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The parallel solution-phase synthesis of a series of building blocks and combinatorial libraries based on
natural bispidine scaffold has been accomplished. Key reactions include catalytic hydrogenatior-¢f the (
cytisine heterocyclic system, followed by alkali-mediated ring cleavage. Using this approach, a series of
new bispidine core building blocks for combinatorial synthesis with three points of diversity were effectively
synthesized. The libraries from libraries were then obtained in good yields and purities using solution-phase
acylation reactions. Obtained combinatorial libraries of 3,4,7-trisubstituted bispidines are potentially useful
in the discovery of novel physiologically active compounds.

Introduction F|<1
Combinatorial libraries based on natural product scaffelds N N-R2
core structures around which analogues and derivatives are R3
produced-represent a valuable source of exploratory chem- 6a-e
istry for novel drug discovery and development. In this work, R1, R2 = H, alkyl, benzyl, BOC, acyl, sulfonyl, etc.

R3 = (a): CO,H; (b): CO,Alkyl; (c): CO(4-morpholyl);
(d): CH,(4-morpholyl); (e): CH,OH

Figure 1. Bispidine derivatives synthesized in this work.

we report synthesis of libraries containing bispidine (3,7-
diazabicyclo[3.3.1]Jnonane) moiety as a core fragment. The
bispidine skeleton constitutes the B and C rings of a variety
of lupanine alkaloids, for example, sparteinahich is a
tetracyclic alkaloid with antiarrhythmic propertié®ue to ~ combinations of protecting groups. Starting from these
this structural relationship, compounds belonging to the ring compounds, synthesis of a variety of combinatorial libraries
system of bispidines have been the subject of considerablecontaining bispidine moiety is possible. These libraries
interest. Several natural and synthetic bispidine derivativesrepresent a very useful source of exploratory chemistry for
were described as potent and selective effectors of ionthe discovery of novel physiologically active compounds.
channel receptor complexes. For instance, antiarrhythmic
properties have been demonstrated for bispidine derivatives Results and Discussion
ambasilide tedisamil* and bisarami?. Alkaloid (—)-cytisine
and its derivatives are selective nAChR ligafi&udies of
crystal structures, stereochemistry, and conformational analy-
sis of bispidines have been published.

Depending on the substitution pattern of bispidine deriva-
tives, several synthetic approaches are possible. For instanc
synthetic routes based on the Mannich reactiotijizing

Bispidine Building Blocks. Initial (—)-cytisine 1 was
converted in high yield to decahydro-1,5-methanopyrido[1,2-
a][1,5]diazocin-8-on& upon catalytic hydrogenation in the
presence of Ptousing a modified published procedtte
e(Scheme 1). Parallel reactinof alkylation with the
¢hlorides3a—e afforded a library of 3-substituted decahydro-

pyridine derivative$, or cyclic dicyanoglutarimidé8 as 1,5-methanopyrido[1,2f[1,5]diazocin-8-oneda—ein high

starting materials were reported. However, to the best ofouryie,:;js (88|_99(;%2' (?nl th_e b?SiS of LC% MS ddata, alkali- or

knowledge, combinatorial approaches to these scaffolds have?”! I-catalyzed hydrolysis of compoun@snd4a—e quan-

not been reported before. titatively led to.the cprrespondlng 4-(3,7-d!azab|c¥clq[3.3.1]-
As part of our research program related to the synthesiszon,'z't}./l)bung:lC ?tmdsSta—tg, a newt fatrrr]nly of t.)C;Sp]'cdme th

of combinatorial libraries based on natural bispidine scaffold, erivatives. attempts 1o separate these acids trom the

we developed an original synthetic way to novel bispidine reaction mixture failed because of their spontaneous dehy-

derivatives (Figure 1) starting from—{-cytisine, readily dration into the_ mltlal trlcyc_llc compounqz and 4a—e.
available from natural sourcesor synthetically2 The However, the acidic hydrolysis @and4a—ein the presence

synthesized structures contain three points of diversity (points®f methanol or 2-propanol allowed us to obtain and separate
around which the structure can be varied) and different & liPrary of 4-(3,7-diazabicyclo[3.3.1]non-2-yl)butyric acid
alkyl esters7a—g containing one {f,g, R = H, R? = i-Pr

*To whom correspondence should be addressed. Phone: (858) 794-0r Me) or two (7a__e) dlfferen_t prc_Jtectlng groups. The
4860. Fax: (858) 794-4931. E-mail: av@chemdiv.com. products7a—g were isolated using simple procedures, such

10.1021/cc0499385 CCC: $27.50 © 2004 American Chemical Society
Published on Web 07/27/2004
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Scheme 1. Solution-Phase Parallel Synthesis of Esféasisg and Evaluated Building Blocks
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Scheme 2. Synthesis of Bispidine Building Blocks
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as filtration and concentration in vacuo, in excellent yields
(98—99%) and purities X95% as evidenced from LC/MS
analysis).

A series of additional bispidine core building blocks with
three points of diversity and different protecting groups were
obtained starting from esterga—g (Scheme 2). Thus,
protection of the free secondary amino-group7cf(R! =
H) was achieved by BeO® in Et&N and THF to yield Boc-
derivative9. This compound represents a valuable combi-
natorial building block with three differently protected
reactive functions. Butanol0—12 represent another inter-
esting series of core building blocks. They were obtained
by treatment of estergc,dwith benzyl chloride3c followed
by reduction of carboxyl function to primary alcohol upon
the treatment with LiAIH in THF. We have found that mild
catalytic hydrogenation dfOa,bin methanol (H/Pd, rt, 12
h) results in selective BFdebenzylation which affords
7-monobenzylated butandlda,bin a high yield (92-93%).
Fully N-deprotected butandl can be obtained in a moderate

{*)
15, 8% 16, 23%

yield upon prolonged hydrogenation under more severe
conditions (H/Pd, 70°C, 65 psi, 170 h).

Treatment of compound2g with Boc,O in THF at the
presence of EN allowed production of di-Boc derivative
13 (Scheme 3), which was used in the next step without
purification. This intermediate underwent mild alkali hy-
drolysis, and the resulting acit¥ was isolated in a high
yield (95% from12g) following an acid workup. The acid
14 was treated with carbonyldiimidazole and then with
morpholine to smoothly afford morpholidEs. Reduction
of this compound with LiAIH in THF led to aminel6in a
moderate yield (23%).

All the described bispidine building blocks were obtained
with excellent purities¥ 95% based on LC/MS data), using
only minimal workup of the reaction mixtures. These
building blocks are perfectly suited for combinatorial library
generation because they have a rigid core with a defined
geometry that possesses up to three different sites for the
incorporation of diversity.
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Scheme 3. Solution-Phase Parallel Synthesis of Combinatorial Librat@{d—5}, 20{1—-20}, and21{1-23} and Evaluated
Building Blocks
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Table 1. Analytical Data for Combinatorial Libraries of B-Acylated Derivativesl9{1-5} and20{1-2G

no. compd R1 R2 yield, % purity (LC/MS), % retention time, min
1 19{1} Et Me 11 97 2.39
2 192} c-PrCH Me 12 97 2.66
3 193} Bn Me 52 99 3.00
4 194} (4-MeOGH4)CH; Me 50 99 3.08
5 19({5} PhCHCH, Me 52 99 3.20
6 20{ 1} Et 4-FCgHy4 67 99 3.05
7 20{2} c-PrCH, 4-F—CgH4 81 99 3.34
8 20{3} Bn 4-F—CeHy 100 99 3.58
9 20{4} (4-MeOGsH4)CH, 4-F—CgHy 100 99 3.56
10 20{5} PhCHCH, 4-F—CgHg4 91 99 3.70
11 20{ 6} Et 3-pyridyl 31 95 2.39
12 20{7} c-PrCH, 3-pyridyl 45 99 3.59
13 20{8} Bn 3-pyridyl 99 92 2.95
14 20{9} (4-MeOGsH4)CH, 3-pyridyl 99 99 2.95
15 20{10} PhCHCH, 3-pyridyl 96 99 3.06
16 20{11} Et 2-thienyl 61 99 3.00
17 20{12 c-PrCH, 2-thienyl 77 99 3.28
18 20{13} Bn 2-thienyl 99 88 3.51
19 20{ 14} (4-MeOGsH4)CH, 2-thienyl 99 83 3.54
20 20{15} PhCHCH, 2-thienyl 80 99 3.52
21 20{16} Et (3,4-(MeO)CsH3)CH; 99 99 3.57
22 20{17} c-PrCH, (3,4-(MeO}CgH3)CH; 99 98 3.26
23 20{18} Bn (3,4-(MeO)CsH3)CH, 99 99 3.40
24 20{19} (4-MeOGsH4)CH, (3,4-(MeO)CgH3)CH, 99 98 3.44
25 20{20} PhCHCH, (3,4-(MeO}CgH3)CH, 99 98 3.57

Libraries from Libraries. To illustrate the utility of our usually the nonequivalent methylene protons at C-6 and C-8
synthetic strategy, estera—e were further derivatized, using  can be seen as doublets in the rangé 8f15-3.60. In many
parallel solution-phase techniques (Scheme 3). Parallelcases, pure crystalline substances could be obtained, thus
reactions of the core building blockBa—e with acetic allowing firm relative and absolute stereochemical assign-
anhydride, acyl chlorides7a—d or sulfonyl chloridesl8a—e ments to be made to the individual compounds through X-ray
yielded a series of novel combinatorial libraries containing crystallography. For instance, the structure26{5} was
bispidine moiety, including 25-membered library of\3- unambiguously established as methyl ester of (1R,2S;5R)
acylated derivativesl9{1-5} and 20{1—-20}, and 23- (44 3-(4-fluorobenzoyl)-7-phenetyl-3,7-diazabicyclo[3.3.1]-
membered library of }N-sulfonylated derivative21{ 1-23}. non-2-ykbutyric acid by single-crystal X-ray analysis (see
The products were obtained in moderate-to-good yields andSupporting Information).
good purities (Tables 1 and 2) using simple workup
procedures.

All new compounds were characterized by LC/M$Band In summary, we have developed an efficient synthetic
13C NMR spectroscopy. The individual protons in the approach to novel (1BR)-3,7-diaza-bicyclo[3.3.1]nonane
bispidine system are largely concealed by other signals, butderivatives, which can be used as core building blocks for

Conclusion



Synthesis of Substituted 3,7-Diazabicyclo[3.3.1]nonanes Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 831

Table 2. Analytical Data for Combinatorial Library of 8-Sulfonylated Derivative@1{1-23}

no. compd R1 R2 yield, % purity (LC/MS), % retention time, min
21{1} Bn Me 60 98 3.20
21{2} (4-MeOGH4)CH, Me 55 95 3.29
21{3} PhCHCH; Me 40 90 3.42
21{4} Et Bn 82 86 3.44
21{5} c-PrCH, Bn 97 71 3.63
21{6} Bn Bn 99 90 3.76
217} (4-MeOGH4)CH, Bn 88 89 3.77
21{8} PhCHCH; Bn 67 82 3.89
21{9} Et 3-CR—CgH4 61 96 3.70
21{10} c-PrCH, 3-CR—CgH4 58 76 3.83
21{11} Bn 3-CR—CgH4 99 88 3.94
2112} (4-MeOGH4)CH; 3-CR—CgH4 99 84 3.96
21{13} PhCHCH; 3-CR—CgHs 99 80 4.11
21{14 Et 1,4-benzodioxan-6-yl 73 93 3.42
21{15 c-PrCH, 1,4-benzodioxan-6-yl 929 63 3.61
21{ 16} Bn 1,4-benzodioxan-6-yl 99 88 3.68
2117} (4-MeOGH4)CH; 1,4-benzodioxan-6-yl 99 91 3.73
21{18} PhCHCH, 1,4-benzodioxan-6-yl 929 96 3.91
21{19 Et 2-thienyl 40 95 3.30
21{20} c-PrCH, 2-thienyl 68 86 3.48
21{21} Bn 2-thienyl 99 86 3.55
21{22} (4-MeOGH4)CH, 2-thienyl 99 87 3.77
21{23} PhCHCH; 2-thienyl 99 90 3.69

combinatorial synthesis, as well as for further exploration (1S 5S)-Decahydro-1,5-methanopyrido[1,2-a][1,5]-

of chemistry of 3,7-diaza-bicyclo[3.3.1]Jnonanes. Considering diazocin-8-one (2).A mixture of (—)-cytisinel (20 g, 104

the availability of initial reactants, convenient synthesis and mmol) and PtQ (0.5 g) in distilled water (100 mL) was
isolation of products, and the overall good chemical yields prepared. Hydrogen was introduced, and the mixture was
of these transformations, this route provides a valuable stirred for 24 h at a temperature of 3G and a pressure of
synthetic approach. Access to different bispidine derivatives 5 atm. Then the reaction mixture was filtered and concen-
that are widely found in natural products and related trated in vacuo to giv@ (20 g, 98%). mp 99102 °C; *H
compounds showing interesting biological and pharmaceuti- NMR (CDCly) 6 4.64 (dt,J = 13.8 Hz, 1.9 Hz, 1H), 3.45

cal properties is now possible. Biological testing of the 356 (m, 1H), 3.31 (dJ = 14.2 Hz, 1H), 3.06 (dJ = 13.5
obtained compounds and their further exploration as initial Hz 1H), 2.76-3.00 (m, 3H), 2.152.52 (m, 3H), 1.54
syntones for synthesis of novel polycyclic structures are 2 o5 (m, 7H), 1.49 (br. s, 1H}3C NMR (CDCk) 6 169.9,
currently under way. 59.9,51.9, 46.9, 46.8, 33.5, 33.1, 33.0, 28.5, 28.2, 20.2; LC/
MS m/z 285 (M" + 1).

General Procedure for the Synthesis of 3-Substituted
Decahydro-1,5-methano-pyrido[1,2-a][1,5]diazocin-8-
ones (4a-e). Parallel solution-phase reactions were per-
formed using a laboratory synthesizer “CombiSyn-012-
3000". In each of five individual reaction units, amigé1.94
g, 10 mmol), chloride3a—e (10.5 mmol), anhydrous K
CO; (3.93 g, 28.5 mmol), and dry acetone (20 mL) were
loaded and then stirred at room temperature for 48 h. The
and tetramethylsilane as internal standdrdalues are given reaction mixtures were filtered, and the solvent was removed

in ppm, J values in Hz. LC/MS spectra were obtained with N Vacuo to give individual compoundsg—e in high yields.
PE SCIEX API 150EX liquid chromatograph equipped with (1555)-3-Ethyldecahydro-1,5-methanopyrido[1,2-a][1,5]-
a UV (215 and 254 nm) and ELS detectors and usingea C diazocin-8-one (4a).Yield 100%, yellow oil; *H NMR

column (100x 4 mm). Elution started with water and ended (DMSO-de) 6 4.75 (d,J = 13.3 Hz, 1H), 3.4+3.48 (m,
with acetonitrile/water (95:5, v/v) and used a linear gradient 1H), 3.12 (d,J = 11.4 Hz, 1H), 2.79 (dJ = 10.9 Hz, 1H),
at a flow rate of 0.15 mL/min and an analysis cycle time of 2.66 (d,J = 13.2 Hz, 1H), 1.952.22 (m 5H), 1.86-1.90
25 min. Melting point are uncorrected. (m, 2H), 1.56-1.80 (m, 7H), 0.90 (tJ = 7.1 Hz, 3H);**C

All the described parallel solution-phase reactions were NMR (DMSO-ts) 6 167.7, 59.3, 58.3, 53.6, 52.5, 46.1, 33.6,
performed using laboratory synthesizers “CombiSyn-012 33.4, 33.3, 29.1, 27.8, 20.0, 12.8; LC/M8z 223 (M* +
3000”1 which provide some advanced opportunities for 1).(1S5S)-3-Cyclopropylmethyldecahydro-1,5-methano-
high-throughput solution-phase combinatorial synthesis. All pyrido[1,2-a][1,5]diazocin-8-one (4b).Yield 88%, yellow
the workup, isolation, purification and analytic procedures oil; *H NMR (CDCl) 6 4.67 (d,J = 13.2 Hz, 1H), 3.46
were carried out using a proprietary technology platform, 3.52 (m, 1H), 3.32 (dJ = 11.4 Hz, 1H), 2.77 (d) = 14.7
which includes all the equipment required for parallel Hz, 1H), 1.56-2.50 (m, 14H), 0.6#0.80 (m, 1H), 0.36-
synthesis of large combinatorial librari&s. 0.50 (m, 2H),—0.05 to 0.07 (m, 2H)*C NMR (CDCk) ¢

Experimental Section

General. Unless otherwise noted, all materials were
purchased from commercial sources. Analytical thin-layer
chromatography was carried out on EM Separations Tech-
nology ks4silica gel plates. Compounds were visualized with
short-wavelength UV light. Silica gel flash chromatography
was performed using EM 6a8m silica gel.'H NMR and
13C NMR spectra were recorded on Varian Gemini-300 (300
MHz) spectrometer using CDEbr DMSO-ds as solvents
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168.9 (G=0), 63.7 (CH), 59.3 (CH), 58.8 (CH), 53.9 (CH),

46.4 (CH), 34.1 (CH), 33.6 (CH), 33.1 (CH), 29.3 (CH),
28.0 (CHy), 20.1 (CH), 8.8 (CH), 4.3 (CH), 3.2 (CHy); LC/

MS m/z 249 (M™ + 1). (1S59)-3-Benzyldecahydro-1,5-
methanopyrido[1,2-a][1,5]diazocin-8-one (4c)Yield 89%,

mp 90-95°C; *H NMR (CDCl) 6 7.15-7.40 (m, 5H), 4.77
(d,J=13.6 Hz, 1H), 3.48 (d) = 13.0 Hz, 1H), 3.36-3.47
(m, 1H), 3.07 (d,J = 13.0 Hz, 1H), 3.06-3.07 (m, 1H),
2.90-3.00 (m, 1H), 2.7#2.88 (m, 1H), 2.23-2.52 (m, 3H),
1.90-2.03 (m, 2H), 1.68-1.80 (m, 3H), 1.49-1.65 (m, 4H);

13C NMR (CDCh) 6 168.8, 139.1, 128.9, 128.1, 126.9, 63.4,

Ivachtchenko et al.

(CDCl3) 0 173.3 (G=0), 59.3 (CH), 58.2 (Ch), 52.8 (CH),
52.1 (CH), 51.5 (CH), 49.9 (CH), 33.0 (CH), 31.9 (CH),
30.2 (CH), 28.8 (CH), 26.8 (CH), 20.1 (CHi 11.7 (CH).
LC/MS m/z 225 (Mt + 1). 4-[(1S5S)-7-Cyclopropyl-
methyl-3,7-diazabicyclo[3.3.1]non-2-yl]butyric Acid Meth-
yl Ester (7b). Yield 100%, mp 117120 °C; 'H NMR
(CDClg) 6 3.61 (s, 3H), 3.52 (dJ = 13.1 Hz, 1H), 3.25
3.45 (m, 3H), 3.15 (dJ = 11.6 Hz, 1H), 3.023.12 (m,
1H), 1.56-2.50 (m, 13H), 1.36-1.40 (m, 1H), 0.86-0.90
(m, 1H), 0.46-0.60 (m, 2H), 6-0.20 (m, 2H);**C NMR
(CDCl) 6 173.2 (G=0), 63.0 (CH), 59.3(CH), 58.5 (CH),

59.9,59.1, 53.5, 46.2, 34.0, 33.5, 33.2, 29.4, 27.9, 20.1; LC/53.2 (CH), 51.5 (CH), 49.9 (CH), 33.0 (CH), 31.9 (CH),

MS m/z 285 (Mt + 1). (1S59)-3-(4-Methoxybenzyl)-
decahydro-1,5-methanopyrido[1,2-a][1,5]diazocin-8-one
(4d). Yield 98%, mp 9193 °C; 'H NMR (CDCl3) ¢ 7.17
(d,J=8.5Hz, 2H), 6.83 (dJ = 8.5 Hz), 4.75 (d,) = 13.6
Hz, 1H), 3.79 (s, 3H), 3.40 (d] = 12.7 Hz, 1H), 3.38
3.49 (m, 1H), 3.02 (dJ = 12.7 Hz, 1H), 2.96-3.06 (m,
2H), 2.77-2.88 (m, 1H), 2.46-2.52 (m, 1H), 2.22-2.35 (m,
2H), 1.90-2.00 (m, 2H), 1.76-:1.80 (m, 3H), 1.56-1.67 (m,
4H); °C NMR (CDCk) 6 168.8, 158.5, 131.2, 129.9, 113.4,

30.2 (CH), 28.8 (CH), 26.8 (CH), 20.1 (Chi 8.0 (CH),
4.2 (CH), 3.4 (CH); LC/MS m/z 281 (M* + 1).
4-[(1S59)-7-Benzyl-3,7-diazabicyclo[3.3.1]Jnon-2-yl]bu-
tyric Acid Methyl Ester (7c). Yield 100%, mp 107110
°C; *H NMR (CDClg) 6 7.20-7.32 (m, 5H), 3.62 (dJ =
12.5 Hz, 1H), 3.58 (s, 3H), 3.273.35 (m, 2H), 3.24 (d) =
12.5 Hz, 1H), 3.17 (dJ = 11.2 Hz, 1H), 3.03 (dJ = 11.2
Hz, 1H), 2.47 (dtJ = 3.0, 11.3 Hz, 1H), 2.253.37 (m,
1H), 2.06-2.20 (m, 3H), 1.86-2.02 (m, 3H), 1.76-1.84 (m,

62.7,59.8,59.1, 55.2, 53.5, 46.2, 34.0, 33.6, 33.2, 29.4, 27.9,3H), 1.48-1.64 (m, 2H), 1.241.40 (m, 1H);13C NMR

20.1; LC/MSm/z 315 (M* + 1). (1S 59)-3-Phenetyldecahy-
dro-1,5-methanopyrido[1,2-a][1,5]diazocin-8-one (4eYield
100%, yellow oil,'H NMR (CDCl) 6 4.67 (d,J = 13.6
Hz, 1H), 3.46-3.50 (m, 1H), 3.123.26 (m, 1H), 2.95
3.08 (m, 1H), 2.83 (dJ = 13.6 Hz, 1H), 2.622.77 (m,
2H), 2.00-2.55 (m, 6H), 1.95 (br.s, 1H), 1.5.85 (m, 7H);

(CDCls) 6 173.1 (G=0), 136.1 (C), 129.4 (CH), 128.5 (CH),
127.7 (CH), 63.0 (CH), 59.1 (CH), 58.6 (CH), 52.8 (CH),
51.5 (CHy), 49.8 (CH), 33.0 (CH), 31.8 (CH), 30.1 (CH),
28.8 (CH), 26.9 (CH), 20.0 (CH); LC/MS m/z 317 (M*
+ 1).
4-[(1S5S)-7-Methoxybenzyl-3,7-diazabicyclo[3.3.1]non-

C NMR (CDCk) 6 169.1, 140.5, 128.6, 128.2, 125.7, 60.4, 2_y||putyric Acid Methyl Ester (7d). Yield 98%, mp 79-
59.2,58.8, 54.0, 46.4, 33.9, 33.2, 33.2, 32.9, 20.1, 28.0, 20.1;g5 °C: 1 NMR (CDCh) 6 7.18 (d.J = 8.5 Hz, 2H), 6.83

LC/MS m/z 299 (M™ + 1).

4-((1S 59)-3,7-Diazabicyclo[3.3.1]non-2-yl)butyric Acid
Isopropyl Ester (7f). A suspension o2 (1.48 g, 7.6 mmol)
in 4 N HCI (7 mL) andi-CzH;OH (43 mL) was heated at
reflux for 48 h. An excessive amount of dry sodium

(d,J = 8.5 Hz, 2H), 3.76 (s, 3H), 3.57 (s, 3H), 3.55 (=

12.4 Hz, 1H), 3.253.34 (m, 2H), 3.17 (dJ = 12.4 Hz,
1H), 3.10-3.16 (m, 1H), 3.08-3.07 (m, 1H), 1.36-2.50 (m,
14H); 3C NMR (CDCE) 6 173.1 (G=0), 159.1 (C), 130.5
(CH), 128.1 (C), 113.8 (CH), 62.3 (GH 59.1 (CH), 58.4

bicarbonate was added after cooling. The reaction mixture (CH,), 55.1 (CH), 52.6 (CH), 51.4 (CH), 49.8 (CH), 32.9

was filtered and concentrated in vacuo to yiéfd2 g, 97%)
as an oil (LC/MS purity>95%); LC/MS m/z 255 (M™ +
1).

4-((1S59)-3,7-Diazabicyclo[3.3.1]Jnon-2-yl)butyric Acid
Methyl Ester (7g) was prepared by a similar procedure,
except methanol was used instead-@5H;OH (yield 98%,
LC/MS purity >95%); LC/MSm/z 227 (M" + 1).

General procedure for the synthesis of 4-[($5S)-7-
Substituted 3,7-Diazabicyclo[3.3.1]non-2-yl|Butyric Acid

Methyl Esters (7a—e). Parallel solution-phase reactions were

performed using a laboratory synthesizer, CombiSyn-012
3000. In each of five individual reaction unit4a—e (10

mmol), methanol (25 mL) and concentrated HCI (5 mL) were

(CHy), 31.8 (CH), 30.0 (CH), 28.8 (CH), 26.9 (CH), 20.0
(CHy); LC/MS m/z 347 (M* + 1).

4-[(1S 5S)-7-Phenetyl-3,7-diazabicyclo[3.3.1]non-2-yl]-
butyric Acid Methyl Ester (7e). Yield 100%, mp 7+75
°C; 'H NMR (CDCl) 6 7.14-7.38 (m, 5H), 3.64 (s, 3H),
3.05-3.30 (m, 4H), 2.81 (tJ = 7.7 Hz, 2H), 2.56-2.68
(m, 2H), 2.19-2.45 (m, 4H), 2.022.10 (m, 1H), 1.96-
1.97 (m, 1H), 1.26-1.85 (m, 8H);}3C NMR (CDCk) 6 173.4
(C=0), 139.4 (C), 129.0 (CH), 128.2 (CH), 127.0 (CH), 58.9
(CH), 58.7 (CH), 57.7 (CH), 53.9 (CH), 51.5 (CH;), 49.8
(CHy), 32.9 (CH), 32.8 (CH), 31.7 (CH), 30.0 (CH), 29.0
(CH), 26.8 (CH), 20.0 (Ch; LC/MS mVz 331 (M" + 1).

7-Benzyl-2-(3-methoxycarbonyl-propyl)-3,7-diazabicyclo-

loaded. The mixtures were heated at reflux for 24 h. An [3.3.1]nonane-3-carboxylic Acidtert-Butyl Ester (9). A
excessive amount of dry sodium bicarbonate was added tospluton of7c (2.22 g, 7.03 mmol) and Bt (1.08 mL, 7.7
each reaction mixture. The mixtures were filtered and mmol) in THF (5 mL) was stirred at room temperature. A

concentrated in vacuo to givéa—e. Purities of all these
products were>95% (as measured by LC/MS).
4-[(1S59)-7-Ethyl-3,7-diazabicyclo[3.3.1]non-2-yl]bu-
tyric Acid Methyl Ester (7a). Yield 100%, yellow oil,*H
NMR (CDCl) 6 3.62 (s, 3H), 3.54 (dJ = 12.9 Hz, 1H),
3.20-3.40 (m, 3H), 3.05-3.15 (m, 2H), 1.6-2.45 (m, 12H),
1.32-1.40 (m, 1H), 1.06 (tJ = 7.2 Hz, 3H);3C NMR

solution of BogO (1.69 g, 7.7 mmol) in THF (10 mL) was
slowly added, and the reaction mixture was stirred for 6 h.
The reaction mixture was concentrated in vacuo, and the
residue was partitioned between ethyl acetate (15 mL) and
water (15 mL). The combined organic layer was dried over
magnesium sulfate, filtered, and concentrated in vacuo. The
resulting viscous oil was subjected to flash chromatography
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(hexanes-ethyl acetate, 4:1) to giv@ as a clear oil. Yield (d, J = 7.3 Hz, 2H), 7.187.41 (m, 5H), 6.86-6.85 (m,

1.4 g (48%),'H NMR (CDCls) 6 7.22-733 (m, 5H), 4.06- 2H), 4.23 (dJ = 15.0 Hz, 1H), 3.81 (s, 3H), 3.58.62 (m,
4.25 (br.s, 2H), 3.64 (s, 3H), 3.46 (d,= 12.8 Hz, 1H), 2H), 3.40 (br.s, 2H), 2.723.16 (m, 4H), 1.98-2.60 (m, 4H),
3.38 (d,J = 12.8 Hz, 1H), 3.10 (dd] = 2.9, 13.2 Hz, 1H), 1.61-1.98 (m, 4H), 1.1+1.61 (m, 7H);*3C NMR (CDC})

2.84 (d,J=11.7 Hz, 1H), 2.56 (d) = 10.3 Hz, 1H), 1.96- 0159.1, 141.5, 130.6, 129.1, 128.6, 128.6, 126.9, 114.0, 64.7,
2.30 (m, 6H), 1.76-1.80 (m, 1H), 1.56-1.65 (m, 4H), 1.46  63.4, 63.1, 59.9, 59.2, 58.6, 55.8, 54.3, 34.0, 33.5, 32.6, 31.6,
(s, 9H), 1.24-1.33 (m, 1H);*C NMR (CDCk) 6 174.1,  30.8, 22.9; LC/MSz 409 (M" + 1).

156.1, 138.6, 129.2, 128.1, 127.0, 79.0, 63.0, 58.6, 54.5, 54.3, General Procedure for the Synthesis of 4-(7-Benzyl-
54.2, 51.4, 33.9, 29.6, 29.5, 28.5, 27.9, 27.6, 22.3. LC/MS 3,7-diazabicyclo[3.3.1]non-2-yl)butanols (11a,b)A solu-

m'z 417 (M" + 1). tion of 10a (10b) (2.06 mmol) in methanol (10 mL)
General Procedure for the Synthesis of 4-(3,7-Dibenzyl-  containing 10% palladium on carbon (0.1 g) was stirred in
3,7-diazabicyclo[3.3.1]non-2-yl)butyric Acid Methyl Es- an atmosphere of hydrogen at room temperature for 24 h.
ters (8a,b). Benzyl bromide (1.71 g, 10 mmol) and anhy- The reaction mixture was filtered, and the solvent was

drous KCO; (3.93 g, 28.5 mmol) were added to a solution removed in vacuo to givéla(11b) as a clear oil.

of amine7cd (10 mmol) in acetone (20 mL). The mixture  4-(7-Benzyl-3,7-diazabicyclo[3.3.1]non-2-yl)butanol 11a.
was stirred at room temperature for 48 h. The reaction Yield 92%; *H NMR (CDCl;) 6 7.21—7.54 (m, 5H), 4.63
mixture was then filtered and concentrated in vacuo. (br.s, 2H), 2.76-3.78 (m, 9H), 2.39-2.56 (m, 1H), 2.08&
Purification of the residue by flash column chromatography 2.27 (m, 1H), 1.19-2.06 (m, 10H);3C NMR (CDCk) 6
(silica gel, 6-50% THF/dichloromethane) afforde&hb as  137.5,129.2, 128.4, 127.4, 63.7, 61.5, 59.3, 59.3, 53.8, 50.9,

a colorless oil. 33.2, 32.3, 32.0, 31.1, 28.3, 21.8; LC/M8z 289 (M +
4-(3,7-Dibenzyl-3,7-diazabicyclo[3.3.1]Jnon-2-yl)butyr- 1).
ic Acid Methyl Ester 8a. Yield 2.81 g (68%);"H NMR 4-(7-(4-Methoxybenzyl)-3,7-diazabicyclo[3.3.1]non-2-

(CDCL) 6 7.47 (d,J = 7,0 Hz, 4H), 7.18-7.38 (m, 6H),  yl)butanol 11b. Yield 93%;H NMR (CDCl;) ¢ 7.23-7.35
4.22 (d,J = 14.3 Hz, 1H), 3.63 (s, 3H), 3.50 (d,= 13.3 (m, 2H), 6.89 (dJ = 8.1 Hz, 2H), 3.81 (s, 3H), 3.493.72
Hz, 1H), 3.40 (dJ = 13.3 Hz, 1H), 2.72:3.13 (m, 4H),  (m, 4H), 3.46 (br.s, 2H), 3.313.44 (m, 2H), 3.1+3.31 (m,
2.09-2.49 (m, 6H), 1.43-1.90 (m, 8H);**C NMR (CDCk) 2H), 2.94-3.11 (m, 1H), 2.38-2.61 (m, 1H), 2.05-2.25 (m,
0 174.6, 141.4, 140.1, 129.5, 129.1, 128.6, 128.6, 127.2,2H), 1.73-2.00 (m, 3H), 1.181.71 (m, 6H);)C NMR

126.9, 64.4, 64.2, 60.1, 59.1, 58.6, 54.5, 52.0, 34.9, 34.0,(CDCl) ¢ 159.2, 130.8, 128.3, 114.0, 62.3, 61.1, 59.4, 58.7,

32.9, 31.6, 30.9, 22.3; LC/M8Vz 407 (M* + 1). 55.4, 52.8, 50.5, 31.9, 31.6, 30.7, 29.9, 27.0, 21.2; LC/MS
4-(3-Benzyl-7-(4-methoxybenzyl)-3,7-diazabicyclo[3.3.1]-  mvz 319 (M* + 1).
non-2-yl)butyric Acid Methyl Ester 8b. Yield 1.03 g 4-(3,7-Diazabicyclo[3.3.1]non-2-yl)butanol (12)A solu-

(23%);"H NMR (CDCls) 6 7.46 (d,J = 7,2 Hz, 2H), 7.19- tion of 11a (2.06 mmol) in methanol (10 mL) containing
7.40 (m, 5H), 6.8%6.89 (m, 2H), 4.20 (dJ = 15.0 Hz, 10% palladium on carbon (0.3 g) was stirred in an atmo-
1H), 3.82 (s, 3H), 3.63 (s, 3H), 3.42 (d= 11.5 Hz, 1H),  sphere of hydrogen at 76C and 65 psi for 170 h. The
3.33 (d,J = 11.5 Hz, 1H), 2.7+3.07 (m, 4H), 2.08.2.45 reaction mixture was filtered and concentrated in vacuo.
(m, 6H), 1.45-2.00 (m, 8H);**C NMR (CDCk) 6 174.6, Purification of the residue by flash column chromatography
158.9, 141.5,132.2, 130.5, 129.1, 128.6, 126.9, 114.0, 64.4,(5i|ica gel, 6-50% methanol/THF) affordetl2 as a yellowish
63.5,60.1, 59.2, 58.5, 55.8, 54.4, 52.0, 34.9, 34.0, 32.9, 31.6,0il. Yield 11%;H NMR (12, dihydrochloride salt) (DMSO-
30.9, 22.3; LC/MSWz 437 (M™ + 1). ds) 6 9.83 (d,J = 53.5 Hz, 2H), 9.55 (dJ = 71.4 Hz, 2H),
General Procedure for the Synthesis of 4-(3,7-Dibenzyl-  3.48-3.76 (m, 11H), 3.40 (t]J = 6.3 Hz, 2H), 3.05-3.35
3,7-diazabicyclo[3.3.1]non-2-yl)butanols (10a,b)LiAIH 4 (m, 2H), 2.21 (d,J = 20.2 Hz, 1H), 1.73-1.98 (m, 2H),
(0.436 g, 11.45 mmol) was added to a solution of e8&gp 1.27-1.50 (m, 2H);*3C NMR (12, dihydrochloride salt)
(2.29 mmol) in dry THF (15 mL). The mixture was stirred (DMSO-ds) 0 94.1, 60.4, 55.8, 45.4, 44.7, 32.0, 30.0, 26.9,
at room temperature f@ h and then treated with a mixture  26.5, 23.7, 21.2; LC/M3$wWz 199 (M™ + 1).
of water (1 mL) and THF (5 mL). The mixture was washed  2-(3-Carboxypropyl)-3,7-diazabicyclo[3.3.1]Jnonane-3,7-
with brine (10 mL), and the aqueous layer was extracted dicarboxylic Acid di- tert-Butyl Ester (14). Boc,O (0.457
with dichloromethane (3« 20 mL). The combined organic g, 2.1 mmol) in THF (1.5 mL) was added to a solution of
layer was dried over magnesium sulfate, filtered, and 7¢(0.227 g, 1 mmol) and B (0.15 mL, 1.1 mmol) in THF
concentrated in vacuo to givi)ab as a clear oil. (1 mL). The reaction mixture was stirred at room temperature
4-(3,7-Dibenzyl-3,7-diazabicyclo[3.3.1]non-2-yl)bu-  for 6 h. The reaction mixture was then concentrated in vacuo
tanol 10a. Yield 89%;'H NMR (CDCl;) 6 7.40-7.53 (m, and partitioned between ethyl acetate (15 mL) and water (15
4H), 7.19-7.39 (m, 6H), 4.25 (d) = 14.3 Hz, 1H), 3.49 mL). The aqueous layer was extracted with ethyl acetate (3
3.63 (m, 2H), 3.45 (br.s, 2H), 2.78.10 (m, 4H), 2.03 x 5 mL). The combined organic layer was dried over
2.55 (m, 4H), 1.6%1.94 (m, 4H), 1.16-1.61 (m, 7H);'3C magnesium sulfate, filtered, and concentrated in vacuo to
NMR (CDCl) 6 141.6, 140.2, 129.5, 129.1, 128.6, 128.6, give 2-(3-methoxycarboxypropyl)-3,7-diazabicyclo[3.3.1]-
127.2,126.9, 64.7, 64.2, 63.2, 60.1, 59.2, 58.8, 54.4, 34.0,nonane-3,7-dicarboxylic acid dért-butyl esterl3. LC/MS
33.5, 32.7, 31.7, 30.9, 22.9; LC/M¥/z 379 (M' + 1). m/z 427 (M" + 1). The residue was dissolved in dioxane (1
4-(3-Benzyl-7-(4-methoxybenzyl)-3,7-diazabicyclo[3.3.1]- mL), ard 3 N NaOH (1 mL) was slowly added under stirring.
non-2-yl)butanol 10b.Yield 90%;*H NMR (CDCl) 6 7.46 A Small additional portion of dioxane was added until a
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homogeneous solution was obtained. The mixture was stirredmixed and stirred at room temperature. Acyl chlordde—d

at room temperature for 24 h and then concentrated in vacuo.or sulfonyl chloridel8a—e was added~1.2 equiv), and the
The residue was acidified with diluted,80, until pH 3 reaction mixtures were stirred at room temperature for 12 h.
and then extracted with ethyl acetate 23 mL). The Water (10 mL) was added to each reactor. The organic layers
combined organic layer was washed with watex(2 mL), were separated and concentrated in vacuo to gidfe—
dried over magnesium sulfate, and concentrated in vacuo t020} and 21{1—-23}. Purities of all these products were
give 14 (0.391 g, 95%). Mp 131133°C, LC/MS m/z 413 generally>85% (as measured by LC/MS), and the reaction

(M*+ + 1).
2-(4-Morpholin-4-yl-4-oxobutyl)-3,7-diazabicyclo[3.3.1]-
nonane-3,7-dicarboxylic Acid ditert-Butyl Ester (15). A
mixture of14 (0.412 g, 1 mmol) and\,N'-carbonyldiimid-
azole (0.178 g, 1.1 mmol) in dichloromethane (20 mL) was
stirred at room temperature for 1 h. Morpholine (a5 2

yields ranged from 50 to 100%.
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mmol) was added, and the reaction mixture was stirred for yaa for20(5}. This material is available free of charge via

36 h. The mixture was washed with water%25 mL), and
the organic phase was concentrated in vacuo to Give
(0.423 g, 88%) as a clear viscous diH NMR (CDCl) ¢
4.00-4.30 (m, 3H), 3.36-:3.90 (m, 11H), 1.962.80 (m,
7H), 1.26-1.70 (m, 4H), 1.40 (s, 18H}C NMR (CDCk)
0 171.5 (G=0), 156.0 (G=0), 155.2 (C=0), 79.6 (C), 79.4
(C), 66.9 (CH), 66.7 (CH), 66.4 (CH), 54.1 (CH), 46.7
(CHy), 45.9 (CH), 41.9 (CH), 41.2 (CH), 32.9 (CH), 29.5
(CH), 29.2 (CH), 28.4 (CH), 28.4 (CH), 27.6 (CH), 27.0
(CH), 22.4 (CH); LC/MS m/z 482 (M" + 1).
2-(4-Morpholin-4-yl-butyl)-3,7-diazabicyclo[3.3.1]nonane-
3,7-dicarboxylic Acid di-tert-Butyl Ester (16). LiAIH 4
(0.014 g, 0.37 mmol) was added to a solutionl&f(0.089
g, 0.185 mmol) in dry THF (10 mL). The mixture was stirred
at room temperature for 12 h and then treated with a mixture
of water (1 mL) and THF (5 mL). Water (10 mL) and BQr
(0.121 g, 0.555 mmol) were then added, and the mixture
was stirred for 1 h. KCO; (1 g) was added, and the organic
phase was separated and dried oveC®s, filtered, and
concentrated in vacuo. The residue was subjected to flash
chromatography (silica gel, $5.00% THFCHCI,) to give
16 (0,020 mg, 23%) as a viscous yellowish oil! NMR
(CDCls) 6 4.00-4.35 (m, 3H), 3.66-3.80 (m, 4H), 2.65
2.85(m, 3H), 2.46-2.50 (m, 4H), 2.36-2.40 (t,J = 7.4 Hz,
2H), 1.80-2.30 (m, 3H), 1.43 (s, 18H), 1.15L.75 (m, 8H);
LC/MS m/z 468 (M™ + 1).

Library of 4-(3-Acetyl-7-alkyl-3,7-diazabicyclo[3.3.1]-
non-2-yl)butyric Acid Methyl Esters (19{1-5}). Parallel
solution-phase reactions were performed using a laboratory
synthesizer, CombiSyn-012-3000. In each of five individual
reaction unitsya—e (1 g) and acetic anhydride (10 mL) were
loaded. The mixtures were stirred at room temperature for

12 h and then concentrated to dryness in a vacuum centrifuge

to give 19{1-5}. Purities of all these products were96%
(as measured by LC/MS), and the reaction yields varied
between 11 and 52%.

Libraries of 4-(3-Acyl-7-alkyl-3,7-diazabicyclo[3.3.1]-
non-2-yl)butyric Acid Methyl Esters (20{1—20}) and 4-(7-
alkyl-3-sulfonyl-3,7-diazabicyclo[3.3.1]non-2-yl)butyric Acid
Methyl Esters (2 1—23}). Parallel solution-phase reactions
were performed using four laboratory synthesizers, Combi-
Syn-012-3000. In each of individual reaction units;—e (1
0), E&N (660 uL, ~1.2 equiv), and CHGI(10 mL) were

the Internet at http://pubs.acs.org.
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