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Abstract. The diastereoisomeric title compoun8isind6, were obtained
as a result of intramolecular electrohydrocyclizatof methyl (2E)-3-[2-
(2-{2-[(1E)-3-methoxy-3-oxoprop-1-en-1-yllphenyl}atl)phenyl]prop-2-
enoate. The common feature of the molecular strestis the presence of
a central, eight-membered, —C(H)—C(H)=6C—(CH,)—C-==C, ring ap-
pended to a cyclopentenyl and two phenyl ringss Bhiidy represents an
unprecedented structural characterisation of suchtamic/bonding ar-
rangement. The distinctive feature of the strueduelates to the confor-
mation of the central rings, i.e. approximatingaatin5 and a chair ir6.
This difference in molecular conformations arisesf the different con-
figurations at the methine-C atoms of the cyclopayitring, i.e R- andS
(or S andR-) in 5 as opposed tB- andR- (or S- andS-) in 6. In each case,
the hydroxyl-OH forms an intramolecular hydrogem#tdgo the adjacent
carbonyl-O atom so the molecular packing in each afid6 is sustained
by non-conventional interactions. A three-dimenaioarchitecture irb
arises from a combination of phenyl-C<8(carbonyl) and methyl- and
methylene-C—H Tt contacts. In the crystal & supramolecular chains
with a zig-zag topology along the-axis are formed via methyl-C—
H--O(hydroxyl); the chains pack with no directionateiractions between
them.

* Correspondence authors: julio@ufscar.br (J.Z.€8lwardt@sunway.edu.my

(E.R.T.T))
Author Title File Name Date Page
R. Curilazo,V. L. Pardini, Novel diastereoisomers o6{El,Oz obtained from Julio_rev.docx 09.11.2017 1(15)

H. Viertler, J. Zukerman-the cathodic reduction of methyl 3(3,2-
Schpector, and E. R. Tethanediyildi-2,1-phenylene)-bis-(2-propenoate).
Tiekink


https://core.ac.uk/display/148366892?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

I ntroduction

The cathodic reduction of activated alkenes bytedeewithdrawing sub-
stituents, such as GR, COR, CN, N@and C=NR, is an important carbon-
carbon bond formation reaction leading to a redectioupling product.
The kinetic and mechanistic aspects of these cogipkactions are well
understood and usually lead to linear, dimericcstmes. Under specific
experimental conditions, hydrogenation, dimerisafmlowed by cyclisa-
tion or polymerisation may occur leading to differ@roducts [1]. Cin-
namic acid esters with ring- or double bond-substits have been studied
in this context, and according to the nature oboaylate group, the for-
mation of a cyclic dimer with a five-membered ricen result by way of a
Dieckmann reaction [2-4]. Following this obserweati an organic com-
pound that has two 2-alkoxycarbonylvinyl groupstsmstructure should
exhibit similar behaviour to cinnamates. Howewenen these groups are
separated by a bridge that contains double bownds dlifferences in elec-
trochemical behaviour may be observed. When ptetese differences
are inherent to the electronic interactions betviberiwo 2-alkoxycarbon-
ylvinyl groups, as apparent for the substrateskglied,3-( 1,2-, 1,3- and
1,4-phenylene)-bis-(2-propenoates) [5, 6] 1.e2 and3, respectively, see
Fig. 1 for chemical structures. By contrastlt8, the substrate methyl
(2E)-3-[2-(2-{2-[(1E)-3-methoxy-3-oxoprop-1-en-1}ghenyl}ethyl)-

phenyl]-prop-2-enoated], where no conjugation between the two groups

involved in the reductive coupling is possible, tt@&thodic reduction
course must follow a different pathway. Hereirglyvoltammetry in an-
hydrous dimethylformaide (DMF) and acetonitrile (@) were per-
formed on substrat® Two of the product® and6, were isolated in crys-
talline form and subjected to X-ray structure deieation in order to un-
ambiguously determine the three-dimensional strestuas the spectro-
scopic evidence was inconclusive.
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Fig. 1: Chemical diagram fat-4.

Experimental

Synthesis and characterisation

NMR spectraH, °C, DEPT 135°) were recorded on Bruker AC-200 and
DRX-500 spectrometers in CD{¥olutions with tetramethylsilane (TMS)
as the internal standard. When the sample wasalable in CDJ,
DMSO-ds was employed. GC analysis were performed on a BI®H%
strument (fused silica capillary column HP-17, 10®,53mm) and mass
spectra (El) were obtained on a Shimadzu 14B/QPA®strument at 70
eV. Infrared data were obtained on a Perkin-EIRR4R 1750 in CDJ
solution or as KBr pellets. Elemental analysesvparformed on a Perkin-
Elmer 2400 instrument. Melting points were perfechon a Kofler instru-
ment and are not corrected.

Electrochemical Experiments[2, 3]

Cyclic voltametry experiments were run in a thrempartment cell using
a Princeton Applied Research 173 potentiostat/galstat. The reference
electrode was Ag/Ag/l (a silver wire immersed irhgairous DMF or
MeCN/0.1 mol L' solutions in tetrabutylammonium iodide (TBAI)),
freshly electrochemically deposited mercury on atipum bead as the
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working electrode and a platinum foil (4 §ras the counter electrode. Sol-
vents/supporting electrolyte was anhydrous DMF @Qi/0.1 mol L* of
dry tetraethylammonium perchlorate (TEAP). Thesstte concentration
was 6.72 mmol of methyl (2E)-3-[2-(2-{2-[(1E)-3-nheixy-3-0xoprop-1-
en-1-yllphenyl}ethyl)phenyl]prop-2-enoatd)(and the sweep rate 100 mvV
sl. The recorded potential peaks located in the megative region ob-
tained in DMF (-1.82 V vs Ag/Agl) and MeCN (-1.83wg Ag/Agl) were
not used because they can involve the reducti@oleént and/or support-
ing electrolyte molecules. This fact was obserwdnn cyclic voltamo-
grams were run without

General Procedurefor the electrolyses[2, 3]

Methyl (2E)-3-[2-(2-{2-[(1E)-3-methoxy-3-oxoprop-4n-1-
yllphenyl}ethyl)phenyl]prop-2-enoated) was electrolysed in a divided
cell made of glass equipped with a mercury pool@king electrode, plat-
inum foil as counter electrode and the reference AglAgl as described
above In both solvents/supporting electrolytesutsmhs, the potentials
were applied until the current reached 5% of itdahvalue (20-40 mA).
When the solvent employed was anhydrous DMF, thetrlysed solution
was diluted with cold, acidified 40 (70 ml; pH 2-3), extracted with ether
(3 x 30 ml), washed with saturated NaH{® x 30 ml), HO (3 x 30 ml),
saturated NaCl (3 x 30 ml) and dried over MgS@ the case of anhydrous
MeCN, the excess of MeCN in the electrolysed sotutivas evaporated
under reduced pressure. The residual was dissoiudgD (100 ml), acid-
ified with dilute HCI (5 % (v/v)) until the pH 2-3The solution was ex-
tracted with ether (3 x 30 ml), washed with satdatolutions of NaHC®O
(2 x 30 ml), HO (3 x 30 ml) and NaCl (3 x 30 ml), and then draabr
MgSQ.. The precipitated solids were filtered, dried oRg€s and submit-
ted to melting point analysis. The solvent waspevated, the residues
stripped off in vacuo and the crude products wetarstted to a chroma-
tographic column in silica gel (70-230 mesh) udieganes (b.pt: 60-68
°C)/ethyl acetate in varying proportions as eluenhe yields of electro-
lyses products were calculated based on the imitr@dunt of starting ma-
terial 4.

Synthesis of starting materials

The starting material methyl (2E)-3-[2-(2-{2-[(1B}methoxy-3-oxoprop-
1-en-1-yllphenyl}ethyl)phenyl]prop-2-enoatd)(was synthesised in ac-
cord with the procedures detailed below.

M ethyl 2-methylbenzoate: 2-Methylbenzoic acid (25.0 g, 184 mmol) and
anhydrous methanol (190 ml) were refluxed in trespnce of concentrated
H>SQw (10 ml, 5% (v/v)) for 24 h. After cooling, excesgethanol was
evaporated and the residue diluted in water (120 ewtracted with ether
(3 x 40 ml), washed with aqueous NaH{® x 30 ml), HO (3 x 40 ml),
aqueous NaCl (3 x 30 ml) and dried over MgS@#fter the removal of
ether, the product was obtained (27.02 g, 98%). NMR (200 MHz,
CDCls, ppm)3d: 2.56 (3H, s); 3.79 (s, 3H); 7.11-7.89 (m, 4H).

M ethyl 2-(bromomethyl)-benzoate: A solution of bromine (5.2 ml, 15.98
g, 100 mmol) in CGI(100 ml) was slowly added over 5 min to a solution
of methyl 2-methylbenzoate (prepared as aboveD21§, 100 mmol) in
CCl4 (100 ml) with vigorous stirring and then irradidtsith a 500 W tung-
sten lamp. The reaction was considered comple&nwib more evolution
of HBr was observed and the solution became clgtrst of the CClwas
evaporated and light petroleum (1 ml, b. pt: 30:@) was added to the
residue. The solution was cooled in a dry-icefephdath until complete
precipitation of the desired product 19.00 g (83 %. pt: 27-29 °C (Lit.
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[7]: 28.5-30.0 °C).*H NMR (200 MHz, CDCJ, ppm)d: 3.94 (3H, s); 4.96
(2H, s); 7.33-7.99 (4H, m).

Methyl 2-{2-[2-(methoxycar bonyl)phenyl]ethyl}benzoate: Zn° activa-
tion [8]: 16.40 g (247 mmol) of zinc dust was suspeniddd,O (200 ml).
To this suspension, a solution of AghQ.62 g, 9.5 mmol) of in O (13
ml) was added. The mixture was heated at 80-90ntewustirring for 1 h.
After cooling, the decanted activated®Zmas washed with cold4® (5 x
50 ml). Preparation [9]: To freshly activated ZAwas added a portion of
H2>0 (200 ml) and methyl 2-(bromomethyl)-benzoate (@beve; 15.0 g,
66 mmol). The mixture was stirred at -90 °C fon 4fter which CHCI,
(50 ml) was added with stirring. The mixture witefed and the residual
zinc washed with CClz (4 x 50 ml). The organic extracts were combined,
washed with NaCl solution (3 x 60 ml) and dried o¥gSQ.. After
CHCI; removal and recrystallisation from methanol, 5902 % vyield)
of the product was obtained as pale-yellow needMs.pt: 101-102 °C
(Lit. [9]: 103 °C). *H NMR (200 MHz, CDC4, ppm)é: 3.26 (4H, s); 3.89
(6H, s); 7.20-7.90 (8H, m).

(2-{2-[2-(Hydr oxymethyl)phenyl]ethyl} phenyl)methanol: A solution of
methyl 2-{2-[2-(methoxycarbonyl)phenyl]ethyl}benzegsee above; 5.48
g, 184 mmol) in anhydrous THF (40 ml) was addeddsise to a stirred
suspension of LiAllA (3.48 g, 920 mmol) in THF (50 ml). The mixture
was refluxed overnight and decomposed with icediluted sulfuric acid.
The solution was extracted with ether (3 x 70 mashed with HO (3 x
70 ml), NaCl solution (3 x 70 mL) and dried over 8. After solvent
removal, 3.88 g of the desired product (87 %) watained. M. pt: (EtOH):
147-149 °C, (Lit. [10]: 151 °C)!H NMR (200 MHz, CDC{, ppm)d: 1.97
(1H, s); 3.01 (4H, s); 4.63 (4H, s); 7.25-7,49 (8H),

2-[2-(2-For mylphenyl)ethyl]benzaldehyde: (2-{2-[2-(Hydroxyme-
thyl)phenyllethyl}phenyl)methanol (see above; 2489.0 mmol) was
added in one portion to a vigorously stirred suspen of pyridinium
chlorochromate (PCC) [11] (5.83 g, 27 mmol) in ahitops CHCI» (20
ml). The stirring was continued at room tempemtior 90 min. Anhy-
drous ether (40 ml) was added, decanted and tbk #aidue washed with
ether (3 x 30 ml). The combined extracts wererdd through silica gel
70-230 mesh (15.0 g). Solvent evaporation yieltl &8 g (92%) of the
desired product. M.pt (EtOH): 100-102 °@4 NMR (200 MHz, CDC,
ppm)d: 3.32 (4H,s); 7,27-7,84 (8H, m); 10.20 (2H, $¥C NMR (50 MHz,
CDCls, ppm)é: 34.70; 126.79; 131.40; 132.71; 133.76; 143.62.43.
GC-MS - El (m/z) (relative intensity) 238 (0.60872(1.00); 220 (70.00);
209 (1.60); 191 (28.60); 178 (8.70); 165 (10.7®2 14.10); 139 (1.30);
132 (8.40); 119 (27.50); 105 (7.20); 91 (100.08)(%3.80); 51 (15.40); 39
(21.10). LC-MS — ESI Calc. (M-Na) 261.0894; Found (M-N&)
261.0886. Elemental analysis: calc. fagii40..¥4HO: C, 79.44, H, 6.01,;
0, 14.55. Found {gH140,.%H,0: C, 79.35; H, 6.03; O, 14.62.

(2E)-3-[2-(2-{2-[ (1E)-3-Oxopr op-1-en-1-yl]phenyl}ethyl)phenyl]pr op-
2-enoic acid [12]: In a mixture of absolute pyridine (25.0 rald piperi-
dine (1.0 ml) were dissolved the aldehyde (see @b®\.8 g, 9.2 mmol)
and dry malonic acid (3.81 g, 36.6 mmol). The mnigtwas heated at 90-
100 °C with stirring for 3 h. After cooling, thelstion was acidified with
10% HSQO, until pH 1-2. After filtration and drying over®s, 7.78 g (94
%), the acid was obtained. M. pt: 250-254 °@4 NMR (200 MHz,
DMSO-ds, ppm)é: 2.95 (4H, s); 6.31 (2H, d,= 15.8 Hz); 7.70 (2H, dJ
= 15.8 Hz); 7.07-8.93 (8H, m). Elemental Analysigalc. for
Co0H1804.5.3H:0: C, 57.52; H, 6.85; O, 35.63; Foundod:1504.5.3H0:
C,57.26; H, 5.17; O, 37.57.
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Methyl (2E)-3-[2-(2-{2-[ (1E)-3-methoxy-3-oxopr op-1-en-1-
yl]phenyl}ethyl)phenyl]prop-2-enoate (4): To dry benzene (100 ml) were
added the acid (see above; 5.0 g, 15.5 mmol) anhkiariyl chloride (6.7
ml, 93 mmol). The mixture was refluxed under sigrfor 4 h. The ben-
zene was removed by evaporation under reducedysecaad anhydrous
methanol (15 ml) added. Refluxing was continugdfb. Excess of meth-
anol was evaporated, the residue diluted ¥® H120 ml, extracted in
CHxCI (3 x 40 ml), washed with aqueous NaH£&0lution (1 x 30 ml),
H20, (3 x 40 ml), agueous NaCl (3 x 40 ml) and doedr MgSQ. The
crude ested was purified by recrystallisation from hot ethanglfter dry-
ing over BOs 4.07 g (75%) oft was obtained M. pt (EtOH): 100-102 °C.
H NMR (200 MHz, CDCJ, ppm)é: 3.01 (4H, s); 3.79 (6H, s); 6.35 (2H,
d,J = 16.0 Hz); 7.07-7.50 (8H, m); 7.81 (2H,X5 16.0 Hz). *3C NMR
(50 MHz, CDC§, ppm)d: 34.79; 51.51; 118.98; 126.42; 126.72; 130.01;
130.22; 133.18; 140.24; 141.64; 167.16. NMR DERB°1(50 MHz,
CDCl;, ppm)d: 25.68; 42.39; 109.85; 117.31; 117.59; 120.90;.12P1
132.50. FTIR (KBr): 3067; 1709; 1636; 1177; 10907; 863; 764 crh
GC-MS - EI (m/z) (relative intensity): 350 (0.9@}8 (2.20); 290 (7.50);
276 (5.00); 258 (2.60); 245 (2.70); 231 (9.50); PA®.40); 202 (4.20); 189
(1.00); 175 (1.80); 161 (2.20); 143 (4.60); 129B(; 115 (100.00); 91
(18.10); 77 (4.10); 59 (27.70); 45 (3.30). Elemémtaalysis: calc for
CxH2,04: C, 75.41; H, 6.33; O, 18.26; Foune:8,,04: C, 75.41; H, 6.10;
0, 18.49.

Crystal structure determination

Intensity data for 5 (methyl (2R,6S)-4- hydroxytetracy-
clo[13.4.0.6%.0"*4nonadeca- 1(15),3,7(12),8,10,16,18- heptaene-3-car
boxylate) and (methyl (2S,6S)-4- hydroxytetracyclo[13.4.8%@"*3non-
adeca- 1(15),3,7(12),8,10,16,18-heptaene-3-carbtyyivere measured at
98 K on a Rigaku AFCIZSATURN724 diffractometer using with Mak
radiation. Data processing and absorption cowestivere accomplished
with CrystalClear [13] and ABSCOR [14], respectixeDetails of cell
data, X-ray data collection, and structure refinenae given in Table 1.
The structures were solved by direct-methods [1Bjull-matrix least
squares refinement d# with anisotropic displacement parameters for all
non-hydrogen atoms was performed [16]. The C-boldndtoms were
placed on stereochemical grounds and refined wibdf geometries,
Uiso(H) = 1.2-1.8Jiso(carrier atom). The O-bound H atoms were found in
difference map and refined with O—H = 0.84+0.01 ifWWiso = 1.8JeO).

A weighting scheme of the form = 1/[c%(F?) + (aP)? + bP] whereP =
(Fo? + 2FA)/3 was introduced in each case. The programs Wifi3],
ORTEP-3 for Windows [17], PLATON [18], DIAMOND [1%nd QMol
[20] were also used in the study.

Tab. 1: Crystallographic data and refinement detailsSfand6.!

5 6

Formula C21H2003 C21H2003

Formula weight 320.37 320.37

Crystal colour, habit pale-rose, prism  colourless,

plate

Crystal size/mm 0.19x 0.30 x 0.32 0.02 x 0.20 x

0.25

Crystal system triclinic monoclinic

Space group P1 P2i/c

alA 7.942(2) 10.238(7)

b/A 8.6535(18) 15.269(9)

c/A 12.453(3) 10.593(7)

al° 69.969(7) 90
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/o 87.862(12) 102.357(10)
y/° 85.333(12) 90

VIA3 801.3(3) 1617.7(18)
2z 2/1 4/1

DdJg cn® 1.328 1.315

F(000) 340 680
u(MoKa)/mnrt 0.088 0.087
Measured data 6071 9984

0 range/° 2.5-27.5 2.4-25.0
Unique data 3655 2814

Rint 0.040 0.039
Observed datd & 2.00(1)) 3345 2248

R, obs. data; all data 0.051; 0.055 0.086; 0.102
a; b in wghting scheme 0.056; 0.415 0.138; 1.639
Rw, obs. data; all data 0.124;0.128 0.224; 0.243
Largest difference peak and holeyA  0.30, -0.19 0.43,-0.34

1 Supplementary Material: Crystallographic data (idahg structure factors) for
the structures reported in this paper have beeositep with the Cambridge Crys-
tallographic Data Centre as supplementary publicatiombers CCDC-1533636
and 1533637. Copies of available material can lbaiinéd free of charge, on appli-
cation to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK:(fsd4-(0)1223-
336033 or e-mail: deposit@ccdc.cam.ac.uk).

Results and discussion

Chemistry

Cyclic voltammetry experiments in anhydrous DMF &telCN were per-
formed on the substrate methyl (2E)-3-[2-(2-{2-[J3FEmethoxy-3-
oxoprop-1-en-1-yllphenyl}ethyl)phenyl]prop-2-enody). These experi-
ments showed the presence of an irreversible riedupeak located at -
1.42V (vs Ag/Agl) in each solvent. The potentibthe current peaks were
consistent [21] with the absence of electronicratdons between the 2-
methoxycarbonylvinyl groups indicating that these aot conjugated, as
indicated in the chemical diagram4fFig. 1. In previous studies with

3, where electronic communications are observeddmtivhe substituents,
the corresponding cyclic voltamograms showed tlesgmce of two re-
versible reduction waves separated by a differeicgpproximately 300
mV. For these compounds, the reduction occurslgtat one of the two
2-alkoxycarbonylvinyl groups [2, 22].As expected for the substrade
where there is no communication between the substi$, during the pre-
parative electrolysis at the controlled potential42 V vs Ag/Agl) in DMF
and MeCN, both groups were concomitantly reducedeservation con-
firmed by the consumed charges at the end of exgeits, i.e. from 1.75
to 1.86 F, with the values close to 2.0 F corredpanto a two-electron
transfer process at the electrode surface. Thialianalysis of the com-
pounds separated from the crude mixture afterrelgses in each solvent
led only to a partial structural elucidation, F2gFor example, thtH NMR
data indicated the presence of a signal at 11.00 (from CDCETMS)
which disappeared in the presence e®Pbeing characteristic behaviour
of a hydroxyl group. In addition, tHéC NMR experiments showed the
presence of two signals corresponding to carbomshiad in a double
bond, i.e. located at 102.20 ppm (HO-C=) and 169aid (=C-CGMe).
Both facts suggested the presence of a five-merdtenelic ring. How-
ever, the complexity of signals in tHeé NMR spectra corresponding to the
methyl- and methylene-protons in the region 2.68.48 ppm precluded
unambiguous structure assignment. Thus, eachtésblample was dis-
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solved in a mixture of methanol/CHE(9:1) (v/v)) and after slow evapo-
ration were obtained in crystalline form, then sabg¢d to X-ray structural
analysis. In addition t6 and6, the acid (2E)-3-[2-(2-{2-[(1E)-2-carboxy-
eth-1-en-1-yl]phenyl}ethyl)phenyl]prop-2-encic  arid(16-25%) was
found (the structure was confirmed by the valuethefcoupling constants
in the'H NMR) as well as oligomeric products (21-31%) whigere not
characterised, Fig. 2.

DMF / MeCN

175-186T
mereury pool

OH

5: 21-26%

HO,C

16-25%
Fig. 2. Outline of the electrochemical synthesissadnd6, and the known side-
product, (2E)-3-[2-(2-{2-[(1E)-2-carboxyeth-1-enyllphenyl}ethyl)phenyl]prop-
2-enoic acid.

Molecular structures

The structure determinations of the products isdldtom the intramolec-
ular electrohydrocyclisation mediated by the elsdtemical reduction of
methyl (2E)-3-[2-(2-{2-[(1E)-3-methoxy-3-oxoprop€n-1-
yllphenyl}ethyl)phenyl]prop-2-enoatet), i.e. diastereocisomeris and6,
were performed in order to assign the molecularcsires.

The molecular structure &fis illustrated in Fig. 3a. The molecule com-
prises four fused rings and is constructed abaandral, eight-membered
ring, C6, C7, C8, C13, C14, C15, C16 and C21, whiah a twisted-boat
conformation. In this description, the pairs afras derived from the phe-
nyl rings, i.e. C8 and C13, and C16 and C21, lievalthe approximate
plane defined by the ¥garbon atoms, i.e. C6, C7 C14 and C15. The di-
hedral angles between the four atoms comprisingdbe of the boat [r.m.s.
deviation = 0.181 A] and the (C8-C13) and (C16-Cghgnyl rings are
55.17(6) and 52.59(8)°, respectively, and the abgtereen the two phenyl
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rings is 72.25(4)°, Table 2. The five-memberedyriayclopentene ring
adopts an envelope conformation with the flap atey,lying 0.459(2) A
out of the plane defined by the remaining atom®s.p. deviation = 0.000
A]. The skewed nature of the conformation is e in the disparate
dihedral angles formed between the cyclopenteryylZ8 and C16-pehnyl
rings of 80.25(5) and 27.52 (8)°, respectively.almugh approximation,
the five-membered ring lies above the plane obthee of the central boat,
forming a dihedral angle of 31.46(11)°, howeverréhare significant
twists in each plane. The ester residue is esdlyrto-planar with the five-
membered ring as seen in the values of the O1-C2-&€ and 02-C2—-
C3-C7 torsion angles of 1.0(2) and -0.7(2)°, re8pely. The confor-
mation of the carbonyl- and hydroxyl-oxygen atomsyin, an arrangement
that allows an intramolecular hydroxyl-O3=B1(carbonyl) hydrogen-
bond to form, Table 3.

c11d

~1C13
C12¢T>9 \/?J,

(b)

Fig. 3: Molecular structures of (&and (b)6. The dashed lines indicate intramo-
lecular O—H-O hydrogen bonds. Displacement ellipsoids are dratthe 50%
probability level.

Tab. 2: Selected geometric parameters (A, °)Fand6.

5 6

Deviations from the least-squares plane througmsit66, C7, C14 and C15
Cé6: 0.1791(8) -0.081(16)

C7: -0.1780(8) 0.081(16)

C1l4: 0.1826(8) -0.082(17)

C15 -0.1838(8) 0.083(17)

Dihedral angles
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(C6, C7, C14, C15) / (C8-C13) 55.17(6) 58.83(110)

(C6, C7, C14, C15) / (C16-C21) 52.59(8) 68.04(11)
(C3-C7)/ (C8-C13) 80.25(5) 70.70(11)
(C3-C7) / (C16-C21) 27.52 (8) 79.99(11)
01-C2-C3-C4 1.0(2) 1.4(5)
02-C2-C3-C7 0.7(2) -1.0(5)

The molecular structure éfis shown in Fig. 3b from which it can be seen
that i) the molecular connectivity is as oand ii) a major conformational
change in the central eight-membered ring has oedurThe central ring
now has the shape of a chair. While the dihedrgles between the central
C6, C7, C14 and C15 atoms [r.m.s. deviation = 0ABand the pendent
phenyl rings are, to a first approximation, the saam fors, Table 2, the
different conformation is best reflected in theetihal angle between the
phenyl rings, i.e. 12.89(18)°, indicating an almpatallel disposition cf.
the near orthogonal relationshipGnTable 2.

The cyclopentenyl ring i again adopts an envelope conformation with
the C6 atom, the flap atom, lying 0.248(3) A outlé plane defined by
the remaining atoms [r.m.s. deviation = 0.005 REflecting the different
conformation of the central ring B the both dihedral angles formed be-
tween the cyclopentenyl ring and phenyl rings apphoorthogonality as
opposed to the situation i Table 2. The relative dispositions of the ester
and hydroxyl groups iB are as fob, Table 2, and the intramolecular hy-
droxyl-O3—-H-O1(carbonyl) hydrogen-bond persists, Table 4.

The differences between the molecular structuressfand6 are high-
lighted in the overlay diagram shown in Fig. 4. offarthis it is evident that
the there is a high degree of coincidence in thesttuted cyclopentenyl
residues and the significant difference in the oomftion of the eight-
membered ring. Also evident is the different cguafations of the two chi-
ral centres of the cyclopentenyl ring. Referriad-ig. 4, in5, the C6 atom
has arR-configuration and that of the adjacent C7 atomSa&onfigura-
tion. This has the consequence that the hydroggansaof these centres
are syn. In the inverted form 6fshown in Fig. 5, both C6 and C7 h&ve
configurations.

Fig. 4. Overlay diagrams 0% (red image) and inverted form 6f(blue). The
molecules have been superimposed so that the plagians of the cyclopentenyl
rings are coincident. The centre indicated withaaterisk corresponds to the C6
atom and that with two asterisks, to C7.

Given the different conformations about the centirads in5 and®6, i.e.
boat and chair, respectively, it was thought oéiiest to ascertain infor-
mation concerning the physiochemical propertiethefmolecules. Thus,
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referring to Table 3, the volume, surface areabgjlaxity and asphericity
of the molecules were calculated using Crystal &vqyl[23], and the den-
sity and packing index were calculated using PLAT[2B]. The crystal
density and packing efficiency férare marginally greater than fér This
is consistent with the volume and surface areagosimaller, and the
slightly greater inclination towards a globular exile in5.

Tab. 3: Physiochemical properties fbrand6.

Property 5 6
Volume,V (A3) 393.95 397.74
Surface ared (A?) 341.25 345.33
AV (AT 0.87 0.87
Globularity, G 0.762 0.757
Asphericity,Q 0.086 0.059
Density (g crm?) 1.328 1.316
Packing index (%) 70.9 70.7

A search of the Cambridge Structural Database f@4gals only two ex-
amples of an eight-membered ring appended to sasetlfive-membered

(CH)—C==C. In each of these closely related compoundsetpbt-
membered ring has a boat conformation, &s[@b]. There are no exam-
ples included in the CSD of the five-membered hiaging a double bond
as in5 and6 pointing to the novelty of the molecular framewsrkported
herein.

Molecular packing

The molecular packing & is dominated by weak interactions. As well as

participating in an intramolecular hydroxyl-O3=B1(carbonyl) hydro-
gen-bond, the carbonyl-O1 atom also accepts araittten from phenyl-
C17-H; geometric details describing the intermdi@cinteractions irb
and6 are given in Table 4. There is also a relatigdgse methylene-C6—
H-1(C16-C21) contact [36nhich, when combined with the C~# con-
tacts, leads to supramolecular layers inghglane. Further stabilisation
to the layer is afforded by methyl-C-#(C16-C21) interactions indicating
the (C16-C21) ring accepts two such contacts. [agers inter-digitate
along thec-axis and the connections between them are ofyihe neth-
ylene-C14—-H-1(C8-C13) so that a three-dimensional architectosies,
Fig. 5.
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Fig. 5: Molecular packing irb: view of the unit cell contents shown in projeatio
down thea-axis. The C-HO and C-H-1t interactions are shown as orange and
purple dashed lines, respectively.

In keeping with the distance criteria in PLATON J1®#he molecular pack-
ing of 6 features less specific interactions than obseivéd In addition

to the hydroxyl-O3—-HO1(carbonyl) hydrogen-bond, the only other direc-
tional interaction is a weak methyl-C1-#@(hydroxyl) contact, Table 4.
These lead to supramolecular zig-zag chains albeg-axis, i.e. propa-
gated by glide symmetry, Fig. 6a. The chains paittk no directional in-
teractions between them, Fig. 6b.
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Fig. 6. Molecular packing i: (a) detail of the methyl-C—HO(hydroxyl) interac-
tions, shown as orange dashed lines, leading tip@solecular zig-zag chain and
(b) view of the unit cell contents shown in projentiown thec-axis.
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Tab. 4: Summary of intermolecular interactions (A=B; A, °) operating in the crystal structuressande.

A

5
03
C17
C6
C1
Cl4

03
C1

Author

H

H3o0
H17
H6

Hlc

Hl4a

H3o0
Hla

Title

B

o1

o1
Cg(C16-C21)
Cg(C16-C21)
Cg(C8-C13)

o1
03

A-H

0.846(19)
0.95
1.00
0.98
0.99

0.84(4)
0.98
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H-B

1.89(2)
2.44
2.56
2.96
2.94

1.91(4)
2.60

2.6434(19)
3.224(2)
3.4802(18)
3.731(2)
3.754(2)

2.646(4)
3.403(5)
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A-H-B

148(2)

139
153
136
140

145(4)
139
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Symmetry operation

XY, Z
x11+y, z
X, 1y, 1z
X, -1+, z
X, 1y, 1z

XY Z

X, 1%y, Yotz



Conclusions

The novel electrolyses productsand6, were generated by electro-reduc-
tive cleavage oft. These are diastereoisomeric, differing in thefigura-
tions at the methine-C6 and -C7 atoms, i.e. of sggecchirality in5 and
with the same chirality i6. This has a profound influence on the molecular

(CH2)—C==C, which approximates a boat5rand a chair if6. The gen-
eration of the eight-membered ring appended tociopgntenyl ring as
found in5 and6 has no precedents in the crystallographic liteeatug-
gesting electrochemical-mediated synthesis offgngodunities in syn-
thetic organic chemistry.

Acknowledgments: The Brazilian National Council for Scientific anéchno-
logical Development-CNPq (Fellowship 305626/2018-3ZS).
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