pentanol led to puego
ing allow a bridging of the positions 2 and 3, 2 and 5, Zamine35ain almost quantitative yield whilst the treat-
and 6 or 3 and 5. The subsequent review covers steregent of37awith sodium amalgam in acetic acid pro-
selective syntheses of diastereon®fsand28 on the vided mainlyendeamin 34a (Scheme 1). The same
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procedures were applied successfully one year later fo R.

the synthesis of the granatane analo@4dsand35b 1 R'NH N

by Piccinini together with Quartaroli [12] and Cortese . z&kH

[13]. 3-endoAmines34ab could be isomerized to the PR MHR'

more stable &xocompounds3bab by heating in a “N /<Z 10ab

pentanolic solution of sodium pentanolate; this reactionzéﬁ '

was used for structural assignment3d&/35ain this o R

early investigation [11]. dap N

The reduction of the oxime®7ab with sodium in 1 R'NH 22 NHR'

alcohol is — apart from some variation of the alcohol 2. Na, ROH U

[14-17] — till now the procedure of choice for the syn-

thesis of 3exoamines35aand35b [17-22]. Several H,/Raney-Ni; #a,b

variations and improvements were reported in the liter- . y/adams catatyst R' = alkyl, aryl

ature for the preparation ofélddeaamines34: Sodium iii. Na HB(OOCR?),

amalgam was replaced as reducing agent by hydrogeniv: Na BH,CN

and Raney nickel37a - 70—80%34aand 20—-30%

35a[18]; 37b - 90%34b[22]) [18, 22, 23] or Adams 1. piperidine

catalyst [14—16] or by lithium aluminum hydride [22, Ti(C-iPr), RN

24, 25] (Scheme 1). The combination of a methoxime 2. NaBH,, MeOH O

as39b (R = Bn or 4-F-@gH,-CH,) and of borane/THF 362  ——— N

as reducing agent seems to be unfavorable from a ster- H

eochemical point of view due to lacking stereoselectiv- 42a

ity [26]. R = Me; 66% yield
a: z=CH, b: z=(CH,,

R “N Scheme 2Reduction of imines and iminium species of tro-

/g/ pinone and pseudopelletierine
z- H
i, i, ii

Rey Ori{ NH, lower stereoselectivity [22]. A decrease of stereoselec-
34a,b tivity is observed, on the other hand, for the reduction
z{/%\ J7 NaOR' of imines38ab with sodium and alcohol still favoring
“NOH R'OH the formation of 3excisomers41[14, 22, 32—34]. An
37a,b ~~a RN increasing amount of 8ndeisomers40 as side prod-
Na. R'OH ucts was indicated especially in the casél-ghenyl-
’ 2% NH, tropanonimineg8a(R! = Ph) [32, 34] or pseudopelle-
4 tierinimines38b [14, 22, 33] as starting materials. A
35a.b successful hydrogenation of an enamine of tropinone
’ 36awas described without determination of the config-
i: Na/Hg, EtOH, AcOH; ii: Raney-Ni/H, uration of the resulting amine [35].
iii: Adam's catalyst/Hy; iv: LIAIH, Reductive amination of tropinor&awith primary

amines and an acyloxyborohydride seems also to be a
suitable way to &ndoetropylaminet0a[36—38];endd
Scheme 1Reduction of oximes of tropinone and pseudopel-exoratios of 4:1 up to > 50:1 were reported (Scheme 2).
letierine Sodium cyanoborohydride (Borch method) or borohy-
dride exchange resin as hydride reagent decreased the
stereoselectivitygndo/exaatio of= 2:1 [36, 39] or=
These complementary routes could be transferred alsbil [40]). No stereoselectivity was observed in the re-
to imines38ab of tropanon&6aor pseudopelletierine  ductive amination of tropinorgbawith triacetoxyboro-
36bto giveN-substituted 3-amines (Scheme 2). A slighthydride and a secondary amine such as piperidine [37].
shift in the stereoselectivity, thereby, is resulting withOther diastereomer ratios resulted, however, by chang-
respect to the analogous reactions of oxi8¥e#\gain,  ing the conditions of the reductive amination [37, 41]:
hydrogenation with Adam’s catalyst or Raney Nickel Thus, reacting tropinong6afirst with piperidine and
produced the @ndeaminesA0[14, 22, 27—-33] butnow titanium tetraisopropoxide to a seMjO-acetal and
as almost pure stereoisomers. Lithium aluminum hy+educing it then with sodium borohydride allowed the
dride showed a similar [14] and sodium borohydride greparation of purexaamine42ain 66% yield (crude

a: z=CH, b:z=(CH,),
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productexo/endaatio of 7:1) [37]; a higher diastereo- R. a: R

mer ratio (15:1) was found for the analogous reaction N KCN, NH,CI N

with piperazine [41]. Both the formation of soleBdo XA, — &FNHz
isomers40b [42] and of mixtureglOb/41b (enddexo= 36ac © 45a N

2:1) [39] were reported for the reductive amination of a

pseudopelletierind6b with sodium cyanoborohydride KCN, 1. Hel
and various amines. Catalytic hydrogenation of in SituNH4)2C03l l 2. KOCN
generated imin88a(R! = H) and oxim&7b serves for

commercial syntheses ehde3-tropylamine34aand R\N R.

. . ; N
endae3-granatylamin84bon an industrial scale, respec- o H
tively [43]. z@/ &% N

The preferred formation of the€diadeamines34/40 H’NT’|N\H 0N 0
can be understood by the favored attack of hydrogen or o i)
a hydride from the less hinderedoside to theCN- 46acc 47a
double bond iM37ab-39ab (Fig. 5).The steric hin-
a,b: ‘L Hydrolysis J7
R exo-attack R\N R N
~N favored
A # Ry Z@COOH &)/NHz
z- N
X Zé%\/x NH, COOH
A 3739 n- 48a,b 49a
endo-attack -
less favored 43a,b )n( - ! NR' a:z=CH, b:z=(CHy, c¢:z=(CHy,
X = NOH, NR', NR"," 44ab n= , o . -
g 2 ; = 2NHR1 Scheme 32,6-Bridged piperidones as starting material in the

Bucherer-Bergs reaction and in the Strecker synthesis
a: z=CH, b: z=(CH,),
Fig. 5 upon interaction with KCN and Nj&I; the subsequent
cyclization of45awith KOCN in acidic medium led to
drance, thereby, is more effective in the grandbethan  3-exospirohydantoimt7a[45, 48, 49]. The isomeric 3-
in the tropane compoundsThe influence of the bulk- endaspirohydantoirl6awas formed directly frorB6a,
iness of the amine in the reductive amination of tropiKCN and (NH,),CO; as the only reaction product [45,
none36aon theexo/enderatio was discussed in terms 46]. Hydantoingl6aand47awere hydrolyzed with sul-
of the Exterior Frontier Orbital Extension Model [44]. furic acid to give amino acid&8aand49ain excellent
The system sodium in an alcohol should pass radicalields, respectively [50]. Treatment #5awith KCN
anions and carbanions with a strong tendency to invednd NH,CI in the presence of G®rovided a 3xo
to most stable isomedS8ab/44ab and to give the ther- spirodithiohydantoin [51]. @ndeAmino acid48aand
modynamically favored @8xcamines3541. The pos- 3-excaminonitrilie45awere used as starting materials
sibility of a thermodynamically controlled isomeriza- for the synthesis of various éide and 3exocspiro-
tion of a primarily formed &ndeamine34/40via an  heterocycles [47-49, 50, 52, 53]. OnleB8dchydan-
anion44 should be taken in account, too [11]. The cre-toin derivativegl6b,c[54—-56] or the 3ndeaminoac-
ation of radical anions is also expected in the first stejd 48b[57], however, could be obtained with the grana-
of the reduction of oxime87ab with sodium amal- tane or homogranatane skeleton.
gam. It is not clear, however, if the lower reaction tem- The reason for the highly selective accesé@aor
perature or the presence of acetic acid for a faster protd7adepending upon the reaction conditions can be un-
nation of the corresponding carbanion is responsible foderstood on the basis of the fundamental work of Ed-
the formation of the 8&amines34ab in this special ward and Jitrangsri [58] on the stereochemical course
case. of the Bucherer-Bergs and the Strecker reactions of 4-
Elegant complementary routes to 3-aminotropanetert-butylcyclohexanone. The compression of the de-
carboxylic acidgt8aand49awere found by Gonzalez veloping C=NH group (attack of HNC©to the cyano
Trigo and his group by application of a Bucherer-Bergdunction), thereby, determines the facility of hydantoin
reaction on the one hand or a Strecker synthesis on thiermation. Application of this idea to the tropane sys-
other hand to tropinon&6a (Scheme 3) [45—-49B6a tem (Scheme 4) expects a stronger compression of the
was transferred exclusively toekeaminonitrilie45a  C=NH moiety in52athan in51aand thus a more diffi-
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thermodynamic

kinetic control control Me\N
Me *
R R ~N
~ H

N a N &/H N

Z&/CN <— NH, X
NH, base-catalyzed CN 53 54
isomerization
50a-c 45a §3 X=ClorMs —> X=BnNH —& 34a
. X=Cl — X=N, -
easier cyclization more dtf_ﬂcult : 34a
cyclization
$ Jz R 1. MeOH, HCI

R . N 2.NH, RN

N N 3. NaOBr
7" // vz

N H
_N_©O ~_2=NH H
H™ T HN-"0 55 R=CH
NH 3 35a
51a-c 52a
subsequent recyclization to hydantoins Scheme 5Alternative routes to 3-tropylamines

a: z=CH, b: z=(CH,), c: z=(CH,;
subsequent Mitsunobu reaction to ex@razide and its
Scheme 40rigin of the complementarity of formation of tro-  reduction with LiAIH, [22].
pinonespirohydantoin diastereomers
3.2 the 3-Azabicyclo[3.1.0]hexane System

cult cyclization for45athan for50a, the product of a Constraining a 4-aminopiperidine by a 3,5-"zero-bridge”
kinetically controlled aminonitrile formation. In the leads to 3-azabicyclo[3.1.0]alk-6-ylamirtor57. The
absence of cyanatépa is isomerized by base to the terms @r (instead of éexg and - (instead of éendq
more stable 2xc-aminonitrile45avia the correspond- have to be used as correct stereodescriptors for the des-
ing imine intermediat@8a (R = H). Acid prohibits a ignation of diastereometfab and57ab, respective-
retro-isomerization ofi5a to 50a and the subsequent ly (Fig. 6). The more simple name 4-amino-3,5-cyclopi-
addition of cyanate causes the unfavorable cyclizatioperidine was applied for these compounds, too. Com-
of 45ato 3-exospirohydantoiM7avia 52a[47]. The  plementary routes to diastereomg&ésand57 were de-
missing isomerization of an initially formeds®deami-  veloped on the basis of cyclopropaniminium interme-
nonitrile 50b to its more stable 8xcamino analogue diates61 or 62in the group of Vilsmaier. Their routes
45D discriminates the sterically more hindered granato the bicyclic system start from chloroenami6éor
tane from the tropane system [57]. The report of only
one isome#6¢c[59] of a homogranatane spirohydanto- 3,5-Constraining by a "Zero-Bridge"
in species in the literature may be the consequence of a
similar lack of isomerization 060g too. R&_NR', R',N® R’

Two highly diastereoselective ways tceBeoctro- % gg
pylamine and 3xotropylamine derivatives are not _-N H g H
based or€N-double bond species as starting materials 3
or intermediates and should be mentioned shortly 56 57
(Scheme 5). Retention of configuration was observed®P: 6-Isomer a,b: 6-Isomer
in nucleophilic substitutions of tropyl chlorid, X = a:R’=CN b: R’ =H
Cl or tropyl mesylat®3, X = Ms due to participation of

3

1

cationic intermediat4 [60]; thus 3endatropylamine ¥ NR 2 +R1
34awas synthesized via a benzylamb® X = NHBn ~ T
or azideb3, X = N, [20, 60]. Tropyl chlorid&3, X = Cl N -H
and cyanide led to tropannitrile which was isomerized }'? R/N Y'
directly to 3exonitrile 55[60]. 55 (R = CH;) could be T -
transferred easily to 8xotropylamine35aviaHofmann %8 Y =Y*=H 61y ~H
degradation of the corresponding amide [60]. A route :3 L :sé\—(c_: cl 62y =c

to 3-exatropylamine also was described by reduction
of tropinone36ato a mixture of 3-tropanol isomers, Fig. 6
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dichloroenamines0 which were obtained easily from a urethane cleavage by trimethylsilyl iodide [64, 67, 68]
enamine$8 and one or two equivalents of NCS [61— or a demethylatiomia a Polonovsky reaction [74]. Se-
68] or the NCS-Ms5 complex [62]. lectively monoprotected diaminédab and65ab were
Reaction of chloroenaminé&® possessing an alkyl thus obtained.
moiety at N(1)with nucleophiles such as cyanide [61, Use of anO- or N-nucleophile in the synthesis ac-
64—66, 69] or borohydride [66—68, 70] led to azabi-cording to Scheme 6 led b,O- or N,N-acetalss7c—e
cyclohexane derivates as pure stereoisorbéab in  [67, 68, 71, 72, 75, 76] or a semiamibdlf [75, 77];
sufficient to excellent yields (Scheme 6). Analogous rethe former could be applied for subsequent substitution
actions were applied to chloroenamines with a piperareactions. Generally, the§g-reactions occur with re-
zine unit as enamino component to give tetranBBa®  tention of configuration; inversion of configuration,
[63]. Formation of a mixture of diastereomeric amineshowever, can be forced alternatively as outlined in
56/57 was observed to a more or less extent fiim  Scheme 7-9.
ethoxycarbonyl substituted chloroenamirEswith Reaction of chloroenaminé&® with organolithium
cyanide or borohydride [61, 70]. Chloroenamit®s compounds or a mixture of Grignard reagents and TME-
with a diallylamino- [67—69] or dibenzylamino moiety DA led to the expected@®amines57g-i (Scheme 7)
[65, 67, 68] served as starting materials for the synthg~1]. Preceding preparation bfO-acetal57c from 59
sis of C(6)-N protected compounds; a benzyl, an esteland subsequent substitution of the methoxy moiety in
or a methyl rest were used as protecting groupd(@y. ~ 57c by a Grignard reagent provided-@miness6gh
Deprotection was realized by a Palladium catalyzedn high diastereoselectivity (d=.10:1) [71]. Theendo
deallylation [67—-69], a hydrogenolytic [64, 65, 68, 71—attack of the carbon nucleophile at thg-acetal57c
73] or a chloroformate initiated debenzylation [67, 68],should result from its complexation (3)-nitrogen
atom; inhibition of this complexation by addition of
. TMEDA to the mixture of57c and RMgBr gave the
NR', o NR', 683-aminesb7gh. Detailed investigations showed that
Ho O Ll a methyl moiety all(3) is a precondition for a success-
Nﬁf ful complementarity of these routes. Interaction of Grig-
. H

N© R=Me,Bn nard reagents with chloroenamirE®(R = Me) gave

R 61 mixtures of diastereomels6g—i and57g—i besides
59 monocyclic products from a direct substitution [62, 71];
R? J7 a pure @-isomers57g however, was formed in the anal-

— ogous reaction with aN-benzylchloroenaming9 (R
b: | H

c: | OCH, NS G

d: | NR, R” H 1

e succinimide NR2 1 3

57a-f H cl RLi or RN R
’
ree gj*
R N R*MgBr RN H
3 TMEDA
R N R 57g-i
H
H 59
N%N *Ny 63ab 5
H ! MeOH a,h R MgBr
N R3 NaOMe TMEDA
/
R
R=M
R,N_ _OMe ®  R_ _NR,
59 —+ 56ab + 57ab
R = COOEt NN ah NG G
R H R” H

HN_ R BO,N_ R RMgBr

? 57c 56g,h
_N M _N M

H H H 3 ) //\
R g:Me h:Ph i: Bu R,N= N O
64a,b 65a,b —

Scheme 7Grignard reagents as basis for complementary
Scheme 663-Amino-3-azabicyclo[3.1.0]hexane derivatives routes to &- and @-amino-3-azabicyclo[3.1.0]hexane de-
from chloroenamines rivatives
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Sterically complementary results could be realized Bp,N_ _oMe Bnn oM
by the cleavage of ad,N-acetal57d (NRL, = piperid- % H, / Pd €
ine) with hydrocyanic acid (Scheme 8) [72]. Interac- e H F N%
tion of 57d with one equivalent of HCN gavg3@&mi- Me~ H
nonitrile 57awhilst two equivalents of acid led to dias- 66c 67¢ (79%)
tereomers6a 'H NMR spectroscopic analysis of the
crude products showed the formation of pure isomers A i, J] DIBAH
in each case. Acid catalyzed isomerization of primarily
formed57awas excluded as reason for the formation  Bn,N H H HBn
of 56a The unexpected and complementary route to gg
56a should be originated by an inside fixation of the Me H N H
cyanide by protonation ®(3) by the excess acid. Iso- Me H
mers57aand56awere used as basis for the synthesis 66b 67b
of further target molecules via hydrogenolytic removal (85%) diastereomer ratio 7:1
of the benzyl group and saponification of the nitrile (35%)
moiety [72]. _ . . , .

Scheme 9Retention and inversion of configuration in re-
R',N CN duction of 3-azabicyclo[3.1.0]hexanohk©-acetals
i R/N HH storage at room temperature [77] (Scheme 10). This easy
R'N_ _NR, —~ 57a access t®9, however, is of no preparative interest thus
far.
R H
57d .
;
Sa Noo NRY R'R'N__OR* " R'O_ _NR'R?
i: HCN /N&H Nﬂv;H — gg
) R H - N
ii.: HCN/CF,SO4H R H R” H
56a 68 69

eg. R=Bn

"N =N ) S6a: 76% 57a: 70% a
R2 ° ° R'=H,Me R'R®N= NBn, NHBn, N O
\——

N-Bn —> N-H CN - CONH, Scheme 10Ilsomerization of 3-azabicyclo[3.1.0]lhexanone-

N,O-acetals and semiacetals

Scheme 8Complementary routes toa6 and gB3-amino-3-

azabicyclo[3.1.0]hexanecarbonitriles An unexpected access ta-amino compoundS6a
and56bwas found by the reaction of dichloroenamine
60 with cyanide in an aqueous medium to givert-

An additional example of complementary routes totriles 70a as primary products [61]. Very high diaste-
3-azabicyclohexane diastereomers was found in the subeoselectivities were observed in some casgs §0:
stitution of the OMe moiety in aN,0-acetalb6cor67c  NR, = piperidine and R = COOEt providé@ain 91%
by a hydrogen atom. Lithium aluminum hydride as hy-pure yield [64]). Subsequent reductive removal of chlo-
dride reagent transformébcinto 66b with exclusive  ride in70awith sodium int-BuOH/THF [78] or of chlo-
retention of configuration [67, 68]. Selective hydroge-ride and cyanide with sodium in liquid ammonia [79]
nolytic monodebenzylation dd6c¢ to 67c and subse- provided the G-amine derivativeS§6aand56b, respec-
quent introduction of a hydrogen atom with DIBAH tively (Scheme 11). A repulsive effect between the 1
provided @-amine67bin an acceptable diastereomer chloro atom and the nucleophile or a Cieplak type in-
ratio but only in moderate yield [68, 76] (Scheme 9).teraction [80—82] of cyanide with the C—G1-Orbital
Complexation of the DIBAH to th&l(3)-atom com- can be discussed as reason for the stereochemical re-
bined with the fact of a missing second substituent asult. Thus far, this route is restricted to cyanide as nu-
C(6)-N-atom could explain the preferred acces8Mo.  cleophile and to a solubility of the dichloroenamine in

A thermodynamically controlled isomerization of an aqueous solvent at least to a small extent.
N,O-acetals or of semiaminals of typ8 (R* = Me, H) The possibilities for direction of the attack of a nuc-
to 69was realized by addition of acid [75, 76] or simpleleophile at an iminium io61 are summarized in Fig. 7.
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Complementarity to formation of compounds with3a 6 BN __H H._ _NBn,
amino unit can be realized by the outlined routes which % %
were described in detail In Scheme 7-11. i H yN ;

65b 71b
, .
NR" 2 NCS C\NR12 from 65a and Na from 65a and Li
H -~ H Cl 2 Bl in lig. NH;, -70°C in EtNH, / NH,, 0°C
—_— (60% isolated (56% isolated
r?l rTl pure isomer) pure isomer)
R R Me Me
58 60 | 5 i
Ph—N_ R R? N—Ph
N -
Me” H Me/N H
N 72a,b 73b
NC NR', ) NR', ,
CN | aR’=CN bR’=H
N X <’”“ H
R” cl R,N i i
R'R*N._ /7" 12
70a 62 [ nH } I: n- (NR R }
NIXK i“
1 R H N H
NC NR 2 H NR12 ,
. 4: n=1 76: n=1
H
N N% 75: n=2 77: n=2
R H R” H .
56a s6b Fig. 8

from 70a and
Na in THF / t-BuOH

from 70a and

72aby similar procedures (Na in NHit —70 °C, Liin
Na in liq. NH;

EtNH, at 0 °C) in a diastereomer ratio of 80:20 and
20:80 each [83]. Decyanation of the bicyclic nitrile pro-
ceedssia a radicalr4 and the anioi@5which should be
configurationally stable at low temperatures but invert
to the less hindered analogu&sand77 at O °C.

Working in 3-azabicyclo[3.1.0]hexane area increased
strongly with the development of the highly active anti-
biotic Trovafloxazin7YAlatrofloxazin80[84]. The ef-

Scheme 11Dichloroenamines as access t&mino-3-aza-
bicyclo[3.1.0]hexane derivatives

Nu -~
inside-attack outside-attack

more hindered rth12 5

side || less hinderd forts were directed towards the synthesis of the 6
Nﬂ—\HW Ve amine78(Fig. 9). Cyclopropanation of a pyrroline com-

R 3 pound81or 82 by aC,-unit (bromonitromethane, base
61/ 62 and81 [85, 86], ethyl diazoacetate aBd [87] or 82/
rhodium acetate [87, 88], dibenzylformamide, titanium

0O

‘UHZ F O |
H. /\.H H,,g:N N""N
F
. . N R'HNT |
The reductive removal of thg8&yano group iryOa R H

occurred with exclusive retention of configuration [79]. 78

inversion of normal exo-attack by

complexation of Nu " to N(3),
repulsion of Nu ~ at the exo-side by Y = Ci or
thermodynamically induced isomerization

Fig. 7

79 R'=H. F

Application of this reaction todnitriles could be per- 80 R'=ala-ala

formed with retention or inversion of configuration de-

pending upon the reaction conditions (Fig. 8) [68, 69]. —

Thus, pure B-amine65bwas obtained from the corre- Y//Q\\Y ¢OCH R~ COOE
sponding nitrile65a and sodium in liquid ammonia at ' A &

—70 °C; decyanation by lithium in a mixture of ethyl- 4, _ 5 R R O7 CHCL
amine and ammonia at 0 °C caused mainly aninversion ., ., _, , 83 84

of configuration {1/65b = 80:20). Diastereomev2b
and73b were obtained from the corresponding nitrile Fig. 9
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tetraisopropoxide, isopropylmagnesium bromide&hd _ H._NR'R?
[89]) or aza-annulation of derivatives of tyfa [90, 87a ! K

91] served as access to the azabicyclohexane skeleto? > 2N\ R
Compounds with ad-functionality were exclusively 3
obtained in these sequences (exception ref. [87,88] 6 a'}<‘z 85a

68 ratio= 1:2). Subsequent reduction of the nitro group,

88a,b
or application of a Curtius rearrangement were used for

generation of the amino function. A potential precursor b if d

for diamine78 was synthesizedia a base catalyzed ' k\
Tandem cyclization 084 [92]. A very special forma- z SN-R
tion of an azabicyclohexane derivative with a very par- 86b

ticular pattern of substituents was reported in ref. [93].
a: z=CH, b: z=(CH,),

3.3 Other Bridged Piperidine Systems i Aryl-NH,, Na BH,CN  ii: LiAlH,

Syntheses for constrained aminopiperidines with othetii: Na, CsH;;OH

types of bridging were less effective with respect to ste-

reoselectivity and complementarity of the routes. Scheme 12Diastereoselective routes to amines of norcam-
phidine and its homologue

3.3.1 the Norcamphidine System and Homologues

ketones87b,cled exclusively to spirohydantoin@8b,c

[98, 99] (Fig. 11). The contrary stereoselection was ex-

plained by the change of bulkiness of the (fikhain

in 91 depending on n [99]. Application of the Strecker

The 3-azabicyclo[3.2.1]skeleton &@aand86acorre-
sponds to norcamphidine; it is derived from bridging
piperidine in 3,5-position with an ethylene unit. Di-
aminesB5ab and86ab are designated agn andanti-
isomer, respectively (Fig. 10). Reductive amination of

87a(R = 2-phenylethyl) with substituted anilines and Bucherer-Bergs Reaction

sodium cyanoborohydride was reported to give pune H o o M
derivatives85a[94] (Scheme 12). Further syntheses of N—(/ =N
compounds85ab and86ab were described mainly in - 0=\ N~y H-N, )\o
the patent literature. Only minor stereoselection was >\
found for the reduction of oxim@8awith LIAIH , (-~ #7 “N-R 27 M~N-R
85a86a 60:40) and38b with sodium in pentanol4 89a 90b,c
85/86b 35:65) [95]. The diastereomer ratios refer to

yields of isolated and chromatographically separated® 2= CH: b: 2= (CHy),
products of a subsequent acylation of the obtained c: z=(CHy;
amines. In the other references a detailed information

about the stereoselection of the used processes for thss steric . less steric

preparation of amine85 and86 is not given [96, 97]. “"_‘déance for  NR “‘Edrgﬂce for
Bucherer-Bergs reaction of bicyclic keto8ga gave %~ "~ /Q\‘ 2= CHzn
only synderivative 89a [98] whilst the homologous =~

3,5-Constraining by a C,- or C5-Bridge 91

Fig. 11
H._NR'R? R'R°N.__H J

Ve
Z% zk\ synthesis to ketong7aas a complementary route was

SR IR ineffective in this case; the obtained 8-aminonitrile had
85a,b 86a,b also asynconformation and it was isolated in only 5%
syn-Isomer anti-lsomer yield besides 75% of the corresponding hydroxynitrile

[100].
X
”>\ 87ab X=0 3.3.2 the Isoquinuclidine and the 2-Azanorbornane
&N_R 88ab X =NOH System
Bridging a piperidine ring in 2,5-position byG-unit
a: z=CH, b: z=(CHy, leads to an isoquinuclidine system; analogous com-
Fig. 10 pounds with &,-bridge correspond to an azanorborn-
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ane unit. The two 5-amino diastereom8&ab and tography [107, 108]. The isom8B was predominant
93ab are designated correctly as isomers withR4R, in each casee(g. Ar = Ph, diastereomer rat@g8/99:
59-rel and (R,4R,5R)-rel configuration, respectively NaBH, 2:1, LiAlH, 8:1, NaAIH,(OCH,CH,OCH,),
(Fig. 12). The termsd or 5-exc (for 92) and $3-or 5-  15:1). This seems to be the only investigation in this
endo(for 39) were applied in the literature, too. Though, area.

2,5-Constraining 2,3-Constraining
, , H NHR'
NHR' H %i 4 L7
R &b<5 R /Jb<5 R \N‘\/\ NHR' R \N’\/ H
N1 H N1 NHR'
2 2 98 R'= Aryl 99
92a,b 93a,b 4R,4aR 8aR-rel 4R 4aS,8aS-rel
1R,4R,5S-rel 1R 4R,5R-rel forR=H
R = Alkyl: R' = Aryl, Bn, H
%1 X 100 X=0
/,
z 7 =
94ab X=0 RN~ 101 X=NR
R A" 95ab X=NR' _
N 96a X =NOH Fig. 13
z 4. Conclusion and Perspectives
R by a: z=CH,
N b: z=(CH,), Constrained analogues of various aminopiperidine de-
97a,b rivatives were prepared thus far and studies of activity
Y = OH —> OMs —> N, —> NH, showed the influence of the geometric arrangement of
Fig. 12 the functional groups. Examples were the best suitable

diastereomer did not exceed the activity of the amino-
uinuclidp_iperidine derivative include analogues of the analge-
ines were used recently as diaminic components in ac:© entanylL2 (decahydroquinoline type [108], isoqui-
tive compounds, really selective routes to both diasterichdine type [lOIOi 109], trog\%ne type [110], gr?nﬁ-
reomers92ab and93ab are lacking thus far. Reduc- 2n€ type [111] and norcamphidine type [94]), of the
tion of imines95b were performed with Red-Al{ 55 neuroleptic Pipamperorgazabicyclohexane type [64])
BRratio= 1:1) [101], sodium in ethanol{59/5R ratio 2", 2f the analgesic piritramid&azabicyclohexane type
~ 2:1) [101] and sodium cyanoborohydride GS/5R [72]). A clea_r improvement of activity, however, was
ratio= 2:1) [102]. Reduction of oxim@6awith hydro- p_erformed with _the substanchZ (analogue of bami-
gen or reductive amination &f4a with sodium cy- Pin€6 and 15 times more active [76, 83103 (ana-
anoborohydride gave mixtures of isomeric ami2s logue of Cleboprid® and 30 times more active [26])

93a (no diastereomer ratio given) [40]. A further ac-

5-amino-2-azanorbornanes and 5-aminoisoq

cess to a mixture of diastereomeric ami@2gb/93ab ’x)h Bn\N
—not based on @N-double bond species — was found H_N-Bn
by transforming an alcoh@7ab (Y = OH) via a me- g:H @/NHCOW
sylate to an azide and reduction of the latter (Fig. 12ye” H J{
[103]. Isomer®92ahb/93ab were separated by chroma- 102 103 _,
tography of the amines [40, 101, 102] or of products R-
from a subsequent reaction [101, 103, 104—-106]. Me._ C'j@[

N H,N OMe
3.3.3 the trans-Decahydroquinoline System _H ’
Trans-connection of the two rings in decahydroquino- ,\I,HCOR1

line —a 2,3-bridged piperidine — creates a rigid system; 1g4a,b

the two diastereomers of 4-amitrans-decahydroqui- .

noline 98 and99 are designated asR4leR 8aR)-rel- R |
and (R,4aR,8a85)-rel-isomer, respectively (R = H) (Fig. a ©:N>:o b @Q‘LN
13). Preparation of iminB01from ketonel00and sub- N '
sequent reaction with various hydride reagents gave a
mixture 0f98 and99 which was separated by chroma- Fig. 14

H Me
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and 104a (300 times more active than the analogous
aminopiperidine derivative [27]) (Fig. 14). Stereoiso-
mers 0f102, 103 and104awere less active or nearly [o]
inactive with respect to the corresponding unbridged
piperidine compounds. A slightly changed derivative
of 1043 was launched as Granisetrob@4b in the
meantime as remedy against emesis and nausea. [121
Basis for these investigations was the developme 2]]
of complementary routes to diastereomers of constraines3]
aminopiperidines which were applied in the case of thé'4!
tropane-, granatane- and 3-azabicyclo[3.1.0]hexane sygs)
tem. Kinetically controlled reactions on the one hand€]
and thermodynamic control of reactions, reversible inq; 7
troduction of a repulsive group, direction of a reactant
by intramolecular complexation, or involvement of radi- [ig]
calic or anionic intermediates with strong isomeriza-""")
tion tendency on the other hand are the tools for a coni20]
plementary accessibility of both diastereomeric specie§21]
The above possibilities have not been widely used thus
far as compared to the other systems discussed herel?3l
spite of an increasing interest in constrained aminopi,g
peridines as building blocks in pharmaceutical chemis-

try. (24]
At this point, | want to thank very much my coworkers; their [25]
names are listed in the corresponding references. Their en-
couraging interest especially in the beginning of the 3-26]
azabicyclo[3.1.0]hexane work was essential for the succesé.
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