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Transition-Metal-Free Catalytic Formal Hydroacylation of Terminal
Alkynes

Takafumi Yatabé,Noritaka Mizuno' and Kazuya YamagucHi

'Department of Applied Chemistry, School of Engineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-
8656, Japan

ABSTRACT: Although hydroacylation is a very useful reaction for producing ketones from aldehydes with 100% atom efficiency,
classical Rh-catalyzed hydroacylation presents several problems, including the need for transition metal catalysts, unwanted de-
carbonylation of aldehydes, and difficulty in regioselectivity control. However, formal hydroacylation utilizing the nucleophilicity

of terminal alkynes can avoid these problems. In this work, we have achieved transition-metal-free formal hydroacylation of termi-
nal alkynes using an Mgl-CGs-layered double hydroxide as a heterogeneous catalyst. This system was applicable to the efficient
synthesis ofr,Funsaturated ketones with various substituents, and the catalyst can be reused without a significant loss of catalytic
performance.

KEYWORDS: Hydroacylation « Alkynes « Layered double hydroxide * Transition-metal-free « Heterogeneous catalysis

Hydroacylation, which is the transformation of aldehydes into terminal alkynes catalyzed by a commercially available
ketones without any byproducts, is an extremely important, MgsAl-COs-layered double hydroxide
efficient, and environmentally friendly method of C—-C bond (MgeAl2(OH)16(COs)-4H0O,  hereafter termed  Mgl-
formation from C—H bond5.Particularly, many examples of COz LDH) through nucleophilic addition/prototropy utilizing
alkynes/alkenes hydroacylation using transition metals, mainlythe unique basicity and ionicity of Mg—COsLDH

Rh, as catalysts have been reported (Figuréi&jowever, (Figure 1c). MgAI-COs LDH is well known as a solid base
this system still presents several problems, especially for in-catalyst and is composed of cationic metal hydroxide layers
termolecular hydroacylation, owing to the intrinsic mechanism ([MgsAl2(OH)16]?*) and hydrated anion layers

of Rh-catalyzed hydroacylation; a) competing decarbonylation ([(COs)- 4H0]?").2° However, to the best of our knowledge,
of acylrhodium intermediates and b) difficulty in controlling nucleophilic addition of alkynes or prototropy in propargylic

the regioselectivity of insertion into alkynes/alkehégcord- alcohols promoted by M@l-COs LDH has not been reported.
ingly, the development of alternative catalytic hydroacylation MgsAl-COs LDH shows moderate basictbycompared to the
systems is required to avoid these probléms. strong bases typically used for the Favorskii reaction. This

Recently, Hashmet al. pioneered formal hydroacylatibn  indicates a broad substrate scope in this system, which we
of terminal alkynes catalyzed by Au utilizing their have demonstrated using 22 examples. In this method,
nucleophilicity through aldehyde—alkyne—amine coupling (A  products possessing substituent patterns opposite to those
coupling) and hydration (work-up), which is completely obtained through hydration/aldol condensafioh,
different from classical Rh-catalyzed hydroacylation nucleophilic addtion/Meyer—Schuster rearrangerff&htor
(Figure 1b}>® Since this formal hydroacylation does not aldehyde—alkyne metathe%is are produced (Figure S1). In
involve an oxidative addition step or an insertion step, no addition, the present catalysis is truly heterogeneous and the
decarbonylation or regioselectivity problems are observed.LDH catalyst can be reused without severe loss of its catalytic
Since then, precious-metal-free formal hydroacylation activity; thus, the system is also environmentally friendly.
reactions using Cu catalysts have been develbpesvever, Initially, the synthesis ofH)-4'-methoxychalcone3@a)
these A-coupling systems require the use of transition-metal from p-anisaldehydel@ and phenylacetylened), i.e., the
catalysts and (super)stoichiometric amounts of amines.formal hydroacylation oRa usingla, was carried out in the
Interestingly, when the Favorskii reactibie., the addition of presence of various solid base catalysts in toluene at 100 °C
terminal alkynes to carbonyl compounds to afford propargylic under an Ar atmosphere (Table 1). Surprisingly, of the cata-
alcohols using strong bases,g, KOH= 2 'BuOK ¢ and lysts examined, namely Mgl-COs LDH (Mg/Al = 3), HAP,
BwNOHf is performed using an aromatic aldehyde as the Mg(OH)z, Ca(OH}, MgO, CaO, ZnO, AlDs, CeQ, ZrO, and
substrate, the side reaction to produce caf-unsaturated  TiO, 3aawas afforded only when M§l-COs LDH was used
carbonyl compound occufs.This side reaction can be (Table 1, entries 1 and 3-12). An LDH with an Mg/Al ratio of
regarded as a transition-metal-free formal hydroacylation; 2 also showed the catalytic activity whereas the use of an LDH
however, these systems require strong basic conditions, anavith an Mg/Al ratio of 4 or MgAI-COs LDH calcined at 200,
the substrate scopes are quite limited. 300, or 400 °C hardly affordeBaa, indicating that

In the present study, we successfully achieved, for the
first time, transition-metal-free formal hydroacylation of

ACS Paragon Plus Environment



oNOYTULT D WN =

ACS Catalysis Page2of 6

(a) Classical Hydroacylation of Alkynes/Alkenes (ref. 1) Table 1. The effect of solid catalysts on the synthesis of 3aa
0 R? Rh g4 starting from 1a and 2a&
1J\ + / #» R1JvLR3
R 'H R? R2 o P H o
. = Catalyst >z
Oxidative ; A Reductive /©)LH + ©/ —_—
A)Zdiz;ig/ne: , | Elimination ~o Toluene, 100 °C O O
1 2 Y H 1a 2a 5 h, Ar (1 atm) 3aa
" Z
RI_H ~€-enee- oy® - entry  catalys conv. (%) yield (%)
Decarbont !:Rh'"]—H C:;ordi;:ation R? 1a 2a 3ae
nsertion
Scarhemyistion 1 MgsAl-CO: LDH 55 52 42
% Precious Metal % Decarbonylation % Regioselectivity 2> M93A|—CO3 LDH 99 96 87
3 HAP <1 1 <1
(b) Formal Hydroacylation of Terminal Alkynes via A3-Coup|ing (ref. 5-7) 4 Mg(OH)2 <1 3 <1
5 Ca(OH2 4 8 <1
o) H [Au] or [Cu] O H 6 MgO 1 5 <1
= .
by F A 7 caC <1 2 <1
; 8 ZnC <1 <1 <1
A-Coupling' i +H,0 A Hydration 9 Al203 10 6 <1
Y R ' 10 CeC 6 1 <1
11 ZrOz 5 <1 <1
__________________________ 12 TiO2 <1 3 <1
R1)\ 5 Tautomerization = R1\ = ®Reaction conditions:1a (0.5 mmol), 2a (0.5 mmol), base catalyst
R R (100 mg), toluene (2 mL), Ar balloon (1 atm), 100 °C, 5 h. Yields and
- ;s ; ; conversions were determined by GC using biphenyl as an internal stand-
= i Com et ibii i ard."Catalyst (130 mg), 120 °C, 15 h. HAP = hydroxyapatite.
v No Decarbonylation v Regioselectivity

examined (Scheme 1 and Figure S3). When the sobdsha

c) This Work: Transition-Metal-Free Formal Hydroacylation of Terminal Alkynes were stirred wittRa under the optimal reaction conditions for

2 h, those that exhibited the catalytic activity became colored,

= H whereas the others exhibited no apparent change (except for

"‘ * @ Ce(®). Conversely, when diphenylacetylene, an internal
alkyne, was stirred with MgI-COz LDH or CeQ, the color
of MgsAl-COs LDH did not change, whereas that of GeO
became almost the same as when Ce@eracted with2a,
demonstrating the interaction between Ge@d the €C
bond of alkynes (Figure S4}. Therefore, the coloring
interaction of MgAI-COs LDH with 2a likely occurred
through alkynyl species generated by deprotonation of
V Transition-Metal-Free ~ / Amine-Free terminal alkynes. When M@Il-COz; LDH (100 mg) was
/ No Decarbonylation / Regioselectivity stirred with2a (0.5 mmol) for 16 h (termed LDHa, colored
reddish)!? the amount oRaincorporated into the LDH was.
3 umol (determined by GC analysis after dissolution of LDH—
2a with 1 M HCI followed by extraction oRa with CHCE).

Nucleophilic:
Addition !

Figure 1. Hydroacylation of alkynes/alkenes. (a) Classical hy-

droacylation catalyzed by Rh. (b) Formal hydroacylation of ter- .
minal alkynesvia A3-coupling. (c) This work: Transition-metal- When the reaction ofa and LDH-2a was conducted under

free formal hydroacylation of terminal alkynes catalyzed by an the optimized conditions3aawas formed in 67% yield based
MgaAl-COs-layered double hydroxide. on the amount oRa contained in LDH2a (Figure S8). In
addition, 'H NMR analysis indicated that H/D exchange

the ionic layered structure of the LDH is important for the . .

present formal hydroacylation (Table S1, entries 1-5, XRD Scheme 1. H/D e>;change of 2a with 2D using MgsAl-
patterns presented in Figure S2). The partial exchange of inter\-/c\:/i(t)ﬁ ;aDH or Al20s* and their images before/after stirring
layer anions from C& to CI decreased the yield &aa a o . i
indicating that the basicity of the interlayer anion also affected Reaction conditions2a (0.5 mmol), base catalyst (100 mg), tolueae-d

. s . 2 mL), D:O (50pL), Ar (1 atm), 100 °C, 2 h.
the catalytic activity (Table S1, entry 6). Moreover, in the ( ) (50uL). Ar( )

presence of BCOs, N&CO;, or iPrREIN, the formal hydroac- Mg;AI-CO; LDH
ylation did not proceed at all (Table S1, entries 7-9). The ef- H D
fect of solvents on the formal hydroacylation was found to be @/ Mg;AI-CO; LDH ©/
remarkable, with low-polarity solvents such as methoxycyclo- D,0, Toluene-dg
pentane, PhGI-and toluene being effective (Table S2, entries 2a 100°C,2h  HI/D = 55/45
1-15). Once the temperature, the amount of the catalyst, an
the reaction time had been optimized, the yiel@ad reached Al,0;
87% (Table 1, entry 2 and Table S2, entries 16-18). B P 2 2
R . Z 203 Z +2a
To investigate the notable effect of catalysts3aa syn- - > ©/ w ——
thesis, the interaction between the solid bases2andas gy D20 Tolueneds . :‘(’)'(;‘ege

100°C,2h H/ID = 27/73
2h
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between2a and RO occurred using either Mgl-COs LDH
or Al2Os, regardless of their catalytic activities féaa synthe-
sis (Scheme 1 and Figure S9). Considering these results, cata-
Iytic amounts of alkynyl nucleophilic species are probably
formed by the basicity and stabilized by the ionicity of
MgsAl-COs LDH, which promotes the nucleophilic addition
of alkynes to aldehydes unlike other solid catalysts

To establish whether the observed catalysis occurred het-
erogeneously on M@l-COs LDH or arose from leached spe-
cies in the solution, the catalyst was removed by hot filtration
during the reaction, and the reaction was restarted with the
filtrate under the same conditions. As expected, the production
of 3aa immediately ceased upon removing the catalyst (Fig-
ure S11). Additionally, after the reaction, the filtrate was ana-
lyzed using inductively coupled plasma-atomic emission spec-
troscopy (ICP-AES), and Mg and Al species were hardly de-
tected (Mg < 4 x 10%, Al < 4 x 10%%). Thus, the observed
catalysis for the present formal hydroacylation is truly hetero-
geneous. Furthermore, the Md-COs LDH can be easily
retrieved from the reaction mixture by simple filtration. The
retrieved MgAI-COz LDH can be reused after washing the
catalyst with acetone for the reaction Id and 2a at least
three times without significant loss of catalytic activity (Ta-
ble S4)4

Table 2. Substrate scope under the optimized conditiohs

o H o
@ - Mg;Al-CO; LDH @ _ @
1 2

3

MeO O

@“@N@V@v

91% (76%

/©)K» /©)v /@):::ph Br\©)v

4% (68%)

s%bde

85% (81%) 96% (85%) 84%° (71%

3% (53%)’ 83%" (78%) 79%9 (65%)’

W

3la

85%7 (64%) 64% (54%)’ 66%P:%¢ (54%)

m“@ M@”w@

3db

81% (68%)° 87% (76%)’ 88% (76%)

mmm%

93% (79%)

3ma
3% (81%) 53%°¢ (53% <1% <1%

@Reaction conditions:1 (0.5 mmol), 2 (0.6 mmol), MgAI-COsz LDH

(130 mg), toluene (2 mL), Ar balloon (1 atm), 120 °C, 15 h. GC Yields of
the E) isomers are displayed below chemical structures without parenthe-
ses. The values in parentheses are isolated yRglts. average value of
two or three runs is displayet.6 h.%24 h.*MgsAl-CO; LDH (200 mg).

The isolated yield includes thg)(isomer (2—6%).

65% (65%)

83% (74% 72% (69% 69% (66%)
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(a)

Mg;AI-CO, LDH

o H 130 mg CF3
+ Z /\
PhJ\CF3 Ph/ Toluene (2 mL) Ph % Ph
120 °C, 15 h, Ar
1n 2a 4na
0.5 mmol 0.5 mmol 53%
(b) Mg;AI-CO; LDH
oH ’ 130 . Q
mg
Ph)\ PO~ ph
Ph Toluene (2 mL)
4da 100 °C, 10 min, Ar 3da
0.5 mmol 59%
Mg;Al-CO, LDH o
130
/@)L - "(': . /@)‘\/\ph
oluene (2m H/D
120°C, 15 h, Ar MeO
D-2a [a-H/D]-3aa
0.5 mmol 0.5 mmol H/D = >99/<1
d
@ A Mg:A-CO, LDH O H/D
o zZ 130
P m9 Ph” N7
Ph™ D Toluene (2 mL)
cl 120 °C, 15 h, Ar Cl
D-1d 2b [B-H/D]-3db
0.5 mmol 0.5 mmol H/D = 60/40

Figure 2. Mechanistic studies on the present formal hydroacyla-
tion. Reaction conditions are indicated, and yields were deter-
mined by GC. (a) Nucleophilic addition @& to 1n. (b) Rear-
rangement fromdda. (c) LDH-catalyzed formal hydroacylation
usingD-2a. (d) LDH-catalyzed formal hydroacylation usibgld.

Next, the substrate scope of the present system was inves-
tigated. Under the optimized reaction conditions, the formal
hydroacylation using various aromatic aldehydBsafid aro-
matic alkynes J) proceeded efficiently to produce,B-
unsaturated ketone8)(in an E)-selective fashion (Table 25.

The desired products were isolated by simple column chroma-
tography on silica gel (see Supporting Informatitsriivhen
benzaldehydes substituted with a methoxy group av-the-,

or p-position were used as the substrates, the formal hydroac-
ylation proceeded efficiently to give the corresponding chal-
cones in high yields3@a-3ca). Naturally, benzaldehyde can
also be used as the substrédd). The use of benzaldehydes
with different substituents, including methyl, trifluoromethyl,
chloro, bromo, and amino groups, was also possible with this
system Bea-3ia). Moreover, owing to the mild basicity of
MgsAl-COs LDH,*° benzaldehydes possessing cyano or ester
groups, for which it is difficult to react efficiently in strongly
basic media, can be utilize@j§ and3ka). When furfural was
used as the substrate, the corresponding enone was obtained
(3la). As well as2a, a range of aromatic terminal alkynes can
also be used for the present formal hydroacylation. Phenyla-
cetylenes with a chloro group at tbe m-, or p-position and
benzaldehyde were successfully converted into the corre-
sponding chalcones3db-3dd). The formal hydroacylation
proceeded efficiently even when using phenylacetylenes bear-
ing a bromo, fluoro, methoxy, or pentyl group as the substrates
(3de-3dh).  Furthermore,  2-ethynylpyridine or  3-
ethynylthiophene can be formally hydroacylated by benzalde-
hyde @di and3dj). Using 4-formylbenzonitrile and 1-ethynyl-
4-methoxybenzene, the corresponding multi-substituted chal-
cone can be synthesize®ld). However, this system could not
be applied to aliphatic aldehydes or aliphatic alkyrgma
and3dk).'”

The most likely reaction mechanism of the present formal
hydroacylation is the nucleophilic addition of the alkyne to the
aldehyde to produce a propargylic alcohol followed by the
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alcohol's rearrangement into aa,B-unsaturated carbonyl Fax: +81-3-5841-7220

compound. However, no propargylic alcohol was detected

during any of these formal hydroacylations. Thus, to investi- Notes

gate the reaction path, the reaction of 2,2,2- The authors declare no competing financial interests.
trifluoroacetophenonel() and 2a was carried out under the

optimized conditions (Figure 2a). Consequently, the corre- ASSOCIATED CONTENT

sponding propargylic alcohoffa) was produced in moderate Supporting Information

yield because the final rearrangement did not occur as it is a o o )
tertiary propargylic alcohol. In addition, using 1,3- The supporting information is available free of charge on the ACS

d- Publication website: experimental details and compound charac-
terization, aldehyde—alkyne coupling schemes, XRD patterns,
photo images, NMR spectra, DR UV-vis spectra, FT-IR spectra,
reaction using LDH2a, reaction profiles, the proposed mecha-
nism, tables presenting the effect of catalysts, solvents, and tem-
peratures as well as results of reuse tests (PDF).

diphenylprop-2-yn-1-o0l4da) as the substrate, the correspon
ing a,B-unsaturated carbonyl compourgti§) was obtained in
59% vyield less than 10 min after the reaction started (Fig-
ure 2b)!81° At the same time4da was quantitatively convert-
ed {.e. it was undetectable by GC), and the 3¥lgCOs LDH
became colored, suggesting thdla was rapidly deprotonated
and adsorbed onto the Mg-COs LDH. These results are  ACKNOWLEDGMENTS
consistent with the fact that propargylic alcohols cannot be
observed when the present formal hydroacylation is conducted/Ve thank Dr. Xiongjie Jin (the University of Tokyo) for his help-
Thus, the nucleophilic addition/rearrangement mechanism wadul discussion. The authors would like to thank Enago
strongly supported. Furthermore, when the reactiobacdnd (www.enago.jp) for the English language review. This work was
phenylacetylene«(D-2a) was carried out under the optimized flnan_C|aIIy sup_ported by JSPS KAKENHI G_rant No. 15HQS797 in
conditions, no deuterate&hawas produced (Figure 2c atd Precisely Designed Catalysts with Customized Scaffolding. T_. Y.
NMR spectra in Figure S14); when the reaction of benzalde-Vas suppo_rteq by the JSPS through the Research Fellowship for
hydea-ds (D-1d) and2b was carried out under the optimized Youn_g Scientists (Grant No. 17J08127) and the Program for
Y ot . p Leading Graduate Schools (MERIT program).
conditions,a-deuterate@®db was produced, for which the H/D
ratio determined byH NMR was 60:40 (Figure 2d and Fig- REFERENCES
ure S15). Thus, the rearrangement of propargylic alcohols

catalyzed by MgAI-COs LDH most likely occurred through (1) For reviews on hydroacylation, see: (a) Jum, C.-H.; Jo, E.-A.; Park,
prototropy®¢2°rather than hydride transfr. J.-W. Intermolecular Hydroacylation by Transition Metal Complexes.
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nanoparticles-catalyzed formal hydroacylation; however, the substrate i " : >
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reaction mechanism was unknown. For the report, see: Albaladejo, M.maggf.n ora New, Strhongy Basic Nitrogen Anion by Mbeta O)é' €
J.. Alonso, F.; Yus, M.Synthesis of Indolizines and Heterocyclic ~Modification.J. Am. Chem. So2017,139 11857-11867. (b) Yatabe,

T.; Jin, X.; Mizuno, N.; Yamaguchi, K. Unusual Olefinic C-H Func-
Chalcones Catalyzed by Supported Copper Nanopartichesn. Eur. P D A P ’
J.2013 19, 52423/5245.)/ PP PP P tionalization of Simple Chalcones toward Aurones Enabled by the

RV i Rational Design of a Function-Integrated Heterogeneous Catalyst.
(7) (a) Chen, S.; Li, X.; Zhao, H.; Li, BCuBr-Promoted Formal Hy-
droacylation of 1-Alkynes with Glyoxal Derivatives: An Unexpected ACS Catal2018 8, 4969_4973'
Synthesis of 1,2-Dicarbonyl-3-enek. Org. Chem2014 79, 4137— 12) XRD patterns, DR UV-Vis spectra, and FT-IR spectra of LDH-
4141. (b) Albaladejo, M. J.; Alonso, F.; Gonzalez-Soria, M. J. Syn- 2a (stirred for 15 h) and M§I-COs LDH were shown in Figure S5—

; O . s7.
thetic and Mechanistic Studies on the Solvent-Dependent Copper- . ) . .
Catalyzed Formation of Indolizines and Chalco#eSS Catal2015 (13) When the reaction _froma and2a_W|th benzoic acgld was con-
5, 3446-3456. (c) Rajesh, U. C.; Purohit, G.; Rawat, D. S. One-Potducted under the conditions wheaa yield reached 87% as of 24 h
Synthesis of Aminoindolizines and Chalcones Using Cul/CSP Nano- Without benzoic acid, an induction period was observed, which was

: . - . likely derived from the formation of alkynyl nucleophilic species on
composites with Anomalous Selectivity under Green Conditib6S . A
Sustainable Chem. En@015, 3, 2397-2404. (d) Nguyen, N. B, MgsA-COsLDH (Figure S10a). Also, when the amount of benzoic
Dand, G. H.: Le, D. T.; Truong, T.; Phan, N. T. S. Synthesis of 1,2- acid was increased from 20 mol% to 40 mol%, the initial rate after the

Dicarbonyl-3-enes by Hydroacylation of 1-Alkynes with Glyoxal induction period decreased linearly (Figure S10b,c). With 50 mol% of

Derivatives Using Metal-Organic Framework Cu/MOF-74 as Hetero- benzoic acid, the initial rate became close to zero, and the yig&hof
geneous CatalysChemPlusChen2016,81, 361-369. (e) Zhao, Y.; was only 5% after 50 h, which was the same as that as of 24 h (Table

Song, Q. Copper-Catalyzed Tanden?-G@oupling—Isomerization—  S3): indicating that this system is catalytic.
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(14) The change of XRD patterns and appearances through the repeat-
ing use of MgAI-COzs LDH indicated that the slight decrease of the
catalytic performance was possibly caused by the adsorption of organ-
ic compounds (Figure S12).

(15) A larger scale (5 mmol),B-unsaturated ketone synthesis was
also effective to producgaa in 67% vyield fromla and2a under the
conditions described in Figure S13.

(16) The isolation of (E4-(methoxycarbonyl)chalcone (3ka) as the
sole compound was unsuccessful because the separatiia ahd
methyl 4-formylbenzoate (3kwas quite difficult.

(17) When using cyclohexanecarboxaldehyde)(amthe substrate, a
byproduct that seemed to be the corresponding propargylic alcohol
was obtained in 38% GC yield. When using 1-octy#i§ és the sub-
strate, 2k was hardly converted and no byproducts were also detected.
(18) TheE/Z ratio of 3da was 86/14 as of 10 min. After 3 h, th&

ratio became >99/<1 as with the present formal hydroacylation from
aldehydes and alkynes (the yield3afa also increased from 59% to
77%).

(19) Without any catalysts, neither the nucleophilic additio@aofo

1n nor the rearrangement 4dla proceeded at all.

(20) For the reports on base-catalyzed isomerization of propargylic
alcohols with electron withdrawing groups to enones, see: (a) Nine-
ham, A. W.; Raphael, R. Al. Chem. Soc1949 0, 118-121. (b)
Sonye, J. P.; Koide, K. Organic Base-Catalyzed Stereoselective Isom-
erizations of 4-Hydroxy-4-phenyl-but-2-ynoic Acid Methyl Ester to
(E)-and (4-4-Oxo-4-phenyl-but-2-enoic Acid Methyl EsteiSynth.
Commun. 2006 36, 599-602. (c) Sonye, P.; Koide, K. Base-
Catalyzed Stereoselective Isomerization of Electron-Deficient Pro-
pargylic Alcohols toE-EnonesJ. Org. Chem2006 71, 6254—6257.

(d) Sonye, P.; Koide, K. Sodium Bicarbonate-Catalyzed Stereoselec-
tive Isomerizations of Electron-Deficient Propargylic Alcohols tp (Z
EnonesJ. Org. Chem2007,72, 1846—-1848.

(21) The basicity necessary for the deprotonation of alkynes is
derived from the metal hydroxide cationic layer (PAtp(OH)16]?*)
and/or the anionic hydrated layer ([(@QHH0]?"). The ionicity nec-
essary for the stabilization of nucleophilic alkynyl anionic species is
also derived from the metal hydroxide cationic layer
([IMgeAl2(OH)16]%*) and/or the anionic hydrated layer protonated from
alkynes ([((HCQ)-4H0] ).
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