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Abstract - 7he  labile heterocyclic ring systems, 2,4-dihydropyrroIo[3,4blpyrroIe 1 and 4.6- 

dihydro-2H-dipyrrolo13,4-b:3',4'-a]pyrroIe 2, were prepared readily by the phosphineimine- 

alkylidenemalonate cyclization reaction or the reuo-malonate addition reaction. An X-ray srmcturc 

analysis confmned that three pyrrole rings of 2 are coplanar. 

2,4-Dihydropyrrolo[3,4-blpyrrole and 4,6~dihydro-21f-dipyrrolo[3,4-b:Y,4'-dlpyoe ring systems are cyclic analogues of 

the interesting radialenes 3 and 4 re~pectively.~ According to theoretical calculations, 1 and 2 are highly unstable 

heteroaromatic ring systems.' To date ring system 1 is still unknown. Herein we repon the facile syntheses of 1 and 2 

based on our new methods, the phosphineimine-akylidenernalonate cy~lirat ion,~ or the reuo~nalonate addition reaction.5 

Starting from the known aldehyde 5,6 we synthesized 2,4-dihydropyrrolol3,4-blpyrroles 11-14 with the 4-position 

protected with ap-methoxyphenylsulfonyl group. Knoevenagel condensation of 5 with diethyl malonate gave 6 .  Reductive 

cleavage of the thioester goup of 6 with Raney nickel afforded 7. Treatment of 7 with potassium hydride fallowed by p- 

methoxybenrenesulfonyl chloride gave the N-protected p v o l e  8. Brominarion of 8 with N~bromosuccinimide and 

dibenzoyl peroxide gave bromide 9. Reaction of bromide 9 with sodium aride in aqueous THF gave the azido compound 10 

Treatment of 10 with uiphenylphosphine followed by hydrolysis afforded the pyrrolo[3,4-blpyrrole I I ,  Scheme 1. 

Attempted removal of thep-methoxyphenylsulfonyl protecting gmiip led to the decomposition of the product. Apparently the 

parent system of 2,4-dihydropyrrolol3.4-b]pyrroIe is too labile to isolate. 

a. CH~(COZEII~ ,  piperidine, benzene, reflux, 32 h, 90%. b. Raney nickel, acetone, reflux, 30 min, 77%. 

C. il KH / THF. -78'C, 30 min; iil p-MeOPhSOzCI, 78'C+O'C, 87%. d. NBS, dibenroyl peroxide. 

CCI,, reflux, 30 rnin, 72%. e. NaN,, THF/  H 2 0  ( I : I 1, 2YC, 12 h, 98%. f. i) Ph3P, THF, 2 S C ,  
12 h: iil H,O, 25'C, 12 h, 48%. 

Scheme 1 



On the other hand, reactions of bromide 9 directly with ammonia, methylamine, benzylanine, or aniline produced the 

pyrrolo[3,4-b]pynoles 11-14 in good yields. Funhermore, compound 13 was selected to react with dimethyl 

acetylenedicarboxylate in a Diels-Alder reaction to give the cycloadduct 15. m-Chloroperbenzoic acid oxidation7 of 15 
followed by thermolysis afforded indole 178 via the N-oxide 16, Scheme 2. 

a. 25% NH2, absolute ethanol, 2 5 T ,  20 h, 11 (33%); 40% CH3NH,, absolute ethanol, 25°C. 30 h, 12 
(47%); benzylamine, 95% ethanol, 2 5 T ,  24 h, 13 (50%); aniline, 95% ethanol, 25% 48 h,14 (61%). 
b. dimethyl acetylenedicarboxylate, benzene. 2S°C. 4 h, 84%. c. MCPBA, CH2C12, 25% I h, 63%. 

Scheme 2 

Similarly dipyrrolo[3,4-b:3',4'-dlpyrroles 22 and 23 were synthesized starting from the known dialdehyde 18.9 Double 

Knaevenagel condensations of 18 with diethyl maionate gave 19. Treaunent of 19 with potassium hydride followed by 

benzenesulfonyl chloride gave 20. Brornination of 20 with N-brornosuccinimde and dibenzoyl peroxide gave dibromide 21. 

Treatment of 21 with ammonia in ethanol produced 4,6-dihydro-2H-dipy1~0l0[3,4-b:3'~4'-d]pyo1 22. Reaction of 21 
with benzylamine afforded 4,6-dihydro-2H-dipynoI0[3,4-b:Y,4-d]pyl 23. Scheme 3. 

a. CH2(C02Et),, piperidine, benzene, reflux, 48 h, 70%. b. i) KH ITHF. -78°C. 30 min; ii) PhSO,CI, 

-78'C+OoC, 86%. c. NBS, dibenzoyl peroxide, CCI4, reflun, 2 h, 85%. d. 25% NH3, absolute 

ethanol, 2S°C, 20 h, 22 (35%); benzylamine, 95% ethanol, 3SPC, 18 h, 23 (34%). 

Scheme 3 

Compound 23 is a white crystalline solid, mp 212 - 2130C dec. A single-crystal X-ray analysis was performed to analyze the 

structure in detail. Three fused pynole rings of 4,6-dihydro-2H-dipynolol3,4-b:Y,4'-dlpyre 23 were found in a plane. A 
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molecular drawing of 23 is shown in Figure 1. Atonuc cwrdinates and equivalent isotropic displacement parameters are 

given in Table 1. 

In summary, 2.4-dihydropyrrolo[3.4-blpyrroles 11-14 and 4,6-dihydro-2H-dipyrro1o[3.4-b:3',4'-dlpy~o1s 22-23 were 

synthesized edreadily by our phosphineimine-akylidenemalonate cyclization reaction or the reto-malonate addition reaction. 

From a single-crystal X-ray analysis of compound 23, three fused pymle  rings were found to be coplanar. In addition a 

new synthesis of indole 17 was achieved by the Diels-Alder reaction of 13 with dimethyl acetylenedicarboxylate followed by 

oxidative extrusion of the imine nitrogen. ? 

Figure 1: Molecular drawing of 23 generated by SHELXTL PLUS. 
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EXPERIMENTAL 

General : Melting points were detennined with a Yanaco micm (melting point apparatus. IH Nmr spectra were recorded on a 

Varian EM.390, JEOL HX-100 or Bmker AM-400 spectrometer. I3C Nmr spectra were recorded on a JEOL HX-100 or 

Bmker AM-400 spectromether. Mass spectra refer to the electron impact mass spectra and were recorded on a JEOL TMS-D- 

1CU mass spectrometer. High resolution mass spectra were taken on a JEOL KX-110 mass spectrometer. Ir spectra were 

recorded on a Perkin-Elmer 781 spectrophotometer, and uv spectra were recorded on a Perkin-Elmer Lambda 5 UV-VIS 

spectrophotometer. Solvents were distilled before use and were dried, as necessary, according to literature procedures. All 

reactions were conducted under a nitrogen atmosphere. 

X-Rav analysis 23, C28H23N302S: M = 465.6, onhorhombic, space group PcZtb, a = 6.589(2), b = 16.218 (4), c = 

21.480 (6) A, V = 2295 (1)A3, Z =4,D,  = 1.347 gicm3. 2151 lndependentreflections were measured of which 1104 were 

considered observed [(1)>2.5 u(1)j. The structure was solved by direct methods to an R value of 0.0413. All calculations 

were pcrfolmed on a Micro Vax I1 based Nicolet SHELXTL PLUS system. 

Diethvl 1 ~ 2 - C ~ b o t h i o m e t h a n v - 5 - m e t h y l - 4 - ~ v I T 0 I ~ l m t h l n l ~ o ~ n d i o t 6  

To a solution of methyl 2-methyl-3-fonnylpy~~~le-5~thi~arboxylate Sh  (0.1 g. 0.55 mmoi) in dry benzene (30 ml) were 

added diethyl malonate (0.13 g, 0.81 mmol) and piperidine (0.1 ml). l'he mixture was heated to reflux for 32 h with 

separation of water by a Dean-Stark apparatus. The solvent was then removed on a rotary evaporator. The residue was 

chromatop-aphed on silica gel (hexane~ethyl acetate; 6:l) to give the title product 6 (159.8 mg, 90%). Recrystallization 

(ethyl acetate-hexane) gave6 as pale yellow crystals: mp 157-158°C: ir (KBr) 3290, 1730, 17W, 16211 c m ~ l ;  IH nmr (W 

MHz, CDCI3) 6 1.20-1.53 (q, J = 7 Hz, 6 H), 2.43 (broad s, 6 H), 2.43 (broad s, 6H), 4.13-4.60 (m, 4 H), 7.03 (broad d, 

1 H), 7.63 (s, I H), 9.83 (broads, IH); ms mi l  (relative intensity) 325 (Mi, 161, 279 (26). 278 (26), 183 (68) 136 (100); 

hrms miz 325.0989 (calcd for Ct5HlgNO5S : 325.0984). Anal. Calcd for C15H19NO~S: C, 55.37; H, 5.89; N, 4.30. 

Found: C,  55.33; R, 5.89; N, 4.29. 

Diethvl 1(2-Methvl-3-~molovl)meth~IeneI~ro~a1~ediot  7 

W-2 Raney nickel (4 g) was added to acetone (30 ml) and stirred at room temperature for 15 mi". A solution of the thioester 6 

(495 mg, 1.52 mmol) in acetone (20 ml) was added, and the mixture was refluxed for 30 min. The reaction mixture was then 

cooled and filtered through a shon pad of Celite. l'he filtrate was concentrated and the residue was purified by silica gel 

chromatography (hexane-ethyl acewte; 1:l) to give the product 7 (293 mg, 77%). Recrystallization (ethyl acetate-hexane) gave 

1 as white crystals: mp 130-132°C: ir (KBr) 3300, 1725, 1660, 1605 cm-l; I11 nrnr (90 MHz, CDCI?) 6 1.17-1.47 (m, 6 H), 

2.33 (s, 3 H), 4.10-4.53 (m, 4 H), 6.23 (deformed triplet, 1 HI, 6.58 (defamed triplet, 1 H), 7.68 (s, I H), 8.57 (broad s, 

1 H); m s m h  (relative intensity) 251 (Mt, 57). 205 (100); hrms mlz 251.1 164 (caicd for C I ~ H I ~ N O ~  : 251.1158). Anal. 

Calcd for C ~ ~ H I ~ N O ~ :  C, 62.14; H, 6.82: N, 5.57. Found: C, 62.05; H, 6.81; N, 5.54. 

Diethvl I Il-(a~Methoxv~henvls~If0nvl~-2-metl1vl-3-~volvllmethleneI~ro~anedionte 8 

To a suspension of potassium hydride (10.25 mg, 0.26 mmol) in dry THF (3 mi) was added dropwise a solution of 

compound 7 (40 mg, 0.095 mmol) in dry TW (3 mi) at -7X0C. The reaction mixture was stirred at - 7 8 T  for 30 mi". A 

solution ofp-methoxybenzenesulfonyl chloride (43.9 mg, 0.21 mmol) in dry THF ( 3  ml) was then added dropwise. The 

reaction mixture was w m e d  up to room temperature and water (10 ml) was inmediately added for quenching with external 

cooling. The aqueous solution was extracted with dichloromethane (20 ml x 3). l l ~ e  organic layer was dried over MgSO4 and 

concentrated. Silica gel chromatography (hexane-ethyl acetate, 6 1 )  gave compound 8 as a colorless oil (58 mg, 87%); Ir 
(neat) 1725, 1630, 1595 c m ~ l ;  'H nrnr (90 MHz, CClq) 6 1.13143 (m, 6 HI, 2.40 (s, 3 H), 3.80 (s, 3 H), 4.03-4.50 (m, 4 

H), 6.27 (d, I =  3Hz,  1 H), 6.83, 6.93 ( d , J  =Y Hz,211), 7 1 7  (d, J '3 Hz, I HI, 7.37 (s, 1 H), 7.67 (d, J = 9  Hz, 2H) ;  

ms mlz (relative intensity) 421 (Mi, 56). 375 (84). 204 (59), 171 ( l a ] ) ;  hnns m l i  421.1224 (calcd for C ~ O H ~ ~ N O ~ S  : 

421.1195). 

Diethvl I I l - ~ - M e t h o x ~ ~ h e n v l s u l f o n y l ) ~ 2 ~ b r o n ~ o m e t h ~ ~ a n d i o t e  9 
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To a mixture of compound 8 (68.7 mg, 0.16 mrnol) andN-bromosuccinimide (35 mg, 0.20 mrnol) in carbon teoachloride 

(40 ml) was added dibenzoyl peroxide (10 mg). The reaction mixture was heated to reflux for 30 mi", then was diluted with 

dichloromethane (20 ml), and washed with water (2 x 15 ml) and brine (20 ml). The aqueous layer was extracted with 

dichloromcthane (2 x 20 ml). The combined organic layers were d k d  over MgS04 and concentrated Silicagel 

chromatography (hexane-ethyl acetate, 12:l) gave compound 9 (58.7 mg, 72%). RecrystaJlizauon (ethyl acetate-hexane) gave 

9 as white needles: mp 143-145°C: ir (KBr) 1730, 1717, 1630, 1595 cm~' :  nmr (100 MHz, CDC13) 6 1.23-1.56 (m, 6 

H), 3.87 (s, 3 H), 4.16-4.53 (m, 4H) ,  4.90 (s, 2 HI, 6.37 (d, J = 3.7 Hz, 1 H), 6.99 (d, J = 9 Hz, 2 H), 7.33 (d, 1 = 3.7 

Hz, 1 H), 7.57 (s, 1 H), 7.88 (d, J = 9 Hz, 2 HI; I3C nmr (400 MHz, CDC13) 13.98 (q), 14.09 (q), 19.19 (t), 55.82 (q), 

61.62 (t), 61.76 (t), 110.29 (dl, 114.79 (d), 122.50 (s), 124.74 (dl, 125.28 (dl, 129.13 (s), 130.17 (d), 131.06 (s), 132.26 

(s). 164.07 (s), 164.50 (s), 166.64 (s): ms mi2 (relative intensity) 499 (Mt, 10). 501 (M+2, LO), 420 (100); hrms mii  

499.0302. (calcd for C ~ ~ H Z Z N O ~ S B ~  : 499.0301). Anal. Caicd for C ~ ~ H Z ~ N O ~ S B I :  C, 48.01; H, 4.43; N, 2.80. Found: C, 

47.96; H, 4.45; N, 2.80. 

Diethvl III-(o-Methoxv~henvlsulf0n~Ii-2-azid0meth~I-3~v~~~olllmethvlene~rovanedioate 10 

To a solution of compound 9 (95.7 mg. 0.19 mmol) in THF (15 ml) was added a solution of sodium azide (62 mg, 0.95 

mmol) in Hz0 (15 ml). The reaction mixture was stirred in dark at room temperature for 12 h, then was extracted with ether 

(2 x 30 ml). The combined ether layers were dried over MgS04 and concentrated. Silica gel chromatography (hexane-ethyl 

acetate 6 1 )  gave oil compound 10 (87 mg, 98%); ir (CHCI3) 2120, 1730, 1630, 1600 cm-I; 'H nmr (100 MHz, CDCI3)G 

1.25-1.40 (m, 6 H), 3.87 (s, 3 H), 4.23-4.53 (m, 4 H). 4.70 (s, 2 H), 6.39 (d, J = 3 Ilr, 1 H), 6.99 (d, J = 9 Hz, 2 H), 

7.35 (d, 1 = 3 Hz, I HI, 7.53 (s, 1 H), 7.84 (d, J = 9 Hz, 2 H); ms mli (relative intensity) 434 (Mt 28, IY), 361 (28), 276 

(66). 186 (72). 167 (100). 

I-(o-MethoxvohenvlsuIf0n~Ii-1,5-dih~d~0~vm~I0I3~4~hI~~~~ole 11 

Method A: To a solution of compound 10 (87 mg. 0.32 mmol) in THF (I0  mi) was added lnphenylphosphine ( l W  mg, 0.38 

mmol) in dry THF (IS ml). The reaction mixture was stirred at r m m  temperature for 12 h. Thin layer chromatography 

(hexane-ethyl acetate, 2: l)  indicated that no staning inaterial left. Excess water (3 ml) was then added lo the reaction mixtwe. 

The mixture was stirred for additional 12 h at rmm temperature, then extracted with ether (3 x 20 ml). The combined ether 

layers were dried over MgS04 and concentrated. Silica gel chromatography (hexane-ethyl acetate, 4:l) gave a solid compound 

11 (25 mg, 48%). Method B: To a solution of compound 10 (36 mg. 0.072 rnmol) in absolute ethanol ( I 0  ml) was added 

25% ammonia solution (2ml. 26 mmol). The reaction mixture was stirred at room temperature in dark for 20 h, then was 

concentrated by a rotary evaporator. Silica gel chromatography (hexane-ethyl acetate, 4:l) gave a solid compound 11 (7.02 

mg, 32.6%); ir (CHCIj) 3470, 1600, 1580, 1500 cm~ ' ;  'H nmr (400 MHz, CDCI3) 6 3.77 (s, 3 H), 6.30 (d, J = 3.6 Hz, I 

H), 6.56 (deformed triplet, I H), 6.84 (d, J = 8.8 Hz, 2 HI, 6.87 (broads, 1 H), 7.03 (d, J = 3.6 Hz, 1 H), 7.76 (d, 1 = 8.8 

Hz, 2 H), 8.42 (broad s, 1 H); ms mli (relative intensity) 276 (Mt, IW),  171 (Y), 105 (45); h m s  mli 276.0562 (calcd for 

C I ~ H I Z N Z O ~ S  : 276.0569). 

1-(n-Methoxv~henvlsulfonvl)~S-meth~l-1.5-dihvdrovvrroloi3,4~~~~1ioIe 12 

To a solution of compound 9 (41 mg, 0.082 mmol) in absolute ethanol (10 ml) was added 40% methylamine (Zml, 2 3  

mmol). The reaction mixture was sdrred at roam temperature in dark for 30 h, then was concenuated by a mtary evaporator. 

Silica gel chromatography (hexane-ethyl acetate, 4: l)  gave a solid compound 12 (1 1 mg, 47%); it (CHC13) 1595, 1575. 1495 

c m l ;  'H nmr (400 MHz, CDCI,) 6 3.76 (s, 3 H), 3.80 (s, 3 H), 6.25, 6.26 (d, J = 3.6 llz, I H), 6.39 (d, J = 1.6 Hz, I 

H), 6.72 (d, J = 1.6Hz, 1 H), 6.86 (d, J = 8.8 Hz, 2 H), 6.98 (d, J = 3.6 Hz, 1 H), 7.77 (d, J = 8.8 Hz, 2 H); ms ml i  

(relative intensity) 290 (Mt. 100). 278 (46). 171 (19). 119 (27); hnnsmii  290.0721 (calcd far Ct4HL4N203S : 290.0725). 

1-lo-Methoxvohenvlsulfonvl)-5-benzvl-1.5-dihvdrovvrrolol3.4-hlvvrrole 13 

To a solution of compound 9 (40.4 mg. 0.1 l rmnol) in 95% ethanol (8 ml) was added benzylamine (98 mg. 0.92 mmal). The 

reaction mixture was stirred at room temperature in  dark for 24 h, then was concentrated by a rotary evaporator. Silica gel 

chromatography (hexane~ethyl acetate, 4 1 )  gave compound I3  (14.9 mg, 50%). Recrystallization (ethyl acetate-hexane) gave 

13 as white crystals: mp 128-I2Y0C; ir (CHCI?) 1590, 1585 cm-I; 'H nmr (100 MHz, CDCl3) 6 3.79 (s, 3 H), 5.12 (s, 2 

H), 6.24 (d, J = 3 Hz, I H), 6.46 (d, 1 = 2 Hz, 1 H), 6 . 78~733  (m, 9 H), 7.73 (d, 1 = 9 Hz, 2 H); ms mil  (relative 



intensity) 366 (Mt. 100). 195 (13): hrmsmi~ 366.1039 (calcd for C~OHIXNZOJS : 3661038). 

l-lo-Methoxvohen~~~lf0n~I~-5-11I~en~I-1~5~dih~droev~olol3.4-hl~vrrole 14 
To a solution of compound 9 (38 mg. 0.076 mmol) in 95% ethanol (10 ml) was added aniline (21 mg. 0.23 mmal). The 

reaction mixture was stirred at room tenperature in dnrk for 48 h, then was concentrated by a rotary evaporator. Silica gel 

chromatography (hexane-ethyl acetate, 4:l) gave compound 14 (15.6 mg. 61%). Recrystallization (ethyl acetate-hexane) gave 

14 as pale yellow crystals: mp 127-128°C; ir (CHC13) 1595, 1585, 1500 cm-l; 'H nmr (90 MHz, CDCIj) 6 3.73 (s, 3 H), 

6.24 Id, J = 3 Hz, 1 H), 6.75-6.90 (m, 3 H), 6.98 (d, J = 3 Hz, 1 HI, 7.10-7.50 (m, 6 HI, 7.75 (d, J = 9 Hz, 2 H); ms mlz 

(relative intensity) 352 (Mt. IW), 181 (27;  hrms mi2 352.0898 (calcd for C19H16N203S : 352.0882). Anal. Calcd for 

C I ~ H I ~ N ~ O ~ S :  C, 64.76: H, 4.58: N, 7.95. Found: C, 64.33; H, 4.61; N, 7.78. 

Dimethvl l-l~-Methoxvohenvlsulfon~I~-4.7-dihvdm-8-nzvlindl-4,7-imin-5,6-dicarbox~late 15 

Compound 13 (8.9 mg, 0.024 mmol), dimethyl acetylenedicarboxylate (4.1 mg, 0.028 mmol) and benzene (2 ml) were 

stirred at rwm temperature for 4 h. The solvent was evaporated and the residue was separated by silica gel chromatography 

(hexane-ethyl acetate, 4:l) to give compound 15 as a colorless oil (10.9 mg, 84%); ir 1CHClj) 1720, 166Q. 1590 cm-I; IH 
nmr (100 MHz, CDClj) 8 3.58 (s, 2 H), 3.67 (s, 3 H), 3.70 (s, 3 H), 3.79 (s, 3 H), 4.68 (d, J = 1.5 Hz, 1 H), 4.99 (broad 

s, 1 H), 6.21 Id, J = 2.9 Hz, I H), 6.75 (d, J = 2.9 Hz, 1 H), 6.87 (d, J = 9.1 Hz, 2 H), 7.03-7.30 (m, 5 H), 7.73 (d, J = 

9.1 Hz, 2 H): msmlr (relative intensity) 508 (Mi, 2). 366 (IW), 195 (28). 111 (94); hrms d z  508.1306 (calcd for 

C Z ~ H U N Z O ~ S  : 508.1304). 

Dimethvl I-lnMerhoxvohenvlsulfonvlilndole-5.6drarbon 17 

To a solution of compound 15 (10.9 mg, 0.025 mmol) in dichloromethane (2 ml) was added a solution of MCPBA (5 mg, 

0.029 mmol) in dichloromethane (2 ml). The reaction mixture was stirred at rwm temperature for 1 h, then was washed with 

5% aqueous NazCOj (2 ml x 2). The organic layer was dried over MgS04 and concentrated. Silica gel chromatography 

(hexane-ethyl acetate, 41 )  gave compound 17 as a colorless oil (5.3 mg. 63%); ir (CHC13) 1725, 1590, 15si, 1500 cm~1; 
'H nmr (400 MHz, CDCI3) 6 3.78 (s, 3 H), 3.88 (s, 3 H), 3.93 (s, 3 H), 6.70 (d, J = 3.6 Hz, 1 H), 6.88 (d, J = 8.8 

Hz, 2 H), 7.69 (d, J = 3.6 Hz, 1 H), 7.81 (d, J = 8.8 Hz, 2 HI, 7.88 (s, 1 H), 8.35 (s, I H); ms mii (relative intensity) 403 

(Mt. IW), 201 (26), 171 (22); h s  mi2 403.0719 (calcd for C I ~ H I ~ N O ~ S  : 403.0726). 

Tetraethvl 1t2.5-Dimethvl-3.4-o~~~oIedivl~dimeth~lenlbis~ro~ncdioate 19 

To a solutuon of 3,4-difomyl-2,5-dimethyIpyrroIe IS9 (0.82 g, 5.4 mmol) in dry benzene (80 ml) were added diethyl 

malonate (1.9 g, 11.9 mmd) and piperidine (0.5 ml). The mixture was heated to retlux for 48 h with separation of water by a 

Dean-Stark apparatus. Benzene was then removed by a rotary evaporator. The residue was chromatographed on silica gel 

(hexane-ethyl aceme; 6:l) to give compound 19 (1.65 g. 70%). Recrystallization (ethyl acetate~hexane) gave 19 as yellow 

crystals: mp 95-97T; ir (CHCIj) 3440, 1710, 1610 cm~' :  'H nmr (400 MHz, CDCl3) 6 1.22 (t, J = 7.2 Hz, 6 H), 1.29 (t, J 

=7.2Hz,6H),2.09(s,6H),4.16(q,J=7.2Hz,4H),4.23(q,J=7.2Hz,4H),7.60(s,2H),8.43(s, 1H);msrnlz 

(relative intensity) 435 (Mt, 100). 389 (46). 343 (62); h m s  miz 435.1894 (calcd for CzzH2yN08 : 435.1893). 

Teuaethvl i(l-Phenvlsulfonvl-2,5-dimeth~l-3.4-ovrroledivl~dimeth~1enclbist~ro11nediote 20 
To a suspension of potassium hydride (0.127 g, 3.18 mmol) in dry THF (20 mi) was added dropwise a solution of 

compound 19 (0.59 g, 1.59 mmol) in dry THF (10 ml) at - 7 8 T  The reaction mixture was stirred at -78°C for 30 min. A 

solution of benzenesuifonyl chloride (0.34 g. 1.91 mmol) in dry THF (5 ml) was then added dropwise. The reaction mixmre 

was warmed up to rwm temperature and immediately, added water (I0 mi) for quenching with external cooling. The aqueous 

solution was extracted with dichloromethane (30 ml x 3). The organic layer was dried over MgS04 andconcentrated. Silica 

gel chromatography (hexane-ethyl acetate; 6 1 )  gave compound 20 as a colorless oil (U.786 g, 86%); ir (CHClj) 1720. 1630 

cm-1; 'H nmr (400 MHz, CDC13) 6 1.13 (1, J = 7.2 Hz, 6 H), 1.28 (1, J = 7.2 Hz, 6 H), 2.29 (s, 6 H), 4.09 (q, J = 7.2 Hz, 

4 H), 4.23 (q, J = 7.2 Hz, 4 H), 7.44 (s, 2 H), 7.49-7.53 (m, 2 H), 7.58-7.64 (m, 3 H); ms mi2 (relative intensity) 575 

(Mt, 95), 529 (381,483 (191,434 (57). 388 (IM)), 342 (67); hrms mi2 575.1833 (calcd for C Z ~ H ~ ~ N O I O S  : 575.1826). 

Tetraethvl [ ~ l - P h e n v l s u l f o n v l ~ 2 , 5 - d i b m 1 n 0 m e t I ~ v l - 3 . 4 1 e d i v l d m e t h l e l b i s ~ o ~ a d i t  21 
To a mixture of compound 20 (0.53 g. 0.92 mmol) and N-bromosuccinimide (0.36 g, 2.02 mmol) in carbon teuachloride (40 

ml) was added dibenzoyl peroxide (50 mg). The reaction mixture was heated to retlux for 2 h, then was diluted with 
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dichloromethane (20 ml), and washed water (2 x 20 ml) and brine (30 ml). The aqueous layers were extracted with 

dichloromethane (3 x 30 ml). The combined organic layers were dried over MgS04 and concentrated. Silica gel 

chromatography (hexane-ethyl acetate, 4:l) gave a mild compound 21 (0.57 g, 85%); ir (CHCI3). 1730 cm-'; IH 
nmr (400 MHz, CDC13) 6 1.14 (1, J = 6.8 Hz, 6 H), 1.30 (t, J = 6.8 Hz, 6 H), 4.12 (q, 1 = 6.8 Hz, 4 H), 4.28 (q, I = 6.8 

Hz, 4 H), 4.74 (s, 4 H), 7.44 (s, 2 H), 7.53-7.57 (m, 2 H), 7.64-7.68 (m, 1 H), 7.91-7.93 (m, 2 HI; ms mlz (relative 

intensity) 731 (Mt, 0.8). 733 (M+2, 0 . 0 ,  652 (1 I), 654 (11). 572 (89), 432 (100). 

4-Phenvlsulfonvl-4,6-dihvdro-2H-di~vnoIoI24-h.3'~4'-d1n~noI~ 22 

To a soludon of compound 21 (93.2 mg, 0.127 mmol) in absolute ethanol (10 ml) was added 25% ammonia solution (Zml, 

26mmol). Thereaction mixture was slimed at room temperature in dwk for 20 h, then was concenuated by a rotary 

evaporator. Silica gel chromatography (hexane-ethyl acetate; 4:l) gave a soild compound 22 (12.7 mg, 35%); ir (CHCl3) 
3470, 1580, 1500 cm-I; 'H nmr (4W MHz, CDC13) S 6.60 (1, J = 2.1 Hz, 2 HI, 6.92 (1, 1 = 2.3 Hz, 2 H), 7.22-7.31 (m, 2 

H), 7.43 (1, J = 7.2 Hz, 1 H), 7.76 (d, J = 7.6 Hz, 2 H), 8.00 (broad s, 2 H); ms mil (relative intensity) 285 (Mi, 1 I), 157 

(100); h m s  mli 285.0583 (calcd for C ~ ~ H I I N ~ O ~ S  : 285.0572). 

4 - P h e n v l s u l f o n v l - 2 . 6 - d i b e n z v l - 4 . 6 - d i h v d ~ I l 3 , 4 - h :  T.4'-dlnvmle 23 

To a solution of compound 21 (124.8 mg, 0.17 mmol) in 95% ethanol (10 ml) was added benzylamine (55 mg. 5.12 mmol). 
The reaction mixture was stirred at 3 5 T  in dark for 18 h, then was concentrated by a rotary evaporator. Silica gel 

chromatography (hexane-ethyl acetate; 4:l) gave compound 23 (26 mg, 34%). Recrystallization (ethyl acetate-hexane) gave 
23 as white crystals: mp 212-213Tdec.: ir (CHCI3) 1600, 1580, 1540, 1530cm~'  ; IH nmr (400 MHz, CDCIj) 6 5.06 (s, 

4 H ) , 6 . 4 3 ( d , J =  1 Hr ,ZH) ,6 .82 (d . J=  1 . 2 H z , 2 H ) , 7 . 0 3 ( d , J = 7 . 6 H z , 4 H ) , 7 . 2 1 - 7 . 3 1  (m ,9H) ,7 ,64 (d ,  J = 8 H r ,  

2 H); ms mi2 (relative intensity) 465 (Mi, 1W), 324 (69); hrms mi2 465.1499 (calcd for C28H23N302S : 465.151 1). 
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