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The aminomethylation of 4,4-dialkyl-2,6-dioxopiperidine-3,5-dicarbonitriles (Guareschi imides) was
studied for the first time. When the Guareschi imides were treated with primary aliphatic amines and
an excess of formaldehyde, 2,4-dioxo-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarbonitriles were obtained
in varying yields (15-67%). The structure of 9,9-dimethyl-7-(2-methylpropyl)-2,4-dioxo-3,7-diazabicy-

clo[3.3.1]nonane-1,5-dicarbonitrile was studied by X-ray diffraction analysis.
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Introduction

3,7-Diazabicyclo[3.3.1]nonanes’ (DABCNs, bispidines) are
known as analgesics,” antitumor® and antiarrythmic” agents and
also are of considerable interest as rigid pre-organized chelating
bidentate ligands towards transition and main group metals.’
One of the most convenient and effective protocols commonly used
for the preparation of DABCNs is based on the double Mannich-
type reaction of primary amines with aldehydes and N-substituted
piperidin-4-ones or another suitable 3,5-binucleophilic partially
saturated pyridine species.! In recent years our group has made
significant progress in studying the reactivity of partially saturated
pyridine species under Mannich conditions. It was shown that the
aminomethylation of di- and tetrahydropyridine-2-chalcogeno-
lates with aldehydes and primary amines strongly depends on
the nature of a pyridine substrate and conditions, and the results
are generally hardly predictable. Thus, a large variety of polyhete-
rocyclic systems such as 3,7-diazabicyclo-[3.3.1]nonanes 1,°'°
pyrido[2,1-b][1,3,5]thiadiazines 2,''~'° pyrido[1,2-a][1,3,5]triazi-
nes 3/°°2% 357 11-tetraazatricyclo-[7.3.1.0*7]tridec-2-enes
42°-34 dipyridotetrazocines 5> thiazolo[3,2-a]pyridines 6,°°
pyrimido[4,3-b][1,3,5]thiadiazines 7°” and 3,7-diazabicyclo[3.3.1]
non-3-enes 8°° were obtained in this way (Scheme 1). 3,5-
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Dicyano-2,6-piperidinediones 9, also known as Guareschi imides,
were first prepared by pseudo four component reaction of ketones
and ammonia with two molecules of ethyl cyanoacetate,> and
widely used as precursors in the synthesis of B,p-disubstituted glu-
tarates and other compounds of pharmacological interest.*® It is
worth mentioning that 3,5-dicyano-2,6-piperidinediones also are
known to exhibit analgesic properties.*! Due to the presence of
two C-nucleophilic centers (C-3 and C-5) and imide C(O)NHC(O)
fragment in the molecule, Guareschi imides are of interest as they
are expected to react under Mannich conditions to give either
DABCNs,  3,7-diazabicyclo[3.3.1]non-3-enes or  monocyclic
aminomethylation products. To our surprise, a survey of literature
revealed that, while the aminomethylation of 6-0x0-3,5-dicyano-
1,4,5,6-tetrahydropyridine-2-olates 10 (which could be considered
formally as Guareschi imides salts) as well as their sulfur- and sele-
nium analogs (Scheme 2) is well documented,® '%>® the literature
lacked a report on the Mannich reaction with long-known Guar-
eschi imides 9.

In continuation to our studies, herein we wish to report, for the
first time to our knowledge, a one-pot Mannich-type synthesis of
novel 3,7-diazabicyclo[3.3.1]nonanes 11 starting from the classical
Guareschi imides 9.

Results and discussion

Glutarimides 9a,b were prepared by the known methods.?9+%?

We found that upon treatment of 9a,b with primary aliphatic
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Scheme 1. A diversity of Mannich-type products derived from partially saturated pyridine-2-chalcogenolates.
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Scheme 2. The aminomethylation of 1,4,5,6-tetrahydropyridine-2-chalcogenolates 10.

Table 1 Table 1 (continued)
Structures and yields of diazabicyclononanes 11a-i. 2
Starting compound  R°NH, Product Yield (%)
Starting compound  R?NH, Product Yield (%) o MeNH v 57
eNhy e
9a MeNH, Me_ _Me 39 Me o on
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9a sec-BuNH, Me.__Me 58 Me 5
CN
o CN 11d o
o X ] Me
, Me 11i N CN N
N N N&Me H Me
9a PhCH,NH, Me.__Me 19
OO§' CN 11e amines (2 eq) and an excess of 37% aq. HCHO, the desired 2,4-
] Ph dioxo-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarbonitriles 11a-i
HCN NJ were formed (Scheme 3), albeit in low yields (generally up to

30%). The yields of DABCNs 11 were significantly improved by
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Fig. 1. The principal correlations in the 'H-'>C HMBC NMR spectrum of compound
11c.

addition of a tertiary amine as a catalyst. Thus, the yield of DABCN
11f was improved from 26% to 67% after addition of few drops of
EtsN. The yields and structures of the DABCNs 11a-i are given in
Table 1.#* The pH value of the reaction mixture should be adjusted

C13

ci5 Ct4

D

C12

precisely to pH 6.0 with a few drops of diluted aq. HCI at the final
step, to avoid contamination of the product with bispidine salts 12
formed during the reaction.

DABCNs 11a-i were obtained as white, finely crystalline solids,
insoluble in water or ether, sparingly soluble in hot EtOH and mod-
erately soluble in Me,CO or DMSO. The structure and purity of the
obtained compounds 11a-i were confirmed by 'H and '>C NMR
data including DEPTQ and APT experiments, IR spectroscopy, LC/
MS and elemental analysis data. The infrared spectra exhibited
absorption bands due to the unconjugated cyano groups at v
2250-2262 cm™!, N—H and amide C=0 bonds at v 3098-3470
cm™! and 1700-1750 cm™!, respectively. The 'H NMR spectra of
bispidines 11a-i revealed the signals of two methylenes 6-CH; u
8-CH, as two pairs of doublets at § 2.96-3.07 ppm u 5 3.08-3.37
ppm (¥ = 11.5-12.1 Hz). The signals of NH protons were observed
at 5 12.34-12.57 ppm. A complete assignment of 'H and '>*C NMR
signals for bispdines 11 was based on the analysis of 2D NMR
'H-13C HSQC and 'H-'>C HMBC spectra for 7-isobutyl-9,9-
dimethyl-2,4-dioxo-3,7-diazabicyclo[3.3.1]-nonane-1,5-dicarboni-
trile 11c (for details see Supplementary materials). The most
significant correlations of '"H-3C HMBC NMR spectrum for com-
pound 11c are shown in Fig. 1.

In addition, the structure of 7-isobutyl-9,9-dimethyl-2,4-dioxo-
3,7-diazabicyclo[3.3.1]nonane-1,5-dicarbonitrile 11c was con-
firmed by X-ray structural analysis (Fig. 2).**

Another point we have to discuss is the stereo configuration at
C-9 position in the compounds 11f-i. According to NMR data, these
compounds exist as the sole stereoisomers. To date, we have no
clear indication or any NMR evidences whether C(9)-butyl and N
(7)-alkyl have trans- or cis-orientation. However, there are some
considerations indirectly pointing to the suggested trans-orienta-
tion. First, the aminomethylation of Guareschi imides should
rather occur from the less hindered side. Second, the X-ray data®®
for the related compound bearing DABCN moiety showed trans-
orientation of the Mannich-derived bulky CH,NArCH, fragment
and an aryl substituent at C-9 position.

Fig. 2. The molecular structure of compound 11c¢ with atoms represented by thermal vibration ellipsoids of 50% probability.
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Conclusion

In summary, we report the first synthesis of new functionalized
3,7-diazabicyclo[3.3.1]nonanes, starting from the long-known and
easily available 2,6-dioxopiperidine-3,5-dicarbonitriles (Guareschi
imides). Being close analogs of 4-aryl-2,6-dioxopiperidine-3,5-
dicarbonitriles, the classical 4,4-dialkyl substituted Guareschi imi-
des showed the same behavior in Mannich reaction resulted in the
formation of 3,7-diazabicyclo[3.3.1]nonanes. The operationally
simple one-pot approach is based on the base-catalyzed Mannich
reaction of Guareschi imides with HCHO and primary amines. This
approach would broaden the chemistry of Guareschi imides and
related pyridine species and hold great potential in the synthesis
of bispidine-type compounds.

Acknowledgments

V. V. Dotsenko, N. A. Aksenov, and I. V. Aksenova gratefully
acknowledge the financial support from Ministry of Education
and Science of the Russian Federation (project No. 4.5547.2017/
BCh).

Conflicts of Interests

Authors declare no conflicts of interests.

A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.tetlet.2017.10.069.

References

1. (a) For reviews on the DABCN chemistry see: Zefirov NS, Rogozina SV. Russ
Chem Rev. 1973;42:190-198;
(b) Jeyaraman R, Avila S. Chem Rev. 1981;81:149-174;
(c) Zefirov NS, Palyulin VA. Top Stereochem. 1991;20:171-229;
(d) Tomassoli I, Giindisch D. Curr Top Med Chem. 2016;16:1314-1342.
2. (a) Wang Y, Tang K, Inan S, et al. J Pharmacol Exp Therap. 2005;312:220-230;
(b) Kuhl U, von Korff M, Baumann K, Burschka C, Holzgrade U. ] Chem Soc Perkin
Trans 2. 2001;2037-2042;
(c) Holzgrabe U, Brandt W. | Med Chem. 2003;46:1383-1389;
(d) Kogel B, Christoph T, Fridericks E, et al. CNS Drug Rev. 1998;4:54-70;
(e) Holzgrabe U, Cambareri A, Kuhl U, et al. Il Farmaco. 2002;57:531-534.
3. Arutyunyan GL, Chachoyan AA, Shkulev VA, Adamyan GG, Agadzhanyan TSE,
Garibdzhanyan BT. Pharm Chem J. 1995;29:188-191.
4. (a) Garrison GL, Berlin KD, Scherlag B]J, et al. ] Med Chem. 1996;39:2559-2570;
(b) Smith GS, Thompson MD, Berlin KD, et al. Eur ] Med Chem. 1990;25:1-8.
5. (a) Hosken GD, Hancock RD. Chem Commun. 1994;1363-1364;
(b) Vatsadze SZ, Tyurin VS, Zyk NV, et al. Russ Chem Bull Int Ed.
2005;54:1825-1835;
(c) Vatsadze SZ, Bel'skii VK, Sosonyuk SE, Zyk NV, Zefirov NS. Chem Heterocycl
Compd. 1997;33:300-309;
(d) Born K, Comba P, Daubinet A, Fuchs A, Wadepohl H. J Biol Inorg Chem.
2007;12:36-48;
(e) Medvedko AV, Egorova BV,
2016;1:854-867.
6. Dotsenko VV, Krivokolysko SG, Litvinov VP. Chem Heterocycl
2005;41:1428-1429.
7. Dotsenko VV, Krivokolysko SG, Litvinov VP. Monatsh Chem. 2007;138:489-494.
8. Dotsenko VV, Krivokolysko SG, Litvinov VP. Russ Chem Bull Int Ed.
2007;56:2482-2486.
9. Chigorina EA, Dotsenko VV. Chem Heterocycl Compd. 2012;48:1722-1724.
10. Chigorina EA, Frolov KA, Dotsenko VV, Goloveshkin AS, Bushmarinov IS,
Krivokolysko SG. Russ Chem Bull Int Ed. 2016;65:2260-2269.
11. Dotsenko VV, Krivokolysko SG, Chernega AN, Litvinov VP. Doklady Chem..
2003;389:92-96.

Komarova AA, et al. ACS Omega.

Compd.

—_

2

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

37.

38.

39.

40.

41.

42.
43,

44,

A.N. Khrustaleva et al./ Tetrahedron Letters 58 (2017) 4663-4666

. Osolodkin DI, Kozlovskaya LI, Dueva EV, et al. ACS Med Chem Lett.
2013;4:869-874.

Dotsenko VV, Krivokolysko SG, Litvinov VP. Monatsh Chem. 2008;139:271-275.
. Dotsenko VV, Krivokolysko SG, Litvinov VP. Monatsh Chem. 2008;139:657-661.
Frolov KA, Dotsenko VV, Krivokolysko SG, Litvinov VP. Chem Heterocycl Compd.
2012;48:1117-1118.

Dotsenko VV, Frolov KA, Pekhtereva TM, Papaianina OS, Suykov SYU,
Krivokolysko SG. ACS Comb Sci. 2014;16:543-550.

Dotsenko VV, Krivokolysko SG, Litvinov VP. Russ Chem Bull Int Ed.
2012;61:131-135.

Dotsenko VV, Chigorina EA, Papaianina ES, Frolov KA, Krivokolysko SG.
Macroheterocycles. 2015;8:310-313.

Dotsenko VV, Frolov KA, Krivokolysko SG. Chem Heterocycl Compd.
2015;51:109-127.
Dotsenko VV, Krivokolysko SG, Litvinov VP. Chem Heterocycl Compd.

2007;43:517-518.

Dotsenko VV, Krivokolysko SG, Rusanov EB, Gutov AV, Litvinov VP. Chem
Heterocycl Compd. 2007;43:906-912.

Khrustaleva AN, Frolov KA, Dotsenko VV, Dmitrienko AO, Bushmarinov IS,
Krivokolysko SG. Chem Heterocycl Compd. 2014;50:46-52.

Khrustaleva AN, Frolov KA, Dotsenko VV, Krivokolysko SG. Russ | Org Chem.
2014;50:1804-1808.

Dotsenko VV, Suykov SYU, Pekhtereva TM, Krivokolysko SG. Chem Heterocycl
Compd. 2013;49:1009-1023.

Dotsenko VV, Krivokolysko SG, Litvinov VP. Russ Chem Bull Int Ed.
2005;54:2692-2694.

Dotsenko VV, Krivokolysko SG, Chernega AN, Litvinov VP. Monatsh Chem.
2007;138:35-42.

Dotsenko VV, Krivokolysko SG, Litvinov VP. Russ Chem Bull Int Ed.
2012;61:136-140.

Dotsenko VV, Krivokolysko SG, Litvinov VP, Rusanov EB. Doklady Chem.
2007;413(Part 1):68-71.

Dotsenko VV, Krivokolysko SG, Chernega AN, Litvinov VP. Russ Chem Bull Int Ed.
2007;56:1053-1062.

Dotsenko VV, Krivokolysko SG, Litvinov VP. Chem Heterocycl
2007;43:1455-1459.

Khrustaleva AN, Dotsenko VV,
2016;52:1368-1369.

Frolov KA, Dotsenko VV, Krivokolysko SG, Litvinov VP. Chem Heterocycl Compd.
2010;46:1142-1143.

Frolov KA, Dotsenko VV, Krivokolysko SG, Zubatyuk RI, Shishkin OV. Chem
Heterocycl Compd. 2013;49:472-478.

Frolov KA, Dotsenko VV, Krivokolysko SG. Russ Chem Bull
2013;62:1401-1404.

Dotsenko VV, Krivokolysko SG. Chem Heterocycl Compd. 2012;48:672-676.

. Dotsenko VV, Bushmarinov IS, Goloveshkin AS, Chigorina EA, Frolov KA,
Krivokolysko SG. Phosphorus, Sulfur Silicon Relat Elem. 2017;192:47-52.
Dotsenko VV, Frolov KA, Krivokolysko SG, Litvinov VP. Russ Chem Bull Int Ed.
2009;58:1479-1483.

Dotsenko VV, Frolov KA, Krivokolysko SG, et al. Chem Heterocycl Compd.
2016;52:116-127.

(a) Guareschi I. Chem Zbl. 1901;1:579;

(b) Guareschi 1. Gazz Chim Ital. 1919;49(1):126;

(c) Handley GJ, Nelson ER, Somers TC. Austr ] Chem. 1960;13:129-144.

For example: (a) McElvain SM, Clemens DH. | Am Chem Soc.
1958;80:3915-3923;

(b) Holder RW, Daub ]JP, Baker WE, Gilbert III RH, Graf NA. J Org Chem.
1982;47:1445-1451;

(c) Jimonet P, Ribeill Y, Bohme GA, et al. ] Med Chem. 2000;43:2371-2381.

El Batran SA, Osman AEN, Ismail MM, El Sayed AM. Inflammopharmacology.
2006;14:62-71. and references cited therein.

Norcross NR, Melbardis JP, Solera MF, et al. ] Org Chem. 2008;73:7939-7951.
Typical procedure for the preparation of 2,4-dioxo-3,7-diazabicyclo[3.3.1]nonane-
1,5-dicarbonitriles 11a-i. To a suspension of Guareschi imide 9a,b (1.0 mmol) in
96% EtOH (20 mL), triethylamine (2-3 drops), a primary amine (2.2 mmol) and
37% aq. HCHO (2.0 mL, 26.6 mmol) were added in succession. The mixture was
stirred for 1 min, then refluxed under vigorous stirring for 2 min, and the hot
solution was rapidly filtered through a paper filter. After 12 h, the pH value was
adjusted to pH 6.0 with diluted aq. HCI. The precipitate formed was left for 6 h
at ambient temperature, filtered off, washed with EtOH to give pure DABCNs
11a-i. The compounds could be recrystallized from acetone-EtOH mixture
(1:1).

Crystallographic data (including structure factors) for the structure 11c have
been deposited at the Cambridge Crystallographic Data Centre as
supplementary publication number CCDC 1562481. Copies of the data can be
obtained, free of charge, on application to CCDC, 12 Union Road, Cambridge CB2
1EZ, UK. Fax: +44 (0) 1223 336033 or e-mail: deposit@ccdc.cam.ac.uk.

Compd.

Krivokolysko SG. Russ | Org Chem.

Int Ed.


https://doi.org/10.1016/j.tetlet.2017.10.069
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0005
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0005
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0010
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0015
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0020
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0025
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0030
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0030
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0035
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0040
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0045
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0050
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0050
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0055
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0060
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0065
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0070
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0070
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0075
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0075
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0080
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0080
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0085
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0085
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0090
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0090
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0095
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0100
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0100
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0105
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0110
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0110
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0115
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0115
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0120
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0120
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0125
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0130
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0135
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0135
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0140
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0140
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0145
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0145
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0150
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0150
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0155
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0155
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0160
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0160
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0165
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0165
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0170
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0170
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0175
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0175
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0180
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0180
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0185
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0185
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0190
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0190
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0195
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0195
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0200
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0200
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0205
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0205
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0210
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0210
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0215
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0215
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0220
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0220
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0225
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0225
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0230
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0230
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0235
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0240
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0240
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0245
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0245
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0250
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0250
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0255
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0260
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0265
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0270
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0270
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0275
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0275
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0280
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0285
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0285
http://refhub.elsevier.com/S0040-4039(17)31373-4/h0290

	Synthesis of new functionalized 3,7-diazabicyclo[3.3.1]nonanes by aminomethylation of the Guareschi imides
	Introduction
	Results and discussion
	Conclusion
	ack5
	Acknowledgments
	Conflicts of Interests
	A Supplementary data
	References


