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Plyers-shaped diamines II [1]. 3-Amino-2,4-cyclogranatane
diastereomers - A study of influence of structure on the
properties of diamines
Elmar Vilsmaier*, Thomas Herweck and Uwe Bergstrafier

Fachbereich Chemie der Universitdt Kaiserslautern, Erwin-Schrodinger-Strafe, D-67663 Kaiserslautern, Germany

Received 23 February 1998; accepted 17 April 1998

Abstract

3-Amino-2,4-cyclogranatane 3B- and 3a-diastereomers can be synthesized from the corresponding 3B-carbo-
nitriles by a kinetically and a thermodynamically controlled reductive decyanation, respectively. Comparison of
both diastereomers with respect to basicity, ionization potentiais and behaviour towards oxygen demonstrates
the influence of the lone pair - lone pair interaction on the properties of diamines. An X-ray structural analysis of
a protonated syn diamine established an N - - - N -distance of 2.72 A in this new type of compounds.

© 1998 Eisevier Science Ltd. Ali rights reserved.
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i. Introduction

2,4-Cyclotropanecarbonitriles 3, 2,4-cyclogranatanecarbonitriles 4 and the corresponding
carboxamides 5 with an endo positioned 3-amino moiety represent a new type of diamines with
sterically forced interaction of the two N lone pairs (N, ,N-distance of 2.88 A in nitrile 4a [1D.
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These derivatives were synthesized on the basis of chloroenamines 1 and 2 (Figure 1). The
presence of an electron-withdrawing group in 3, 4 and 5 and the missing availability of the
corresponding exo-amino stereoisomer prohibits a clear view about the real effects of the
sterically anchored N lone pairs on the properties of the new compounds.

6a,b 7a,b 8 9

a: Z=0 b: Z=CH,
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Parent system 6 and its diastereomer 7 were selected as better candidates for studying the
mfluence of lone pair - lone pair interaction on the properties of chelating diamines. A
morpholino- or a piperidino moiety were provided as the amino group in 3-position (Figure 2).
The results of these investigations are reported in this paper.

A reductive decyanation of carbonitrile 4 by an alkali metal in liquid ammonia was tried as
most promising access to diastereomers 6 and 7; this method was successfully applied [2] for the
synthesis of dibenzylaminoazabicyclohexane diastereomers 8 and 9. Complementary diastereo-
selections could be achieved [2] by using different reaction conditions. Analogous treatment of
nitriles 4a,b with a “solution® of sodium in liquid ammonia at -78°C and subsequent warming up
A rlrlih'nn-:llv

Addraonaity

rancad a Aarvanatinn landing tn nAn_aminag ‘o h a

' (Qroha
Yaudvul a Uuvhvyaliiauuvi ivaulipg v yuuu‘a.uuuuo va,v CIS 111aiix IUUUC s \L)\/u\al.ll\/l.)

. [ P, ., iy R

formed exo-amines 7a,b were removed quantitatively by extraction with a buffer solution of
glycine, sodium chloride and sodium hydroxide to give pure diamines 6a and 6b in 67% and
51% yield, respectively. Reaction of nitriles 4a,b with lithium in boiling ethylamine, on the other
hand, provided exo-amines 7a (89% yield) and 7b (84% yield). Only products 7a and 7b
resulting from a substitution with inversion of configuration at C(3) could be determined 'H

NMR snectrosconicallv in the crude reaction mixture.
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Nucleophilic displacement of the methoxy group in N,O-acetal i0a by hydride was
investigated as alternative access to compounds 6 or 7. Starting material 10a could be obtained
easily by treatment of chloroenamine 2a with sodium methoxide in methanol (62% yield).
Lithium aluminum hydride was used as hydride reagent for the subsequent nucleophilic
substitution which gave endo-morpholino derivative 6a as single isomer in 57% yield (Scheme 2)
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Iminium ion 11 represents the intermediate in the latter displacement reaction. The strong

steric shielding of the inside of the annulated cyclopropaniminium species 11 causes the
exclusive outside attack of the hydride leading to 6. Radicals 12 and 14 or carbanions 13 and 15
are involved in the reductive decyanation of nitriles 4. Obviously, removal of N,N’ lone pair
repulsion upon transition of 12 > 14 or 13 > 15 causes a strong tendency for isomerization
(Flgure 3). It is not clear, however, if this inversion takes place in the radical step or in the
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The pyramidal geometry of the radicalic center in 14 or of the carbanionic center in 15 allows
an easier inside attack of the reagent than the planar arrangement of the cyclopropaniminium
moiety in the cationic intermediate 11.

the C(3)-atom can be deduced 'H NMR
spectroscopically via *Juy -coupling of the cyclopropane hydrogen atoms XM and XM’ Clam:
6a/b: 7.2 Hz; 7a/b: 1.6 Hz). The absence of any detectable coupling between the hydrogen
atoms AM and A’M’ indicates that the configuration at C(2) and C(4) was not changed in the
reductive decyanation reaction (see ref. [1]). The 'H NMR signals of the piperidine unit of the
cyclogranatane skeleton of 7a,b were simulated with the CALM program [4] as
AA’BB’ CC’DE—QVQtem The determined and refined ounling constants es tahheh the
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possible for diastereomers 6a,b due to 1dent1cal chemlcal shifts of C/C* and E [irradiation at
this common signal gave singlets for A/A’, B/B’ and D (AB, A’B’, BD and B’D coupling
constants smaller than 1 Hz)]. The absence of a stronger coupling at A/A” (Jac = Ja'c = 2.2 Hz)

indicates the presence of a chair conformation of the piperidine subunit in 6a,b, too (for
asqmnmentq of the hvdrno 1 atoms see thlre 4; chemical identical hvdrnﬂpn atoms which are
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3. Properties of 3-amino-2,4-cyclogranatane diastereomers 6 and 7
3.1 Dynamics of the hetereocyclic ring in 3-position

morpholine are almost not influenced by a 3-azabicy 1.
substituent as shown by compounds 16 (AG* = 47.7 kJ/mol [5]) and 17 (AG* = 47.0, 46.0
kJ/mol [5]). The absence of a further substituent in 6-position allows an easy topomerization of
methylene H-atoms even if the morpholine is located in the endo-position. The free activation
enthalpies AG* of the dynamics of morpholine or piperidine in 6a,b, 7a,b and 10a were

determined by the usual approximation formula [6] for coupling systems; the resulting values are

Dvnamics of morpholine are
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Table 1
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Topomeri- Ha Hs S T T AGHe
zing HaHp ippmj ipprij [Hz] K] iXj [k¥/motl]
Sa NCH; 226 249 10.1 202 222 439
b NCH, 2.23 3.23 2.9 190 237 442
7a NCH; 2.26 2.40 10.6 203 240 48.5
OCH; 343 382 102 203 243 48 6
b NCH; 224 3.20 10.0 212 258 484
10a NCH, 2.68 2.90 106 203 287 576
OCH; 3.77 3.86 10.0 203 281 583
* Temperature for determination of Hy, Hg and I
b Coalescence temperature.
° Calculation of AGT according to the approximation formula [6] for coupled H and Hy.

The differences of the AGT values of the dynamics of morpholine or piperidine in 6a/6b and in
7a/7b are just outside of the limit of error. The slight facilitation of the dynamics of the
heterocyclic ring in endo-position can be interpreted as the consequence of an N,N” lone pair
interaction leading to an easier C-N-rotation and ring inversion. In the case of 10a, the
determination of energy of topomerization of hydrogen atoms in morpholine can be used for

ARARNRRL AR o WA Sl igmies B8 4 2Ly A28

assignment of 3a-configuration to this compound.
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3.2 Basicity

Aminocyclogranatane diastereomers 6a,b and 7a,b were titrated as aqueous 0.001 molar
solutions (nitrogen saturated, bidistilled water) with 0.1 molar aqueous hydrochloric acid. The
pH of the aqueous solution was measured with a combined glass electrode. Titration curves
showed that both endo-diamines 6a,b and the exo-diamine 7a were only monoprotonated in the
aqueous system; exo-piperidine derivative 7b took up two protons. pK, values were determined
by application of the Henderson-Hasselbalch equation [7] at the corresponding half-
neutralization points (pH = pK,). The pK,-values are given in Table 2. As expected,
diastereomers 6 and 7 differ clearly in their basicity; the stronger basicity of 6 with respect to 7
indicates the effect of the sterically forced plyers-shaped arrangement of the N lone pairs. The

W ULAR SRR BESALVEWERW

npoaﬂvp structural influence of the additional nnneffmntng of a granatane system on basicity can

be estimated by comparing the pK, values of 7a,b with that of parent compound 18 (pK, =

10.19, measured in 40% aqueous ethanol [8]) (Figure 6). The lower basicity of 6a with respect to
4a (pK, = 10.73 [1]) possessing the nitrile function is surprising. It should be, however, the
consequence of easier evading the plyers-shape arrangement of the two N lone pairs in 6a due to
the missing buttressing effect of the hydrogen atom in 3-position. This effect becomes apparent
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Azonia triflate 19 was obtained by treatment of diamine 6a with one equivalent of
trifluoromethane sulfonic acid. Clearly stronger increase [1] of "Jey coupling of *C NMR NCH-
signal (AJ = 11.6 Hz) with respect to the morpholine NCH,-signal (AJ = 3.0 Hz) indicates that
the added proton is located mainly at N(9)-atom with weak bonding to morpholine N-atom. The
chanee of 'Jo counling of the cveclopropane unit rr“(’)\.n/(‘(A\.n AJ = 10.7 Hz; (‘.(3).}1; AJ =

alipv Uil J(CH wUupiining VUi Ul VY WIUEA VPG WAL | S s R A Sy

15.7 Hz] should be rather the consequence of addmonal strain of the tricyclic skeleton upon
protonation. Single crystais of ammonium sait 19 were obtained by crystallization from
methanol; the salt, however, crystallized as solvate (19 - CH;OH). The molecular plot and the
numbering of atoms are depicted in Figure 5. Selected bond distances, atomic distances and
dihedral angles are listed in Table 3
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Figure 5 X-Ray plot and numbering of atoms of CH,OH (Molecular Graphics from SHELXTL-Plus [9] Sofiware Package;
thermal e!lxpm!ds were drawn at the 33% probability level. Hydrogen atoms (except ammonium hydrogen atom)
methanol and the trifluoromethanesulfonate anion were omitted for reasons of claritv

The most interesting detail in the X-ray structural analysis corresponds to the N-H - - N
arrangement in the cation of 19 - CH;0H (Figure 5). The ammonium proton H(9) could be

located directly; it is bonded to N(9) with a bonding distance of 0.78(3) A. A distance of 2.72 A

sarme Fmzrend landeernain dlin desrn ans FOpR amdd AT/71Y TART/ONTY/ZNONNTA1 Az NO1

was found between the two nitrogen atoms N(9) and N(1) [N(OH(9N(1) angle: 145.9°]. A

value of 0.5° for the angle of the planes L(J)N(I)O('l) and C(10)N(9)C(3) indicates the straight

forward direction of N(1) lone pair towards the H(9)-atom. The clear hydrogen bonding in

ammonium salt 19 - CH;OH is underlined additionally by comparing the N(1)N(9)-distance and

the ring buckling o with the values of diamine 4a [shortening of (N1)N(9) distance by 0.16 A
A‘Pﬁﬂn kuclzhng oy l“y K ’70 onrl 1 KC"I f1}

and increase klin 11

The effect of additional constraining of a 6-amino-3-azoniabicyclo[3.1.0Jhexane unit on
hydrogen bonding becomes obvious by comparing 19 with the ammonium saits 21 and 23. Ring
buckles a, = 8.1° (for 21 [10]) and o, = 22.4° (for 23 [11]) were found for these salts leading to
N - - N distances of 2.996 [A] and 2.858 [A], respectively (Figure 6). There is no detectable

ammonium hvdrnoen interaction with the triflate anion or the solvating methanol in 19. Thus. salt

ar gen interaction the triflate an the solvating anol in 19. Thus,
19 can be mcorporated as a new member into the family of monoprotonated diamines with strong
| VU PR L_ ...... Ao dont emam el om0 1.1 Shn e d o TT. o B S T
hydrogen bonding beween two trigonal pyramidal nitrogen atoms. Hydrogen bonding is slightly

weaker in 19 than in monoprotonated proton sponges of type 20 for which extreme values of
2.52 and 2.62 A were reported thus far (see ref. [12]). The N - - N distance in the new
denivative 19, however, is comparable to that of monoprotonated diamines of the bispidine type
(e.g. monoprotonated 7-hydroxy-B-isosparteine 22: N - - N distance: 2.68 A [13]) (Figure 6).
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Table 3
Selected bond distances [A], atomic distances  [A] and interplanar angles [°] of 9-methyl-3-morpholino-9-
azoniatricyclo[3.3.1.0>*|nonane triflate 19 - CH,OH.

Cl)-C(2) 1.486(5) C(4) - C(5) 1.573(6)
C@2) - C(3) 1.407(5) CG3) - C(4) 1.594(6)
CQ) - C4) 1.542(6) N() - H(9) 0.78(3)
N(9) - C(1) 1.510(5) N(©9) - C(5) 1.523(5)
C(3) - N(1) 1.450(5) N(1) - - -N(©9) 272
C(10) - N(9) 1.493(5) NQ) - - ‘H©®) 2.04
C(2)CB3)C4) C(HC(CHC(5) 70.1° (o)
C(H)CQR)CEH)C(5) C(LHNMOC(S) 46.3° (0n)
C3N(DO(1) C(10)N(DC(3) 0.5°
Figure 6
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3.4 lonization potentials of the N lone pairs in morpholinocyclogranatanes 6a/7a

Ionization potentials of the isomeric diamines 6a and 7a were determined by PE spectroscopy.
The observed values are given in Figure 7 together with some published ionization potentials of

comparable compounds.
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Figure 7
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Compound 24 [14] allows the assignment of the bands in the PE spectra of 6a and 7a which
correspond to morpholine. Ionization of CH;-N lone pair in 7a is comparable with that of parent

orvy . ' 1 £ +h 1 1a~de o A
system 18 [15]. It is not clear if the easier removal of the analogous electron from endo-

morpholine isomer 6a is either the consequence of stabilization of the resulting radical cation by
the N’ lone pair or the result of additional strain in isomer 6a. The band at 9.21 eV should
indicate removal of an electron from the cyclopropane subunit in 6a; in the case of 7a, this band
overlaps most presumably with the 9.50 eV band of morpholine (Figure 7).
3.5 Autoxidation of aminocyclo
endo-Aminocyclogranatanes 6a,b proved to be sensitive against molecular oxygen. Storing
endo isomers 6a,b at 60°C for 24 h in an oxygen atmosphere caused an oxidation of the N-
methyl moiety to give formyl derivatives 25a/b in 78% and 82% yield, respectively. Unchanged
starting materials were easily removed by extraction with buffer solution (citric acid / disodium
hydrogenphosphate). A very clean autoxidation is underlined by '"H NMR spectroscopic analysis

of the reaction mixture indicating nnlv the presence of products 25a b besides unchanged starting

reaction mixture indicating only the 5a,b besides unchanged startin
materials 6a,b. Interestingly, isomers 7a,b are mnot attacked by oxygen under analogous
conditions (Scheme 3).
Scheme 3
N A
CH_ . N 02' -C., N CHS\M H‘ //2_7. 02,
N 60°C O“"°N NS 60°C
H l H ~H r no
‘H ‘H H roartinn
‘, ~H \, =i eation
6a,b 25a,b 7a,b

6,7,25: a: Z=0O b: Z=CH,
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Reactions of amino derivatives with oxygen are described in the Iiterature, there are known
few examples in which no catalyst or no photo excitation is necessary (for a review see ref.
[16]). The easy and highly selective transformation of 6a,b into 25a,b is remarkable in this
context. It should be also the consequence of the lone pair activation of N(9) by the plyers-shape

AN

arrancement of the second N lone pair. In a more general manner, the oxidation nrocess of 26
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to give ion pair 29 and elimination of water from its covalent bonded species 30 (Scheme 4).
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Scheme 4

4. Conclusion

Aminocyclogranatanes 6a,b and their diastereomers 7a,b can be used as model compounds for
studying the effects of N lone pair interaction on the properties of diamines. Basicity, ionization
potential and chem1ca1 behaviour against oxygen are clearly influenced in a diamine if the N lone
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5. Experimental

'"H NMR and *C NMR spectra were obtained with a Bruker AMX 400 spectrometer (TMS as
internal standard). Microanalyses were performed using a Perkin-Elmer 2400 Elemental
Analyzer. Reactions with titanium tetrachloride or N-chlorosuccinimide were run in a nitrogen
atmosphere. The amines were titrated with a Metrohm Titrino SM 702 apparatus using Metrohm
electrodes [combined pH-glass electrode with Ag/AgCVKCI (3 mol - dm™) as inner reference
electrode]. The He (I) PE spectra were recorded with a Perkin PS18 spectrometer and calibrated

using Ar and Xe. A resolution of 20 meV was obtained for the ?P3p, line of Ar. Commercially

avmla le buffer solutions (Fa. Merck KGaA, Darmstadt) were used.

Tricyclic endo-amines 6a,b from nitriles 4a,b - general procedure: Tricyclic nitrile 4 [1] (1.0
mmol, 4a: 0.247 g db: 0.245 a-\ was added to a “solution* of sodium (0.092 g, 40 mmnh in

R, V.&TT Vo T Vriaw Quwww vwv NN LW VAN AL WA LaAs VoV S 2222239
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liquid ammonia at -78°C. Then the cooling bath was removed and the mixture was stirred till the
ammonia was evaporated. Extraction of the residue with ether (2 x 15 mL) gave a mixture of
crude tricyclic endo-amine 6 and exo-amine 7 (6/7: a: 10:1; b: 3:1). The less basic exo-amines 7
were separated by addition of 30 mL of an aqueous buffer solution [6a/7a: pH = 10.4, glycine
(0.1 mol/L; 8.35 mL), sodium chloride (0.1 mol/L; 8.35 mL) and sodium hydroxide (0.1 mol/L;
13.3 mL); for 6b/7b: pH = 10.1, glycine (0.1 mol/L; 9.1 mL), sodium chloride (0.1 mol/L; 9.1
mL) and sodium hydroxide (0.1 mol/L; 11.8 mL)] and extraction with ether (2 x 20 mL).
Addition of an aqueous solution of sodium hydroxide (SM) to the water solution till pH 12 and

mbqeauent extraction with ether ( 3 x20 mI\ gave endo-amines 6a,b which were p__riﬁgd by
distillation in a Kugelrohr apparatus.
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1O, Q,3P,4Q,00-7-Melnyi-3-morpnotno-7-aza O;3 Jnonane . g
(E70/N- b NOCYN NN s 1T NAMD /(. TY )Y & N QA (LT 1T AN 1 NN /LT LT AN 1 20
(U/70); OP SU L/U.VUVI DAL, 11 INIVIN (LglJg) O U.JU (1B, Iy, £I1), 1.UU {1y, DIV, £01), 1.00
(Hp, 1H), 1.75 (Hx, 1H), 1.85 (Hc, He, Hy, 3H), 3.04 (Ha, Ha, 2H) (AA’BB’CC’DEMM’X-
e sbmen 3T _ 37 ATy 371 37 AN OTT- N M AN fee ATIN M AOQ fie: ATTY 2 717 fow  ATT
system, “Jvx = JMX =7.20Z,7JaMm = TJam S VU0 Z), 2.42 (8, 211), 2.40 (M, 411), 5.72 (M, 411)
PSR TR SO ATAATY 7N TN © £ 1 70 17 1At 0TI\ £m7 1 71 1T 1A N TT_\N £A 1 ra
\Hl() DOHDE), L/ INIVIIK [\./51_}6) 00/.1 \[, CH = 141.0 ), /.0 (CI, Jcyg T 140.V 17Z), J04.1 \,
Jeu = 132.4 Hz), 49.2 (d, Jeu = 156.9 Hz), 32.8 (q, Jeu = 131.5 Hz), 25.7 (d, Jeu = 166.7
Hz), 21.9 (t), 17.6 (t). Anal. Calcd for C,3H2,N,0: C, 70.22; H, 9.97; N, 12.60. Found: C, 70.0;

1a,2a,3B4a,5a-9-Methyl-3-piperidino-9-azatricyclo[3.3.1.0>* Jnonane (6b): Yield: 0.113 g
(51%); bp 50°C/0.001 mbar; '"H NMR (CsDs) 8 1.01 (Hp, Hp:, 2H), 1.08 (Hy, Har, 2H), 1.42
(Hp, 1H), 1.81 (Hx, 1H), 1.88 (Hc, He, Hg, 3H), 3.12 (Ha, Ha, 2H) (AA’BB’CC’DEMM’X-
system, *Jux = Jvx = 7.2 Hz, *Jam = *Jam < 0.7 Hz), 2.49 (s, 3H), 1.40 (m,, 2H), 1.62 (m,,
4H), 2.54 (m,, 4H) (piperidine); *C NMR (C¢Ds) & 57.7 (d), 55.3 (1), 49.8 (d), 33.5 (q), 26.3 (1),
26.2 (d, 'Tcy = 165.9 Hz), 25.1 (t), 22.8 (t), 17.8 (t). Anal. Caled for CisHyN,: C, 76.31; H,
10.98; N, 12.71. Found: C, 76.4; H, 11.0; N, 12.8.

Tricyclic exo-amines Ta,b - general procedure: Tricyclic nitrile 4 [1] (1.0 mmol, 4a: 0.247 g;
4b: 0.245 g) was added under stirring at 16°C (boiling temperature of ethylamine) to a “solution®
of lithium (0 093 ¢ 12 .0 mmol) in anhvdrous liguid ethvlamine (80 ml.). Then the ethvlamine
of lithium (0.093 g, 12.0 mmol) in anhydrous liquid ethylamine ( ) y

la,2a,3a,4a,5a-9-Methyl-3-morpholino-9-azatricyclof3.3.1.0°* Jnonane (7a): Yield: 0.198 g
sONND/N\ n‘son 1 SEOrNIN NNt 1 IrTaTuam /AT © NOT Y T ATIA 1 AN /1T Y
{(89%), mp 73°C, op 35°C/U.UU1 moar, NMR (Ceg) 0 U5/ (g, Hp:, 4I1), 1.2U (IM, Oy,
2H), 1.32 (Hp, 1H), 1.74 (Hc, He, 2H), 2.00 (Hg, 1H), 2.40 (Hx, 1H), 2.90 (Ha, Ha,, 2H)
i i s e = = = - e 2 -~ o wr 2 T ~ o ww A4~ 4~ ~n o~
(AA BB’CC’DEMM’ x-system a8 = Jap =20 Hz, Jac = Tnc =325 Hz, "Jap = "Tup = 0.9
Hz, *Jgs- = 1.8 Hz, JBC = 2Jp.c = 13.6 Hz, *Jgp = *Jgp = 0.5 Hz, 3Jpp = *Jpg = 6.6 Hz, *Jop =
. . ~ o~ oww . e o
JJCD 61HZ JJCE—- JCE“‘ 124HZ ‘JD]:,"'13 1 HZ Jam=" A’M’<U.8 Hz, "Jvx = Jmx = 1.0

Hz), 2.31 (s, 3H), 2.50 (m, 4H), 3.65 (mc, 4H) (morpholine); *C 1 (CéDs) & 67.3 (1), 57.1
(d), 54.2 (1), 45.2 (d), 32.1 (q), 26.5 (d, Jen = 167.9 Hz), 20.9 (), 17.7 (t). Anal. Calcd for
Ci3Hp:NO: C, 70.22; H, 9.97; N, 12.60. Found: C, 70.2; H, 10.1; N, 12.7.
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1a,2a,3a, 40,5 a-9-Methyl-3-piperidino-9-azatricyclo[3.3.1.0°% [nonane (7b): Yield: 0.184 ¢
(84%); mp 67°C, bp 55°C/0.001 mbar; 'H NMR (CsDs) & 0.97 (Hg, Hp:, 2H), 1.29 (Hy;, Hyr,
2H), 1.33 (Hp, 1H), 1.74 (Hc, He, 2H), 2.02 (Hg, 1H), 2.44 (Hx, 1H), 2.95 (Has, Ha, 2H)
(AA’BB’CC’DEMM’X-system, *Jap = *Jap = 2.0 Hz, *Jac = *Jarc = 3.25 Hz, “Jap = *Tap = 0.9
Hz, “Jsp = 1.8 Hz, *Jpc = g = 13.7 Hz, *Jpp = *Jpop = 1.2 Hz, *Jpg = *Jpg = 6.6 Hz, *Jop =
3Jen=6.1Hz, *Jcg = 3Jor = 12.4 Hz, 2Jpg = 13.1 Hz, *Jam = *Jam < 0.7 Hz; *Tyx =Twx = 1.6
Hz), 1.39 (m,, 2H), 1.60 (m,, 4H), 2.61 (broad, 4H) (piperidine), 2.33 (s, 3H); ?C NMR (C¢Ds)
8§ 57.2 (d), 55.1 (t), 45.7 (d, 'Jew = 171.1 Hz), 32.1 (q), 27.0 (d), 26.7 (t), 25.1 (), 21.0 (t), 17.8

(t). Anal. Calcd for C;4HpN>: C, 76.31; H, 10.98; N, 12.71. Found: C, 76.4; H, 11.0; N, 12.7.
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2H), 1.88 (Hg,
3L\c = 3],\’(;’ =325 HZ,

=3Jam < 0.8 Hz), 2.27 (s, 3H), 3.24 (s, 3H), 2.81 (broad, 4H), 3.69 (broad, 4H) (morpholine);
3C NMR (C¢Ds) & 83.4 (s), 68.1 (t), 56.5 (d), 51.1 (q), 49.7 (t), 33.5 (d, "Jcu = 171.7 Hz), 32.0
(), 20.5 (t), 17.0 (t). Anal. Calcd for C;4H,sN,0,: C, 66.63; H, 9.59; N, 11.10. Found: C, 66.3;
H,9.5;N, 11.4.

la,2a,3 40,5 a-9-Methyl-3-morpholino-9-azatricyclo[3.3.1.0** Jnonane (6a) from N,O-acetal
10a: A solution of N,O-acetal 6a (0.252 g, 1.00 mmol) in anhydrous tetrahydrofuran (40 mL)
was dropped to a suspension of lithium aluminum hydride (0.095 g, 2.5 mmol) in anhydrous
tetrahydrofuran (10 mL) under stirring within 30 minutes at room temperature. Stirring was

tassium hydroxide (3 M, 30 mL).

vicdonlilll A YRLIUAILY - 4VL.

ion of the solvent gave crude diamine 6a which

v B ML Liagiil

26 g (57%); bp 50°C/0.001 mbar;

fed 2 2 o L ¥ Al
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Oxidation of 1a,2a,3ﬂ,4a,5a—3-amino-9-methyl-9-azatricyclo[3.3.1.02'4]n0nane 6 - general

i} ™ . ~ ~ oA V4 ~ A b, eee mal A ades ~crnd A A
procedure: Pure 1a,2a,3p,40,50-3-Amino-9-methyi-9-azatricyclo[3.3.1 0*"jnonane 6 (1.0

mmol, 6a: 0.222 g; 6b: 0.220 g) was stored in an oxygen atmosphere (50 mL flask) at 60°C for
24 h. Unreacted starting material 6 was removed by extraction with 20 mL of an aqueous buffer
solution of pH = 7 [citric acid (0.1 mol/L; 3.8 mL) and disodium hydrogenphosphate (0.2 mol/L;
16.2 mL]; the residue was distilled in a Kugelrohr apparatus to give the pure formyl derivatives

25a,b.



1a,2a,3p 40,5 a-9-Formyl-3-morpholino-9-azatricyclo[3.3.1.0°* Jnonane (25a): Yield: 0.184 g
(78%); mp 45°C, bp 80°C/0.001 mbar; 'H NMR (CsDs) & 0.67 (m., 2H), 1.13-1.34 (m, 4H),
1.45 (t, 1H), 1.56 (m, 2H), 2.14 (m,, 2H), 2.30 (broad, 2H), 3.24 (m,,1H), 3.60 (broad, 2H),
3.81 (broad, 2H), 4.59 (m, 1H), 7.70 (s, 1H); *C NMR (CsD¢) & 159.9 (d), 66.5 (t), 54.2 (d),
54.0 (t), 49.1 (d), 47.2 (d, Jcu = 160.2 Hz), 31.4 (t), 29.4 (t), 22.6 (d, 'Jo = 169.8 Hz), 21.6 (d,
en = 169.8 Hz), 17.9 (t). Anal. Caled for C13HoN,0;: C, 66.08; H, 8.53; N, 11.85. Found: C,
66.4;H,8.5; N, 11.4.

(82%), mp 71°C, bp 100°C/0.001 mbar, 'H NMR (CiD) 5 0.72 (i, H), ]

1.54 (t, 1H), 2.35 (very broad, 4H), 3.31 (m,, IH\ 4.66 (m,, 1H), 7.78 (s, 1H); *C NMR (C¢Ds)
8 159.7 (d), 55.0 (1), 54.2 (d), 49.1 (d), 47.7 (d, 'Tey = 159.3 Hz Y 315 (1. 20.5 (). 25.6 (£). 24.8

4/ \M/> AN \ vCH ™ 2570 A3, SRS\ &7 Vs L0V )y &0
(). 229 (d ! n,,zmnxnﬂ 71 om lrm= 8.8 Hz). 18.0 (). Anal Calcd for Ci.H»»N,O: C
\l.,, st et & \\l, v ANTRT W & e R S A\ 4 } AT \l}- 4 i3, WwRAVUL AUV \/14-[1 J.‘L\.l- \1,

16 ,
71.76; H, 9.46; N, 11.95. Found C, 71 5;H, 9.6; N, 12.0.

la 2c 38 4a. 5a-9-Methvl-3-mornholino-9-azoniatricvclol3.3.] N2 7 ran rinn PIIEY, NN, RS
10,200,340, I C-7-IVIEINY (-3 -IOFpRoLRo- Q-azoniatric YCi0)3.5.1.07 JHORANRE  Irijiuoromeinane

sulfonate (19): A solution of trifluoromethane suifonic acid in 2-proanol (0.1 M; 10.00 mL) was
added to a solution of tricyclic endo-morpholine 6a (0.222 g, 1.0 mmol) in methanol (50 ml). The
solution was stirred at room temperature for 30 min, Evaporation of the soivent in vacuo,
trituration of the residue with ether (5 mL) and drying led to pure ammonium salt 19, which was
recristallized from methanol. Yield: 0.326 g (88%); mp 117°C (decomp.); *C NMR
(CDsCN/D,0 4:1) § 121.5 (q), 67.0 (t, 'Jcy = 144.5 Hz), 60.5 (d, 'Jeu = 155.5 Hz), 53.8 (t, 'Icn
=135.4 Hz), 45.4 (d, 'Joy = 172.6 Hz), 30.2 (q, 'Jeg = 143.1 Hz), 20.9 (1), 20.8 (d, Jey = 177.4
Hz), 14.9 (t). Anal. Caled for C,4H3F3N,048: C, 45.15; H, 6.23; N, 7.52. Found: C, 45.2; H,

6.3;N, 7.5.

Titration of diamines 6a,b and 7a,b with hydrochloric acid: Freshly distilled diamines 6,7 (0.09
mmol; 6a,7a: 20.0 mg; 6b,7b: 19.8 mg) were dissolved in water (90 mL, bidistilled and saturated
with nitrogen) under stirring at room temperature for 24 h. 30 mL of the solution were titrated
with aqueous 0.1 M hydrochloric acid each.

Y-Rav crvstal structure analvsis 1171 of la2a 3B 4o 3a-9-methvl-3-morpholino-9-
ady crystar  structure  analysis ity 9 1a,.0,30,4Q,00-7-MELNYL-3-MOrpnolino-
Araniatricvelnl3 2 1 024 monane trifluornmethane culfonate 19 . CHLOHE- Qinole ervetale of
ULUITERILALT I LIU[J o LV _I"U',u,‘b ET BJR AT UKIECULTIATIEC DAL A7 \’luvll' LJLLLE.[\; Ul] DRI VUL
10 O NIT cvnra ahtainad hey ampatnlliontinn frnm mathananal

) o 4 A13WVil WOIL UUL 1ICU Uy ybl 11LallVll 11 UL LI UL UL,

O ninl i M IT T AT N C CIT AT T W — AOA A& smannelinie enans grain DY /o a —
Crystai gata: CaiisrsiNgUgd - UnzUn, Fow. = 4U4.45, mONOCiinic, space gioup rZyc, a
OANNAY L 1 MO A 18 A10/AN AL o o __ON D __OAALLIAINC. YT — 10AQ N 3.7 _ 1.
9.202(2), b = 13.779(3), ¢ = 15.418(3) A; a =y =90, p =94.36(3)", V = 1949,2(7) A’ 2 = 4;

1 AmO -3, A~ nan N AL s mn At TVads anllaadliaa.
Dy =1.3/8 g cim Crystal Slze U 4 X VOV X V.20 mim, COIOUricssS prisms. pdtd COLCCUOI.

i Y 1
Diffractometer STOE IPDS, temperature: 293(2) K; monochromatized Mo-K,, radiation; 11701
reflections are collected, 2926 independent reflexions (Ry = 0.0367); 1.98 < ® < 26.01°, no
absorption correction. Structure solution and refinement: The structure was solved by the direct

method using SHELXS-86 [18] and refined by full matrix least squares analysis on F? using
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SHELXL-93 [19]. The trifluormethyl group in the anion of compound 19 is disordered, all
fluorine atoms were refined in split positions with occupancy factors of 0.8 and 0.2. All other
non-H atoms were refined anisotropically. The hydrogen atom H(9) could be localized from
difference electron density maps and refined isotropically, all other hydrogen atoms were placed
in idealized calculated positions and allowed to ride on the corresponding carbon atoms with
fixed isotropic contributions. 2175 reflections with F > 4 o(F) were used, 234 variables,
weighting scheme w'= 6*(F?) + (0.0676P)* + 0.0147P where P = (F,* + 2F.%) / 3 , goodness of
fit 1.248, final R indices (obs. data) R1 = 0.0798, wR2= 0.1540.
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