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ABSTRACT

The reactions between oxyallyl cations and 9-stiieti anthracene to obtain 9,10-dihydro-9,10-
propanoanthracene substituted have not yet beatiestiextensively. For this reason, we used (4+8jaaddition
reactions of 9-(4-pentenyl)-anthracene with 1,1-{f&t8Babromoacetone as key step for preparation dbmologue
of maprotiline which has been synthesized and dpeel into a clinically useful drug for the treatneof
depressant by Ciba-Geigy research group in Swanet]
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INTRODUCTION

(4+3) cycloaddition reactions are one of the mastgrful and straightforward methods for the synithe$ seven-
membered rings from simple starting materials.[i3e reactions can be used as intermediate iniorgamthesis.
One of the most applications of (4+3) cycloadditi@actions are to use as intermediate in mediaimaiety.
Although the importance of these reactions is {lilé research work has been done by using antmaaoor
anthracene derivatives as dienes to obtain 9,1¥ddik9,10-propanoanthracene. For example, (4+3pagdition
reactions of o,a'-dibromoketones oro,0,0',0'-tetrabromoketones such as 1.3-dibromoacetone .4r3.3-
tetrabromoacetone as oxyallyl cations with anthmaced-methoxyanthracene, 9,10-dimethoxy anthracére,
alkenylanthracene and 9-phenylanthracene in theepoe of reducing agents under different sets afliions
which afforded the cis and/ or trans cycloadduetgaod yields.[2-5] In another example, Hardingi,7] reported
that the reactions af,a'-bis(sulfonyl) ketones with anthracene in the pree of iron pentacarbonyl and Tj@ave
the expected (4+3) cycloadducts in good yields. dlseovery of the antipsychotic activity of chloopnazine
opened the modern era of psychopharmacology. At effort ensued in many laboratories to invatgighe
structure-activity relationships of related compasinThere are many compounds are based on dihytiraaaene in
its preparation such as oxaprotilihebenzoctamin® and maprotiline€8 as shown ir{Figure. 1). The key step for
synthesis of maprotiline (ludiomil) was Diels—Aldezactions of ethylene under high pressure, adioss9,10
positions to give the central 2,2,2-bicyclooctyliatg.[8,9]
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Figure.1 antidepr essants drugs based on dihydroanthracene

Hoffmann and et al.,[10] synthesized homobenzoaianaind homomaprotiline by changing the head ofgeriih
benzoctamine and maprotiline. Bishomobenzoctanals®, synthesized by [4+2] and (4+3) cycloadditibrs@me
9-alkenylanthracenes with 2-bromoacrylaldehyde I 3].-

EXPERIMENTAL SECTION

All Glassware was dried in the oven before useahdeactions were carried out under nitrogen wigtherwise
stated. The synthesis of compounds was ascertdigethin layer chromatography (TLC, silica gel 66}
Visualization of the TLC plates was carried by gsin U. V. lamp and dipping in iodine or dipping Aeidic
solution of Vanillin in ethanol then exposed hegtby dryer. Column chromatography was performedaisilica
gel 60-120 mesh or by using thin layer chromatogya@@LC) on Merck silica gel 60 covered Glass pda2®x20
cm plates by, Reactions were monitored by thin layer chromatphy (TLC) on Merck silica gel 60 covered
alumina plates k4 (TLC) plates were developed under UV light andpitig the (TLC) in iodine or in Acidic
solution of Vanillin in ethanol followed by exposuto heating by dryer. Melting points were detemdimn a Mel-
Temp (Melting temperature) Il apparatus and areotnected. IR (KBr) spectra were recorded on a Perkimer
883 spectrophotometer and expressed asi’. *H NMR and**C NMR spectra were measured by using JEOL
ECP (400 MHz) in CDGI *H chemical shifts are expresseddspm and coupling constanisvere given in Hz.
MS spectra and HRMS were performed by usiigat 70 eV. The ultrasonic reaction was carried asihg
Sonerex 200, 50 W power and frequency 35 kHz.

Synthesis of 9-(4-pentenyl)-anthracene: (5)

A 500 mL clean and dry three-neck round-bottomkflagas equipped with a magnetic stirrer, and a reflu
condenser with balloon containing of nitrogen wtadched, then magnesium (3.25 g, 135.42 mmol), dHF6
mL) and a small piece of was added followed by sealing of the rest of s slots for flask by a rubber
septum. To reaction mixture 5-Bromo-1-pentene (23344 mmol) was injected dropwise with stirring tiixture
and rubbing the reaction vessel by hands for hegatintil the disappearance of violet colour for iwali The
remaining quantity from 5-Bromo-1-pentene (8 g,683mmol) was treated with 10 mL THF and it's added
dropwise to the reaction mixture with continuedrstg for 2h additional after completion and sorhe additive to
obtain 4-pentenylmagnesium bromide (Grignard reggen

Anthrone solutiord (10 g, 45.67 mmol) in anhydrous THF (120 mL) wasny added to reaction vessel which
contains 4-pentenylmagnesium bromide with continstéding to 2 h, we note the colour mixture is ocbad from
yellow to white yellowish. The mixture is heatedden reflux with stirred for 3-4 h at 50-85, the colour of
mixture is changed to dark yellow then it was akaoWto cool to room temperature. The reaction mextwas
stirred for 8 h at room temperature till reactimmpletes (checked by TLC) then hydrolyzed with 1(H@l; if
effervescence take place small pieces of ice wdeddrhe organic layer was extracted with etherthedaqueous
layer was extracted with ether (2x50 mL). The orgdayer was washed with NI, water, and brine then dried
over MgSQ anhydrous. The solvent was evaporation and corateninder vacuum. To crude product was added
(80 mL) of anhydrous benzene and (10 gp4 with stirred for 6 h at room temperature, th®©f was filtered off
and the benzene was removed under vacuum. The prodect was purified by flash column chromatogsaph
(DCM: Hex) (1:1), give 9-pent-4-enyl-anthracehas yellow solid; mp 71-72°C; IR (KBK)/ cm* 3050, 2914,
2853, 1636, 1622, 1455, 916, 885, 743;NMR (400 MHz, CDC}) § 1.92 (qu, 2H, 8.08, H2"), 2.33 (q, 2H]
7.32, H3'), 3.60-3.64 (m, 2H, H1'), 5.06-5.16 (rh, H5'), 5.93-6.00 (M, 1H, H4'), 7.25-8.44 (m, 9t;:H); °C
NMR (400 MHz, CDC}) ¢ 27.50, 30.42, 34.35, 115.29, 138.51, 124.53, 4185.44, 125.50, 125.72, 126.31,
128.26, 129.30, 129.64, 131.71, 131.80, 135.11; ISR&I) m/z Calcd. for GoHig [M]™: 246.1409, Found:
246.1410.
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Synthesis of 9,10-Dihydro-9-(4-pentenyl)-9,10-propanoanthracene-12-one: (6)

Zinc powdered (4,389, 66.98 mmol), CuCl (1.87 g,109mmol), and small amount of dry dioxane was gdainto

a flam-dried flask filled. The flask was suspend®@n ultrasonic bath (15-20). A solution of MgSiCl (3.67 g,
33.78 mmol) and 1.1.3.3-tetrabromoacetone (7.109mmol) was slowly added, followed by a solutioh o
compound (5 g, 20.30 mmol), in dry dioxane 5 mL. The batmperature was maintained below 20°C for the first
hour, and then allowed to slowly reach room temipeea After the mixture had been sonicated for &h,dioxane
was evaporated and MeOH (28 mL), zinc powdereds(4,3%66.98 mmol), CuCl (1.87 g, 19.10 mmol) and,8H
(5.6 g) was added. After stirring for 6 h at rocemperature, the reaction mixture was filtered tgirosilica gel.
The residue was washed with ¢H,, water, saturated aqueous )} H,O and brine, dried with MgSQand
concentrated under vacuum. The crude product waegolby flash column chromatography on silica ¢€E: PP:
1:10) to give compouné as white solid; mp 17C; IR (KBr) v / cm* 3072, 2945, 2884, 1694, 1640, 1476, 1454,
1402, 1286, 1132, 912, 7084 NMR (400 MHz, CDC}) ¢ 0.87-0.93 (m, 2H, H2'), 2.28-2.30 (m, 2H, H1'B2.
2.41 (m, 2H, H3", 2.61 (s, 2H, H13), 2.86 (d, 2+8.68, H11), 4.29 (t, 1HJ 4.40, H10), 5.09 (dd, 2H] 10.28,
15.40, H5"), 5.87-5.94 (m, 1H, H4"), 7.24-7.40 @H, Ar-H); "°C NMR (400 MHz, CDCJ) § 22.99, 23.94, 28.51,
33.76, 34.43, 40.94, 43.55, 43.58, 44.32, 50,612(1160,32, 115.40, 124.46, 126.10, 126.29, 127125.09,
127.17, 138.30, 141.37, 141.92, 209.19 (s,-C=O)MSREI) m/z Calcd. for G;H,,0 [M]": 302.1671, Found:
302.1673.

Synthesis of 9,10-Dihydro0-9-(4-pentenyl)-9,10-propanoanthracene: (7)

A mixture of ketong6) (1.76 g, 5.82 mmol), KOH (1.31 g, 23.35 mmol), tazine hydrate (4.71 g, 94.03 mmol)
and triethyleneglycol (7 mL) was stirred with refed at 158C for 7 h. Then the water was removed by a Dean-
Stark separator, and the reaction mixture was Heftte a further 8 h to 200-2%0. After cooling to room
temperature, the reaction mixture was treated diithHCI (pH=2 was reached). The aqueous layer exdsacted
with toluene, and the combined organic phases werghed with brine, dried with (MgSPDand concentrated
under vacuum. The crude product was purified bghflaclumn chromatography on silica gel petroleuhreet
ethyl acetate (5:1), give compoufidas yellow oil; IR (KBr)v / cm® 3067, 3019, 2930, 2859, 1474, 1452, 910,
752;*H NMR (400 MHz, CDCJ) 6 0.92-0.95 (m, 2H, H12), 1.19-1.27 (m, 2H, H2'84t1.39 (m, 2H, H1'), 1.48-
1.63 (m, 2H, H13), 2.28-2.30 (m, 2H, H11), 3.981¢, J 3.64, H10), 5.05 (dd, 2H},9.56, 16.84, H5"), 5.91-5.95
(m, 1H, H4"), 7.18-7.35 (m, 8H, Ar-H}*C NMR (400 MHz, CDGJ) § 22.50, 29.40, 31.72, 35.50, 39.97, 46.25,
46.49, 49.81, 118.60, 136.51, 123.11-142.85; HREIB(i/z Calcd. for G,H,, [M] ": 288.1878, Found: 288.1881.

Synthesis of 4-(9, 10-Dihydro0-9, 10-propanoanthracene-9-yl) butanal: (8)

The tetracyclic alkené&?) (0.75 g, 2.60 mmol) was dissolved in €M, (ca.12 mL) and ozonolysed at °T8 After
complete the reaction (blue colour), }8e(6 equiv) was added, and the reaction mixturestia®d for further 4 h
at room temperature, the volatile components weneoved under vacuum. The crude product was purbied
flash column chromatography on silica gel petroleatirer: ethyl acetate (15:1), give compo@nds white solid;
mp136C; IR (KBr) v / cmi® 3069, 3019, 2926, 2870, 1726, 1474, 1452, 908, *I5ANMR (400 MHz, CDCY)) ¢
1.18-1.42 (m, 2H, H12), 1.49-1.52 (m, 2H, H2"),2%17 (m, 6H, H11, H13, H1"), 2.31-2.35 (m, 2H,13.98 (t,
1H, J 3.68, H10), 10.88 (s, CHO), 7.20-7.30 (m, 8H, Ar-HC NMR (400 MHz, CDCJ) ¢ 14.31, 18.82, 22.70,
29.79, 35.30, 46.27, 46.43, 46.53, 120.60, 123128,16, 125.27, 125.93, 126.12, 142.51, 143.49,0)HRMS
(El) m/z Calcd. for G;H,,0 [M]™: 290.1671, Found: 290.1673.

Synthesis of 9, 10-Dihydr 0-9-(4-methylaminobutyl)-9, 10-propanoanthracene: (9)

Titanium (IV) isopropoxide (0.20 mL, 0.50 mmol) wadded to a commercially available solution of myktimine
in methanol (2 mol L, 15 mL) followed by the addition of the startinglehyde8 (0.44 mL, 0.44 mmol). The
reaction mixture was stirred at ambient temperaforéh, after which sodium borohydride (15.5 m@8mmol)
was added and the resulting mixture was furtherestifor another period of 2h. The reaction wastheenched
by the addition of water (0.2 mL), the resultingriganic precipitate was filtered and washed wittttdil ether (4
mL). The organic layer was separated and the agueart was further extracted with diethyl ether§2wl). The
combined ether extracts were dried,@¥0s;) and concentrated in vacuum, give bishomomapnetdi as white
viscous liquid; IR (KBr) ov / m™* 3410, 3073, 2963, 2926, 2870, 2853, 1599, 14760,14261, 1093, 1020, 864,
800, 754, 700*H NMR (400 MHz, CDC}) 6 1.25-1.42 (m, 6H, H2', H3', H12), 1.75-2.05 (m,, 6H.', H11, H13),
2.35 (s, 1H, N-H), 2.46 (s, 3H, GH2.57 (t, 2H,J 6, H4"), 3.97 (t, 1HJ 4.00, H10), 7.20-7.27 (m, 8H, Ar-H)’C
NMR (400 MHz, CDC}) § 22.15, 24.48, 29.69, 32.35, 36.45, 39.53, 43.8048\ 52.35, 123.49-144.14; HRMS
(El) m/z Calcd. for GoHo7N [M] ™ 305.2144, Found: 305.2144.

RESULTSAND DISCUSSION

In this paper we describe the preparation of 9jh@elto-9,10-propanoanthracene-12-dewhich are used a key
intermediate for the synthesis of target compoustidimomaprotiline by using (4+3) cycloaddition reactions of
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9-(4-pentenyl)-anthracen® with 1.1.3.3-tetrabromoacetone in ultrasonicatainl5-20°C. The structures of all
compounds were established on the basis of litergttecedence, analytical results and spectral data

The first step was the Grignard reaction betweghrane4 and 4-pentenylmagnesium bromide which was prepared
from magnesium and 5-Bromo-1-butene in dry tetrabfgstan by refluxing 3-4 h at 50-85, followed by acid
hydrolysis and dehydration with®,, yielded 9-pent-4-enyl-anthracefén good yield as shown ifscheme. 1).

4 ©)
Schemel. (a) 5-bromo-1-pentene, Mg, THF, r. t (room temperature), 8h; (b) CeHs, P2Os, 1. t, 6h, (yield 82%)

The IR spectrum for compouri absorptions were observed in the range of 3053 281" indicating the presence
of (C-H stretching aroma) and showed a peak inrt#mge of 1636-1445 cifor (C=C stretching), and the
absorption band observed at 733cfor (C-H bonding). théH NMR spectrum exhibit a characteristic quinted at
1.92 ppm for (two protons, H-2"), and showed quaaté 2.33 ppm for (two protons, H-3’), and showed npulétiin
the range ob 3.60-3.64 ppm for (two protons, H-1"), and showmedltiple in the range of 5.06-5.16 ppm for (two
protons, H-5’), and showed multiple in the rangé 6{93-6.00 ppm for (two protons, H-4"), and showedltiple in
the range of 7.25-8.44 ppm for (9 proton aromatic). Tfi€ NMR showed one peak &27.50 ppm for (carbon C-
1", showed one peak at30.42 ppm for (carbon C-2’), and showed one peéak34.35 ppm for (carbon C-3’), and
showed one peak at115.29 ppm for (carbon C-5%), and showed one @#ak138.51 ppm for (carbon C-4’), and
showed peaks in the range &f124.53-135.11 ppm for (aromatic carbons). The msmsctrum showed the
molecular ion peak ah/z246. The HRMSEI Calcd for GgH1g [M™] 246.1409, Found 246.1410.

The second step was (4+3) cycloaddition reactior®-plent-4-enyl-anthraceng to 1.1.3.3-tetrabromoacetone
using Zn, CuCl/ 1,4-dioxane and ultrasound at 15@ollowed by reduction of the dibromo cycloaddwdth
Zn/ CuCl/ NH,Cl/ MeOH in same pot without isolation, the cycldadts6 was obtained in good yield as shown in
(Scheme. 2).

(6)
Scheme2. (a) Tetrabromoacetone, Zn/CuCl, (CH3)sSiCl, dioxane, 15-20 °C, ultrasonication, 8h; (b) Zn/CuCl, NH,CI, methanal, r. t, 6h,
(yield 72%)

The IR spectrum for compourtdexhibited a strong peak at 1694 tfor (C=0 stretching). Th&H NMR spectrum
showed a multiple in the range #0.87-0.93 ppm for (two proton, H-2"), and a muéim the range of 2.28-2.30
ppm for (two proton, H-1"), and a multiple in thenge ofs 2.37-2.41 ppm for (two proton, H-3"), and Singled
2.61 ppm for (two proton, H-13), and doubletya?2.86 ppm for (two proton, H-11), and tripleté&a.29 ppm for
(one proton, H-10), and a multiple in the rangé 6{87-5.94 ppm for (one proton, H-4"), and doubfedoublet at
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5 5.09 ppm for (two proton, H-5'. THEC NMR exhibit one peak at 209.19 ppm for carbon ketone (C=0). The
mass spectrum showed the molecular ion peak/a802. The HRMSEI Calcd for G,H,,0 [M*] 302.1671, Found
302.1673.

To convert the carbonyl group in to a methylenaugrave used mild method at room temperature by exsn of
ketone to tosylhydrazones, then reduction of hyalnazusing NaBECN, but this method did not prove successful
on the ketone tetracyclic. Therefore, we used tldffviKishner reduction modified (Huang-Minlon) byetment of
ketone tetracycliq6) with hydrazine hydrate in the presence of potasshydroxide at a high boiling solvent
triethylene glycol to obtain tetracyclic hydrocanbbas shown irfScheme. 3).

(6)
Scheme3. (a) 85% H:N-NH,, KOH, triethylene glycol, 150°C, 5h; (b) 200-220°C, 5h, (yield 66%)

The IR spectrum for compounid disappearance a strong peak at 1694 éon (C=0). The’H NMR spectrum
showed multiple in the range 610.92-0.95 for (two proton, H-12). THEC NMR disappearance of singlet peald at
209.19 ppm for (C=0) indicative of transferenceboayl to methylene. The mass spectrum showed tHecular
ion peak am/z288. The HRMEI Calcd for G,H,, [M™] 288.1878 Found 288.1881.

The reaction of tetracyclic hydrocarb@mwith ozone by use dimethyl sulfide in methylenéocikle is a general and
selective method of cleaving carbon-carbon doubledb. This method gave the crystalline aldehy@ds shown in
(Scheme. 4).

(8)
Schemed. (a) Os, CHCly, -78 °C, 0.5 h; (b) (CH3),S, 4h, 1. t, (vield 61%)

The IR spectrum for compour@ishowed strong peak at 1726 tior (C=0) aldehyde. Th&H NMR showed a
characteristic singlet @ 10.88 ppm for (CHO). ThEC NMR showed a peak &t202.08 ppm for carbon (CHO).

The mass spectrum showed the molecular ion peakz290. The HRMSEI Calcd for GgH»,0 [M*] 290.1671
Found 290.1673.

As a part of our interest for reductive aminatidratilehyde8 to corresponding amin® we chose a simple and
efficient method in one-pot with inexpensive reaggystems and high yields of pure products. In théthod we
used a combination of titanium (V) isopropoxidedasodium borohydride with methyl amine in methafuaol
obtain the target compound bishomomaprotifires shown if{Scheme. 5).

283



Ade Al-Saeedi et al J. Chem. Pharm. Res,, 2016, 8(2):279-284

NHCH;

(8 9)
Schemeb. () CHsNH,, CHsOH, r. t, 4h; (b) NaBH,, r. t, 6h, (yield 52%)

The IR spectrum for compour@ishowed one peak at 3410 ¢ror (N-H secondary amine) with disappearance a
strong peak at 1726 ¢hfor (CHO). In the'H NMR showed two peak singlet &2.35 ppm and 2.46 ppm due to
the active (N-H protons, 3H, GH The**C NMR showed disappearance peak 202.08 for carbon (CHO). The
mass spectrum is revealed the molecular ion peak/'z805 which resembles the formula weight. The HREIS
Calcd for G;H»7N [M™] 305.2144 Found 305.2144.

CONCLUSION

In conclusion, we have described simple and flexiteps to synthesize of bishomomaprotihdrom simple
starting materials by changing the length of thdrbgarbon chain and bridgehead. The key step wasmgaished
through the ultrasonic (4+3) cycloaddition reactiaf 1.1.3.3-tetrabromoacetone on 9-pent-4-enyracenes.

The name and structures of all compounds were lettald on the basis of literature precedence, énalyresults
and spectral data. Our future plan is to studyrtdationship between the structure of the final poomd and
biological activity.
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