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An electrochemical strategy to the assembly of tricyclic
spiro dihydrofuran scaffold via the reaction of aryl aldehyde
and dimedone has been developed successfully. | This
protocol has the advantages of high yields, wide application
scope and an environmental benign procedure compared

with the reported methods.
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Introduction reaction of aldehydes with 5,5-dimethylcyclohexane-1,3-dione in the
] ) ~ presence of molecular iodine and dimethylaminopyridine could
The spiro dihydrofurans are frequently presented as core units W¥ford spiro dihydrofuran framework readily as wélThe above-
diverse classes of natural products showing importantly biologicahentioned methods could establish the spiro dihydrofuran skeleton
significance and pharmaceutical_vaﬁJEor example, coumestans, effectively. However, some external volatile oxidants, e.g.,
isolated from plants of the family of fabaceae, are used in folknolecular iodine should be used to complete the assembly. Hence, it
medicine against snake poisbithe spiro dihydrofuran diterpenoid s necessary to develop an efficient alternative strategy to construct
nepetaefolin  exhibits  biological ~ activities such as anti-the framework considering the atom economy and environmental
hypertensiveness, sedativeness, bactericidality, insecticidality anghncern.
antivirality® In view of their biological importance, several The electrosynthesis has provided organic chemists with novel and
procedures for the synthesis of spiro dihydrofurans have beafersatile synthetic protocols of great promise due to its prominent
developed for years. The majority of approaches for the assembly ghvantages including high material utilization, mild reaction
spiro_dihydrofuran include the_oxidative ;,3-dipolar cycloaddition Ofcondition‘ decreased energy requirement, ease of control of the
1,3-dicarbonyl compounds with exocyclic alkefiethe three-step reaction, less hazardous process, and the ability to perform wide
protocol of addition, halogenation, cyclo-dehydrohalogenation ofange of precisely tunable oxidation and reduction reactis.
cyclic 1,3-diones with aldehydésand the N-heterocyclic carbene  Pronounced growth of investigations in organic electrochemistry
mediated cycloadditiof. Very recently, one-pot synthesis of during last three decades has made electrosynthesis one of the most
substituted dihydrofurans through Lewis base-catalyzed threezompetitive methods of modern organic chemitrythe multi-
component condensation was reported by Shi's gfdlige NaOH-  component reactions (MCRs) have been employed for preparing
catalyzed splitting of dimedone fragment of spiran could also giveompound libraries by virtue of straightforward reaction condition,
rise to the spiro dihydrofuran derivatives in aqueous dio%ane.atomic economy, high bond forming efficiency and great diversity
Sahu’s group put forward a route towards spiro dihydrofurans by thgenerating potentidf Methods of organic transformations based on
reaction of dimedone and aldehydes mediated by iodine angectrochemically induced MCRs involving carbonyl compounds
ammonium acetate through the sequence of Knoevenagghve been extensively developédio continue our work on the
condensation, Michael addition, iodination and multi-component synthesis of heterocyclic compound libtry,
cyclodehydroiodinatiofl. In addition, several reports described the herein we shall report an electrochemical pseudo multi-component
synthesis of spiro  dihydrofurans  promoted by 1,4-procedure for the fabrication of tricyclic spiro dihydrofuran scaffold
diazabicyclo[2.2.2]octane (DABCGJ, Dess-Martin periodinane through the reaction of dimedone and aldehydes in an undivided cell
(DMP) and tetraethylammonium bromide (TEAB)The ball-milled  (Sheme 1).
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O ar o Under the optimal conditions, the scope and generality of the

electrolysis reaction was explored. A variety of aryl aldehydes were investigated

2 + ArCHO to react with dimedone, and the results are summarized in Table 2.
o) EtOH,NaBr o] This protocol can be applied not only to electron-rich (entry 10 and

1 2 3 O entry 13) and electron-deficient (entry 7 and entry 9) aryl aldehydes,

but also to heteroaromatic aldehydes (entry 14) with excellent yields
under the mild conditions, which highlighted the wide scope of this
pseudo multi-component electrosynthesis. However, when the
aliphatic aldehydes were employed in this reaction, no expected
product was obtained.

In an initial study, to optimize the electrolytic conditions, the

electrochemical multi-component transformation of dimedbne Table 2 Electrochemical transformation of cyclic 1,3-diketobes
and 4_bromobenza|dehym into 3-(4-brom0pheny|)-4'y4‘l6’6_ aId_ehydeZ, into 3-substituted-4',4',6,6-tetramethyl-6,7-dihy6|=d>—
tetramethyl-6,7-dihydro43-spiro[benzofuran-2,1'-cyclohexane]-  SPiro[benzofuran-2,1'-cyclohexane]-2',456i-trione 3*

2',4,6'6H)-trione 3a was studied using sodium bromide as 9 ? Ro
supporting electrolyte in ethanol (Table 1). %@ . Reho electrolysis m
Table 1 o) EtOH,NaBr o}

Scheme 1

Results and discussion

1 2 3 0
The optimization of electrolysis conditions for the synthesis of
3a°
Entry  Product R Charge Current Yield
passed .
Yield(%) of3
(F/mol)y° %)
CHO
0 1 3a 4-BrC;H, 2.10 95 94
%@ . __ Slectolysis 2 3b CeHs 2.10 95 95
0 Br Solvent 3 3¢ 4-CICH, 2.10 95 96
1 2
2 4 3d 4-FGH, 2.10 95 95
. . 5 3e 3-CIGH, 2.33 86 93
Entry I Time Solvent Charge Current Yield
(mA)  (min) passegl Yield(%) of 3a 6 3f 3,4-CLCeHs 2.56 78 92
C
(F/mol) (%) 7 3y 3NOCH, 256 78 96
1 50 130 EtOH 2.02 99 72 8 3h 3,4-MeCgHs 2.33 86 90
2 100 65 EtOH 202 99 83 9 3i 4-NOCeH, 256 78 96
10 3 4-Me;,NCgH, 2.33 86 88
3 150 45 EtOH 2.10 95 94
11 3k 3-CH;,OGH, 2.56 78 93
4 250 30 EtOH 2.33 86 87 12 3 4-CH,CgH,4 2.10 95 90
5 150 45 MeOH  2.10 95 84 13 3m  4-CHOGH, 233 86 90
14 3n Thien-2-yl 2.80 71 89
6 150 50 i-PrOH 2.33 86 89
15 30 n-C;H;, 2.00 — —
7 150 45 n-BuOH 2.10 95 75 [a] General procedurd: (4 mmol),2 (2 mmol), NaBr (1 mmol), alcohol (20 mL), iron cathode (5
cn), graphite anode (5 cin current density 30 mA/ct at room temperature.
[a] General procedurd: (4 mmol),2a (2 mmol), NaBr (1 mmol), alcohol (20 mL), iron cathode (5)¢m [b] Calculated for aryl aldehyc2
graphite anode (5 ¢ at room temperature. ) ) Y
[b] Calculated for 4-bromobenzaldehy2a [c] Yield of isolated product.

[c] Yield of isolated product.

As can be seen in Table 1, the reaction proceeded to provide the With the above results and related reference taken into
desired producga smoothly when the reaction was carried out underconsideratiort, the plausible mechanism for the electrochemical
a constant current of 150 mA after 2.10 F/mol of electricity passedfansformation of dimedong, aldehydes into substituted spiro

We were pleased to find that the current of 150 mA was optimal fodihydrofurans3 was proposed. The initial formation of bromine
the electrochemical synthetic process for the desired product w& the anode is a well-known process and the corresponding
obtained in excellent yield. However, raising the current up to 25Malogen color was observed at the anode when the electrolysis
mA resulted in a slight decrease in the reaction yield and it should heas conducted without stirring the reaction mixture. The solvent,
attributed to the oligomerization of the starting matefialately, we  EtOH was reduced to EtCan electrochemically generated base
examined the effect of alcoholic solvents on the reactions. Thi§EGB) on the cathode at the same time. The condensation of
electrochemical synthesis could be carried outniBuOH with aldehyde2 and dimedoné initiated by the deprotonation afby
relatively low conversion of starting materials. The similar resultssEGB ~ would  give rise to  2-(arylmethylene)-5,5-
were found in the case of MeOH an@rOH. Thus EtOH was the  gimethylcyclohexane-1,3-diongl. The Michael addition of
optimal solvent for this electrochemical reaction. dimedonel to 4 yielded anions in the presence of EtOThen,
bromination of anion5 led to the formation of substituted



3
bromoadducts, which was further cyclized into 3-substituted- (potassium bromide)( cni®): 3430, 2957, 2872, 1737, 1713,

4',.4',6,6-tetramethyl-6,7-dihydr@H-spiro[benzofuran-2,1'- 1643, 1456, 1391, 1203, 1183, 1042, 967, 739, 701, 547; HRMS
cyclohexane]-2',4,8H)-trione 3 (Scheme 2). (ESI) m/z: Calcd. for [M+N&[C,sHsNaQ,: 389.1729; found:
N 389.1728
anode: 2Br-2e — Brn, _
cathode: 2EtOH +2e —= 2RO +H, Com? und 3c: White solid; M.P: 262-264C (reported 258-
NN O/ﬁ[>:(\c) o o 260°C); 'H NMR (400 MHz, DMSOs): 6 7.39 (d,J = 8.0 Hz,
g B H, Ar 2H, ArH), 7.28 (d,J = 8.0 Hz, 2H, ArH), 4.83 (s, 1H, CH), 3.66
5 o o (d,J=15.2 Hz, 1H, CH), 2.71 (d,J = 18.0 Hz, 1H, CHl), 2.58
s ) (d,J=17.6 Hz, 1H, CH), 2.42 (d,J = 14.8 Hz, 1H, Ch), 2.14
0 (d,J = 15.6 Hz, 2H, CH), 2.09 (d,J = 4.4 Hz, 2H, CH),1.08 (s,
o o o % 6H, 2 x CH), 1.07 (s, 3H, CH, 0.69 (s, 3H, CH; IR
EtOH -H0 /\/ o (potassium bromide)v( cm?): 2964, 2871, 1742, 1711, 1640,
- 7&\ A= A 1393, 1203, 1142, 1092, 1044, 837, 650, 542; HRMS (ESI) m/z:
o) . o Calcd. for [M+Na]CysH,5CINaQ,: 423.1339; found: 423.1331.
o ro Compound 3d: White solid; M.P: 242-248C (reported 245-

(d,J = 15.2 Hz, 1H, Ch), 2.71 (d,J = 18.0 Hz, 1H, Ch), 2.58
(d,J = 17.6 Hz, 1H, CH), 2.42 (dJ = 15.2 Hz, 1H, Ch), 2.16-
oo 9 2.04 (m, 4H, 2 x CbJ, 1.08 (s, 3H, Ch), 1.07 (s, 6H, 2 x CH,

5
o A 0O oA § - - 1
Br co- m Br m 0.69 (s, 3H, Ch); IR (potassium bromidey(cm'): 2956, 1741,
m—’ \ - o 1712, 1648, 1512, 1390, 1235, 1164, 1045, 845, 627; HRMS
o %% o 3 (ESI) m/z: Calcd. for [M+Na&a]C,3H.sFNaQ;: 407.1635; found:
Ho 407.1616.

Compound 3e: White solid; M.P: 225-226C; 'H NMR (400
Conclusions MHz, DMSO-dg): J 7.35 (d,J = 4.0 Hz, 3H, ArH), 7.21 (s, 1H,
In conclusion, we have presented a novel, efficient, convenient angkH) 4.80 (s, 1H, CH), 3.69 (d,= 15.2 Hz, 1H, Ch), 2.74 (d J
electrochemical way to the construction of spiro dihydrofuran- 1g g Hz, 1H, Ch), 2.58 (d,J = 18.0 Hz, 1H, Ck), 2.43 (d,J =
skeleton. The ready availability of the simple equipment, thej4 4 Hz, 1H, CH), 2.17-2.06 (m, 4H, 2 x CH 1.09 (s, 3H,
environmental benignness and the useful skeleton of the produc(tlsHa) 1.08 (s, 6H, 2 x CH, 0.69 (s, 3H, CH: 3 NMR
WOchjI_d make thisI strategﬁ quite attractiveh I\/(Ijore in;portanrtlly, thes 100i\/|Hz DM’SOd;)' 200.0 ’198 8 19’2 3 ’176 9‘ 139.2. 133.0
studies not only provide a new method to form the spiro . ’ e o e . o o
dihydrofuran scaffold but also expand the application scope o 30.3, 128.6, 128.1, 1274, 112.8, 103'_0’ 53.0, 51'.6‘ 504, 49'1’
electrosynthesis reactions. 6.3, _?4.0, 30.3, 29.3, 28.0, 27.8, 25.9; IR (potassium bromide)
(v, cm”): 2959, 2871, 1747, 1718, 1643, 1472, 1429, 1390, 1317,
1191, 1078, 1040, 949, 798, 697; HRMS (ESI) m/z: Calcd. for
Experimental section [M+Na]"C,aH,sCINaQ,: 423.1339; found: 423.1331.

General Procedure: A mixture of cyclic 1,3-diketone (4 mmol), aryl Compound 3f: White solid; M.P: 252-253C (reported 251-
aldehyde (2 mmol) and sodium bromide (1 mmol) in the ethanol solvent (2852°C*?): '"H NMR (400 MHz, DMSOd;): § 7.60 (t,J = 8.4 Hz,
mL) was electrolyzed in an undivided cell equipped with an iron cathode angH, ArH), 7.22 (dJ = 8.0 Hz, 1H, ArH), 4.83 (s, 1H, CH), 3.70
a graphite anode at room temperature under a constant current density of @ J = 15.2 Hz, 1H, Ch), 2.75 (d,J = 18.0 Hz, 1H, CH), 2.58
mA/cn? (I = 150 mA, electrodes square 53mNhen the electrolysis was (d,J=17.6 Hz, 1H, CH), 2.44 (ddJ, = 1.6 Hz,J, = 14.8 Hz, 1H,
finished, the solution was concentrated to one-fifth of its initial volume toCHy), 2.23- 2.17 (m, 1H, C}), 2.12 (d,J = 3.2 Hz, 2H, CHh),
crystallize the solid product. After filtration, the crude solid product was2-09 (d,J = 5.6 Hz, 1H, CH), 1.10 (s, 3H, Ch), 1.07 (s, 6H, 2 x
washed with cold solution of ethanol-watenv(19:1), dried under reduced CHb), 0.70 (s, 3H, Ch); IR (potassium bromide)( cm): 2963,
pressure to give the pure product. 2874, 1748, 1720, 1644, 1471, 1390, 1193, 1038, 948, 838, 675,

Compound 3a: White solid; M.P: 287-288C; 'H NMR (400  613; HRMS (ESI) m/z: Calcd. for[M+NafzH,.Cl.NaO;:
MHz, DMSO-q): 6 7.53 (d,J = 8.0 Hz, 2H, ArH), 7.22 () =  457.0949; found: 457.0974.

7.6 Hz, 2H, ArH), 4.81 (s, 1H, CH), 3.65 (@= 14.8 Hz, 1H, Compound 3g: White solid; M.P: 202-20% (reported 201-
CH,), 2.71 (d,J = 18.0 Hz, 1H, CHl), 2.61 (s, 1H, Ch), 2.43 (d, 2030(:[12]); IH NMR (400 MHz, DMSOd): 6 8.25 (s, 1H, ArH),
J=14.8 Hz, 1H, Ch), 2.15 (dJ = 15.6 Hz, 2H, CH), 2.08 (dJ 815 (d,J = 6.8 Hz, 1H, ArH), 7.64 (1) = 7.2 Hz, 2H, ArH), 5.02
= 16.0 Hz, 2H, CH), 1.09 (s, 9H, 3 x C4}, 0.70 (s, 3H, CH}: (s, 1H, CH), 3.77 (d) = 15.2 Hz, 1H, Ch), 2.75 (dJ = 18.0 Hz,

C NMR (100MHz, DMSOd,): 199.6, 198. 5, 191.7, 176.3, 1H, CH,), 2.63 (d,J = 18.0 Hz, 1H, Ch), 2.45 (d,J = 14.8 Hz,
135.9, 131.0, 130.6, 121.0, 112.5, 102.7, 52.9, 51.7, 50.4, 494y CH,), 2.15 (1, = 16.0 Hz, 2H, Ch), 2.08 (d,J = 16.0 Hz,
36.2, ?3.6, 29.8, 29.1, 27.8, 27.6, 25.6; IR (potassium bromid@H, CHy), 1.09 (s, 9H, 3 x C, 0.70 (s, 3H, CH; IR
(v, cn): 2964, 2871, 1741, 1710, 1640, 1393, 1045, 1008, 834potassium bromide)v( cmi'): 2959, 2874, 1743, 1714, 1640,
626; HRMS (ESI) m/z: Calcd. for [M+NefxsH,s BrNaO: 1532 1397, 1352, 1189, 1103, 1043, 815, 732, 691; HRMS (ESI)
467.0834; found: 467.0820. m/z: Calcd. for [M+Na]CxuH,sNNaQs: 434.1580; found:

Compound 3b: White solid; M.P: 222-224C (reported 232 434.1562.
°C®); *H NMR (400 MHz, DMSOe): 6 7.31-7.23 (m, 5H, ArH),  compound 3h: White solid; M.P: 245-247C (reported 242-
4.77 (s, 1H, CH), 3.63 (dl = 15.2 Hz, 1H, Ch), 2.69 (d,J=  243°C!!?); 4 NMR (400 MHz, DMSO&): § 7.05 (d,J = 7.6 Hz,
17.6 Hz, 1H, CH), 2.57 (d,J = 17.6 Hz, 1H, Ch), 241 (dJ = 1H, ArH), 6.96 (tJ = 12.4 Hz, 2H, ArH), 4.66 (s, 1H, CH), 3.63
15.2 Hz, 1H, CH), 2.15-2.05 (m, 4H, 2 x Gi{ 1.08 (s, 3H, (4, J= 15.2 Hz, 1H, Ch), 2.69 (d,J = 17.6 Hz, 1H, Ck), 2.57
CHs) , 1.07 (s, 3H, Ck), 1.06 (s, 3H, Ck), 0.67 (s, 3H, CB); IR (4, J = 17.6 Hz, 1H, CHl), 2.40 (d,J = 14.8 Hz, 1H, Ch), 2.16

Ar 0 A
i Br, i L 247°C®); 'H NMR (400 MHz, DMSO#d): 6 7.30 (t,J = 6.4 Hz,
: - D 2H, ArH), 7.16 (tJ = 8.8 Hz, 2H, ArH), 4.82 (s, 1H, CH), 3.66
0 O 00
6

Scheme 2.
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(s, 6H, 2 x CH)), 2.11-2.03 (m, 4H, 2 x Ci{ 1.09 (s, 3H, CH, 1369, 1231, 1093, 1041, 735, 674; HRMS (ESI) m/z: Calcd. for
1.07 (s, 6H, 2 x C§J, 0.68 (s, 3H, CH); IR (potassium bromide) [M+Na]* C,;H,,NaQ,S: 395.1293; found: 395.1295.
(v, cm?): 3442, 2961, 2873, 1745, 1715, 1641, 1389, 1318, 1197,
1042, 833, 652; HRMS (ESI) m/zz Calcd. for Acknowledaments
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3H, CHy): IR (potassium bromide)( cn’): 2960, 1746, 1717, T rolect (1091g005).
1665, 1645, 1519, 1303, 1346, 1040, 869; HRMS (ESI) miz;, . d
Calcd. for [M+Na]CysHosNNaQy: 434.1580; found: 434.1582. erences and notes

Compound 3j: Pink solid; M.P: 251-252C (reported 250
°c: 'H NMR (400 MHz, DMSOd): 6 7.04 (d,J = 9.2 Hz, 2H,
ArH), 6.61 (d,J = 8.4 Hz, 2H, ArH), 4.65 (s, 1H, CH), 3.62 (,
=15.2 Hz, 1H, Ch), 2.87 (s, 6H, 2 x CH), 2.64 (t,J = 17.2 Hz,
2H, CHy), 2.39 (d,J = 15.6 Hz, 1H, Ch), 2.18-2.02 (m, 4H, 2 x
CH;,), 1.09 (s, 3H, CH), 1.08 (s, 6H, 2 x C}J, 0.69 (s, 3H, CH);

IR (potassium bromide)( cm'l): 2957, 1738, 1711, 1638, 1526,
1392, 1228, 1196, 1041, 817, 674;HRMS (ESI) m/z: Calcd. for
[M+Na]*C,sH3:NNaQ,: 432.2151; found: 432.2153.

Compound 3k: White solid; M.P: 208-216C (reported 215-
218°C*); 'H NMR (400 MHz, DMSOd): 6 7.22 (t,J = 8.0 Hz,
1H, ArH), 6.83 (dJ = 9.2 Hz, 3H, ArH), 4.73 (s, 1H, CH), 3.71
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