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The syntheses of four new spiropiperidines designed as polar analogs of methyl 2-(3-azaspiro[5.5]undec-
an-9-yl)acetate are described.
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Spiropiperidines have emerged as valuable fragments for drug
discovery and have demonstrated favorable biological properties
in small molecule programs across multiple therapeutic areas.1

Spiropiperidine frameworks are often described as privileged
structures2 because they have been successfully employed as
ligands for a variety of targets including muscarinic,3 d-opioid,4

melanocortin,5 and CCR4 receptors,6 as well as the proteins HDAC,7

ACC,8 and SCD.9 At Merck, spirocyclic small molecules have been
especially successful with an NPY inhibitor10 and a growth hor-
mone secretagogue11 advancing to Phase II and Phase III clinical
trials, respectively. During the course of a recent drug discovery
program, we became interested in commercially available tert-bu-
tyl 9-(2-methoxy-2-oxoethyl)-3-azaspiro[5.5]undecane-3-carbox-
ylate 1 (Chart 1) as a compact and rigid linker containing both
amine and ester functional handles for elaboration. We were also
drawn to analogs of 1 with decreased lipophilicity. Decreased lipo-
philicity, indicated by a lower value for distribution coefficient
(logD), is commonly associated with favorable drug properties
such as high solubility, low plasma protein binding, and decreased
affinity for common off-target enzymes like ion channels and cyto-
chrome P450’s.12 We therefore considered oxygen for carbon
replacements in the spiropiperidine framework as a strategy for
the reduction of logD.

As shown in Chart 1, incorporation of oxygen significantly in-
creased the calculated polarity of the spiropiperidine.13 Thus, spi-
ropiperidine 1 has a calculated logD (c logD) of 4.34 while
ll rights reserved.
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oxygenated variant 2 has a c logD of 1.94. To further explore chem-
ical space in this area, we also considered truncated analog 3
(c logD = 2.05), tetrahydropyran regioisomer 4 (c logD = 1.94), and
tetrahydrofuran analog 5 (c logD = 2.25). The synthesis of these
oxygenated spiropiperidines in racemic form is described in this
Letter.

We first targeted spiropiperidine 2 (Scheme 1). In this case,
N-Boc-4-piperidone (6) was subjected to reaction with allylmagne-
sium bromide followed by O-alkylation with allyl bromide. Diene 8
was then treated with Grubbs first generation catalyst to effect ring
4 clogD = 1.94 5 clogD = 2.25

Chart 1. Oxaspiropiperidine targets and their calculated distribution coefficients
(c logD).
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Scheme 3. Synthesis of spiropiperidine 4. Reagents and conditions: (a) Compound
15, 2-butanol, 23 �C, 2.5 h; (b) AcCl, Et2O, �78 �C, 10 min; (c) H2 (1 atm), 10 mol %
Pd/C, 23 �C, 4 h; (d) trimethyl phosphonoacetate, NaH, THF, 0–23 �C, 4 h; (e) H2

(1 atm), 30 mol % Pd(OH)2, EtOH, 23 �C, 6 h.
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Scheme 4. Synthesis of spiropiperidine 5. Reagents and conditions : (a) DIBAL-H,
CH2Cl2, �30 �C to 23 �C, 4 h; (b) trimethyl phosphonoacetate, tBuOK, THF, 0–23 �C,
16 h.

Table 1
Calculated and experimental logD’s for spiropiperidines 1–5
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Scheme 1. Synthesis of spiropiperidine 2. Reagents and conditions: (a) Allylmag-
nesium bromide in THF, Et2O, 0–23 �C, 18 h; (b) allyl bromide, K2CO3, DMF, 0–23 �C,
18 h; (c) 10 mol % Grubbs I, CH2Cl2, 0–23 �C, 18 h; (d) BH3�THF, THF, 0 �C, 18 h then
NaOH, H2O2, 0–23 �C, 1 h, 3.5:1 mixture of regioisomers; (e) 1 mol % TPAP, NMO,
THF, 23 �C, 40 min; (f) trimethyl phosphonoacetate, NaH, THF, 23 �C, 20 h; (g) H2

(1 atm), 10 mol % Pd/C, EtOAc, 23 �C, 18 h.
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closure in 86% yield.14 Hydroboration gave a separable mixture of
regioisomeric alcohols in a 3.5:1 ratio favoring oxidation at posi-
tion 3 as desired. Oxidation of the desired alcohol followed by
Horner–Wadsworth–Emmons homologation and reduction pro-
duced the target spiropiperidine in 22% yield over three steps.

We then pursued truncated analog 3 (Scheme 2). Thus, N-Boc-
4-piperidone was subjected to reaction with allylmagnesium bro-
mide followed by O-alkylation with bromomethyl methacrylate.
Diene 13 was then treated with Grubbs second generation catalyst
and heated at 85 �C in 1,2-dichloroethane for 18 h to provide the
desired spirodihydropyran in 93% yield. Palladium catalyzed
hydrogenation of 14 on an H-Cube flow hydrogenation reactor15

provided the target spiropiperidine (3).
Next, we targeted regioisomer 4 (Scheme 3). Cycloaddition of

Rawal’s diene (15) across 4-piperidone occurred cleanly in 2-buta-
nol to give cycloadduct (16) that was converted to dihydropyra-
none 17 following deaminative workup with acetyl chloride.16

The crude cycloadduct thus obtained was subjected to hydrogena-
tion then purified to give spirotetrahydropyranone 18 in 73% over-
all yield from 6. Next, Horner–Wadsworth–Emmons homologation
occurred in 80% yield followed by enone hydrogenation in 65%
yield to give spiropiperidine target 4.

Finally, we targeted spirotetrahydrofuran 5 which was synthe-
sized from spirolactone 1917 (Scheme 4). Thus, DIBAL-H reduction
of the lactone to lactol 20 occurred in 81% yield. Subsequent treat-
ment with the potassium salt of trimethylphosphonoacetate gave 5
in 63% yield.

We next measured the distribution coefficients for spirocycles 1–
5 using Haky and Young’s HPLC method.18 Data are shown in Table 1.
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Scheme 2. Synthesis of spiropiperidine 3. Reagents and conditions: (a) Allylmag-
nesium bromide, Et2O, 0–23 �C, 18 h; (b) bromomethyl methacrylate, NaH, DMF, 0–
23 �C, 18 h; (c) 10 mol % Grubbs II, 1,2-DCE, 85 �C, 18 h; (d) H2 (50 barr, H-Cube),
cat. Pd(OH)2, EtOH, 23 �C.
The experimental data indicated a logD lowering of 1.1–1.4log units
on incorporation of oxygen compared with a predicted lowering of
2.1–2.4log units. Thus the calculated logD’s were overestimated
but the trends in logD reduction were accurately predicted. The
experimental data therefore confirmed that oxygenated spiropiperi-
dines 2–5 are indeed considerably more polar than spiropiperidine
1.

The oxaspiropiperidines presented in this Letter are compactly
functionalized and rigid frameworks with lower logD than their
carbogenic parent 1. They possess both amine and ester function-
ality for synthetic elaboration and are each accessible from com-
mercially available reagents in seven or fewer steps. We suggest
that these fragments may be useful in drug discovery programs
where increased polarity is desired.

References and notes

1. (a) Liu, J.; Jian, T.; Guo, L.; Atanasova, T.; Nargund, R. P. Tetrahedron Lett. 2009,
50, 5228–5230; (b) Limanto, J.; Shultz, C. S.; Dorner, B.; Desmond, R. A.; Devine,
P. N.; Krska, S. W. J. Org. Chem. 2008, 73, 1639–1642; (c) Lu, Z.; Tata, J. R.; Cheng,
K.; Wei, L.; Chan, W. W.-S.; Butler, B.; Schleim, K. D.; Jacks, T. M.; Hickey, G.;



T. Cernak et al. / Tetrahedron Letters 52 (2011) 6457–6459 6459
Patchett, A. A. Bioorg. Med. Chem. Lett. 2007, 17, 3657–3659; (d) Jia, L.; Zou, J.;
So, S.-S.; Sun, H. J. Chem. Inf. Model. 2007, 47, 1545–1552; (e) Tata, J. R.; Lu, Z.;
Jacks, T. M.; Schleim, K. D.; Cheng, K.; Wei, L.; Chan, W. W.-S.; Butler, B.; Tsou,
N.; Leung, K.; Chiu, S.-H. L.; Hickey, G.; Smith, R. G.; Patchett, A. A. Bioorg. Med.
Chem. Lett. 1997, 7, 2319–2324.

2. (a) Evans, B. E.; Rittle, K. E.; Bock, M. G.; DiPardo, R. M.; Freidinger, R. M.;
Whitter, W. L.; Lundell, G. F.; Veber, D. F.; Anderson, P. S.; Chang, R. S. L.; Loti, V.
J.; Cerino, D. J.; Chen, T. B.; Kling, P. J.; Kunkel, K. A.; Springer, J. P.; Hirshfield, J. J.
Med. Chem. 1988, 31, 2235–2246; (b) Patchett, A. A.; Nargund, R. P. Annu. Rep.
Med. Chem. 2000, 35, 289–298.

3. Bandarage, U. K.; Davies, R. J. Tetrahedron Lett. 2010, 51, 6415–6417.
4. Le Bourdonnec, B.; Windh, R. T.; Ajello, C. W.; Leister, L. K.; Gu, M.; Chu, G.-H.;

Tuthill, P. A.; Barker, W. M.; Koblish, M.; Wiant, D. D.; Graczyk, T. M.; Belanger,
S.; Cassel, J. A.; Feschenko, M. S.; Brogdon, B. L.; Smith, S. A.; Christ, D. D.;
Derelanko, M. J.; Kutz, S.; Little, P. J.; DeHaven, R. N.; DeHaven-Hudkins, D. L.;
Dolle, R. E. J. Med. Chem. 2008, 51(19), 5893–5896.

5. He, S.; Ye, Z.; Dobbelaar, P. H.; Sebhat, I. K.; Guo, L.; Liu, J.; Jian, T.; Lai, Y.;
Franklin, C. L.; Bakshi, R. K.; Dellureficio, J. P.; Hong, Q.; Tsou, N. N.; Weinberg,
D. H.; MacNeil, T.; Tang, R.; Strack, A. M.; Tamvakopoulos, C.; Peng, Q.; Miller, R.
R.; Stearns, R. A.; Chen, H. Y.; Chen, A. S.; Fong, T. M.; Wyvratt, M. J., Jr.;
Nargund, R. P. Bioorg. Med. Chem. Lett. 2010, 20, 4399–4405.

6. Hansen, J. D.; Newhouse, B. J.; Allen, S.; Anderson, A.; Eary, T.; Schiro, J.;
Gaudino, J.; Laird, E.; Allen, A. C.; Chantry, D.; Eberhardt, C.; Burgess, L. E.
Tetrahedron Lett. 2006, 47, 69–72.

7. Varasi, M.; Thaler, F.; Abate, A.; Bigogno, C.; Boggio, R.; Carenzi, G.; Cataudella,
T.; Dal Zuffo, R.; Carmela Fulco, M.; Giolio Rozio, M.; Mai, A.; Dondio, G.;
Minucci, S.; Mercurio, C. J. Med. Chem. 2011, 54, 3051–3064.

8. Corbett, J. W.; Freeman-Cook, K. D.; Elliot, R.; Vajdos, F.; Rajamohan, F.; Kohls,
D.; Marr, E.; Zhang, H.; Tong, L.; Tu, M.; Murdande, S.; Doran, S. D.; Houser, J. A.;
Song, W.; Jones, C. J.; Coffey, S. B.; Buzon, L.; Minich, M. L.; Dirico, K. J.; Tapley,
S.; McPherson, R. K.; Sugarman, E.; Harwood, H. J., Jr.; Esler, W. Bioorg. Med.
Chem. Lett. 2010, 20, 2383–2388.

9. Uto, Y.; Ueno, Y.; Kiyotsuka, Y.; Miyazawa, Y.; Kuruta, H.; Ogata, T.; Yamada, M.;
Deguchi, T.; Konishi, M.; Takagi, T.; Wakimoto, S.; Ohsumi, J. Eur. J. Med. Chem.
2010, 45, 4788–4796.

10. Erondu, N.; Gantz, I.; Musser, B.; Suryawanshi, S.; Mallick, M.; Addy, C.; Cote, J.;
Bray, G.; Fujioka, K.; Bays, H.; Hollander, P.; Sanabria-Bohorquez, S. M.; Eng,
W.; Langstrom, B.; Hargreaves, R. J.; Burns, H. D.; Kanatani, A.; Fukami, T.;
MacNeil, D. J.; Gottesdiener, K. M.; Amatruda, J. M.; Kaufman, K. D.; Heymsfield,
S. B. Cell Metab. 2006, 4(4), 260–262.

11. Patchett, A. A.; Nargund, R. P.; Tata, J. R.; Chen, M.-H.; Barakat, K. J.; Johnston, D.
B. R.; Cheng, K.; Chan, W. W.-S.; Butler, B.; Hickey, G.; Jacks, T.; Schleim, K.;
Pong, S.-S.; Chaung, L.-Y. P.; Chen, H. Y.; Frazier, E.; Leung, K. H.; Chiu, S.-H. L.;
Smith, R. G. Proc. Natl. Acad. Sci. U.S.A. 1995, 92, 7001–7005.

12. Lipinski, C. A. J. Pharmacol. Toxicol. Methods 2000, 44(1), 235–249.
13. Calculated distribution coefficients (c logD) were obtained using Merck’s in

house QSAR model.
14. Walters, M. A.; La, F.; Deshmukh, P.; Omecinsky, D. O. J. Comb. Chem. 2002, 4,

125–130.
15. Jones, R. V.; Godorhazy, L.; Varga, N.; Szalay, D.; Urge, L.; Darvas, F. J. Comb.

Chem. 2006, 8, 110–116.
16. Huang, Y.; Rawal, V. H. J. Am. Chem. Soc. 2002, 124(33), 9662–9663.
17. Commercially available: CAS:301226-27-7; or prepared according to: Bao, J.;

Beresis, R.; Berger, R.; Colletti, S. L.; Shouwu, M.; Parsons, W. H.; Rupprecht, K.
M.; Johanson, J. N.; Kayser, F.; Kovacs, E. W. WO2004058763, 2004.

18. Haky, J. E.; Young, A. M. J. Liq. Chrom. 1984, 7, 675–689.


	Synthesis of oxaspiropiperidines as a strategy for lowering logD
	References and notes


