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Abstract

Retronecine is found widely in numerous alkaloids such as senecionine, seneciphylline and retrorsine. It belongs to the pyrrolizidine type alkaloids, which are also found in many plants. Extracts of plants containing these alkaloids have been used in traditional herbal medicine. Many of these alkaloids show interesting biological activities including hepatotoxic, antitumor, hypotensive, anti-inflammatory and antispasmolytic activities. (-)-Lactone lactam could be serve as a valuable starting material towards the synthesis of retronecine through (-) Geissman Waiss lactone. The synthesis of (-)-lactone lactam   was performed starting from benzene in 6 steps.
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Abstrak

Retronecine banyak didapati dalam sejumlah alkaloid seperti senecionin, seneciphyllin dan retrosin. Ia tergolong dari jenis alkaloid pyrrolizidin yang boleh didapati dalam banyak tumbuh-tumbuhan. Ekstrak tumbuh-tumbuhan yang mengandungi alkaloid ini, secara tradisionalnya telah digunakan dalam perubatan herba dan menunjukkan keaktifan biologi termasuk hepatotoksik, antikanser, darah tinggi, antiinflammatori dan antiplasmolitik. (-)-lakton laktam boleh dijadikan bahan pemula dalam sintesis retronecin melalui (-)-Geissman Waiss Lactone. (-)-Lakton laktam telah berjaya disintesis bermula dari benzin dengan 6 langkah tindakbalas. 

Kata kunci: retronecin, Geissman Waiss Lactone, (-)-laktone laktam, γ-butyrolaktone
Introduction
Pyrrolidizine alkaloids are groups of alkaloid found widely in plants, have attracted considerable synthetic attention because of their active bioactivity such as anti tumor and carcinogenicity activity[1]. Since 1962, when Geissman and Weiss synthesized the racemic Geissman Waiss Lactone (GWL) 1 and racemic retronecine base [2], a number of works have been developed towards the enantioselective synthesis of  this interesting compound, including from (R)-malic acid [3], keto-proline by yeast reduction [4], dirhodium (II) carbenoid catalysed the reaction of diazoacetate and (S)-malimide [5], cycloaddition reactions [6], Cis-lactone lactam 2 was also synthesized starting from N- protected amino acid [7].
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Experimental
1,4–cyclohexadiene (4)
700 ml of ammonia was added into a two liter three neck round bottom flask equipped with mechanical stirrer  and under N2 atmosphere at -78oC. Benzene was  added slowly with vigorous stirring via dropping funnel  into the liquid ammonia until white precipitate formed.
Sodium metal (40 g) was then added in small quantities within one hour and the reaction mixture became deep blue  at this stage. The mixture was allowed to stir for another two hours. Ethanol (150 ml)  was then added into the reaction mixture and  the mixture was kept stirring for overnight.
500 ml of cold water was added into white precipitate solution,  slowly with a dropping funnel. The organic layer was collected and washed with 500ml of H2O, the aqueous layer was extracted back with 50 ml of n-pentane and the combined organic layer was dried with MgSO4, filtered and produced 40.1% of 1,4–cyclohexadiene (4).
1H-NMR (300 MHz, CDCl3): ( = 5.70 (s, 4H), 2.60 (s, 4H). 13C-NMR (75.5 MHz, CDCl3 ): ( = 128.3 (C=C), 124.4 (C=C), 25.8 (CH2).
1,4-cyclohexadiene monoxide (5)
A  1 liter round- bottom flask with a magnetic bar was introduced with 1,4–cyclohexadiene 4 (3.38g, 42.1 mmol, 1.1 eq), 300 ml of DCM and K2HPO4  (3.61g, 20.7mmol, 1eq) in 2 ml of H2O. The flask was placed in an ice bath (0oC)  and mCPBA (70%, 10.2g, 41.3 mmol, 1 eq) was added portion wise in small quantities. The white solution was stirred for several hours and the water bath was allowed to warm up to room temperature. The reaction mixture was stirred for another 18 hours at room temperature. The white solid was filtered  by vacum filtration and the filtrate was washed with 50ml of saturated NaHCO3, 50ml of 5% Na2SO3, 50 ml of saturated NaHCO3, water (50 ml), brine (50 ml), dried over MgSO4  and concentrated under vacuo to afford 3.58 g (88.9%) of desired product 5 as colourless oil . The product was purified by distillation (23mm Hg, 60oC). 

1H-NMR (300 MHz, CDCl3): ( = 5.48 (s, 2H), 3.73 (s, 2H), 2.56 (d, J= 17.6, 2H), 2.45 (d, 2H, J = 17.6, 2H). 13C-NMR (75.5 MHz, CDCl3 ): ( = 121.6 (C=C), 51.3 (CH), 24.9 (CH2).
(1R,6R)-6- Azidocyclohex-3-enyloxy trimethylsilane (7)
Catalyst complex 6 (0.088mg, 0.126 mmol, 2%) was added into a mixture of epoxide 5 (0.61g, 6.32 mmol, 1 eq) in 2.1 ml of Et2O . The mixture was stirred for 15 minutes and subsequently  trimethylsilylazide (0.88 ml, 6.63 mmol, 1.05 eq) was added  slowly. After the mixture was  stirred for 46 h at room temperature then the solvent was evaporated under reduced pressure to give yellowish crude product, which was purified by column chromatography on silica gel (petroleum ether: ethyl acetate, 9:1) to yield  0.84g  (68 %) of 7 as yellowish oil.
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Rf = 0.83 (SiO2, hexanes/ethylacetate 9:1); 
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1H-NMR (300 MHz, CDCl3): ( = 5.48-5.61 (m, 2H, H-1,H-2), 3.73-3.84 (m, 1H, H-5: (CH3)SiOCH), 3.49-3.59 (m, 1H, H-4:N3CH), 2.32-2.48 (m, 2H, H-3:N3CHCH2), 2.08-2.20 (m, 1H, H-6: (CH3)SiOCHCH2), 1.90-2.03 (m, 1H, H-6: (CH3)SiOCHCH2), 1.98  (s, 9-H, TMSO); 13C-NMR (75.5 MHz, CDCl3 ): ( = 124.6 (C=C), 123.9 (C=C), 71.9 (Cquart, C-5), 62.9 (Cquart, C-4), 34.7 (C-6), 30.9 (C-2), 0.0 (TMSO-C); IR (Film): 
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n

 = 2957, 2905, 2107, 1438, 1250, 1140, 881, 840, 748, 667 cm-1.  MS [CI, NH3] : m/z (%) = 212.1 (11) [M + H+], 184.1 (29.9) [(M + H+) – N2].
tert-butyl (1S,6S)-6-(trimethylsilyloxy) cyclohex-3-enylcarbamate (8)

Into a stirred mixture of  azido trimethylsiloxy cyclohexene 7 (0.2g, 1.02 mmol, 1 eq) in 3.4 ml ethanol,  tert-butoxycarbonyl (Boc2O) (0.45g, 2.04 mmol, 2 eq) was added with 20% of Pd(OH)2/C (10.2 mg) at room temperature. Then to this mixture, triethylsilane (0.33 ml, 2.04 mmol,2 eq.) was added sequentially  and  the mixture was  stirred for 20 h under N2 atmosphere. The mixture was filtered  through celite and the filtrate was concentrated under reduce pressure to remove the solvent to give yellowish solid which was purified by column chromatography on silica gel (petroleum ether: ethyl acetate, 15:0.5) to yield  0.26 g (88%) of 8 as yellowish solid.
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Rf = 0.75 (SiO2, hexanes/ethylacetate 21:7)  m.p. 79-81°C 
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1H-NMR (300 MHz, CDCl3): ( = 5.46-5.57 (m, 2H, CH olefin), 4.45 (bs, IH, NH), 3.67-3.76 (m, 1-H, CHOSi(CH3)3), 3.53-3.65 (m, 1-H, CHNBoc), 2.55 (m, 1H, CH2CHNBoc), 2.26 (m, 1H, CH2CHNBoc), 2.05 (m, 1H, CH2CHOSi(CH3)3), 1.88 (m, 1H, (CH2CHOSi(CH3)3), 1.48 (s, 9-H, BoC), 0.90 (s, 9-H, TMSO); 13C-NMR (75.5 MHz, CDCl3 ): ( = 155.5 (CO, Boc), 124.2 (C=C), 78.9 (Cquart, CHOTMS) ,68.9 (Cquart, Boc-C), 50.8 (Cquart, CHNBoc), 32.9 (CH2CHOTMS), 29.9 (CH2CHNBoc), 28.2 (Boc-C), 0.0 (TMSO-C); IR (Film): 
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n

 = 3340, 2976, 1689, 1531, 1366, 1309, 1249, 1170, 1102, 1067, 887, 840, 749, 661 cm-1. MS [CI, NH3] :m/z (%) = 285.1 (100); HRMS (Cl, NH3); Calculated for [C14H27NO3Si:  285.1760, found 285.1758.
tert-Butyl(3R,4R)-1,6-dioxo-4-(trimethylsiloxy)hexan-3-ylcarbamate(9) 

A stirred solution of N-Boc-trimethylsiloxy cyclohexene amine (1.016 g, 3.56 mmol, 1 equiv.), NaHCO3 (0.03 g, 0.36 mmol, 0.1 equiv.) and methanol (0.36 ml, 8.9 mmol) in DCM (4.5 mL) was treated with ozone at -78 oC. Subsequently, dimethyl sulfide (0.54 mL, 7.33 mmol) was added and the reaction mixture was allowed to warm up to room temperature and stirred for 12 h at room temperature. Then, the mixture was extracted with water  (6 mL x 3) and dried over MgSO4, filtered and concentrated under reduce pressure to give the crude dialdehyde, which was purified by column chromatography on silica gel (petroleum ether : ethyl acetate, 15 : 3) to afford 0.70 g (62.0%) of 9 as colourless oil.
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Rf = 0.24 (SiO2, hexanes/ethylacetate 15:3); 
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 1H-NMR (300 MHz, CDCl3): ( = 9.78 (t, 1H, CHO), 9.72 (t, 1H , CHO), 5.41 (d, 1H, J = 4.1, NH), 4.63-4.74 (m, 1-H, (CH3)SiOCH), 4.38-4.51 (m, 1-H, BoCNHCH), 2.60-2.78 (m, 1H, (CH3)SiOCHCH2), 2.35-2.45 (m, 1H, (CH3)SiOCHCH2), 2.02-2.42 (m, 1H, BoCNHCHCH2), 1.81-1.98 (m, 1H, BoCNHCHCH2), 1.49 (s, 9-H, BoC), 0.11 (s, 9-H, TMSO); 13C-NMR (75.5 MHz, CDCl3 ): ( = 221.7 (2CHO), 154.1 (CO, BoC), 73.3 (Cquart, Boc-C), 70.2 (Cquart, TMSOC), 56.9 (Cquart, Boc-NHC), 42.3 (Boc-NHCHCH2), 41.3 (TMSOCHCH2), 28.6 (Boc-C), 0.0 (TMSO-C); MS [CI, NH3] : m/z (%) = 259.1 (45), 159.1 (100) [M – C4H8 + CO2].

(3aS, 6aS)-tert-Butoxycarbonyl-cis-dihydrofuro(3,2-b) pyrrole-2,5-dione (2)
To a stirred solution of 8 (0.530 g, 1.8 mmol) in 55 ml of biphasic solution of CCl4:MeCN:H2O (1:1:2), RuCl3.3H2O (0.032 g, 8.3%mol) was added at  0oC, followed by NaIO4 (1.588 g,  4.1 equv.) portion wise. The reaction mixture was stirred for 8 h at 0oC. Then the mixture was diluted with 30ml of water and  extracted with DCM  (15 ml x 3), followed by extraction with 1-butanol (15 ml x 3). The combined organic layer was dried with MgSO4 and the solvent was evaporated under reduced pressure to give brownish crude product, which was purified by column chromatography on silica gel (ethyl acetate:methanol, 9:1) to yield g 0.268 (62 %) of 2 as white solid.
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Rf = 0.71 (SiO2, ethylacetate/methanol  9:1); m.p. 162-164 °C (lit, m.p 163-164 °C) ,
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= +53.8 (c = 0.4, DMF) (lit, 
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1H-NMR (300 MHz, CDCl3): ( = 5.01-5.09 (ddd, J = 5.1, 5.5, 2.7, 1H, CHOCO), 4.74-4.81 (ddd, J = 4.8, 6.0, 2.2,  1H , CHNBoc), 2.89-2.98 (m, 4H,CH2CONBoc, CH2CHNBoc), 1.51 (s, 9H, BoC); 13C-NMR (75.5 MHz, CDCl3 ): ( = 173.7 (Cquart, CO), 169.8 (Cquart, CONBoc), 149.8 (Cquart, CO-Boc), 84.7 (CHOCO), 73.5 (Cquart, Boc-C), 57.9 (CHNBoc), 38.6 (CH2CONBoc), 35.6 (CH2NBoc), 28.0 (Boc-C); IR (Film): 
[image: image14.wmf]~

n

 = 1781, 1768, 1721, 1356, 1324, 1251, 1225, 1186, 1149, 1047, 1022, 933, 907, 836 cm-1.MS [CI, NH3] : m/z (%) = 259.1 (44)  [M  + NH4+]; Elemental analysis calcd (%) for C11H15NO5 (241.1): C 54.9, H 6.3, N 5.9 ; found C 54.99, H 6.36,  N 5.44.
Results and Discussion
Herein is the new method for the synthesis of 2. In detail, benzene was first transformed to 1,4–cyclohexadiene 4 via Birch reduction with liquid NH3 and sodium metal. Epoxidation of  1,4–cyclohexadiene with mCPBA  in the presence of K2HPO4 yielded 1,4-cyclohexadiene monoxide 5 as major product (88.9%) instead of the diepoxide. Further reaction via enantioselective asymmetric ring opening of the epoxide using Salen  catalyst complex [8]  6 and  trimethylsilylazide furnished the azido trimethylsiloxy cyclohexene 7. Reduction amination [9] of azido trimethylsiloxy cyclohexene 7 with Pd(OH)2/C and  triethyl silane in the presence of tert-butoxycarbonyl (Boc2O) as trapping agent afforded 8. Ozonolysis of 8 and workup with DMS  gave dialdehyde 9 which was  transformed to cis lactone lactam 2 by Jones reagent.


[image: image15.wmf]O

O

T

M

S

N

3

N

N

t

-

B

u

t

-

B

u

t

-

B

u

O

O

C

r

C

l

t

-

B

u

O

T

M

S

N

H

O

O

O

H

C

O

H

C

O

T

M

S

N

H

O

O

O

N

O

O

O

O

f

4

5

7

a

b

c

6

8

d

e

3

8

9

2


Reagent and conditions: (a) Na, Liq. NH3, EtOH, -78oC to R.T, 40.1%  (b) mCPBA (1 equiv), K2HPO4 (1 equiv.), CH2Cl2, 0oC, 20 h, 88.9% (c) Salen complex (2 mol%), TMSN3 (1.05 equiv.), Et2O, R.T, 46 h, 68%, 85% ee. (d) Boc2O (1.5 equiv), Pd(OH)2/C, Et3SiH (1.5 equiv.), EtOH, R.T, 20 h, 88% (e) O3, DMS, CH2Cl2, -78oC, 18 h, 62% (f) Jones reagent (2.5 M), acetone, 10oC, 15 min, 63%

We envisioned of different reaction to cis lactone lactam 2 through cleavage oxidation of 8 by using ruthenium oxide in the presence of sodium periodate in biphasic solution of CCl4, MeCN and water  to furnished 2. Once the lactone was formed, ring closure was facilitated by the formation of hydrogen bonding  from migrating hydrogen atom to the hydroxyl functionality and creating the H2O as leaving group. Nucleophilic attack of  the nitrogen lone pair towards carbonyl group  afforded 2. The structure was confirmed by x-ray crystallography analysis. 
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Conclusion
The synthesis of (-)-lactone lactam  from benzene disclosed here is an easy and short route, but moderate yield was achieved (62%) for the synthesis of key intermediate lactone lactam. Nevertheless this approaches differ from others known  strategy, since this compound  can be act as a versatile intermediates especially for synthesizing more complex medicinally important compounds such as Tiagabine (GABA transporter), building block for anti Hepatitis C and fluoroquinolone for anti bacteria. 
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