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Abstract

Two known organotin(lV) complexes, [Snfds)sHLY (1, H.L' = 2-(2-(2,4-dioxopentan-3-
ylidene)hydrazinyl)benzoic acid) and [SaEG)»(1x0,2x0-HsL ?)(1x0*H3L?)(us-0)]2 (2, HalL? = 2-
(2-(2,4,6-trioxotetrahydropyrimidin-5(2H)-ylideng)irazinyl)benzoic acid) were synthesized. Both
compoundsl and 2 act as homogenous catalysts for the diasteredselecitroaldol (Henry)
reaction of aliphatic and aromatic aldehydes wiilroathane in different solvents such as
dichloromethane, acetonitrile or methanol. Com@exas found to be the more efficient catalyst
for the Henry reaction in methanol, producipgnitroalcohols with good yields (65-89 %) and
diastereoselectivitiesyn/anti72:28-77:23).

Keywords:Di- and triorganotin(IV) complexes; C-C coupling @dehydes with nitroethang-
nitroalcohols.

1. Introduction

Due to the Lewis acid character of organotin conmoisy they are an important class of acid
catalysts, which are milder than Brgnsted acidsthmir utilization has been significantly incredse
[1-6]. For instance, organotin compounds are a@dpfie homogeneous catalysts in a series of
industrial reactions, in which esters are produgeditrans)esterificatione.g.,in the synthesis of
fatty acid alkyl esters [3], polyesters [4,5] aadtbnes [6]. As far as we know, only one organotin
compound, 1i-Bu)sSnH, has been applied in nitroaldol (Henry) reacfita].

The nitroaldol (Henry) is a Lewis acid/base-catatyZC-C coupling of an aldehyde and
nitroalkane, to produce correspondifignitroalkanol (Scheme 1) [7]. The resulting produdt:
nitroalkanols, are important and versatile interrae$ in the synthesis of 2-amino alcohols,
nitroalkenes anda-nitroketones [7-12]. For the synthesis @fnitroalkanols, alkali metal

hydroxides, alkoxides or amines [13,14], as wellhaterobimetallic complexes with lanthanide



BINOL (BINOL = 2,2-dihydroxy-1,1"-binaphthyl) symins [15], Mg—Al hydrotalcite [16,17],
guanidines [18], benzyltrimethylammonium hydrox[d8], a rhodium complexn the presence of

a silyl ketene acetal [20], amberlyst A-21 [13Jpationa alkaloid [21], proazaphosphatranes [22],
Cu-bis(oxazoline) [23] or Co-salen (salen N;N'-bis(salicylidine)ethylenediamine) complexes
[24,25] Zn(1l) dinuclear complexes [26,27] or a mixture £i(OTf), (OTf = triflate) and (+)N-
methylephedrine [28], Cu(ll)-arylhydrazones [29(H)-1,3,5-triazapentadienato [30], etc. were
applied as homogeneous catalysts in Henry reabttmeen aldehydes and nitroalkanes. However,
there is no application of organotin complexeshis transformation. Thus, the search for efficient

and cheap homogenous protocol for the C-C couplfrajdehydes with nitroalkanes is still highly

desirable.
OH OH
catalyst /k/
R—CHO + /\NOZ —y> R)Y + R .
syn NO, anti ﬁoz

Scheme 1. The nitroaldol (Henry) reaction.

Hence, on the basis of the above considerationsfoagsed this work on the following
aims: i) to prepare known di- and triorganotin(dgmplexes, [Sn(gHs)sHL'] (1, HoL! = 2-(2-(2,4-
dioxopentan-3-ylidene)hydrazinyl)benzoic acid) af®h(GHs)2(1x0,2c0-Hsl?)(1xO%Hsl ) (us-
0), (2, Hi? = 2-(2-(2,4,6-trioxotetrahydropyrimidin-5(2H)-ylide)hydrazinyl)benzoic acid)
(Scheme 2) [31]; ii) to test the catalytic actividl/the prepared di- and triorganotin(IV) complexes

in nitroaldol reaction.
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Scheme 2. Schematic representations of complekesd?2 [31].
2. Experimental
2.1. Materials and instrumentation
All the chemicals were obtained from commercialrses (Aldrich) and used as receivedLH
H4L? 1 and2 were synthesized according to the reported praeg@d]. The'H NMR spectra were

recorded at room temperature on a Bruker Avanece400 (UltraShield Magnet) spectrometer
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operating at 400 MHz for proton. The chemical sisfteported in ppm using tetramethylsilane as

the internal reference.

2.2. Catalytic activity studies

To a 10 mL vialwere added the catalyst (1.0-6.0 mol%) and 2 mkesul (CHCl,, MeCN or
MeOH) and the solution was stirred for 2 min atmotemperature. Then, the aldehyde (1 mmol)
and nitroethane (4 mmol) were added and the raguttiansparent homogeneous solution was
stirred at room temperature for the appropriateetimihe solvent was removed under reduced
pressure and the resulting mixture was directlyifigdr by column chromatography on silica gel
(petroleum ether/ethyl acetate = 6td)afford the Henry reaction product (isolated ¢)gi32]. The
analytical data of the obtaingldnitroalcohols are in good agreement with literat{83,34]. The
syrfanti diastereoselectivity of thp-nitroalcohols was determined B NMR spectroscopy (in
CDCl3) based on the vicinal coupling constants of tredpcts between the N-C-H and thea-
O-C—H [17,32-35].

3. Resultsand discussion
Firstly, we examined the catalytic performancel @nd?2, as well as P$SnCl, (E;Sn)O, HL! and
H,L? in a model nitroaldol reaction between benzaldehgdd nitroethane in different solvents
(dichloromethane, acetonitrile and methanol) athraemperature (Table 1). The use of protic
solvents usually provides better results than apootes [36—38], what is also observed in our case
(Table 1). Catalys? behaves as the most active (73%) and diasteretigelégyn: anti = 74:26)
catalyst among RBNCI, (E;Sn)O, HLY, HsL? 1 and2 in the methanol medium as well as under
catalyst- and solvent-free conditions (entry 28pl&al). In methanol, the catalytic activity of
complex2 is higher than that df (entries 25 and 28, Table 1), what can eventualgssociated to
the acidic protons of the pyrimidine moiety of floemer complex, where the NH group(s) can play
a H-bond donor role in the activation of the C=@uypr of benzaldehyde. Thus, methanol was
chosen as the sole solvent for further studies.tt@b(blank) experiments were carried out in the
absence of any metal catalyst or in the presenceh8nCl, (EtSn)O, HL' and HL? In the
former case (entries 2—-4) no nitroaldol couplingduct was detected, whereas, withs$SHCl,
(ELSN)O, HL* or HiL? low product yield (7, 6, 2 or 7 %, respectivelypsvobtained (entries
11-22) in methanol. To establish the optimized dionk, the variations of reaction time (0.5-24
h), catalyst amount (1-6 mol %) and temperature-{30C) were applied (Table 2). The increase
of reaction time from 0.5 h to 24 h led to higheneersion (entries 1-6, Table 2), however the 6 h
appears to be the optimal reaction time. The vanatl-6 mol %) of the catalyst amount (entries
7-12) resulted in a significance effect on thedidlhus, 5 mol % loading is optimal for the given
reaction conditions and thus this amount was usedtie further studies. By increasing the
3



temperature from 2C to 75°C the yield of the correspondifienitroalkanol was little more but
with lower diasteroselectivity (entries 11, 13—-Taple 2). Hence, room temperature was taken as
optimized temperature for this reaction giving gooeld (78%) of correspondinf-nitroalkanol
with syn: anti = 74:26 (entry 11, Table 2).

Table 1. Catalyst screening and optimizatidn.

Entry Catalyst Solvent Yield, % Selectivity,syn/antf
1° Blank No solvent - -
2 CH,Cl, - -

3 Blank MeCN - -

4 MeOH - -
11 CHJCl, 3 55:45
12 PhSnCl MeCN 4 56:44
13 MeOH 7 58:42
14 CHJCl, 2 56:44
15 (ELSn)O MeCN 4 53:47
16 MeOH 6 50:50
17 CH,Cl, = =

18 HoL! MeCN - -

19 MeOH 2 51:49
20 CH,ClI, B =

21 HaL? MeCN - -

22 MeOH 7 53:47
23 CH,Cl, 32 61:39
24 1 MeCN 46 66:34
25 MeOH 59 70:30
26 CH,Cl, 39 68:32
27 2 MeCN 57 70:30
28 MeOH 73 74:26

# Reaction conditions: catalyst precursorz®Cl, (EtSn)O, 1 and 2 (4.0 mol%), dichloromethane, acetonitrile or
methanol (2 mL), nitroethane (4 mmol) and benzajdeh(1 mmol), reaction time: 24h, reaction tempeet20°C. °
Solvent-free conditions, using nitroethane as sulM@ mL), ¢ Isolated vyields after column chromatograpHy.
Determined byH NMR.

Table 2. Optimization of the Henry reaction condition cgraid by2.?

Entry | Time, h| Amount of catalyst, mol% Temp., °C e, % Selectivity,synanti
1 0.5 4.0 20 33 74:26
2 1 4.0 20 49 74:26
3 4 4.0 20 67 75:25
4 6 4.0 20 73 75:25
5 8 4.0 20 73 74:26
6 24 4.0 20 73 74:26
7 6 1.0 20 29 75:25
8 6 2.0 20 50 75:25
9 6 3.0 20 65 74:26
10 6 4.0 20 73 74:26
11 6 5.0 20 78 74:26
12 6 6.0 20 78 75:25
13 6 5.0 35 80 73:27
14 6 5.0 55 82 72:28
15 6 5.0 75 83 70:30
16° 6 5.0 20 36 70:30

 Reaction conditions: 1.0-6.0 mol% of catalyst preor (typically 5.0 mol%), MeOH (2 mL), nitroetr@n
54 mmol) and aldehyde (1 mmof)solated yields after column chromatographetermined byH NMR.
Solvent-free conditions, using nitroethane asesai{2 mL).
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The substrate scope was then investigated. A yaoktliphatic and aromatic aldehydes
were tested under the optimized conditions u&mg the catalyst (Table 3). As shown in Table 3,
B-nitroalcohols are obtained in moderate to gooddgiganging from 65% to 89%. Aldehydes
containing either electron-donating or electronhdrawing substituents atara- position of the
aromatic ring of aryl aldehydes gave moderate gi€BP-85%) with similar diasteroelectivities
(entries 1-7, Table 3). In general, the electrothgiawing substituents on the phenyl ring of the
aryl aldehydes favour the reaction, whereas elealanating ones decrease the yield pof
nitroalcohols. When the reaction was performed wRkhmethylbenzaldehyde and 2,4,6-
trimethylbenzaldehyde, the corresponding 2-nitrolaéds were obtained in 67% and 65% yields
with similar diasteroelectivities, which shows thlé position of substituents were hampered the
reaction (compare the entries 3, 8 and 9 in TableF8rthermore, aliphatic aldehydes were
smoothly converted tf-nitroalcohols in good yields and diasteroelecyiyitp tosyn/anti= 77:23)
(entries 10-14, Table 3).

Table 3. Henry reaction of nitroethane with various aldeds/datalyzed bg.?

Entry Substrate Yield, % Selectivity,syn/antf
1 69 73:27

.

(H3C)oN

2 O 73 73:27
HaCO CHO

3 ch—QCHO 74 74:26

4 Q cHO 78 74:26

5 B < > cHo 79 74:26

6 < > 80 75:25
cl CHO

7 < > 85 75:25
O,N CHO

CH,
8 @CHO 67 73:27

CHO

CHy
9 e HO 65 72:28

CHj
10 CH;CH,CHO 89 77:23
11 CH3(CH,),CHO 88 77:23
12 CH3(CH,);CHO 88 77:23
13 CH3(CH,),CHO 87 76:24
14 CH3(CH,)sCHO 85 76:24

 Reaction conditions: 5.0 mol% of catalgstMeOH (2 mL), nitroethane (4 mmol) and aldehydem(thol), reaction
time: 6 h.”Isolated yields after column chromatographetermined byH NMR.



The activity of 2 is much higher than those reported for other metdhlysts: the
scorpionate complex [NICHS&T(pzPh)}] (pz = pyrazolyl; 31.5% yield for benzadehyde)d[3
lanthanide/sodium amide systems (48-85%) [15], ghgline-based organocatalyst (67%) [40],
copper(ll) complexes (70-77%) with amidoterephtteald4l], 2-((E)-(((19-quinolin-4-yl(5-
vinylquinuclidin-2-yl)methyl)imino) methyl)phenol7@) [42], ©)-2-((2-(hydroxydiphenylmethyl)
pyrrolidin-1-yl)methyl)-6-(trifluoromethyl) phendB1) [43], etc.

The reaction mechanism should be similar to thented examples with related catalytic
system [29]: ligand-assisted (with free C=0O groap,a H-bond acceptor) deprotonation of the
methylene group of nitroethane (to give a nitrorsgtecies), and then an activation of benzaldehyde
by cooperation of metal center and free NH moietie2 towards an electrophilic attack occurs.
Finally, the attack on the nitronate leads to thgpective C-C coupling to givefanitroalkanol

product.

4. Conclusions

Two previously reported di- and triorganotin(lV) naplexes bearing arylhydrazones of active
methylene compounds [31] have been prepared anieapgs catalysts in the C-C coupling of
aldehydes with nitroethane (Henry reaction). Duéh®acidic proton(s) of the pyrimidine moiety,
the catalytic activity of compleR (diorganotin) is higher than that dftriorganotin)in methanol at
room temperature, providing-nitroalkanols in high yields (65-89%) in 6 h. Tarcknowledge
current study is the first report on the applicatmf Sn(IV)-arylhydrazone complexes in Henry
reaction, and thus it opens such a possibility simows that complexes of that type can operate
effectively in the presence of protic solvent mathla Further modifications of the arylhydrazone
ligands deserve to be explored to reach a higlastetioselectivity and yield.
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Highlights

» Arylhydrazone diorganotin(IV) complex acts as an effective catalyst in the nitroaldol reaction
» The B-nitroalcohols were obtained in good to high yield
» The activity depends on the amounts of catalyst and nature of solvents



