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Additions of Meldrum’s acid and Dimethyl Malonate to

Benzonorbornadiene and Oxabenzonorbornadiene

Rasit Caliskan®* Neslihan Nohu Ozlem YilmaZ® Ertan Sahirf,and Metin Baldi*

®Department of Chemistry, Stleyman Demirel Univgrss2260 Isparta, Turkey
bDepartment of Chemistry, Atatlrk University, 2528&0zurum, Turkey
“Department of Chemistry, Middle East Technical @nsity, 06800 Ankara, Turkey

Abstract: Benzonorbornadiene and 7-oxabenzonorbornadiene ngaoted with Meldrum’s
acid and dimethyl malonate in the presence of MflAnd Cu(OAc) in acetic acid. The
reaction of benzonorbornadiene with Meldrum’s agadve a naphthalene derivative whereas
the reaction with dimethyl malonate formed rearexhgroducts derived from a carbocation
intermediate. However, the reaction of 7-oxabendooimadiene with Meldrum'’s acid gave
two nonrearranged products. On the other hand, réaetion with dimethyl malonate
unexpectedly formed a dihydronapthalene derivativigh an unusual structure. The
mechanism for the formation of the products is uksed.
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1. Introduction

The generation of carbon radicals using transitinatal salts such as Mn(OAg)
Cu(OAc), Pb(OAC), (NH4)Ce(NGs)s and their addition to carbon-carbon double bosds i
valuable method for C- C bond formatibiMn(OAc);, a one-electron oxidant, is considered
one of the most popular reagents in the field eé{fradical chemistry. It has found extensive
use in the construction of a wide range of molesuléth interesting propertiéslt is well
known that 1,3-dicarbonyl compounds undergo [342]a@addition to alkenes in the presence
of Mn(OAc); to form dihydrofurang,which are important building blocks of natural guets

and pharmaceuticals.

Generally, an oxidatively or reductively genaretadical2 formed from a 1,3-dicarbonyl
compoundl, regioselectively attacks an electron-rich doui@d forming a new radicd

(Scheme 1}.The radical may be terminated or undergo a cytitinaeaction.
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Scheme 1General mechanism for the formation of 2,3-diloydran derivatives



Heiba and Dessaproposed oxidation of radic8lto a cation4 followed by cyclization
and proton loss to give dihydrofuran derivatiSe However, Fristadet al® proposed an
alternative route where the radicalfirst undergoes a cyclizatioreaction to form a new
radical 6 followed by oxidation and proton eliminatiao produceb. In order to address the
guestion of at which stage the cyclization and atiah take place we incorporated possible
intermediates such &and/or4 in a bicyclic systen.It is well established that a radical
intermediate of typ& does not undergo rapid rearrangenfardawever, a cation of typghas

a great tendency to undergo rearrangement andrtorarranged products (Scheme 2).
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Scheme 2Possible structures formed by addition of a i¢autbonyl compound to a benzo-

norbornadiene system.

For this reason, benzonorbornadiem@ &nd acetylacetonel@ were reacted in the
presence of Mn(OAg)and Cu(OAc) (Scheme 3§° The dihydrofuran addudtl was obtained
as the major product whereas the rearranged prdduetas formed in 16% yield. The
formation of 11 was rationalized by a fast intramolecular captufethe radical with a
structure similar t@. On the other hand, a nonclassical carbocation atsyresponsible for
the formation of productl The reaction of homobenzonorbornadiéBenith acetylacetone
under the same reaction conditions resulted infah@ation of a rearranged produt4 in

66% yield’?
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Scheme 3 Reaction of benzonorbornadiené) @nd homobenzonorbornadieng&3) with
acetylacetonelQ) in the presence of Mn(OAcand Cu(OAGQ).

To gain more insight into the mechanism of the agddition of 1,3-dicarbonyl
compounds to bicyclic systems in the presence of{Wa); and Cu(OAc) we reacted
benzonorbornadiene7) and oxabenzonorbornadieng5) with Meldrum’s acid 16) and

dimethyl malonatel(7). Herein we describe our results.
2. Results and Discussion

The starting materials, benzonorbornadier)@ énd oxabenzonorbornadiers)'° were
synthesized as described in the literature. Thetitraof benzonorbornadien&)(with 16 in
the presence of Mn(OAgand Cu(OAc)in acetic acid at 50 °C gave two separable products
a rearranged produd8 with a naphthalene skeleton and 1-naphthaldehy8e(Scheme 4).
The structure ofLl8 was unambiguously characterized by NMR spectratesb whether the
minor product, 1-naphthaldehyd&9 is a primary or a secondary product, the reaedng
product 18 was subjected to a Mn(OAgedxidation reaction under the same reaction
conditions. The rearranged prodd&was smoothly transferred into 1-naphthaldehyid (

(Scheme 4).
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Scheme 4 Reaction of benzonorbornadiend (vith 16 in the presence of Mn(OAgand
Cu(OAcC).

For the formation of rearranged produ® we suggest the following mechanism as
depicted in Scheme 5. The rearranged pro@fctan be formed by the addition of the
initially formed radical derived from6 to the C=C double bond informing a new radical
20 followed by further oxidation, rearrangement, aossl of H to give23. Further oxidation
of 23 to 25 followed by a cleavage of the bridge carbon-carbond can result in the
formation of a stable benzylic/allylic catid®6. Aromatization of26 can generate the final
product18 (Scheme 5). A similar tandem oxidation reactionhwMn(OAc); was recently
observed by the reaction of homobenzonorbornadiéneith acetylacetone as depicted in
Scheme 3. All this information indicates that a@aP1lis formed as an intermediate that has

a great tendency for rearrangement.
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Scheme 5Proposed mechanism for the formatiori 8f

When the scope of this reaction was expanded abenzonorbornadienkb using the
same methodology, a cyclopropane derivali@& was isolated as the major product in 52%

yield besides thexocyclic methylene derivativ@8 (Scheme 6).
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Scheme 6Reaction of oxabenzonorbornadie@g)(with 16 in the presence of Mn(OA¢and
Cu(OAc).
The completely different behavior of the oxabermmrbornadiend 5 may be attributed to

the presence of the bridge oxygen atom. We asshateboth of these product®7 and 28,
7



are formed from the initially formed classical aachtion29. Probably, this catio@9 has no
tendency to undergo a Wagner-Meerwein type reaermegt due to the presence of an
electron-withdrawing oxygen atom that retards theivement of the neighboring-bond to
form a nonclassical carbocation. Fast attack byethel functionality of29 resultsin the
formation of cyclopropane derivative7. On the other hand, catia2® can be further
stabilizedby a 1,2-hydrogen shift, thus forming a new catd@h which will form theexo-
cyclic methylene derivativ@8 (Scheme 7). and Wagner-Meerwein rearrangemerts,aee

all sensible. In scheme 7, the pathway from ca@@nto final product28 is shown as
proceeding via a [1,2]-hydride shift 8. The final compound may also be formed by lost of
H* from 29 to regenerate the endocyclic C=C double bond inak&benzonorbornadiene

structure. In the next step alkene can tautomedzinal product28 via an extended enol

tautomer.
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Scheme 7Proposed mechanism for the formatior2éand?28.

To gain more insight into the formation mechanishthe products we used dimethyl
malonate 17) instead of a cyclic diestel6. The reaction of benzonorbornadier@ yith
dimethyl malonate 1(7) and Mn(OAc} in the presence of Cu(OAcpave two separable

products31and32,in yields of 45% and 36%, respectively (Scheme 8).



H,CO0C H,CO0C

CHO  OCH, COOCH,8

O)\n)\\o OCOCH3 + (= 7 COOCH3

Mn(OAc)3, Cu(OAc),

7 CH3COOH, 50°C, 16 h 31 (45%) 32 (36%)

Scheme 8 Reaction of benzonorbornadier® (ith dimethyl malonatel(7) in the presence

of Mn(OAc); and Cu(OAG).

It was interesting to note that no trace of theeex@d dihydrofuran

derivatives was

formed. The initially formed radicaB3, formed by the addition of dimethyl malonate,

undergoes fast oxidation with Cu(OAdp form a nonclassical catiodd,

which can be

stabilized by the nucleophilic attack of the acetion to fornB1. The rearrangement of the

nonclassical catio34 to the classical catio5 followed by H elimination results in the

formation of32 (Scheme 9).
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Scheme 9Proposed mechanism for the formatiorB0and31.

Finally, the reaction of oxabenzonorbornadied8) (with dimethyl malonate 1(7) in the

presence of Mn(OAg)and Cu(OAc) gave the rearranged produgh in a yield of 56%

(Scheme 10). The exact structure3® was determined by X-ray crystallographic analysis

(Figure 1). The mechanism for the formation of tosnpound is not known.
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Scheme 10 Reaction of oxabenzonorbornadieri®)(with dimethyl malonate1() in the
presence of Mn(OAg)and Cu(OAG).

All these experiments show that 1,3-dicarbonyl poonds such as Meldrum’s acid and
dimethyl malonate having ester carbonyl functidredido not undergo a cyclization reaction
to form dihydrofuran derivatives, at least in thasieyclic systems? Radicals can be
classified as electrophilic/nucleophilic. The ially formed radicals such &0 and 33 are
nucleophilic® Since the carbonyl oxygen atoms i and 17 are also nucleophilic,
cyclization is not likely. The carbocations formafter oxidation of the radicals can form
cyclization products. However, the fact that cyalian products with dihydrofuran structure
are not observed can be attributed to the increésedency of the formed cations for

Wagner-Meerwein type rearrangement.

Figure 1. Thermal ellipsoid drawings of compouB€

3. Conclusion
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The primary goal of this work was to examine thectwity of 1,3-dicarbonyl
compounds having ester functionalities by the aaldito bicyclic olefins in the presence of
Mn(OAc); and Cu(OAg). 1,3-Dicarbonyl compounds with ketone functionabugps form
mainly rearranged or nonrearranged dihydrofuran ivdeves. The reaction of
benzonorbornadienéeZ) with Meldrum’s acid 16) gave a naphthalene derivatit8 after
tandem oxidation reaction. On the other hand, #etion of7 with 17 gave rearranged
products indicating that the initially formed raalicfirst undergoes oxidation before
undergoing further reactions. However, the reactbr’-oxabenzonorbornadieng5f with
Meldrum’s acid 16) gave nonrearranged produBand28. On the other hand, the reaction
with dimethyl malonate unexpectedly formed the commm 36 with an unusual structure. The
mechanism for the formation of this compound is konbwn. Generally speaking, 1,3-
dicarbonyl compounds with ester functionalities dot have a tendency to generate

dihydrofuran addition products, at least in thesesen systems.

4. Experimental Section

4.1. General Methods NMR spectra were recorded on a 400 MHz spectremétfrared

(IR) spectra were recorded in the range 4000-60€L orra ATR diamond. Melting points
were determined using a melting point apparatus avete uncorrected. Column
chromatography was performed on silica gel (60-)eshC was carried out on 0.2 mm

silica gel 60 F254 analytical aluminum plates.

4.2. General procedure for addition of 1,3-dicarbonylngmounds to alkene# solution of
1,3-diketone (5 mmol) and olefin (5 mmol) in 20 rala glacial acetic acid in a flame-dried
flask was heated to 5@ under nitrogen. Then 10 mmol of Mn(OAQH,O and 2 mmol of

Cu(OAc), were added to the solution. The dark brown satuiecame lighter as the Mn(lll)

11



was reduced. When the reaction was complete, licgowas colorless to light blue-green
with a variable amount of white precipitate pres&vater was added to the reaction mixture
and the precipitate was dissolved. The solution ssacted with methylene chloride. The
combined organic layers were washed several tinigssaturated NaHCgsolution and then
water and dried (MgS£) Evaporation of the solvent gave the crude comgpwhich was

purified by crystallization or column chromatogragph

4.3. Oxidative addition of Meldrum’s acid (16) to benadrornadiene (7) in the presence of
Mn(OAc) and Cu(OAc) Meldrum’s acid 16) (0.72 g, 5 mmol), benzonorbornadien® (
(0.71 g, 5 mmol), Mn(OAg)2H,0 (2.7 g, 10 mmol), and Cu(OAc2H,O (0.18 g, 1 mmol)

in 30 mL of glacial acetic acid were reacted fdr 8s described above. The chromatography
of the residue on silica gel (37.4 g, hexane/EtOAt) gave 0.81 g af8 (58%) and 0.085 g

of 19 (11%).

4.3.1. Data for 2,3-dimethyl-5-(1-naphthylmethylene)l,8x@dine-4,6-dione 18): Yellow
crystals, mp 130—-13Z (Lit. mp, 125-126C"%); 'H-NMR (400 MHz, CDC}) §9.15 (s, 1H)
8.02-7.90 (m, 3H), 7.62-7.50 (m, 4H), 1.79 (s, 6HE-NMR (100 MHz, CDCJ) & 162.7,
159.4, 156.4, 133.3, 133.2, 131.7, 129.9, 129.9, 127.7, 126.6, 124.9, 123.6, 117.7, 104.8,

27.8.

4.4. Oxidative addition of Meldrum’s acid (16) to 7-oxamizonorbornadienel®) in the
presence of Mn(OAg)and Cu(OAc) Meldrum’'s acid 16) (0.72 g, 5 mmol), 7-
oxabenzonorbornadiendq) (0.72 g, 5 mmol), Mn(OAg)2HO (2.7 g, 10 mmol), and
Cu(OAc)-2H,0O (0.18 g, 1 mmol) in 30 mL of glacial acetic aeigre reacted for 2 h as
described above. The chromatography of the resaduslica gel (82.5 g, 4:1 hexane/EtOAc)

gave 0.743 g a27 (52%) and 0.242 g &i8 (17%).
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4.4.1. rel-(1aS(R),2R(S),7S(R),7aS(R))-2',2'-dimethy2.¥a7a-tetrahydrospiro[2,7-epoxy-
cyclopropa-[b]-naphthalene-1,5'-[1,3]dioxane]-4's8lone Q7). Colorless crystals, mp 132-
133°C; 'H-NMR (400 MHz, CDC}) 67.35 (A-part of AA'BB' system, 2H), 7.12 (B-part of
AABB' system, 2H), 5.62 (s, 2H), 2.52 (s, 2H), 28, 6H);**C-NMR (100 MHz, CDCJ) &
165.1, 162.4, 145.4, 126.0, 121.1, 105.2, 78.62,481.3, 27.1; IR (KBr, Cl'“ﬁ) 3117, 2925,
2854, 1736, 1705, 1664, 1471, 1285, 1017, 951, 488, HRMS-TOF [M - H]: Calcd for

C16H1305 285.0768, found: 285.0769.

4.4.2.5-((1S(R),4R(S)%H-(3,4-dihydro-1,4-epoxynaphthalen-2(1H)-2,2-dinyeth 3-dioxane-
4,6-dione 28):

Colorless crystals, mp 117-128; *H-NMR (400 MHz, CDC}) 7.6-7.2 (m, aromatic, 4H),
6.64 (s, 1H), 5.59 (d] = 4.2 Hz, 1H), 3.19 (dd, A-part of AB systeth= 18.4 and 4.2 Hz,
1H), 3.07 (d, B-part of AB systend,= 18.4 Hz, 1H), 1.78 (s, 3H), 1.69 (s, 3H)C-NMR
(100 MHz, CDC¥) 6178.8, 159.7, 159.5, 144.8, 137.8, 127.4, 126.1,312118.8, 109.6,
103.7, 81.7, 76.8, 39.8, 26.6, 26.4; IR (KBr,']c)r8114, 2958, 2796, 1741, 1667, 1425, 1219,

1058, 760, 692, 548; HRMS Calcd for¢8:50s) [M - H] : 285.0768; Found: 285.0770.

4.5. Oxidative addition of dimethyl malonate (17) to bemorbornadiene (7) in the presence
of Mn(OAc) and Cu(OAcg). Dimethyl malonateX7) (0.66 g, 5 mmol), benzonorbornadiene
(7) (0.71 g, 5 mmol), Mn(OAg)2H0O (2.7 g, 10 mmol), and Cu(OAcRHO (0.18 g, 1
mmol) in 30 mL of glacial acetic acid were reactied 16 h as described above. The
chromatography of the residue on silica gel (37.8:4 hexane/EtOAc) gave 0.489 g 3if

(45%) and 0.597 g &2 (36%).

4.5.1. Dimethyl 2-(1,4-dihydro-1,4-methanonaphthalen-@nglonate 82). Pale yellow oil;
'H-NMR (400 MHz, CDC}) §7.11 (A-part of AA'BB' system, 2H), 6.86 (B- paift AA BB
system, 2H), 6.55 (s, 2H), 3.75 (s, 2H), 3.72)(¢,11.6 Hz, 1H), 3.68 (s, 6H), 3.10 @r

11.6 Hz, 1H);"*C-NMR (100 MHz, CDCJ) J 169.80, 151.2, 140.3, 125.28, 122.4, 77.1
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(Overlapping CDCI3 peaks), 53.7, 53.1. 52.9; IR (K81i'): 3044, 2961, 2870, 1726, 1682,
1453, 1383, 1275, 1089, 759, 711; HRMS-TOF [M +'Naglalcd for GeH160sNa 295.09486,

found: 295.0952.

4.5.2. Data for Dimethyl 2[(1R(S), 2R(S), 4S(R), 9S(RSpcetyloxy)-1,2,3,4-tetrahydro-
1,4- methanonaphthalen -9-yllmalona®l) Colorless crystals, mp 103-10& ;'H-NMR
(400 MHz, CDC}) §7.30-7.01 (m, Aromatic, 4H), 4.68 (d#i= 7.2 and 3.1 Hz, 1H), 3.95 (d,
J=12.2 Hz, 1H), 3.77 (s, 3H), 3.76 (s, 6H), 3.471H), 3.33 (bs, 1H), 2.73 (d~= 12.2 Hz,
1H), 2.07 (s, 3H), 1.95 (dt, A-part of AB systeins 13.4 and 3.1 Hz, 1H), 1.95 (dd, B-part of
AB system,J = 13.4 and 7.2 Hz, 1H}2C-NMR (100 MHz, CDGJ) J170.4, 168.9, 168.7,
148.1, 143.0, 126.7, 126.1, 122.4, 120.8, 75.8,%2.5, 52.4, 51.2, 51.1, 45.2, 33.7, 21.1; IR
(KBr, Cm'l) : 3054, 2961, 2875, 1720, 1451, 1403, 1375,12360, 754; HRMS Calcd for

(C16H210¢) [M + H]*: 333.1338; Found: 333.1338.

4.6. Oxidative addition of dimethyl malonate (17) to X&benzonorbornadiene in the
presence of Mn(OAg)and Cu(OAcg) Dimethyl malonate X7) (0.66 g, 5 mmol), 7-
oxabenzonorbornadiendq) (0.72 g, 5 mmol), Mn(OAg)2H,0 (2.7 g, 10 mmol), and
Cu(OAc):-2H0 (0.18 g, 1 mmol) in 30 mL of glacial acetic aswre reacted for 12 h as
described above. The chromatography of the residuslica gel (82.4 g, 4:1 hexane/EtOAc)

gave 0.811 g 086 (56%).

14



4.6.1. Dimethyl 3-formyl-1-hydroxynaphthalene-2,2(1H)dmaxylate 86). Colorless
crystals, mp 145-147C; *H-NMR (400 MHz, CDC}) J 9.62 (s, 1H), 7.79-7.65 (m, 1H),
7.55-7.45 (m, 1H), 7.40-7.35 (s, 1H), 7.35 (m, 2545 (s, 1H), 4.51 (bs, 1H), 3.77 (s, 3H),
3.65 (s, 3H),’13C-NMR (100 MHz, CDd) 0189.7, 170.3, 169.9, 146.2, 139.5, 136.1, 132.6,
129.3, 129.2, 128.4, 124.7, 74.3, 58.8, 53.5, 53R;(KBr, cm®) 3539, 3027, 2974, 2699,
1728, 1682, 1657, 1410, 1366, 1255, 1124, 796, 5B2MS-TOF [M + NaJ: Calcd for

C1sH1406¢Na 313.0688, found: 313.0697.

4.7. X-ray crystal structure analysis @6. For the crystal structure determination, a single-
crystal of the compoun86 was used for data collection on a four-circle Rig&R-AXIS
RAPID-S diffractometer (equipped with a two-dimemsl area IP detector). Graphite-
monochromated Mo-Kradiation A = 0.71073 A) and oscillation scans wilv = 5° for one
image were used for data collection. The latticeapeters were determined by the least-
squares methods on the basis of all reflections Bit> 20(F?). Integration of the intensities,
correction for Lorentz and polarization effects acell refinement were performed using
CrystalClear (Rigaku/MSC Inc., 2005) softwarelhe structures were solved by direct
methods using SHELXS-97 and refined by a full-nxateast-squares procedure using the
same program® All nonhydrogen atoms were refined anisotropicallyd H atoms were
positioned geometrically and refined using a ridngdel. The final difference Fourier maps

showed no peaks of chemical significance.

4.6.1. Crystal data for 86): CisH140s, crystal system, space group: monoclink2i/n;
(no:14); unit cell dimensionst = 10.4059 (6)b = 6.2340(3)c = 21.6724(12) Ap= 90,5 =
103.195(2),y = 9C°; volume: 1368.78 (7) A Z = 4; calculated density: 1.41 gfgm
absorption coefficient: 0.110 mt F(000): 608; #-range for data collection 3.4—28.3
refinement method: full matrix least-squareféndata/parameters: 2453/193; goodness-of-fit

on F?% 1.056; finalR-indices [ > 20(1)]: R, = 0.052, VR, = 0.134; largest diff. peak and hole:
15



0.260 and -0.200 e A Crystallographic data that were deposited in Q8ier CCDC-
1484154 registration numbers contain the supplesngrtystallographic data for this Letter.
These data can be obtained free of charge fronC#mabridge Crystallographic Data Centre

(CCDC) via www.ccdc.cam.ac.uk/data_request/cif aredupon request to CCDC, 12 Union

Road, Cambridge, UK (fax: +441223 336033, e-mapakit@ccdc.cam.ac.uk).
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