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Abstract. Several 2-phenykulphonyl-plpendrnes and -pyrroh&nes were prepared from the 
correspondtng N-acyl anunals by treatment wtth benzenesulphuuc acid On reaction wrth 
various carbon nucleophtles these sulphones gave good yields of subsntunon products 
Qpxal nucleophtles used in these studu?s were organometall~c reagents denvedfiom Gngnard 
reagents and ztnc halide together with srlyl enol ethers, satyl ktene acetals, allylsrlanes and 
tnmethylsilyl cyanide rn the presence of a Lewis acid These methods were employed in the 
syntheses of two natural product akalords, Norruspokne (38) and Ruspolmone (40) 

A wade variety of alkaloids and many brologrcally rmportant compounds contam pipendme or pyrrohdmes nng 

systems. Moreover, many of these products contam carbon-carbon bond subsntuhon at the posmons adjacent to the 

heteroatom In order to facrhtate the preparatron of such systems we have been developmg new chemrstry based 

upon the drrect displacement of 2-phenylsulphonyl moerty usmg carbon nucleophrles * We have prevtously 

demonstrated the synthehc abthty of anomenc sulphones dunng related studtes on cychc ethers.2 Although there am 

now several ways for mtroducmg carbon substnuents by nucleophthc displacement at the Zposmon of pyrrolidtnes 

and prpendmes3 not all of these methcds show a wade selectron of nucleophrles or functronal group tolerance 

We have found that a number of carbon nucleophdes, mcludmg alkyl, aryl, vmyl or alkynyl organometalhcs and 

also srlyl enol ethers, srlyl ketene acetals, ally1 danes and mmethyl srlyl cyamde m the presence of a Lewrs acid, 

undergo macnon wrth 2-phenylsulphonyl cychc-ammes to @ve subsututron products often m hrgh yteld, under mtld 

condmons and wrth excellent stereoselecavrty (scheme 1) 

Scheme 1 
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For this work several piperdme and pyrrohdme sulphones (l-6) have been prepared In the ma~onty of cases 

these were synthensed from the cormspondmg N-acyl ammal ethers (7,8 and 10-12) by treatment wrth 

benzenesulphrmc acnl, although the N-acyl hemr-ammsl (13) has also been used. All of these converstons 

proceeded 111. excellent yrekls provrded a basrc work-up is used to remove excess acrd Whtle some of these starung 

anunal denvauves are commercially avarlable (7 and 8) the others (10-13) are readily prepared enher by 

electrochemrcal oxrdauon 111 methanol of the correspondmg armde (10) usmg the Shono procedun$ or by partral 

reduction of succmamldes 516 The N-tosyl sulphone (6) was prepared from 7 by sequentral formanude 

hydrolysis,7 sulphonatam and treatment wnh benzenesulphmrc acrd 

(7) (9) 
(9) RI” (11) RI” 
(10) RrOMo (12) R&n 

(6) 

(13) 

In the first senes of displacement reacttons we have mvestrgated reacuons of sulphones wrth aryl and vinyl 

organometalhc reagents generated from Gngnard reagents and zmc bromde In some examples organohthmm 

reagents may be employed, however, m these expenments both the addmon of magnesmm bronude and wnc 

bronude are necessary to brmg about the subsmuuon reacuon Although the reacttons far1 m the absence of 

magnesium salts, the precrse role of these ad&trves and the nature of the generated organometalhc species 1s 

uncertain From the table 1 it should be noticed that reacuons proceed wrth aryl, heteroaryl, alkynyl. vinyl 

reagents Opnmum yrelds were obtamed from treatment of the approprtate Gngnard reagent (generated from the 

sryl or vmyl halide or from the acetylene by deprotonatton usmg rso-propyl magnesium bronude) wnh zmc 

bromrde8 m dry tetrahydrofuran and this species stured wtth the sulphone for several hours at room temperature 

Normal acldrc work-up and extractton affords the subsutuuon products m yrelds usually greater than 80% 

For subsutuuon reacuons with alkyl substttuents we have found It necessary to use methylene chlondeg as the 

solvent, wrth ethereal soluuons of zmc chlondelu and Gngnard reagent Once agam the reacuon procedure 1s 

simple and conveniently carned out at room temperature (table 2) The examples show that substttutron with 

pnmary groups 1s not surpnsmgly hrgher yteldmg than wtth secondary or tertrary organometalhc spectes Although 

we have not mvesngated a very wtde range of substnuents m these reacuons we have shown that alkene and acetal 
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ARYL, VINYL AND ALKYNYL SUBSTITUTION OF SULPHONES 

ENTRY SULPHONE REAGENTS 

PhMgBr, ZnBr2 

PRODUCT YIELD 

1 SOzPh (1) 
cl 
oLH Ph 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

87% 

81% 

84% 

81% 

82% 

87% 

87% 

Q-Q 2 SO,Ph (1) MgBr, ZnBr2 

OA 

0, 
OL ’ SOzPh (1) CH&HYgBr, ZnBr2 

OAH 

4l-k 
O i,” PhMgBr, ZnBr2 

I 
Ph 

CH&HMgBr, i!nBrp 

Ph 
6 c 

.I, 

S02Ph (2) 
‘PrMgBr, PhC=CH, 

ZnBr2 

7 
‘PrMgBr, “BuCnCH, 

ZnBr2 

omz (21) 86% 8 S02Ph (2) 
Br\//\Ar, ‘BuLI, 

MgBr2, ZnBr2 
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TABLE 

ALKYL SUBSTITUTION OF SULPHONES 

REAGENTS 

EtMgBr, ZnClz 

ENTRY SULPHONE PRODUCT YIELD 

16% 

57% 

52% 

86% 

76% 

64% 

92% 

-Ph (1) (22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(26) 

-Ph (2) EtMgBr, ZnClp 

Ofi N 

r: 

%Ph (4) ofi N Et 

A 

EtMgCI, ZnClp 

60zPh (5) 
4L-l 
O I,,“’ 

MeMgBr, ZnClp 

4L-k 
O i,” -Ph (5) EtMgCI, ZnCl2 

OALPh 

I Ph 

PhCtl2MgCI, ZnCl2 

I Ph 

SO,Ph (5) 
CH&HCH2MgBr, 

ZnCl2 

\ Ph 

ob (29) 81% 

4 Ph 
Cont 

CH&H(CH&MgBr, 
ZnClp 
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TABLE 2 (Contlnued) 

ALKYL SUBSTITUTION OF SULPHONES 

ENTRY SULPHONE REAGENTS PRODUCT YIELD 

9 40 0 N MBr.ZnCl2 

4 

S02Ph (5) 

Ph 

oyOyJ (30) 79% 

0 
Ph 

C+H,,MgBI, ZnCt2 (31) 30% 

11 MeMgBr, ZnCI2 (32) 71% 

functional groups are tolerated The N-formyl group IS also stable to the con&hons and can play a role as a 

protectmg group or by later reduchon with hthmm alurmmum hydnde afford N-methyl substttuent which IS 

commonly found m many alkaloid natural pmducts 

Simple alkyl substltuents can be inserted using malkylalummmms, thus the methyl product 32 (table 2, entry 

12) was also prepared usmg mmcthylalurmmum (scheme 2) 

AIMes, CH2C12, r.t. 

75% 

Scheme 2 

We have also studled the use of silyl enol ethers, silyl ketene acetals, ally1 sllane and mmethyl silly1 cyamde as 

carbon nucleophlles for dsplacement of the phenylsulphonyl unit (table 3) As urlth the cychc ether senes2 we have 

found that alumnuum chlonde con&tions gve excellent ylekls at low temperature while with magnesnnn bromde as 

the Lewis acid the reaction takes place at OX! or room temperature These later con&aons axe probably more 

appropnate to larger scale operation. 
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SUBSTITUTION OF SULPHONES WITH SILYL DERIVATIVES 

ENTRY SULPHONE 

3 

i” 

OlbOph (3) 

SOzPh (2) 

6 4% 0 N SOzPh (6) 

I, Ph 

REAGENTS 

OTMS 

cam., AICI, 

-mS, AlCls 

w ms, MgBr2 

TMSCN, MgBr2 

PRODUCT YIELD 

89% 

ok’+Jz (36) 89% 

o& (28) 69% 

1, 
Ph 

(37) 96% 

The above displacement reactions of the 2-phenylsulphonyl leavmg group constitutes a versatile highly 

stereoselechve method The method comphments exishng literature procedures but we believe it also gives added 

flexltity urlth rmlder Condmons 

We have illustrated these methods dunng the synthesis of two alkaloid natural products isolated from the plant 

Ruspoha hypercratmjomu, a member of the Acanthaceae farmly t1 The frst of these compounds, Norruspohne 

(38), was prepared m 53% overall yield from the product (21, table 1) by deprotectront2 usmg sodrum 

methanetiolate III DMF at 13oOC followed by aqueous hydrolysis of the formatmde wth s&urn hydroxide The 
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other re~otsomer (39). formed durmg the demethylafion IWZ.I~~, was also obtamd m 34% yteld The substmhon 

product (36, table 3) could be smdarly hydrolysed to gwe the alkahnd Ruspohnone (40) m 80% yleld 

(36) 53% 

Norruspoline 

ON. 
NaOH(aq), EtOH, A 

(36) (46) 

Ruspolinone 

Fmally, in four examples, we have shown that the 2-phenylsulphonyl group can also be elmmated to afford 

enamme denvatves by usmg a rmxtuxe of magnesium bromule and mmethylamme under ultrasomca~ont3 (table 4) 

The products of these reactions are useful mterrnerllates for further chemcal synthem 14 

TABLE 4 
ELIMINATION OF ANOMERIC SULPHONES 

ENTRY SULPHONE REAGENTS PRODUCT 

\ 
2 cl 

O’H 

SOzPh (2) WBrz. EbN, ))))I 
0 

O’H 

W!Brz, EtsN, 11))) 

4 SO,Ph (6) MctBr2, Et& I)))) 

YIELD 

(41) 96% 

(42) 73% 

(43) 65% 

(44) 96% 
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These results on the cbsplacement of 2-phenylsulphonyl pqmdmes and pyrrohdmes together w~tb the work 

repoti for the corresponclmg cychc ether senes provdes convnmng evdence of the versaahty of these system m 

the formanon of carbon-carbon bonds at posittons adjacent to the heteroatom. 

Acknowledgements: We thank the SERC (Instant Award to DSB), Rh&ne-Poulenc Sam! (study leave grant to 

PC), Umversrty of Lund, Sweden (study leave to TH), Schenng Agrochenucals Ltd forjhatmal support and Drs 

G Kneen and P Du@ield for useful dmusswns 

Soluuons were dned over anhydrous sodmm stdphate or anhydrous magnesuun sulphate and solvents were punfied by standard 

methods l5 The products were puntied by column chromatography on Merck alma gel 60 (Art 9385 230-400 mesh) under pressure 

unless otherwme stated HPLC was camed out on a 214mm Dynamax-6OA 8pm srhca gel column usmg 4% ‘PIOH m 40-60 petrol as 

the eluent. Meltmg porn& were measured on a Kofler hot-stage appararus and are uncmtected. JK spectra were recorded on a Perlun-Elmer 

983G spectrophotometer as bqutd fibns or chloroform solutums lH NMR spectra were recorded m CDC13 on Bruker WM-250, Jeol 

GSX-270 or Bruker AM-500 spectrometers Mass spectra were mcorded on a VG Mtcromass 707OB msuument 

2-(Phenylsu$honyl)-1-piperidineearboxaldehyde (l).- A mature of 2-methoxy-I-ptpertdmecarboxaJdehy& (7) (1 35 ml, 

143 g, 10 mmol), benzenesulphmtc acrd (4 26 g. 30 mmol), and anhydrous calcmm chlonde (3.33 g, 30 mmol) m dry dmhloromethane 

(40 ml) was stured at room temperature for 20 hours under argon The reactton mrxture was quenched wtth water and extracted wuh 

dmhloromethane The combmed extracts were washed wttb saturated aqueous NaHC03, dned (MgSO4) and concentratmg m WCUJ 

Punficauon by chromatography (13 to 1 1 ethyl acetate petrol) gave l(2.33 g. 92%) as a whne solld, m p 82-82 5’C, vmax (CHC13) 

3012.2953.1676, 1446.13%. 1319,1235,1144,992,719. and 687 cm-l , s, (270 MHz) 1 35-155. 165-l 92.2 12-2 35.2 63-2 80 

(6H, m, 3-H 4-H 5-l-J). 3 29 (0 25H, td, J 13.2.3 1 Hz, 6-H,). 3 49 (0 75H, br dd. J 13.2,4 3 Hz, 6-Heq), 3 83 (0 75H. td, J 13 2, 

2 8 Hz, 6-Hax), 4 29 (0.25& br dd, .J 13 2,4 4 Hz, 6-Heq), 4 48 (0 25H, d, J 6 3 Hz, 2-H). 5 51 (0 75H, d, J 6 8 Hz, 2-H). 7 31 

(0 25H, s, CHO). 7 50-7 72 (3H, m, m-H p-H). and 7 80-7 92 (2 75H, m, o-H CHO), m/z 253 (MI+, 0 1%) and 112, (Found C, 

56 91, H, 5 96, N, 5 38 Cl2Ht5N03S requues C, 56 90, H, 5 97, N, 5 53%) 

2-(Phenylsulphonyl)-1-pyrroltdmecarboxaldehyde (2).- A mtxture of 2-methoxy-1-pyrroltdmecarboxaldehyde (8) (129 g 10 

mmot), benzenesuJphuuc acid (4 26 g, 30 mmol), and anhydrous calcmm chlonde (3 33 g. 30 mmol) m dry dtchloromethane (40 ml) 

was sttrred at room temperature for 18 hours under argon The reacuon mtxture was quenched wnh water and extracted wnh 

dtchloromethane The combmed extracts were washed wrtb saturated aqueous NaHCO3. dned (MgSO4) and concentratmg rn vacao 

Punficauon by chromatography (1 12 to 1 10 then 12 0 dtchloromethane ethyl acetate petrol) gave 2 (2 13 g, 89%) as a whne sohd, 

m p 123-124’C. vmax (CHC13) 3021,2895, 1675, 1447, 1371, 1319, 1309, 1148, 1085,720. and 687 cm-l, 8H (270 MHz) 1 80- 

2 03, 2 18-2 38, 2 50-2 63, 2 68-2 78 (4H, m, 3-H 4-H). 3 36 (0 77H, dt, J 12 4, 6 2 Hz, 5-H). 3 55-3 78 (1 23H, m, 5-H). 4 84 

(0 77H, dd, J 8 3, 2 0 Hz, 2-H). 5 36 (0 23H, dd. J 7 9, 3 0 Hz, 2-H). 7 50-7 75 (3H, m, m-H P-H), 7 80-7 92 (2 77H. m, o-H 

CHO), and 7 98 (0 23H, s, CHO), m/z 98 (M+-PhS02H. lOO%), (Pound C, 55 17, H, 5 42. N, 5 80 Cl lHl3N03S requires C, 

55 21, H, 5 48. N, 5 85%) 

c~s-Hexahydro-8-(phenylsulphonyl)-3W-pyrido[l,2-cl[l,3loxaz~n-l-one (3).- A solution of hexahydro-3H- 

pyndo[l,2-c][l,3]oxazm-l-one (9) (1 55 g, 10 mmol), and tetraethylammomum p-toluenesulphonate (0 5 g) m methanol (100 ml) was 

electrolysed (16 mA, 95 hours) using the procedure of T Shono 4 The solutton was concentratmg rn wcuo and the residue d~ssolvcd m 
dxhloromethane (40 ml) Benzenesulphlmc acid (4 26 g. 30 mmol). and anhydrous calcmm chhmde (3 33 g, 30 mmol) were added and 

the mixture was stured at rcom temperature for 18 hours under argon The reactton was quenched with water and extracted with 

drchloromethane The combmcd extracts were washed wrtb saturated aqueous NaHC03, drmd (MgSO4) and concentrated m cacao 
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Punflcatton by chromatography (13 to 11 ethyl acetate petrol) gave 3 (0 53 g, 18%) as a whrte soltd, m p 124-124 5’C, vmax 

(CHC13) 2952,1695,1422,1310,1273.1147. and 687 cm -l, 6H (270 MHx) 120-l 37. 170-2 00,2052 37.2 60-2 73 (8H, m, 4 H 

5-H 6-H 7-H). 4 004 23 (3H, m, 3-H 4a-H). 5 69 (HI, d, J 5 6 Hz. 8-%), 7 55-7 65 (2H. m. m-H), 7 65-7 73 (HI, m, P-H), and 

7 93-7 98 (2H, m, 0-H). m/x 154 &l+-PhSO2,53%), 153,127, and 77, (Pound. C. 56 89, H, 5 77, N, 4 58 C14H17N04S rqnues 
C, 56 93, H, 5 80, N, 4 74%) 

S-(Phenylsulphonyl)-2.pyrrdidinonc (4).- A mtxtute of 5-etboxy-2-pyrrohdmone (11) (0 87 g. 6 7 mmol)5. benzenesulphuuc 

acid (2 90 g, 20 4 mmol), and anhydrous calcmm chloride (2 26 g. 20 4 mmol) m dry &chlorome&ane (50 ml) was stured at room 

tempemture for 48 hours under argon The reachon nuxture was quenched with water and extracted anth dzhloromethane The combmed 

extracts were washed wrth saturated aqueous NaHCO3, dned (MgSO4) and concentratmg m vacua Punficauon by chromatography 

(1 1 1 to 1 10 then 2 10 ethyl acetate drchloromethane petrol) gave 4 (125 g, 83%) as a white solrd. m p KWC, vmax (film) 3318, 

2689,1700,1445,1307,1260,1139,1082.764,728, and 690 cm-l, sH (500 MHz) 19y 04 (2H, m, 4-H). 2 44-2 59 (2H. m, 3-H). 

4 66 (lH, dt. J 8 56.15 Hz, 5-H). 6 02 (1H. br s. NH) 7 61-7 65 (2H, m, m-H), 7 73-7 76 (lH, m, p-H). and 7 92-7 94 (2H. m, o- 

H), m/z 84 (M+-PhS02, 42%). 83.78, and 77. (Pound C, 53 30. H, 4 74, N, 5 93 ClOHllN03S reqmres C, 53 31, H, 4 92, N, 

6.21%) 

1-(Phenylmethyl)-5-(pheny~ulphonyl)-2-pyrrolid~none (S).- Method a). A mixture of 5-ethoxy-I-@henylmethyl)-2- 

pyrrohdmone (12) (8 35 g, 38 mmol), benzenesulphunc acui (16 24 g. 114 mmol), and anhydrous c&mm chlonde (12 68 g, 114 mmol) 

m dry dlchloromethane (150 ml) was stured at room temperature for 20 hours unda argon The mactmn nuxture was quenched with water 

and extracted with &chloromethane The combmed extracts were washed urlth saturated aqutius NaHCO3, dned (MgSO4) and 

concentratmg III vuczw Punkauon by chromatography (20 10 70 to 40 20 40 ethyl acetate tichloromethane petrol) gave 5 (9 37 g, 

78%) as a white s&d, m p . 100 C, vmax (film) 1706,1445,13%, 1305,122O. 1203.1146.1130.1082.738.690, and 656 cm-l, 6H 

(270 MHz) 162-I 74.2 04-2 40 (4H, m, 3-H 4-H), 4 26 (1H. dd, J 14 6.10 Hz, CHPh), 4 55 (lH, br d, J 8 2 Hz, 5-H). 5 27 (lH, d, 

J 14 4 Hz, CHPh), 7 19-7 38 (5H. m. Ph), 7 60-7 67 (2H, m, m-H), 7 73-7 79 (lH, m, p-H), and 7 88-7 92 (2H, m, 0-H). mlz 174 

(M+-PhS02, lo%), 173.142.110, and 91. (Pound C. 64 64. H. 5 29. N. 4 58 Cl7H17N03S requues C. 64 74, H, 5 43, N, 4 44%) 

Method b). A mixture of 5-hydroxy-I-@henylmethyl)-2-pyrrolulmone (13) (1 13 g, 5 9 mmol), 

benzenesulphuuc amd (2 52 g. 17 7 mmol). and anhydrous calcmm chlonde (196 g. 17 7 mmol) m dry achloromethane (30 ml) was 

shrrcd at room tempemture far 18 hours under argon The reactlon mixture was quenched anti water and extracted with mchloromethane 

The combmed extracts were washed with saturated aqueous NaHCO3, dried (MgSO4) and concentratmg m vacua Punficatlon by 

chromatography (15 10 75 to 25 10 65 then 35 15 50 ethyl acetate dlchloromethane petrol) gave 5 (158 g, 85%) as a White sohd. m p 

lOOX Identical with previous sample by 1.r , n m r and mass spectroscopy 

l-~(4-Methy1phenyl)sulphony1l-2-(phenylsulphonyl)p~per~d~ne (6) 2-Methoxy-I-pqwwlmccarboxaldehyde (7) (7 83 g, 55 

mmol) was d~~lved m a methanohc sohmon of hydrogen chloruk (165 ml. 3 3 % m weight) and the mixture was heated at reflux for 4 

hours The solvent was evaporated m wcw to @ve Zmethoxyptpendme hydmchlonde (7 88 g)7 as a yellow sohd llus sohd WBS 

dissolved in a sturmg sobmoon of tnethyhunme (18 2 ml, 13 21 g, 131 mmol) m dry Qchloromethane (220 ml) then 

p-toluenesulphonyl chkmde (1101 g. 58 mmol) was added poruonwlse at room temperature The mixture was stured at room 

temperature under argon for 2 hours. quenched anth 1 N HCI and extracted wuh drchloromethane The combmed extracts were. tied 

(MgSOS and concentrated m vacua to gwe an orange sohd which was partrally puntied on a pad of ska gel (19 ethyl acetate petrol) 

to gwe a mature of l,23,4-teuahydro-l-K4-methylphenyl)sulphonyllpy-ndme and I-[(4-m&ylphenyl)sulphonyl]-2-(meihoxy)ppdme 

(89 11) as a white sohd A solutaon of this sohd and benzenesulphmic acid (7 87 g, 55 mmol) m dry duzhloromethane (550 ml)was 

surred at room temperature for 16 hours under argon The reaction nuxture was quenched with watez and extracted ~th &chloromethane 

The combmed extracts were washed with saturated aqueous NaHCO3, dned (MgSO4) and concentrated WI vacua to give a pale yellow 

solid This solid was recrystalhsed (&chlommethane/petr-Jl) to give 6 (15 44 g, 74 Q) as a white solid, m p 64-C (dec), vmax (film) 

2952,1596,1445,1359, 1338, 1307, 1159,1148,1083,930,817,729,695.658, and 624 cm-l, 6H (270 MHz) 148-l 63 (4H, m, 4- 

H 5-H). 2 01-2 22 (1H. m, 3-H), 2 41 (3H. s, p-CH3), 2 56-2 68 (lH, m, 3-H). 3 63 (lH, br d, J 14 1 Hz. 6-H). 3 78 (1H. td, J 

14 3.2 7 Hz. 6-H), 5 18 (IH, d. J 6 8 Hz, 2-H). 7 19-7 25 (2H, m, m-H), 7 45-7 82 (5H. m. SO2Ph). and 7 90-8 01 (2H, m, o-H), 

m/z 237 (M+-PhSO2H, 1%). 158,142, 141, 125.109,91,78. and 77, (Pound C. 56 88, H, 5 39, N, 3 40 Cl8H2lNO4S requires C, 

56 97, H, 5 58, N, 3 69%) 
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Hexahydro-3H-pyrido[l,Zc][1,3]oxazin-l-one (9).- A mrxture of 2-prpertdme-ethanol (6 46 g. 50 mmol), drmethyl 
carbonate (25 ml), methanol (25 ml), and a solunon of sodmm methoxtde m methanol (1 ml) was sttrred at room temperauxe under 
argon for 6 days The reacnon was quenched wtth water (1 ml) and ccncentranng m wacrw Then satmnmd aqueous NIX&l was added and 
the mrxture extracted with dtcblorometbane The combmed extracts were dned (MgSO4) and concentrated rn vacua Drstrllatton 
(kugelrohr) 0, p C(I 2OOC, 0 1 mmHg) gave 9 (7 62 g, 98%) as a colourless otl, vmax (film) 2933,2856,X84, 1477. 1439.1259, 

1125, 1014, and 760 cm-l, 6H (270 MHz) 125-l 90 (7H, m, 4-Hax 5-H 6-H 7-H). 2 12 (lH, dddd. J 14 2.6 1.5 6.3 2 Hz, 4-H& 

2 60-2 73 (lH, m, 8-Hax), 3 23-3 35 (lH, m, 4a-Hax), 4 12 (1H. ddd, J 110.9 0.3 2 Hz, 3-Hax), 4 20 (1H. ddd, J 110,5 6.4 0 Hz, 

3-H,& and 4 37-4 47 (lH, m, 8-H,& m/z 155 (M+, 86%) and 126, (Observed M+, 155 0946 Calc for C8Hl3NO2 M, 155 0946) 

S-Ethoxy-1-(phenplmethyl)-2-pyrrolidinone (12).- Approxtmately every 15 mumtes for 4 hours, 7-8 drops of 2N 

hydrochlonc acrd was added to a stured mtxmre of N-henzylsuccmrmrde (9 45 g. 50 mmol)16 and sodmmhorohydrtde (2 87 g. 76 mmol) 

m ethanol (220 ml) at O’C 5 Then the excess scdmmborohydnde was destroyed by slowly addmg 2N hydrochlonc actd unttl pH=3 (CU 

15 mumtes) The mixture was stured for an addtnonal30 mmutes at 5’C and then evaporated m vacua to dryness The resrdue was 
extracted with chloroform and the combmed extracts were washed wtth sammted aqueous N&l, drred (MgSO4) and concentrated m vacua 

to afforded a brown otl Punficanon by chromatography (30 20 50 ethyl acetate dtchloromethane petrol) gave 12 (9 85 g. 90 %I) as a 

colourless oil. vmax (film) 2927.1679.1497.1454, 1360.1284. 1168,1071,988,950,705, and 663 cm-l, S, (270 MHz) 1 17 (3H. 

f J 6 % Hz, CH3), 190-2 16 (2H, m, 4-H). 2 30-2 42 (lH, m, 3-H). 2 52-2 65 (lH, m, 3-H). 3 33-3 43 (2H, m. CXX?), 4 03 (lH, 

d, J 14 6 Hz, CHPh), 4 76 (lH, dm, J 6 23 Hz, 5-H). 4 94 (lH, d. J 14 6 Hz, CHPh), and 7 23-7 36 (SH. m, Ph), m/z 219 (M+. 
IS%), 174,146,104,91, and 65, (Pound C. 7119. H. 7 68, N, 6 30 Cl3Hl7N02 reqtures C, 7121. H. 7 81, N. 6 39%) 

5.Hydroxy-1-(phenylmethyl).2-pyrrolrdmone (13).- Sodtumdtethyldrhydroalummate (3 87 ml, 2 M solutton m toluene, 

7 75 mmol) was added dropwtse to a stured soluhon of N-benzylsuccunmide (1464 g, 7 75 mmol)16 in dry THP (50 ml) at -78’C 

under argon 6 The reacnon was sttrred for 30 mmutes at -78’C. quenched by addmg 10 % Hz0 m THP and sttrred for further 5 mmutes 

before allowmg the mtxture to warm to room temperanne Saturated aqueous NH4Cl was added and the mtxtum was fdtered under suchon 

to remove the alumuuum salts The filtrate was extracted with rbchloromethane, the combined extracts were washed wtth water, dned 
(MgSO4) and concentrated m vacua Panficatton by chromatography (30 20 50 ethyl acetate dtchloromethane petrol) gave 13 (130 g, 

88 %) as a whrte solid, m p 108’C. vmax (film) 3203.2926.1638, 1477, 1333. 1262.1155, 1076,997 and 700 cm-l, 8~ (270 MHz) 

183-l 93 (IH, m. 4-H). 2 22-2 45 (3H, m, 3-H 4-H OH). 2 58-2 70 (lH, m, 3-I-J), 4 23 (lH, d, J 14 6 Hz, CHPh), 4 84 (1H. d. J 

14 9 Hz, CHPh), 5 06-5 12 (lH, m, 5-H). and 7 23-7 38 (SH, m. Ph), m/z 191 (M+. 17%). 173. 146. 106.91, and 65, (Pound C. 
69 34, H, 6 85, N, 7 29 C1lH13N02 reqmres C, 69 09. H, 6 85, N, 7 32%) 

Anhydrous zmc bromide 
(12 eqmv , 1M solutton m THP) was added to a THP soluhon (4 ml/mmol) of the Grtgnard reagent prepared from the appmpuate aryl or 
vinyl bromide (2 0 equtv ), and magneannn (2 1 eqmv ) The mtxtnre was sttrred at room temperature under argon for 30 mmutes to 
afford the organoztnc species A soluhon of the sulpbone (10 equtv ) in dry THP (4 ml/mmol) was then added and sttmng connnued at 
room temperature for 3-24 hours ‘lhe reactron was quenched wrth 1N HCl and extracted wtth ether or dtchloromethane, the combmed 
extracts were drted (MgSO4) and concenuatcd m vucuo Products were pnrttied by c-y 

2-Phenyl-l-prperrdmecarboxaldehyde (14).- Reactton of 2-(phenylsulphonyl)-1-prpendmecarboxaldehyde (1) (253 mg, 10 
mmol) w&r the. organozmc prepared tiom bromobcnzene and pur’rfkahon by chromatography (12 ethyl acetate petrol) gave 14 (165 mg. 
87%) as a colonrless 011, vmax (film) 3057,2938,2862,1663,l449,1420,1246, 1222,1154.995,749,727, and 701 cm-l, S, (270 

MHz) 147-l 97.2 37-2 45 (6H. m, 3-H 4-H 5-H). 2 96 (0 45H, td, J 12 5.3 8 Hz. 6-Hax). 3 08 (0 SSH, td. J 13 0.3 5 Hz, 6-Hs ,), 

3 45 (0 45H br d, J 12 5 Hz, 6-Heq), 4 09 (0 55H. dt, J 13 0, 3 5 Hz, 6-Heq), 4 76 (0 55H, t, J 4 3 Hz, Z-H), 5 75 (0 45H, du, J 

3 8.13 Hz, 2-H). 7 23-7 43 (5H, m, Ar-H), 8 15 (0 55H, s, CHO), and 8 27 (0 45H, S, CHO), III/Z 189 @I+, 72%). 188, 160, 112, 
104, and 91. (Pound C, 75 94, H. R 16. N, 7 21 C12H15NO reqtures C, 76 16, H, 7 99, N, 7 40%) 

2-Thren-2-yl-1-prpertdrnecarboxaldehyde (15).- Reacnon of 2-(phenylsulphonyl)-1-ptpendmecarboxaldehyde (1) (253 mg, 10 
mmol) wtth the organozmc prepared from 2-bromothroohene and punficanon by chromatography (1 2 ethyl acetate petrol) gave 
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compound 15 (158 mg, 81%) as a colourless otl. v max (film) 2938,~.1670.1425.1269,1248.988. and 703 cm-l, S, (270 MHZ) 

137-233(6H.m.3-H4-H5-H),292(05H,dddJ134,120,34~z,6~).3~(05~,~~130,30~z,6-~)),3~(05~ 

dd, J 13 0~4 0 H& 6-Heq), 4 18 (0 5H, dt, .f 13 4.3 7 Ha. “Heq), 4.97 (0.5H. br s. 2-H). 5 89 (0.5H. d, J 4 6 Hz, 2-H). 6.856 90 

(1H. m. 3-H), 6 93-7 03 (Hf. m. 4’-H), 7 18-7 28 (la m. 5-H), 8 14 (0 SH, s. CHO). and 8 19 (0 5~. s, CHO). m/Z 195 (M+, 

100%). 166,97. and 83. (Pomud. C6165, H.6 99, N.7 02 Cl0H13NOS reqmtes C.6151, H.6 71, N.7 17%) 

2-Rthenyl-l-piperidiecarboxaldehyde (la).- Reactton of 2-@hcaylsulphonyl)-l-pt~n~~~~~~y& (1) (253 mg, 10 

mmol) wtdt the organozmc prepared from vmyl bromtde (3 0 eqmv ), and pun&anon by c hromatography (12 ethyl acetakpettol) gave 

compound 16 (105 mg, 84%) as a coloudess 0th vmax (film) 2938.2859.1670, 1402, 1249. 1000. and 922 cm-l, SH (270 MHZ) 

127-l 82 W-L m, 3-H 4-H 5-H). 2 93 (0 55H, td, J 13 0.2 7 Hx. 6Hax). 3 16 (0 45H. td. J 13 1.2 6 ox. 6~3.3 36 (0 45~. dd, 

J 13 1.4 1 Hz, 6Heq), 3 98 (0 55H. dt. J 13 0.3 7 Hz, 6Heq), 4 12 (0 55H, br s, 2-H), 5 00-5 27 (2 45H. m, 2-H 2’-H), 5 63-5 87 

(1H. m, l’-H), and 8 05 UH, s, CHO), m/z 139 (M+, 93%), 112, and 110, (Pound C.69 03, H.9 63. N9 97 C8Hl3NO mqm~es 

C.69 03, H.9 41, N,lO 06%) 

5-Phettyl-1-(phenylmethyl)-2-pyrrolidinotte (17).- Reactton of l-@henylmethyl)-5-(phenylsulphonyl)-2-pytroluhnone (5) 

(78 8 mg, 0 25 mmol) wtth the organormc prepared from bmmoheuxene and puoficatmn by chmmatogmphy (118 to 2 17 then 3 2 5 

ethyl acetate dmhlommedume petrol) gave 17 (53 7 g. 81%) as a coloutless 011, vmax (fdm) 2919, 1683, 1491. 1451, 1410.1362, 

1253, 1153, 1079.761, and 704 cm-l, SH (270 MHZ) 133-l 97 (lH, m. 4-H), 2 33-2 71 (3H. m, 3-H 4-H). 3 48 (lH, d, J 14 6 Hz, 

CHph), 4 41 (1H. dd, J 7 9.5 5 Hz, 5-H). 5 12 (lH, d, J 14 4 Hz, CHPh), and 7 05-7 41 (lOH, m, Ph), m/z 251 (M+, lOO%), 189, 

160.146.132,118,1~, and 91. (Pound C, 8106. H, 6 82, N, 5 62 Cl7Hl7NO reqmms C. 8124. H, 6 82, N, 5 57%) 

S-Ethenyl-1-(phenylmethyl)-2-pyrrolidinone (18).- Reactton of l-@henylmethyl)-5-@henylsulphonyl)-2-pyrroltdmone (5) 

(78 8 mg, 0 25 mmol) wtth the organoxmc pmpamd from vmyl bmmuie and punticatton by chromatography (10 5 85 to 20 10 70 ethyl 
acetate dmhlommethane petrol) gave 18 (412 mg, 82%) as a colourless od. vmax (film) 3062.2977, 1684,1493,1357,1250,1168, 

1081,993, 885, 819, and 681 cm-l. SH (270 MHZ) 169-l 81 (lH, m, 4-H), 2 10-2 24 (lH, m, 4-H). 2 32-2 70 (2H, m, 3-H), 3 81- 

3 91 (1H. m, 5-H). 3 85 (lH, d, J 14 6 Hx, CHPh). 4 99 (lH, J 14 6 Hz. CHPh). 5 14 (HI, dd, J 17 0.0 7 HZ, 2’~). 5 22 (lo, dd, 

J 10 0.0 7 Hz, 2-H). 5 65 (1H. ddd. J 17 0,lO 0.8 4 Hz, l’-H), and 7 18-7 35 (SH. m. Ph), m/z 201 (M+. 78%), 174,146, 104, and 

91, (Found C,7744.H,773,N,694 C13Hl5NOreqmresC.7758, H,75l.N,696%) 

for Annmerlf A mtxture of rso-pmpyl magnesmm 

chhmde (2 0 eqmv , 2M solutton m THP), and the appmpnate alkyne (2 0 eqmv ) m dry THP (2 ml/mmol) wss stured at mom 

temperature for 1 hour to prepare the alkynyl Gngmud reagent (for I-hexyne, the solutton was heated at reflux for l-2 hours m order tc 

form I-hexynyl magnesmm bmmuie) This solutton was treated wtth anhydrous xmc bromide (12 eqmv , 1M solutton m THF) at mom 

temperature for 30 mmutes under argon to afford the organoxmc spectes A solutton of the sulphone (10 eqmv ) m dry THP (4 

ml/mmol) was then added and sturmg contumed at room te.mpexamre for 18-24 hours The reactron was quenched wuh IN HCl and 

extracted wtdt ether cr dtchlcromethsne. the combmed extracts were dned (MgSO4) and concenttated tn vucue Products were pm&d by 

chromatography 

2-(2-Phenylethynyl)-1-pyrrolidinecarboxaldehyde (19).- Reactton of 2-@henylsulphonyl)-1-pyrrobdmecarboxaldehyde (2) 

(120 mg. 0 5 mmO1) wrth the organozmc prepared from phenylacetylene and purtticatton by chromatography (1 9 to 14 ethyl 
acetate petrol) gave 19 (86 8 mg, 87 %) as a light yellow oil, vmax (Slm) 3058.2977.2879, 1664, 1487, 1380, 1299. 1247, 1175, 

760,716, and 693 Cm-l. 6H (270 MI-W 184-2 36 (4H, m, 3-H 4-H). 3 43-3 76 (2H, m, 5-H). 4 67 (0 78H, t, J 6 I HZ, 2-H). 4 77- 

4 95 (0 22H. m, 2-H). 7 25-7 56 (5H. m, Ph), 8 25 (0 22H, s, CHO), and 8 47 (0 78H, s. CHO), m/x 199 (M+, 17%). 170,122, 115, 

105.86, and 84. (Pound C, 78 28, H. 6 15, N, 7 00, C13H13N0 reqmres C, 78 36. H, 6 58. N. 7 03%) 

cfs-Hexahydro-8-hex-l-ynyl-3H-pyrrdo[l,2~][1,3]oxaztn-l-one (20).- Reaction of hexahydro-8-(phenylsulphonyl)- 

3H-pyrtdo[l,2-cl[l,3loxazm-l-one (3) (103 mg, 0 35 mmol) with the organounc prepared from I-he.xyne and punftcauon by 

chromatography (19 to 1 1 ethyl acetate petml) gave 20 (71 mg, 87%) as a colourless 011. vmax (film) 2930. 1694,1474.142& 13:2, 
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t274.1232.l214. 1121.1099, and 7641 cm-l, S, (270 MHZ) 0 89 (3~. t, J 7 2 HZ. 6-H). 1 15-i 95 (W-I_ m, 4~~ 5-H 6-H 7-H 4_ 

R 5-H). 2 05-2 17 (1H. m, 4-Hes>, 2 17 (1H f J 6.8 Hz. 3-H). 2 18 (1H. t, J 6 8 Hz, 3-H), 3 65-3 75 (HI, m, 4a-Hax), 4 054 23 

2H, m, 3-H), and 5 35 (1H. d, 12 2 Hz. 8-H& m/s 235 (M+. 23%). 234,207,193. and 1Za; (Found C, 7147, H, 9 lo; N, 5 76, 
214H2lNG2 mqunes C. 7146, H, 8 99, N, 5 95%) 

E)-2-[2-(3,4-Dimethoxyphenyl)ethznyl]-l-pyrrolidinecarboxafdebyde (21).- $utyl bthutm (1 24 ml, 17 M m 

mtane, 2 1 mmol) was added m to a stured soh~tnm of (E)-8-bmmo-3,4&&oxystyrene (243 mg. 10 mmol)17 m dry TFIF 
3 ml) at -78’C under argon ‘lhe muture was stured at -78% for 10 mmutea then anhydrous smc bronude (0 6 ml. 1M soluuon m 
H-IF, 0 6 mmol), and magnesmm bromtde etberate (258 mg. 10 mmol) were added. The muture was allowed to warm to room 
amperature. stured for 30 mmutes to form the organozinc species and then a solutton of 2-(phenylsulphonyl)-l- 
~yrrohdmecarboxaldehyde (2) (120 mg. 0 Smmol) m dry THF (3 ml) was added. The reacnon was stured for 18 hours, quenched wnh 
raturated aqueous Nail and extracted with ether, the combmed extracts were drted (MgSOd, and concentrated m wc1(0 Punficatton by 

:hmmatogmphy (3 1 ethyl acetate petrol to ethyl acetate) gave 21(113 mg, 86%) as a whtte sobd. m p 72-73 5X!. vmsx (fitm) 2955, 

1662, 1601. 1583, 1512, 1263, 1140, 1025.970.861.805,764.733. and 700 cm -l, 6~ (270 MHZ) 175-2 25. (4H, m, 3-H 4-H). 

3 45-3 67 (2H m, 5-H), 3 87 (045H, s, OMe), 3 88 (0 45H. s, OMe), 3 89 (2 55H, s, OMe). 3 91 (2 55H, s, OMe), 4 38 (0 85H, q. 
16 8 Hz, 2-H). 4 70-4 77 (0 15H, m, 2-H). 5 96 (0 85H, dd, J 15 9.6 8 Ha, l’-H), 6 00 (0 15H. dd, J 15 9, 6 1 Hx, Y-H), 6 43 
(0 15H d, J 15 9 Hz, 2-H). 6 45 (0 85H. d. J 15 9 Hr., 2-H). 6 78-7 05 (3H. m, ArH). 8 25 (0 85H, s, CHO). and 8 35 (0 15H. s. 

CHO). m/x 261 (M+, 100%). 190, 151, and 70, Found C, 68 86, H. 7 54, N. 5 34 Cl5HlgN03 requues C. 68 94, H, 7 33, N. 
5 36%) 

The Grtgnard reagent (2 eqtuv , 0 2-3M 
solutton m ether) was added to a solutmn of anhydrous xmc chlonde (12 eqmv , 1M soluuon m ether) m dry dtchloromethane (5 
ml/mmol), and the muture was smred at room tempemtme under argon for 30 mmutes to afford the organoxmc spectes A solutton of 
the sulphone (10 eqmv ) m dry &chlccomethane (5 ml/mmol) was then added and sturmg contmued at room tempemture fu 8-24 hours 
The reactton was quenched wtth saturated aqueous NH4Cl ce 1N HCI and extracted wtth ether or dtchlommethane. the combmed extracts 

weredned(MgSO4)andconcenuatedm vucau Pmductswereguufiibychromatogmphy 

2-Ethyl-1-piperrdinearboxaldehyde (22).- Rcact~On Of 2-@henylsulphonyl)-l-p~pendumcarboxaldehyde (1) (152 mg, 0 6 
mmol) wnh the organoxmc prepand from ethyl bronude and ptmfiihon by chromatography (19 ethyl acetaavpetrol) gave 22 (13 5 g, 

16%) as a colourless otl. vmax (film) 2934,2866,1655,1411,1354,1283,122O, 1130,1046, and 722 cm-l, S, (270 MHZ) 0 81-O 88 

(3H, m, CH3). 1 16-176 (8H, m, 3-H 4-H 5-H I’-H), 2 65 (0 5H, td, J 13 1.2 9 Hz, 6-H). 3 11 (0 5H, td. J 13 0, 3 2 Hz, 6-H) 

3 29-3 43 (1H. m, m, S. 6-H) 4 16-4 25 (0 5H, m. 2-H), 4 364 47 (0 5H, 2-H), 8 01 (0 5H. CHO), and 8 03 (0 5H, s, CHO). m/z 

141(M+, 12%). 112.84,82, and 68, (Found C. 67 89, H, 10 44, N. 9 74 C8Hl5NG rcqmres C, 68 W. H. 10 71, N, 9 92%) 

2-Ethyl-1-pyrrolidinecarboxaldehyde (23)~ Reactton of 2-@henylsulphonyl)-l-pyrrohdtnecarboxaldehyde (2) (239 mg. 1 
mmol) with the organosmc prepared from ethyl bromule and punficauon by chromatography (19 to 2 8 ethyl acetate petrol) gave 23 

(72 6 mg, 57%) as a colourless 011, vmax (film) 2965.2875. 1668, 1457, 1414. 1383, 1331, 1193. 1161, and 699 cm-l, 8H (270 

MHz) 0 82-O 93 (3H. m, CH3). 130-2 05 (6H, m, 3-H 4-H II-H), 3.263 42 (lH, m, 5-H). 3 47-3 49 (lH, m, 5-H). 3 50-3 71 (0 73H, 

m, 2-H) 3 87-3 96 (0 27H, m, 2-H). and 8 22 (lH, 8, CHO), m/z 127 (M+. 25%). 98,86,84,70 and 68. (Found C. 66 30, H, 10 64, 
N, 11 10 C7Hl3NO reqmres C, 66 11, H, 10 30, N, 1101%) 

S-Ethyl-2-pyrrolidmone (24).- Reactton of 5-@henylsulphonyl)-2-pyrrohdmone (4) (135 mg. 0 6 mmol) III dry dmhloromethane 
(9 ml) with the organozmc prepared from ethyl bromtde and purtficatton by chromatography (1 0 9 to 7 1 2 ethyl 
acetate dtchloromethane petrol) gave 24 (35 3 mg. 52%) as a colourless od. vmax (film) 2963,2928,2876, 1683,1458, 1383, 1310, 

1265, 1070,743. and 648 cm-l, 8H (270 MHx) 0 92 (3H, t, J 7 45 Hx. CH3), 145-l 75 (3H, 2 m. 4-H l’-H), 2 15-2 38 (3H, m, 4-H 

3-H). 3 54-3 61 (lH, m, 5-H). and 6 51 (1H. br s, NH), m/z 113 @I+, 6%). 88,86,84, and 49, (Found C, 63 51, H, 9 75. N, 12 31 
C6HllNO requues C, 63 69, H. 9 80; N, 12 38%) 

S-Methyl-1-(phenylmethyl)-2-pyrrohdmone (25)~ Reaction of l-(phenylmethyl)-5-(phenylsulphonyl)-2-pytroltdmone (5) 
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(126 mg, 0 4 mmol) ~8th the orgawmx pmparedfrommethylbmnudeandpmScatum by chmmatogqby (l&5 85 to 20-10 70 ethyl 

acetate d~chloromethane petrol) gave 25 (64 3 mg. 85%) as a colourless od. v_ (ftlm) 3027,2966,1684,1412,1359,1312, 1255. 

1181.1028.818.701, and 660 cm-l, S, (270 MHZ) 156 (3H. d, I6 35 Hz, CH3), 152-l 65 (1H. m, 4-H). 2 08-2 21 (H-I, m, 4-H). 

2 32-2 54 (W, m, 3-H), 3.48-3 56 (lH, m. 5-H). 3 98 (lH, d, J 15 1 Hz. CHPh). 4 96 (1H. d. I 15 1 HZ. CHPh). and 7.20-7 36 (5H. 

m. PU m/z 189 Q@, 59%). 174. 146,104.98, and 91. (Pound. C. 76 27, Il. 8 12, N, 7 38 C12H15~0 requue~ c, 76 16, H, 7 99, 
N, 7 40%) 

S-Ethyl-1-@benylmethyl)-2-pyrrolidinone (26).- Reaction of I-(phenylmethyl)-5-@henylsulphonyl)-2-pyrrobdmone (5) 

(78 8 mg, 0 25 mmol) with the organozmc pmpanxl from ethyl bmm& and punficatmn by chmmatography (10.5 85 to 20 10 70 ethyl 

acetate dxhloromethane petrol) gave 26 (38 1 mg, 75%) as a colourless od. vmax (film) 3027,2964. 1687, 1493, 1417, 1363.1322. 

1256, 1175, 1082.944.736.703. and 665 cm- 1, 6H (270 MHz) 0 82 (3H, t, J 7 45 Hz, CH3). 128-l 45 (IH. m. 4-H). 161-l 76 

(2K m, 3-H 4-H). 2 01-2 14 (lH, m. 3-H). 2.32-252 (2H. m. II-H). 3 33-3 43 (1H. m. 5-H). 3 95 (lH, d. J 14 9 HZ, CHPh), 4 98 

(1H. d. J 15 1 Hz, CHPh), and 7 19-7 38 (5H. m, Ph), m/z 203 (M+, 22%). 174.91, and 65. (Found C. 76 62 H, 8 14. N, 6 68 
C13H17NO reqmres C. 76 81. H. 8 43, N, 6 89%) 

1,5-Bis(phenylmethyl)-2-pyrrohdtnone (27).- Reaction of I-@henylmethyl)-5-@ylsulphonyl)-2-pyrrohdmone (5) (78 8 

mg, 0 25 mmol) with the organozmc prepared from benzyi brornxle and punficat~on by chromatography (10 5 85 to 20 10 70 ethyl 
acetate dlchloromethane petrol) gave 27 (55 6 mg. 84%) as a cololukss oil, vmax (film) 3059.2923, 1683. 1602.1493, 1362, 1315, 

1247, 1170. 1082, 1029.733.702, and 665 cm-l, 6H (270 MHz) 168-I 97 (2H, m, 4-H). 2 24-2 31 (2H. m, 3-H). 2 57 (lH, dd, J 

13 4, 8 5 Hz, I’-H), 3 02 (lH, dd, J 13 4.4 4 Hz. 1,-H), 3 61-3 70 (1H. m, 5-H). 4 01 (lH, d, J 14 9 Hz, CHPh), 5 11 (1H. d, J 

14 9 a, CHFV, and 7 m-7 39 (lOH, m. Ph), m/z 265 @I+, 1%). 175.174, and 91. (Found C. 8133, H, 7 09. N, 5.20 C18H19N0 

reqmres C, 8148. H, 7 22, N. 5 28%) 

l-(Phenylmethyl)-5-prop-2-enyl-2-pyrrolidinone (28).- Reactlon of l-@henylmethyl)-5-@henylsulphonyl)-2-pyrrohdmone 

(5) (78 8 mg, 0 25 mmol) wth the organozmc pqared from ally1 bmmule and puntkatlon by chromatography (10 5 85 to 20 10 70 
ethyl acetate dxhloromethane petrol) gave 28 (49 5 mg, 92%) as a colourless od, vmax (film) 2922, 1684, 1493. 1417, 1251, 1172, 

996,919, and 704 cm-l, 6H (270 MHz) 169-l 82 (lH, m, 4-H). 198-2 23 (ZH, m, 3-H 4-H). 2 31-2 54 (3H, m, 3-H l’-H), 3 46-3 55 

(IH, m, 5-H). 3 99 (lH, d, J 14 9 Hz, CHPh), 5 01 (lH, d, J 14 9 Hz, CHPh), 5 05-5 14 (2H, m, 3’-H), 5 565 71 (lH, m, 2’-H), and 

7 20-7 38 (5H. m. Ph), m/z 215 (M+, 0 I%), 174, and 91, (Pound C, 77 79. H. 8 06, N, 6 49 C14H17N0 reqmres C, 78 10, H, 

7 96. N.6 51%) 

l-(Phenylmethyl)-5-pent-4-enyl-2-pyrrohdmone (29) - Reaction of I-@henylmethyl)-5-@henylsulphonyl)-2-pyrlldlnone 

(5) (126 mg, 0 4 mmol) wth the waaozmc prepared from 5-bmmo-l-pentene and purtftion by chromatography (I@5 85 to 20 10 70 

ethyl acetate dxhbmmethane petrol) gave 29 (78 7 mg, 81%) as a colourless 011, vmas (film) 3063,3027,2930,1684, 1416, 1357, 

1232, 1170, 1082,994,912, and 703 cm-l, 6H (270 MHz) 121-l 41 (3H, m, 4-H II-H), 161-l 79 (ZH, m, 2’-H), 193-2 15 (3H, m, 

4-H 3’-H). 2 32-2 52 (2H, m, 3-H). 3 37-3 47 (lH, m, 5-H). 3 95 (lH, d, J 15 1 Hz, CHPh), 4 91-5 05 (3H, m, 5’-H CHPh), 5 65- 

5 80 (lH, m, 4’-H). and 7 20-7 37 (5H, m, Ph), m/z 243 (M+, 11%). 200, 187, 174.92, and 91, (Pound C, 79 04, H, 8 90, N, 5 51 
Cl6H2lNO reqmres C. 78 97. H, 8 70, N, 5 76%) 

l-(Phenylmethyl)-5-[2-(ethyi)-1,3-droxane]-2-pyrrolid~none (30)~ ReactIon of I-@henylmethyl)-5-(phenylsulphonyl)-2- 

pyrrohdmone (5) (126 mg, 04 mmol) wth the organozmc prepared from 2-(2-bromoethyl)-lf-dloxanel8 and punfxauon by 

chromatography (10 5 85 to 20 10 70 then 30 10 60 ethyl acetate dxhloromethane petrol) gave 30 (9132 mg, 79%) as a colourless o& 

vmax (film) 3027.2958, 2850, 1684, 1493, 1419, 1246, 1145.1082. 1005,926.894, and 704 cm-l, SH (270 MHz) 122-l 86 (6H, 

m, l’-H 2’-H 4”-H), 193-2 12 (2H, m, 3-H). 2 30-2 50 (2H, m. 4-H). 3 38-3 47 (lH, m, 2-H). 3 71 (2H, td, J 12 2. and 2 4 Hz, 7”- 

H, 5”-Ha,), 3 91 (lH, d, J 15 1 Hz, CHPh), 4 02-4 14 (ZH, m, 3”-Hes 5”-Hq). 4 45 (lH, I, J 4 8 Hz, l--H), 5 02 (IH, d, J 14 9 

Hz, CHPh), and 7 20-7 35 (SH, m, Ph), m/z 289 (M+, 7%). 187.174.91, and 84. (Pound C. 70 27. H. 8 31 N, 4 65 C17H23N03 

requues C, 70 56, H, 8 01, N, 4 84%) 
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S-Cyclohexyi-1-(pheny~ethyl)-2-pyrrolidinone (31).- Reacuon of i-(phenyimethyi)-5-(phenyisulphonyi)-2-pyrrohdmon 
(5) (126 mg. 0 4 mmoi) with the organozmc prepared from cyclohexyl bronude and punfication by chromatography (19 ethy 
acerate petrol) gave 31(30 8 mg, 30%) as a colourless od, vmax ( film) 2926.2853.1688. 1485,1448.1358, 1280, 1168,107O. 86 

and 704 cm-l , S, (270 MHz) 1 12-197 (13H, m, 4-H C6H11). 2 29-2 34 (iH, m, 3-H). 2 67-2 70 (IH, m, 3-H). 3 37 (iH, ddd, J 6 1 

3 1 and 17 Hz.S-H), 3 90 (lH, d, J 14 9 Hz, CHPh). 5 03 (lH, d, J 14 9 Hz, CHPh) and 7 23-7 40 (5H. m. Ph), m/z 257 (‘M+, 4% 
174,156,91,86.84 and 77, (Found C, 79 20. H, 9 24, N. 5 39 C18H23No reqmfes C, 79 33. H, 9 01, N, 5 44%) 

cis-Hexahydro-8-metbyi-3R-pyrido[l,2-c][l,3]oxazin-l-one (32).- Method a). Reacbon of hexahydro-8 
@henyisulphonyi)-3H-pyndo[l,2-c][l,3]oxazm-i-one (3) (59 mg, 0 2 mmoi) with tbe organozmc prepand from methyl bronude ao 
punfkauon by chromatography (3 1 ethyl aceWe.pelroi) gave 32 (24 mg, 71%) as a colourless ml, vmax (film) 3478,2934,1684 

1429, 1288, 1235, 1216.1131, 1104, and 763 cm-l, fiH (270 MHz) 120 (3H. d. J 7 1 Hz, CH3). 120-l 85 (7H. m. 4-Hax 5-H 6-I 

7-H),207(1H,dtd,J140.55,3OHz.4-~),348(l~dddd.Ji13.85,56,26Hz,4a-H~),409(1H,ddd.J109,95,3~ 

Hz, 3-Hax). 4 18 (ill, ddd, J 10 9.5 1.4 2 Hz, 3-H& and 4 67-4 75 (lH, m, 8-Heq), m/z 169 (M+. 35%). 154, and 55. (Observe 

M+. 169 1103 Calc for CgH15NO2 M. 169 1103) 
Metbud b). A soiuhon of c~s-hexahydro-8-(phenylsuiphonyi)-3H-pyndo[l,2-c][1~3] oxazm-l-one (3) (59 mg 

0.2 mmoi) and tnmethylahmumum (0.2 ml, 0 4 mmol, 2M solutmn m hexanw) m dry hchloromethane (1 ml) was surred at O’C unde 
argon for 3 hours then at room tempemture for 3 hours The reachon was quenched wti aque~~ NaOH and extracted wrth ether Th 
combmed extracts were dned (MgSO4) and concentrated m vacua Punticauon by chromatography (3 1 ethyl acetate petrol) gave 3 

(25 5 g. 75%) as a coiouriess od, ulentlcal vnth previous sample by I r , n m r and mass spectroscopy 

for Anomerir with m ’ a - lehlnridc._ The sllyl reagen 

(2 0 eqmv ) was added to a stnred suspensmn of anhydrous ahunumun chlonde (2 0 eqmv ) m dry &chlomme&ane (2 mI/mmoi) at -78Y 
under argon The mixture was s~rred at -78’C for 30 mmutea then a soiuuon of the sulphone (10 eqmv ) m dry &chlorom&ane ( 
ml/mmoi) w&4 added The mlxNe was allowed to warm to -3YC and stured at dus temperahue for l-5 hours (unless otheranse stated: 
The reactton was quenched arlth 1N HCL or saturated aqueous NaCI and extracted anth ether, the combmed extmcts were dned &&SO4 
andconcenhatedmvacuo Productswerepunfiedbychromatography 

Methyl I-formyi-a,a-&methyl-2-plperhhueacetate (33)~ 2-(Phenyisuiphonyl)-I-pipendmecarboxaldehyde (1) 253 rng 
10 mmol) was reacted with methyl tnmethylsdyi dunethylketene acetai and alummmm chionde at -35% for 3 hours then allowed t 

warm to room temperature over 2 hours Punficaaon by chromatography (2 3 ethyl acetate petrol) gave 33 (190 mg, 89%) as 

coiourless od. vmax (film) 2950.2873, 1724, 1675, 1428. 1263, 1142, and 995 cm-l, 6H (270 MHz) 1 18 (1 5H. S, CH3), 1 1 

(15H. s, CH3). 121 (1 SH, s, CH3), 122 (1 SH, s, CH3). 1 15-187 (6H, m. 3-H 4-H 5-H). 2 74 (0 5H, td, J 13 2.3 9 Hz, 6-H, 
3 23-3 45 (lH, m, 6-Hax 6-Heq), 3 60-3 70 (0 5H. m, 2-H). 3 64 (3H, s, OMe), 4 30 (0 5H, dd. .I 13 7, 5 4 Hz, 2-H). 4 40-4 4 

(0 5H, m, 6-Heq), 8 01 (0 5H, s, CHO), and 8 08 (0 5H, s, CHO), m/z 213 (M +. 2%). 182, and 112, (Found C. 62 12, H, 9 20, > 
6 38 Cl 1H19NO3 reqmrea C, 6195, H, 8 98, N, 6 57%) 

2-Prop-2-enyi-1-p~peridinecarboxaidehyde (34).- 2-@henyisuiphonyi)-i-plpendmecarboxaldehyde (1) (253 mg. 1 0 mmol 
WBS reacted with allyitnmethyisdane and punficauon by chromatography (12 ethyl acetate petrol) gave compound 34 (138 mg, 90%) B 

a coiourless od, vmax (tiim) 2938,2858. 1670, 1429, 1256, 1011, and 918 cm-l, 6~ (270 MHz) 1 25-175 (6H. m, 3-H 4-H 5-H 

2 05-2 55 (2H. m, II-H). 2 67 (0 55H. td, J 13 0,3 0 Hz, 6-H,,). 3 11 (0 45H. td. J 13 3.2 6 Hz, 6-Hax). 3 34 (0 45H, dd, J 13 
4 4 Hz, 6-H+.& 3 53-3 63 (0 55H, m, 2-H). 4 17 (0 55H. br d, J 13 0 Hz, 6-H& 4 57 (0 45H. q. J 7 0 Hz, 2-H). 4 97-5 10 (2H, n 

3,-H), 5 53-5 77 (lH, m. 2-H), and 7 % (lH, s, CHO). m/z 153 (h@. 2%). and 112, (Found C.7043, H,9 98. N.8 84 CgHlsNt 

reqmres C.70 55, H9 87. N.9 14%) 

crs-Hexahydro-8-prop-2-enyi-3H-pyrido[l,2-c][l,3loxaz~n-l-one (35) - Hexahydro-2-(phenyisuiphonyi)-3H 

pyndo[l,2-c][l.f]oxazm-l-one (3) (103 mg, 0 35 mmol) was reacted with aliylmmethylsdane and ahunmmm chionde at -WC for 
hours Punfication by chromatography (13 to 3 1 ethyl acetate petrol) gave 35 (63 mg, 93%) as a colourless ml. vmax (film) 2931 

1684, 1477, 1427, 1361, 1290, 1270, 1216, 1126, 1100,915, and 760 cm-l, 6H (270 MHz) 1 17-1 33, 1 57-l 85 (7H, m, 4-H, 5-1 
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6-H 7-H). 2 04 (1H. ad, J 13 g. 5 g, 4 6.2 7 Hz. 4-I&,,, 226 (lH, dtd, J 13 9.6 4, 10 l-Ix. l’-D), 2.46 (lff, dtd, J 13 g, 7 8, 10 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

10 3.10 =. 3’-H). 5 05 (Iti dd, J 16.8.10 Hz, Y-H). end 5 77 (H-I, dddd, J 16 8.10 3.7 8.6 4 Hz. T-H), m/s lg5 (M+, O 5%). 

1% and 55. (Obsaved M+, 195 1259 Calc for CllH17NO2 M, 195 1259) 

The sllyl reagent 

(2Oequv)wasaddedtoastmeds~ of aahydmus magnesatm bmmtde ethemte (20 equtv ) m dry dtchbnomethaae (2 ml/mmol) 

at -78-C under argon The muture was stured st -78-C fcs 3O mmutes tbea a solunon of the s&phone (10 qtuv ) m dry 

dtchloromethsne (3 ml/mmol) was added The mtxture was allowed to warm to WC and sttrred at thus tempemture for 7 hours The 

reacttoa was quenched wtth satorated aqueous NsCl and exttzted with ether or tk.bloromethane, the combmed extracts were dned 

@f&Tql and wncwtrated WI wcuo Pmducts were pmfki by chmmatogrsphy 

1,2-D~metboxy-4-[l-[(l,l-dimethylethyl)dimethyls~lyloxy]ethenyl]benzene.- tcrt-Butyldtmethylstlyl trtfluoro- 

methanesulphonate (5 05 ml. 5 82 g, 22 -01) wss added dmpwlse to a stirted sumon of 3’,4’dtmetboxy~enoae (3 60 g, 20 

mmol). sad methybunme (3 07 ml. 2 23 g, 22 mmol) m dry ether (20 ml) at O’C under argon lltc. reactton nuxuue was allowed to 
warm to room temperahlre and shrrcd fix 2 hours The lower layer was removed vzu a syrmge and the rc.matndcr concentrated UI vuc~~ 
~tdlahoa (kugelrohr) (b p 13O-15OT, co 1 mmHg) gave 1&dmleth0xy4-[1-[(l,l-dlaWhylethyl)dtmethylsdy~oxy]etheny~]benxeae 

(4 68 g, 80%) as a wlotuksa 01.6~ (270 MHz) 0.21 (6H, s, SMe$. 101 (9H, 8. tBu), 3 91 (6H. s, OMe). 4 35 (1H. d, J 17 HZ, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

2-~2-(3~4-Dimethoxyphenyl)-2-oxoetbyl]-l-pyrrolidinecarboxaldehyde (36).- Reacttoa of 2-(pheaylsulphoayl)-l- 

Pyrrohdm (2) (718 mg. 3 0 mmol) ~11th l2-dyncthoxy~-~1-~(l,l-~~ylethyl~~yl~y~oxy]e~y~]~~~, sad 

magnesium ~audc hexate at 0~ for 7 hours then pdnhoa by chromatography (3 1 ethyl scetatepetrol then ethyl acetate) gsve 36 

(743 mg. 89%) ss a colourless od, vmsx (film) 2966, 1659. 1592, 1513,1416,1383, 1271, 1152. lO22,876.811. aad 767 cm-l, s, 

(270 m) 173-2 25. (4H. m, 3-H 4-m, 2 76 (0 55H. dd. J 14 9, 10 2 HZ. V-H), 3 08 (0 45H, dd. J 16 8, 7 3 HZ, l’-H), 3 26 

(04% dd. J 16 8.6 1 a. I’-@. 3 35-3 70 W-L m. 2-H 5-H). 3 89 (0 55H. dd. J 14 g, 3 1 M, I’-I-I), 3 g4 (1651-1, S, OMe), 3 g5 
(165H. S. OMe). 3 96 (2 7OH. S, OMe). 4 37-4 60 (lH, m. 2-H 5-H). 6 89 (0 45H. d, J 8 3 Hz, 5”-19.6 91 (0 55~1, d, J 8 3 a, 5”- 
H). 7 49 (0 45H. d. J 2 0 as 2”-H), 7 53 (0 45H. dd, J 8 3.2 0 Hz, 6”-H), 7 61 (0 55H, d. J 2 0 Hz. 2”-19.7 74 (0 55H, &j, J 8 3, 

20 % 6”-H). 8 30 (0 55W S, CHO). and 8 35 (0 45H. s, CHO). m/z 277 (M+, 31%). 180, 165, 112, aad 98, (Found C, 65 00, H, 
7 17, N 5 06 Cl5HlgN04 rquucs C, 64 97, H. 6 91. N. 5 05%) 

l-(Phenylmethyl)-5-prop-2-enyl-2-pyrrolidinone (28).- Reactloa of l-(pheaylmethyl)-5-@heaylsulphoayl)-2-pyrrolnltaoae 

(5) (78 8 mg, 0 25 mmol) with ally1 trtmethylsllane and punficstion by chromatography (10 5 85 to 20 10 70 ethyl 

acetate dlchloromethaae petrol) gave 28 (36 7 mg, 69%) ss a co1ourless 011. tdeaocal with previous sample by I r , a m r sad msss 

spectroscopy 

5-Cyano-1-(phenylmethyl)-2-pyrrohdmone (37).- Reactton of l-@h~y1me~yl)-5-(pheaylsulphoayl)-2-py~l~d~aone (5) 

(78 8 mg, 0 25 mmol) with trtmethylstlyl cysnlde and purlficshon by chromatography (l&5 85 to 20 10 70 ethyl 

acetate dtchloromethaae petrol) gave 37 (48 1 mg. 96%) as a colourless od. vmax (film) 2922,1699,1493,1405,1359,1233,1083, 

sad 704 cm-l, 8H (270 MHz) 2 31-2 73 (4H, m, 3-H 4-H). 3 98 (lH, d, J 14 89 &, CHph), 4 15 (1H, t. J 6 23 HZ, 2-19.5 17 (~3, 

4 J 14 89 a, CHfW. and 7 24-7 54 (5H, m. Ph), m/z ‘BO CM+. 92%). 146. 118, 104.91, sad 77. (Found C, 71 87, H, 5 77, N, 
13 90 Cl2H12N20 reqmr~ C, 7198, H, 6 04, N, 13 99%) 

Norruspoltne - (E)-2-Methoxy-4-[2-pyrroltdin-2-ylethenyl]phenol (38)l 1 and (E)-2-Methoxy-5.[2- 
pyrrobdm-2-ylethenyllphenol (39).- A stured mixture of (~-2-[2-(3.4-~methoxypheayl)ethenyl]-l-pyrrol~~ecarbox~dehyde 

(78 mg, 0 3 mmol), sad s&mm thtomethoxlde (105 mg, 15 mmol) ~a dry DMF (15 ml) was heated at 13OT for 45 mmum under 

argon l2 The reactton mixture wus cooled aad concentrated UI WCIW The rcsldual omnge gum wes d~ssolvcd ta 3M aqueous NsOH (3 

ml). sad the soluuoa wss heated at 8o’C for 2 houra The reaction wes cooled. ac~dtfied (pH I 5) with 3N HCI then ba&ed with 

saturated aqueous NsHCO3 (pH I= 7). end extracted with d~chloranethene The combmed extracts were dned (MgSO4) sad coacentrstcd 

VI vacua Punficahon by chromatography (100 8 1 dlchloromeihsae methanol0 88 ammoma) gave Norruspolme 38 (36 mg, 53%) as s 
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yeilow od, vmax (film) 2958, 1586. 1512, 1462. 1275, 1156, 1125. 1034. and 730 cm-l, 6H (500 MHz) 153-l 60, 175-l 93, 195- 

2 05 (4H. m. Y-H 4”-H), 2 95 (lH, ddd, J 10 1, 8.3.6 7 Hx, 5”+I), 3 11 (1H. ddd. J lo 1.7 8, 5 6 Hx, 5”-HI). 3 6-4 1 (lo, br s. 

NH), 3 69 (1H. q. .I 7 4 Hz. 2”-H). 3 86 (3H. s, OMe). 6 03 (H-i, dd, J 15 7.7 4 Hx, 2-H). 6 41 (HI, d. J 15 7 Hz. l’-H). 6 81 (2I-I. 

s, ArH), and 6 87 (lH, s, ArH). 6C (67 9 MHx) 146 9, 145 5, 130 1, 129 8, 129 6. 120 0, 114 6. 108 2.610.55 8.46 4.32 4. and 

25 3. m/x 219 (M+. 100%). 190,137,%, and 70, (Observed M+, 219 1259 Caic for Ci3Hi7NO2 M, 219 1259). 

Further elunon gave the regto-rsomer 39 (22 mg, 34%) as a pmk oti, vmax (film) 2955, 1579, 1504, 1439.1257, 1223, 1131, 

1028. and 730 cm-l, 6H (500 MHz) 150-l 57,175-l 90.195-2 03 (4H. m, 3*-H 4”-H), 2 94 (1H. ddd, .I 10 1, P 1.6 7 Hz, 5”-H), 

3 10 (1H. ddd. J 10 1.7 7,5 7 Hx. 5”~H), 3 1-3 7 (H-T, br s, NH), 3 67 (1H. q, J 7 4 Hz. 2”-H), 3 89 (3H, s, OMe), 6 04 (lH, dd, J 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

2 0 Hz, 5-H). 6C (67 9 MHz) 146 5, 146 0.130 8.130 5.129 6, 118 4,112 3,110 7.61.0.55 9.46 4.32 5. and 25 3, m/z 219 (M+, 

100%). u)4,190,176.137, and %, (Observed M+, 219 1259 Caic for C13H17N02 M, 219 1259) 

Rnspoiinone - 1-(3,4-Dimetboxyphenyi)-2-pyrroiidin-2-yiethanone (40).-i i A strrred mrxture of 2-[2-(3,4- 

dunethoxyphenyl)3~x~~yil-l-p~b~~~&hy& (108 mg, 0 39 mmol). 3M aqueous NaOH (2 mi). and ethanol (2 ml) was 

heated at refhrx for 75 mmutes Tbe soiunon was cooled, driuted wrth saturated aqueous NaCi and extracted wtth dtchloromethane ‘fhe 

combmed extracts were drted (Mg.904) and concentrated m vecuo Purrfication by chromatography (100 8 1 

drchkuomethane methanol 0 88 ammoma) gave Ruspoimone 40 (78 mg. 80%) as a yellow od. vmax (fiim) 3337.2958.1670.1594, 

1511, 1459, 1414,1267,1152,1023,879,818. and 768 cm-l, S, (270 MHZ) 133-l 45.165-2 03 (4H, m, 3-H 4-H). 270 (lH, br S, 

NH), 2 84-3 07 (2H. m, 5’-H), 3 08 (lH, d. J 7 0 Hz, 2-H), 3 09 (lH, d, J 7 0 Hz. 2-H). 3 54 (lH, qum , J 7 0 Hz 2-H). 3 89 (3H, 

s, OMe). 3 90 (3H, s. OMe), 6 84 (1H. d, J 8 4 Hz. 5”~H), 7 48 (lH, d. J 2 0 Hz. 2*-H), and 7 56 (1H. dd, J 8 4.2 0 HZ, 6”~). ~I/Z 

249 (M+. 27%). 180,165, and 70, (Observed MH+, 250 1443 Caic for Cl4H+IO3 MH, 250 1443) 

A muture of the sulphone (10 eqmv). methylamme (1 5 

eqmv ), and magnesmm bromide etberate (2 0 eqmv ) m dry THF (6 mi/mmol) under argon was piaced m an uiuasound bath for 18 

hours The reacnon mtxture was quenched wrtb s#mated aqueous NaHCO3 and extracted wtth ether or drchlommethane, tbe combmed 

extracts were dncd (MgSO4) and concentrated UI vocuo products were ptmfied by chromatography 

3,4-Dihydro-W-pyrrdrne-1-carboxaldehyde (41) - Reactton of 2-(phenyisuiphonyl)-l-prpertdmecarboxaidehyde (1) (127 mg, 

0 5 mm00 wtth trtethyianune and magnesmm bronude ethemte and ptmticatton by chmmatogmphy (19 to 3 7 ethyl acetate petrol) gave 

41 (53 4 mg. 96%) as a colourless orl, vmax (fii) 2928.2661. 1680, 1462. 1355, 1283. 1176. 995, 871, 743, and 622 cm-l, gH 

(270 MHZ) 170-l 95 (W. m, 5-H). 2 09-2 20 (ZH, m, 4-H). 3 48-3 53 (0 3H, m, 6-H). 3 60-3 70 (0 7H, m. 6-H). 5 02 (0 7H, dt, J 

8 31. and 4 15 Hz. 3-H), 5 17 (0 3H, dtd, J 8 30.4 4, and 1.47 Hz. 3-H). 6 44 (0 7H, dt, J 8 06, and 19 Hz, 2-H). 7 OO(0 3H, dt, J 

8 06, 19 HZ, 2-H) 7 96 (0 3H, s, CHO). and 8 17 (0 7H, s, CHO), m/z 111 (M+, 100%). 86,84,82, and 68, (Found C, 64 79, H, 

8 01, N, 12 59 C6H9NO reqmres C, 64 84, H, 8 16, N, 12 6%) 

2,3-Drhydru-1-pyrroiecarboxaidehyde (42)~ Reactton of 2-(pbenylsulphonyl)-1-pyrroluhnecarboxaldehyde (2) (119 6 mg, 0 5 

mmoi) with methyianune and magnesmm bronnde etherate and punficanon by chromatography (19 to 3 7 ethyl acetate petrol) gave 42 

(35 4 mg, 73%) as a coiourless od. vmax (film) 2922. 1657.1617, 1424, 1381.1201, 1042.925.802 and 719 cm-l, S, (270 MI+) 

2 62-2 73 (2H, m, 4-H), 3 76-3 89 (2H, m, 5-H). 5 23-5 26 (0 8H, m. 3-H). 5 27-5 34 (0 2H, m, 3-H). 6 43-6 46 (0 8H, m, 2-H). 8 12 

(0 2H, s, CHO), and 8 35 (0 8H, s, CHO). m/z 97 (M+, 88%). 86.68 and 41, (Found C, 6196, H. 7 48, N, 14 40 C5H7N0 reqmres 

C, 6184. H, 7 27, N, 14 42%) 

4,4a,5,6-Tetrahydro-3H-pyrldo[1,2-cJ[l,3Joxaz~n-l-one (43)~ Reactton of hexahydro-8-(phenyisulphonyi)-3H- 

pyndo[l,2-c][lJloxaxm-l-one (3) (59 mg, 0 2 mmol), and purrf~tton by chromatography (3 1 ethyl acetate petrol) gave 43 (26 mg, 

85%) as a whue sohd m p xx’C, vmax (CHCi3) cm- l, 6H (270 MHx) 150-2 20 (6H, m, 4-H 5-H 6-H), 3 57 (lH, tdd, J 114.4 6, 

2 4 Hz, 4a-Hax), 4 25 (lH, td, I 113.2 5 Hz, 3-Hax). 4 34 (lH, ddd. J 110.4 7.2 4 Hz, 3-Htq), 5 05-5 13 (lH, m, 7-H). and 6 95 

(lH, td, J 8 5, 17 Hz, 8-H). m/x 153 (M+, 10%). 108,94.80,67. and 54, (Found C, 62 72, H, 7 21, N, 9 00 C8Hl lN02 requucs 
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C, 62 73. H. 124, N. 9 14%) 
Tetrshydro-1-[(4-methylphenyl)sulphonyl]pyridine (44).- Reaction of 1-[(4-methylphenyl)sulphonyl]-2- 
@henyLsulphonyl)pq!endme (6) (189 mg. 0 5 mmol) wtth tnethylamme and magnesium bremtde ethetate and punficatron by 
chromatography (19 ethyl acetate petrel) gave 44 (113 8 mg. %%) as a whtte sold. mp WC. v_ (fii) 2928,1645,1594,1394, 

1337, 1163, 1109,683. and 637 cm -l, 6H (270 MHz) 161-l 72 @-I, m, 5-H). 185-l 96 (2H. m, 4-H). 2 42 (3H. s, p-CH3). 3 34- 

3 41 (2H. m, &H), 4 % (19 dt, J 8 3,3 9 Hz, 3-H). 6 63 (lH, dt, J 8 5, 18 Hz, 2-H) 7.20-7 29 (ZH, m, m-H), and 7 67-7 76 (ZH, 

m, 0-H). m/z 237 (M+. 100%). 155.91.82, and 55. (Found C. 60 67. H, 6 46. N, 5 76 C12H15N02S reqmres c, 60 73. H, 6 37, 
N, 5 90%) 
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