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Abstract: Coupling of carbon monoxide with nitrogen mon-
oxide was achieved at a frustrated Lewis pair template. This
unique reaction uses hydride as an auxiliary, which reductively
activates carbon monoxide at the frustrated Lewis pair. The
CO/NO coupling reaction then takes place through a pathway
involving a radical reaction in which the hydrogen atom
auxiliary is eventually removed again.

The two-atom main-group-element oxides nitrogen mon-
oxide (nitric oxide, NO) and carbon monoxide (CO) are both
of enormous technical importance and, therefore, both of
them are produced and used in vast quantities. Nitrogen
monoxide is an intermediate in ammonia oxidation and CO
has found many important uses, for example, in methanol
synthesis and hydroformylation. Nitrogen monoxide is an
essential physiological molecule. It has been shown to serve in
a signaling role in the cardiovascular system and has been
found to be involved in many more physiological functions.[1]

Carbon monoxide has also been found in vivo and a complex
function for this molecule in living systems has recently been
unveiled as well.[2] Because of the vast technical as well as
biochemical importance of these molecules, the chemistry of
both NO and CO has been extensively studied and very
significantly developed. However, reactions involving both
CO and NO jointly in an active role are rare and, to the best of
our knowledge, their direct coupling in a metal-free environ-
ment has not been developed.[3] We have now found a way to
couple CO with NO at a frustrated Lewis pair (FLP)
template.[4]

Carbon monoxide is not reduced by [B]H boranes,[5, 6] but
we have shown that CO is readily reduced to the formylbor-
ane stage by the [B]H borane [HB(C6F5)2] at a variety of
saturated vicinal phosphane/borane frustrated Lewis pairs (P/
B FLPs).[7] As a typical example of this class of compounds,
the P/B FLP stabilized h2-formylborane product 3 a has been
obtained in good yield from the ethylene-bridged P/B FLP
1a,[8,9] PiersÏ borane [HB(C6F5)2] (2),[10] and carbon monoxide.

We were also able to show that PiersÏ borane alone reacts with
CO only to give the “PiersÏ borane carbonyl” (C6F5)2B(H)-
(CO).[11] We have now reacted the h2-formylborane/FLP
product with NO (Scheme 1).[12–15] Exposure of 3a in D6-
benzene solution to a nitrogen monoxide atmosphere
(1.5 bar) rapidly resulted in complete conversion (30 min at
RT) of the starting material to give a mixture of two major
compounds (4a and 5a) and a minor byproduct (6a) in a ratio
of ca. 5:2.5:1 (by 1H/ 31P NMR spectroscopy), plus some
additional unidentified boron-containing components. The
latter are probably (C6F5)2B oxides or hydroxides.

We specifically changed the reaction conditions in order
to isolate the main reaction products in pure form and to gain
information about their formation. We first treated the h2-
formylborane/FLP starting material 3a with NO (1.5 bar, RT,
2 h, toluene) in the presence of 3 è molecular sieves.
Scavenging the in situ formed H2O furnished compound 4a
from CO/NO coupling at the P/B FLP framework as the
major product. Workup, including crystallization from
dichloromethane/n-pentane, eventually gave analytically
pure product 4a in 55 % yield as a white solid (Scheme 2).

We then treated the starting material 3a in CD2Cl2 with
water (30 min, RT). In situ NMR spectroscopy of the reaction
mixture showed that the formaldehyde P/B FLP adduct
product 5a had been formed, along with some unidentified
(C6F5)2BO products (Scheme 2). In a separate experiment, we
reacted NO with 1,4-cyclohexadiene in D2-dichloromethane
solution. We expected that H-atom abstraction[16] by the
rather unreactive NO radical[17] would reveal itself through
the formation of benzene, and this was indeed observed. Over
a period of 6 h, approximately 80 % conversion of 1,4-
cyclohexadiene into benzene occurred and was monitored

Scheme 1. CO/NO coupling at a frustrated Lewis pair template.

[*] Dr. K.-Y. Ye, Dr. G. Kehr, Dr. C. G. Daniliuc, Prof. Dr. G. Erker
Organisch-Chemisches Institut der Universit�t Mínster
Corrensstraße 40, 48149 Mínster (Germany)
E-mail: erker@uni-muenster.de

Dr. L. Liu, Prof. Dr. S. Grimme
Mulliken Center for Theoretical Chemistry
Institut fír Physikalische und Theoretische Chemie
Universit�t Bonn, Beringstraße 4, 53115 Bonn (Germany)

Supporting information for this article can be found under:
http://dx.doi.org/10.1002/anie.201603760.

Angewandte
ChemieZuschriften

9362 Ó 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. 2016, 128, 9362 –9365

http://dx.doi.org/10.1002/anie.201603760
http://dx.doi.org/10.1002/ange.201603760
http://dx.doi.org/10.1002/anie.201603760


by in situ NMR spectroscopy.[18] We assume that this reaction
generated nitroxyl (HNO),[19–22] which under our reaction
conditions would rather rapidly decompose to N2O and H2O.
Therefore, we carried out a second series of experiments
where we exposed an approximately 1:10 mixture of the h2-
formylborane/FLP starting material 3 a and 1,4-cyclohexa-
diene to NO. Sure enough, the major reaction product was
now the formaldehyde P/B FLP adduct 5a (plus the
unidentified B oxides). Workup of the reaction mixture,
including crystallization from dichloromethane/n-pentane,
eventually gave the pure product 5a as a white solid in 53%
yield (Scheme 2).

The products 4 a and 5a were both characterized by
C,H,(N) elemental analysis, NMR spectroscopy, and X-ray
diffraction. Single crystals of the CO/NO coupling product 4a
were obtained from dichloromethane/n-pentane at¢30 88C. X-
ray crystal structure analysis revealed the formation of
a heterobicyclic framework that contained a central C=N
double bond between the CO-derived carbon atom C3 and
the NO-derived nitrogen atom N1 (N1–C3 distance: 1.299-
(3) è). Both the C3 (SC3PON = 359.688) and N1 (SN1OCB =

359.788) atoms show trigonal planar coordination geometries.
The five-membered ring substructure is almost planar, while
the anellated six-membered heterocyclic ring shows a dis-
torted half-chair conformation (Figure 1).

Compound 4a shows well resolved NMR spectra. The
position of the CO-derived carbon atom C3 was spectroscopi-
cally determined from an experiment using 13C isotopically
labelled carbon monoxide. Compound 4a shows a 31P NMR
resonance at d = 13.3 with a coupling constant of 1JPC =

106 Hz, and a pair of 11B NMR resonances (d = 11.5 and d =

¢6.2). Consequently, the 19F NMR spectrum shows two sets of
o,p,m-fluorine resonances for the pair of B(C6F5)2 moieties
(for details see the Supporting Information). The 13C NMR
signal of the C(3)=N carbon atom was located at d = 154.0.

The formaldehyde P/B FLP adduct 5a was also charac-
terized by X-ray diffraction. It shows a distorted boat-shaped
conformation of the six-membered heterocyclic ring system
(Figure 2). The compound shows NMR signals at d = 16.0
(31P), d =¢1.0 (11B), and d = 64.4 (1JPC = 42.3, 13C of OCH2),
in addition to the typical FLP framework NMR resonances
(see the Supporting Information for details).

The formation of the CO/NO coupling product 4a is not
the only example of this reaction type. We found another

system that behaved analogously. The reaction of the new P/B
FLP 1 b, prepared through HB(C6F5)2 hydroboration of
bis(2,6-dimethylphenyl)vinylborane, with CO and HB(C6F5)2

under our reaction conditions gave the h2-formylborane P/B
FLP adduct 3b, which was isolated as a white solid in 71%
yield. The new compound features typical NMR parameters
[31P: d = 32.8, 11B: d =¢5.9 and + 6.0, formyl moiety: d = 5.54
(1H), d = 54.7 (13C)]. Compound 3b was characterized by X-
ray diffraction (Figure 3).

The reaction of the h2-formylborane P/B FLP adduct 3b
with nitrogen monoxide at near to ambient conditions gave
the CO/NO coupling product 4b in the presence of 3 è
molecular sieves. It was isolated as a white solid in 52 % yield
after crystallization. Compound 4b was characterized by X-
ray diffraction. It contained a C3–N1 C=N double bond of
a similar length (1.304(3) è) to that found for 4 a (see the
Supporting Information for structural details and spectro-
scopic characterization of 4b). In the presence of the 1,4-
cyclohexadiene H-atom donor, the reaction of 3b with NO

Scheme 2. Reactions of h2-formylborane/FLP adducts with nitric oxide.

Figure 1. X-ray crystal structure analysis of the CO/NO coupling
product 4a (thermal ellipsoids are shown at 50 %). Selected bond
lengths (ç) and angles (88): C3¢P1 1.823(2), C3¢N1 1.299(3), N1¢B1
1.596(4), C3¢O1 1.310(3), N1¢O2 1.392(3), B1-N1-C3-P1 ¢14.1(4),
O2-N1-C3-O1, ¢0.3(3) SC3PON = 359.6, SN1OCB =359.7.[35]

Figure 2. X-ray crystal structure analysis of the compound 5a (thermal
ellipsoids are shown at 50%). Selected bond lengths (ç) and angles
(88): C3¢P1 1.847(2), C3¢O1 1.400(2), O1¢B1 1.503(2), P1-C3-O1 109.0
(1), C3-O1-B1 117.2(1).[35]
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took a different course: in this case the formaldehyde P/B
FLP adduct 5 b was formed at the expense of the CO/NO
coupling product 4 b. We isolated compound 5 b from the
reaction mixture in 60% yield after crystallization (see the
Supporting Information for characterization).

We assume that the CO/NO coupling sequence is initiated
by reversible dissociation of the B¢O bond in the six-
membered ring of the starting material 3 (Scheme 3). This is
supported by trapping of the resulting opened intermediate 7
by various donors.[23] We assume that NO can add to the
intermediate 7 to form 8. It is likely that the P-formylborane
moiety in 8 has a reactivity that can be illustrated by an ylidic
resonance form (or even an equilibrating ylidic isomer).[23a]

Since the [B]-NO intermediate probably has electrophilic
character at nitrogen (similar to HNO), subsequent C¢N
bond formation can occur by nucleophilic attack to generate
the ring-closed N-centered radical 9. Hydrogen atom abstrac-
tion by NO would then eventually form the observed CO/NO

coupling product 4. The resulting in situ formed nitroxyl
HNO would then probably decompose to give N2O and water,
which would subsequently serve to hydrolyze one equivalent
of the starting material 3 to yield 5 if it was not removed by
other means, for example, by the addition of molecular sieves.

This mechanistic scheme is supported by the results of
DFT calculations. All of the structures were optimized at the
dispersion-corrected TPSS-D3 level of theory,[24–26] with
a Gaussian AO basis set of def2-TZVP quality,[27, 28] followed
by single-point energy calculations at the PW6B95-D3
level[25, 26,29] with the same basis set. The conductor-like
screening model for real solvents (COSMO-RS) solvation
model[30, 31] was used to compute the solvation Gibbs free
energies for toluene as the solvent (for details, see the
Supporting Information). It revealed that the initial B–O
dissociation step (i.e., opening of the six-membered ring)
leading to 7 is endergonic and the subsequent NO addition is
almost thermoneutral (Scheme 3), but ring closure to give the
heterocyclic radical intermediate 9 is strongly exergonic
(¢72.6 kcalmol¢1 in the case of two mesitylene groups on
the phosphorus atom). For the validity of this reaction
mechanism, it is significant that the next step, the H-atom
abstraction by NO to eventually give the diamagnetic CO/NO
coupling product 4 and nitroxyl (HNO), is again strongly
exergonic, with a calculated reaction energy of¢37 kcalmol¢1

with -PMes2. In short, the formation of product 4, which
contains coupled CO and NO molecules, is strongly favored
by the ring closure, in which a central C=N double bond and
a B¢O bond are formed, and the H-atom abstraction, which is
accomplished by a NO molecule.

Formally, our overall reaction could be regarded as
involving disproportionation of two NO equivalents to NO+

and (singlet or triplet) NO¢ ,[32] with the former being used to
form the CO/NO coupling product 4 by reaction with the 3/7
system followed by loss of a proton, and the later generating
HNO by protonolysis, although in reality our reaction very
likely follows a completely different mechanistic pathway
involving typical radical chemistry. However, our study shows
that NO/HNO chemistry, which is so important physiologi-
cally,[33, 34] can be performed in a completely artificial environ-
ment and can serve to couple the essential two-atom-
containing main-group-element oxides carbon monoxide
and nitrogen monoxide .

Experimental Section
Preparation of compound 4a : A mixture of compound 3a (320.0 mg,
0.315 mmol), molecular sieves (3 è, 630 mg), and toluene (20 mL)
was degassed by freeze-pump-thaw cycles (× 2). Then the cooled
(0 88C) reaction mixture was carefully evacuated and exposed to NO
gas (1.5 bar). After the reaction mixture was stirred at room
temperature for 2 hours, it was filtered and the separated molecular
sieves were washed with CH2Cl2 (2 × 5 mL). The solvent of the filtrate
was then removed under reduced pressure, the resulting residue was
washed with n-pentane (2 × 10 mL) and dried under reduced pressure.
The obtained solid material was crystallized from CH2Cl2 (1 mL) and
n-pentane (5 mL) to give compound 4a as white powder (180.1 mg,
0.172 mmol, 55%).

Preparation of compound 5a : A solution of compound 3a
(134.5 mg, 0.132 mmol) and 1,4-cyclohexadiene (105.6 mg,

Figure 3. X-ray crystal structure analysis of the h2-formylborane P/B
FLP adduct 3b. Thermal ellipsoids are shown at 50%. Selected bond
lengths (ç) and angles (88): C3¢P1 1.835(2), C3¢O1 1.462(2), O1¢B1
1.571(2), C3¢B2 1.603(2), O1¢B2 1.528(2), SC3POB =292.2,
SO1BCB = 359.8.[35]

Scheme 3. Possible reaction scheme for the CO/NO coupling reaction
with computed Gibbs energies {kcalmol¢1} at the PW6B95-D3/def2-
TZVP(COSMO-RS, toluene)//TPSS-D3/def2-TZVP level of theory. The
values refer to reaction free energies for the step denoted by the arrow
(see the Supporting Information for details).
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1.32 mmol) in toluene (10 mL) was degassed by freeze-pump-thaw
cycles (× 2). Then the cooled (0 88C) reaction mixture was carefully
evacuated and exposed to NO gas (1.5 bar). After the reaction
mixture was stirred at room temperature overnight, the solvent was
removed under reduced pressure, and the resulting residue was
washed with n-pentane (10 mL) and dried under reduced pressure.
The obtained solid material was crystallized from CH2Cl2 (0.3 mL)
and n-pentane (1.5 mL) to give compound 5a as a white powder
(46.8 mg, 0.070 mmol, 53%).

Acknowledgements

Financial support from the European Research Council and
the DFG in the framework of the Leibniz award (S.G.) is
gratefully acknowledged.

Keywords: boron · carbon monoxide · frustrated Lewis pairs ·
nitric oxide · phosphorus

How to cite: Angew. Chem. Int. Ed. 2016, 55, 9216–9219
Angew. Chem. 2016, 128, 9362–9365

[1] N. Omer, A. Rohilla, S. Rohilla, A. Kushnoor, Int. J. Pharm. Sci.
Drug Res. 2012, 4, 105 – 109.

[2] L. Wu, R. Wang, Pharmacol. Rev. 2005, 57, 585 – 630.
[3] R. N. Watts, P. Ponka, D. R. Richardson, Biochem. J. 2003, 369,

429 – 440.
[4] D. W. Stephan, G. Erker, Angew. Chem. Int. Ed. 2015, 54, 6400 –

6441; Angew. Chem. 2015, 127, 6498 – 6541.
[5] A. B. Burg, H. I. Schlesinger, J. Am. Chem. Soc. 1937, 59, 780 –

787.
[6] J. Gebicki, J. Liang, J. Mol. Struct. 1984, 117, 283 – 286.
[7] M. Sajid, L.-M. Elmer, C. Rosorius, C. G. Daniliuc, S. Grimme,

G. Kehr, G. Erker, Angew. Chem. Int. Ed. 2013, 52, 2243 – 2246;
Angew. Chem. 2013, 125, 2299 – 2302.

[8] P. Spies, G. Erker, G. Kehr, K. Bergander, R. Frçhlich, S.
Grimme, D. W. Stephan, Chem. Commun. 2007, 5072 – 5074.

[9] G. Kehr, S. Schwendemann, G. Erker, Top. Curr. Chem. 2013,
332, 45 – 84.

[10] D. J. Parks, R. E. von H. Spence, W. E. Piers, Angew. Chem. Int.
Ed. Engl. 1995, 34, 809 – 811; Angew. Chem. 1995, 107, 895 – 897.

[11] M. Sajid, G. Kehr, C. G. Daniliuc, G. Erker, Angew. Chem. Int.
Ed. 2014, 53, 1118 – 1121; Angew. Chem. 2014, 126, 1136 – 1139.

[12] A. J. P. Cardenas, B. J. Culotta, T. H. Warren, S. Grimme, A.
Stute, R. Frçhlich, G. Kehr, G. Erker, Angew. Chem. Int. Ed.
2011, 50, 7567 – 7571; Angew. Chem. 2011, 123, 7709 – 7713.

[13] M. Sajid, A. Stute, A. J. P. Cardenas, B. J. Culotta, J. A. M.
Hepperle, T. H. Warren, B. Schirmer, S. Grimme, A. Studer,
C. G. Daniliuc, R. Frçhlich, J. L. Petersen, G. Kehr, G. Erker, J.
Am. Chem. Soc. 2012, 134, 10156 – 10168.

[14] J. C. M. Pereira, M. Sajid, G. Kehr, A. M. Wright, B. Schirmer,
Z.-W. Qu, S. Grimme, G. Erker, P. C. Ford, J. Am. Chem. Soc.
2014, 136, 513 – 519.

[15] T. H. Warren, G. Erker, Top. Curr. Chem. 2013, 334, 219 – 238.
[16] L. Tebben, A. Studer, Angew. Chem. Int. Ed. 2011, 50, 5034 –

5068; Angew. Chem. 2011, 123, 5138 – 5174.
[17] J. Hartung, Chem. Rev. 2009, 109, 4500 – 4517.
[18] R. Shaw, F. R. Cruickshank, S. W. Benson, J. Phys. Chem. 1967,

71, 4538 – 4543.
[19] M. J. Akhtar, F. T. Bonner, M. N. Hughes, Inorg. Chem. 1985, 24,

1934 – 1935.
[20] J. M. Fukuto, C. H. Switzer, K. M. Miranda, D. A. Wink, Annu.

Rev. Pharmacol. Toxicol. 2005, 45, 335 – 355.
[21] N. Paolocci, M. I. Jackson, B. E. Lopez, K. Miranda, C. G.

Tocchetti, D. A. Wink, A. J. Hobbs, J. M. Fukuto, Pharmacol.
Ther. 2007, 113, 442 – 458.

[22] J. C. Irvine, R. H. Ritchie, J. L. Favaloro, K. L. Andrews, R. E.
Widdop, B. K. Kemp-Harper, Trends Pharmacol. Sci. 2008, 29,
601 – 608.

[23] a) M. Sajid, G. Kehr, C. G. Daniliuc, G. Erker, Chem. Eur. J.
2015, 21, 1454 – 1457, b) see compound 10 described in the
Supporting Information.

[24] J. Tao, J. P. Perdew, V. N. Staroverov, G. E. Scuseria, Phys. Rev.
Lett. 2003, 91, 146401.

[25] S. Grimme, J. Antony, S. Ehrlich, H. Krieg, J. Chem. Phys. 2010,
132, 154104.

[26] S. Grimme, S. Ehrlich, L. Goerigk, J. Comput. Chem. 2011, 32,
1456 – 1465.

[27] F. Weigend, R. Ahlrichs, Phys. Chem. Chem. Phys. 2005, 7, 3297 –
3305.

[28] F. Weigend, Phys. Chem. Chem. Phys. 2006, 8, 1057 – 1065.
[29] Y. Zhao, D. G. Truhlar, J. Phys. Chem. A 2005, 109, 5656 – 5667.
[30] A. Klamt, G. Schîîrmann, J. Chem. Soc. Perkin Trans. 2 1993,

799 – 805.
[31] A. Klamt, J. Phys. Chem. 1995, 99, 2224 – 2235.
[32] D. L. H. Willams, In Nitrosation Reactions and the Chemistry of

Nitric Oxide, 2004, Chap. 13, pp. 221 – 237.
[33] C. H. Switzer, W. Flores-Santana, D. Mancardi, S. Donzelli, D.

Basudhar, L. A. Ridnour, K. M. Miranda, J. M. Fukuto, N.
Paolocci, D. A. Wink, Biochim. Biophys. Acta Bioenerg. 2009,
1787, 835 – 840.

[34] J. M. Fukuto, C. L. Bianco, T. A. Chavez, Free Radical Biol.
Med. 2009, 47, 1318 – 1324.

[35] CCDC 1471813, 1471814, 1471815, 1471816, 1471817, and
1471818 contain the supplementary crystallographic data for
this paper. These data are provided free of charge by The
Cambridge Crystallographic Data Centre.

Received: April 19, 2016
Revised: May 17, 2016
Published online: June 22, 2016

Angewandte
ChemieZuschriften

9365Angew. Chem. 2016, 128, 9362 –9365 Ó 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.de

http://dx.doi.org/10.1124/pr.57.4.3
http://dx.doi.org/10.1042/bj20021302
http://dx.doi.org/10.1042/bj20021302
http://dx.doi.org/10.1002/anie.201409800
http://dx.doi.org/10.1002/anie.201409800
http://dx.doi.org/10.1002/ange.201409800
http://dx.doi.org/10.1021/ja01284a002
http://dx.doi.org/10.1021/ja01284a002
http://dx.doi.org/10.1016/0022-2860(84)85143-1
http://dx.doi.org/10.1002/anie.201208750
http://dx.doi.org/10.1002/ange.201208750
http://dx.doi.org/10.1039/b710475h
http://dx.doi.org/10.1002/anie.199508091
http://dx.doi.org/10.1002/anie.199508091
http://dx.doi.org/10.1002/ange.19951070724
http://dx.doi.org/10.1002/anie.201307551
http://dx.doi.org/10.1002/anie.201307551
http://dx.doi.org/10.1002/ange.201307551
http://dx.doi.org/10.1002/anie.201101622
http://dx.doi.org/10.1002/anie.201101622
http://dx.doi.org/10.1002/ange.201101622
http://dx.doi.org/10.1021/ja302652a
http://dx.doi.org/10.1021/ja302652a
http://dx.doi.org/10.1021/ja4118335
http://dx.doi.org/10.1021/ja4118335
http://dx.doi.org/10.1007/128_2012_390
http://dx.doi.org/10.1002/anie.201002547
http://dx.doi.org/10.1002/anie.201002547
http://dx.doi.org/10.1002/ange.201002547
http://dx.doi.org/10.1021/cr900085j
http://dx.doi.org/10.1021/j100872a062
http://dx.doi.org/10.1021/j100872a062
http://dx.doi.org/10.1021/ic00206a047
http://dx.doi.org/10.1021/ic00206a047
http://dx.doi.org/10.1146/annurev.pharmtox.45.120403.095959
http://dx.doi.org/10.1146/annurev.pharmtox.45.120403.095959
http://dx.doi.org/10.1016/j.pharmthera.2006.11.002
http://dx.doi.org/10.1016/j.pharmthera.2006.11.002
http://dx.doi.org/10.1016/j.tips.2008.08.005
http://dx.doi.org/10.1016/j.tips.2008.08.005
http://dx.doi.org/10.1002/chem.201405553
http://dx.doi.org/10.1002/chem.201405553
http://dx.doi.org/10.1063/1.3382344
http://dx.doi.org/10.1063/1.3382344
http://dx.doi.org/10.1002/jcc.21759
http://dx.doi.org/10.1002/jcc.21759
http://dx.doi.org/10.1039/b508541a
http://dx.doi.org/10.1039/b508541a
http://dx.doi.org/10.1039/b515623h
http://dx.doi.org/10.1021/jp050536c
http://dx.doi.org/10.1039/P29930000799
http://dx.doi.org/10.1039/P29930000799
http://dx.doi.org/10.1021/j100007a062
http://dx.doi.org/10.1016/j.bbabio.2009.04.015
http://dx.doi.org/10.1016/j.bbabio.2009.04.015
http://dx.doi.org/10.1016/j.freeradbiomed.2009.06.014
http://dx.doi.org/10.1016/j.freeradbiomed.2009.06.014
https://summary.ccdc.cam.ac.uk/structure-summary?doi=10.1002/201603760
https://summary.ccdc.cam.ac.uk/structure-summary?doi=10.1002/201603760
http://www.ccdc.cam.ac.uk/
http://www.ccdc.cam.ac.uk/
http://www.angewandte.de

