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Abatrmct: Iodine-induced cyclization of y,6-unsaturated secondary thimmides 

1 proceeded regio- (t-exe-trigonal) and chemo- (sulfur-carbon bond forma- 

tion)selectlvely, providing iainothiolactones 2, which were converted in two- 

step sequences (dehydroiodination and N-acetylation) into 2-acetoamidothio- 

phenes 4. This procedure was performed in one flask to afford polysubsti- 

tuted 2-aminothiophenes. 

Electrophilic olefin cyclization leading to carbon-heceroatom bonding is an important pro- 

cess, parciculary in the reglo- and stereo-selective synthesis of heterocyclea leading to biolo- 

gically active compounds.’ Sulfur cyclization has been less studied’ than oxygen or nitrogen 

heterocyclization,3 In the course of our studies using thioamides as synthetic intermediates 

for heterocycles,’ we have found a novel iodoiminothiolactonization of y,h-unsaturated thio- 

amides. Preliminary results have been reported:5 in this paper, we report the scope and the 

details of a novel synthesis of 2-acetoamidothiophenes via iodine-induced intramolecular S-C - 

bond formation with y.6-unsaturated ambident secondary thioamidea. 

Reparattml of y,b -tumted macondary thloaridu. The y,6-unsaturated secondary thioa- 

mfdes were readily accessible by three procedures described. A) Treatment of secondary chio- 

amides with 2 equiv. of n-bucyllithium (n-BuLi) in tecrahydrofuran (IHF) provided dianions as 

metalloenamrnes which reacted with ally1 halides to give v,6-unsaturated secondary thioamides 

la-o (Table I. runs I-14) (eq. l).’ B) a- or/and B-substituted y,6-unsaturated secondary 

thioamides lp-u were obtained by chemoaelectlve (S-C) chio-Claisen rearrangement of the corre- 

sponding thioimidates (eq. 2) ( Table I, runs 15-21).’ The temperature required for reaction 

is dependent on the nature of the a-aubscituents (R2) of the precursor thioamides. As the 

acidity of a-position increases, the reaction temperature may be lower. C) Methyl compounds 

substituted by electron-withdrawing groups were treated with n-BuLi or llchium diisopropylamide 

(LDA) to give anions, which were then allylated. The anions of the so-derived ally1 compounds 

were reacted with phenyliaochiocyanate to afford substituted unsaturated secondary Chioamides 

Iv-t (eq. 3) (Table I, runs 22-26). 
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Iodine-induced imiaothiolactonitation of y,6-unmtorated thioamidesand Synthesis of 2- 

acetoamidothiophenes (Scheme 1). The thioamide la vith iodine in lHF at ambient temperature for 

1 day underwent lodoiminothiolactonizetion to furnish 5-iodoaethyliminothiolactone 2a in good 

yield. However. it was difficult to purify 2s due to reaction between the imine group and the 

iodomethyl group. Accordingly, without isolatton of Za, hydroiodide salt of 2s was treated 

with 2.2 l quiv of l.B-diazablcyclo[5.4.O]undec-7-ene (DBU) for dehydroiodination in the same 

flask to give the exo-olefin 30 in 672 overall yield from la. N-Acetylation of 3a with ecetyl 

chloride in the presence of DBU in methylene chloride followed by spontaneous aromatization 

afforded 2-acetylamino-5-methylthiophene 40 in 73X yield. The structure of 4s was easily 

determined by ‘H-NplR (see Experimental). The use of THF in place of q ethylene chloride 

resulted in lover yield. The three-step sequences (iminothiolactonization. dehydroiodination. 

and N-acetylation) for the synthesis of 2-acetoamidothiophenes could be carried out in the same 

flask. However, an attempted one-pot synthesis of 4 using methylene chloride as solvent 

instead of THF failed. 

In the synthesis of 3-substituted 2-acetoamidothiophene such as 4f, most of the exo-oleftn 

3f urrs recovered unchanged together with a smell amount of the desired compound. Deprotonatlon 

at the 3-positlon on N-acetylation would scarcely proceed, presumably due to steric hindrance of 

alkyl substrtuent. We found that the additron of 4,4-dimethylaatnopyridtne (DMAP) as a ceta- 

lyst promoted N-ecetylation reaction so that no exo-olefin was recovered. Uith this result in 

hand, DFIAP was added to all reactions. 
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Table I. R- tim of Y.d-hrtUrBtcd !5tsa&n mimes 18-z 

zun product yield, Xa aethodb 

1 

2 

3 

4 
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6 
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8 

9 

IO 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

R’ R2 R3 R4 R5 

la Bn H H H H 

lb Ph H H H H 

lc Bn H H H Me 

14 Bn H H H Pb 

It Bn H H lie Me 

If Ph Me H H H 

lt -KH2)3- H H H 

lb -(Qi2)3- H H ne 

11 -(fJf2)3- H nc ne 

tj -W2)4- H H H 

lk -KH2)4- H H He 

El -W2)4- H He Me 

fi -KH2>5- H H Ii 

10 -KH2)5- H H Me 

lo -(cH2)5- H He He 

LP Bn cyclohexyl H H H, 

gci Bn Ph H H H 

lr Bn H He H H 

lsC Bn Ue ne H H 

ltC Bn PhS02 ne H H 

lUC Bn Ph Me H H 

Iv Ph PhS02 H H H 

IV Ph PhS02 H H He 

lx Ph PhSO2 H & Me. 

1Y Ph CN H H H 

12 Ph IWfHcO H H H 

67 A 

79 A 

62 A 

61 A 

52 A 

42 A 

63 A 

51 A 

a7 A 

99 A 

42 A 

75 A 

48 A 

29 A 

23 A 

56 B 

63 B 

54 B 

17 B 

40 B 

49 B 

27 C 

19 c 

45 C 

16 C 

29 C 

Yields of runs (16-21) are those of two-steps from secondary tbioaaides. Yields 

of runs (22-26) are those of three-steps from methyl compounds. 

React ion temperatures of merhod B sre as follows. Runs (16, 18, and 19) are 170- 

180 “C. Runs (17 and 21) are 120 ‘C. Run 20 is 80 ‘C. In method C, LDA as base use 

used except for run 26 (n-BuLi). 

A mixture of diastereomers. A signal of He (R3) was detected as a mrxture of 

doublets (ratio was about 1:l) by LH NHR spectroscopy. 

3-Allylthiolsctams 1 j-o except for the pyrrolidimthiones 18-i underwent iodocyclization 

smoothly to afford, after elaboration described above, l zncycloalkano[2,3-blthlophenes 4j-o in 

good yields (Table II. runs 10-15). The reaction of 18-l provided thiophenes 4 6-i in lov 

yields with it-i recovered (Table II, runs 7-9). This result revealed the step of iodocyclizs- 

t ion was incomplete. 

Reaction of the substrate possessing thioamide and amide functions at ally1 position vas 

carried out to give thiophene llz as the sole compound isolated in low yield (Table II. run 26). 

S-CycIfzation proceeds in preference to O-cyclization. Therefore, we examined iodocyclization 

using Y,d-untatursted secondary amide 5 (eq. 4). In spftc of prolonged reaction timea (3 days), 

the reaction did not proceed smoothly, giving unchanged material (73X) and 4-iodoaethyl-y- 
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Table II. Preparation of 2- 

Accctouidothioptlmea 4a-x and 4% 

run product yield, Xa 

I h 

2 4b 

3 4c 

4 4d 

5 be 

6 4f 

7 c 

a 4h 

9 41 

10 4j 

11 4k 

12 41 

13 G 

1L 40 

15 4o 

16 4P 

17 4s 

18 4r 

19 4a 

20 4t 

21 411 

22 4r 

23 &I 

24 4x 

25 41 

26 4s 

57 

53 

25 

50 

47 

23 

36b 

13c 

20d 

64 

54 

85 

83 

82 

86 

25 

23 

49 

37 

19 

35 

38 

35 

18 
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a Overall yields of three-step 

sequences are shown. 

b 18 was recovered in 45%. 

’ III was recovered in 35%. 

d lt was recovered in 39%. 

butyrolactone 6 (15X) after chromatography. Presumably the iminolactone was converted to the 

lactone 6 by hydrolysis during work up. It was found that iodine-induced cyclixatlon of y.d- 

unsaturated secondary amides scarcely occurred. Reaction of substrate Iy bearing cyano group 

at a positton gave no thiophene by, presumably due to dehydrocyanation with DBU. 

In these reactions, no trace of other compounds such as nitrogen- and six-membered heterocyc- 

les was isolated. Accordingly, although the secondary thioamidc is an ambident nucleophile. 

these heterocyclixation reactions proceeded chemoselectively (sulfur-carbon bond formation1 

together with regioaelective cyclization (5-exo-trigonal).9 

In summary, the novel synthesis of 2-acetoamidothiophenea via todine-promoted iminothio- - 

lactonixation of y.6-unsaturated secondary thioamides followed by dehydroiodination and N- 

acetylation was expediently performed in one flask reaction. This method should be applicabla 

to the preparation” of multifunctionalized 2-aeinothiophenes with pharmacological interests. 11 
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‘ii NkfR apectrs vere determined on s JEOL PlfX-60 or Fx-270 apectroactcr usfng tctraocthyl- 

silant as internal standard. Hasa spectra were recorded on a JELL JHS-DZOO oschtnc. Infrared 

spectra were recorded on a JASCD A-102 spectrophotomatcr. Welting point8 ucra dttermineb on a 

Yanaco micro oclting point apperatua and are uncorrected. llfP was dried by distillation under 

nitrogen froo aodfum benzophenom krtyl. Coluon chrouatoftraphy was parformed on silica gel 

(Xerck-9385 230-400 mesh), under medium pressure using a mixture of n-hexane - ethyl acetate aa 

l luent . 

Gemexol Pruxdore for Fhpmrotiim of y&ummxlnted oawdmry tMnmiaa6 10-a Htr&d A: A 15x 

solution of n-B&i in hexane (7.1 ml, 11 nsol) was added to a stirred solution of N-slkylthio- 

l cetoamidea or azacycloalkant2-+hionea (5 maol) ia TllF (10 01) at 0 ‘C After stirring for 1 
h at tbc same teopcrature, a solution of ally1 halidea (10 nrol) in THF (10 ml) vaa addad to the 

reaction l ixture at -78 l C. The mixture ~8s gradually warmed to roo6 temperaturr, quenched 

with amoonium chloride solution , and extractad with ethyL acetate. Tha extracta ware dried, 

and evaporated. Column chromatography of the residue yielded y,b-unasturated thioamides la-o 

in yields shown in Table I. 

Method I: A mixture of N-bmzylthloamidaa (5 mm011 with ally1 bromrdea (6 ornot) in acetone 

(30 01) in the presence of potaasfuo carbonate (6 l mol) uss stirred at room temparature over- 

night, filtrated through celite, and washed with acetone. Combined solventa were evaporated to 

pire the residue, to which was added water. The .oixture uaa extracted with ether. Thr extracts 

were washed with brine. dried over potaasium carbonate , and evaporated to yield S-allylthioimi- 

dates. Without further purification, the S-allylthioimldates were heated in e Kubaelrohr 

apparatus under reduced pressure (50-60 noHg) at the temperature described in Table I for 2 h. 

Column chromatography of the aixtureafforded y,6-unsaturated aecondarythioamidca lp-u in 

yields ahovn in Table I. 

Wctbod C: To LDA (11 mool) prepared from diiaopropylaslne (22 n mol) and n-BuLi (li amok) in 

TRF (IO ml) was added a solution of electron withdrawing subatituted l ethyi compounda (10 oool) 

in THF (5 01) at -78 ‘C. The aixture was stirred at the aaoe temperature for 1 h. Ally! 

bromide (II mool) waa injected to the mixture, which was gradually warmed to room temperature, 

quenchad with aqueoua amoooiue chloride, snd extracted with ethyl acetate. The extr*cts were 

dried with l agneaium sulfate and evaporated. The residue was diatillcd to yield ally1 aubsti- 

tuted coopounds, which were similarly treated with LDA se described above. Phenyliaothiocys- 

nate was injected to the mixture at -78 ‘C. The mixture was gradually warmed at 0 “C. 

quenched with aqueous aooonium chloride, and extracted with ethyl scctate. The extracts were 

dried with msgnesium sulfate, and evaporated. Column chromatography of the reaidue yielded lr- 

y in two-step yields shown in Table 1. In a similar, lz was prepared by using n-E&i in place 

of LDA in the presence of hexamethylphoaphoric triauide as cosolvent. 

II-Baaryl 4-PemtcnetLioaoidc(ta):mp 37-39 ‘C (difaopropyl ether/pet. ether) sscolorleaa 

fine needles: IR (NujoI) 3200, 1640, 1520 cm-‘; ’ H NHR (CDCl,)j 2.65 (a, 4H), 4.80 (d, J-5 Hz, 

ZH), 4.90-5.29 (a, ZHf, 5.47-6.21 (0. 1H). Anal. Calcd for Ci2H15NS: C, 70.20; H. 7.36; N. 6.82. 

Found: C, 70.05; H, 7.42; N, 6.72. 

I-Pheoyl 4-?eatcoctbioam~de (lb): op 42-44 l C (n-hexsne/ethyl acetate) sa colorless fine 

needles; IR (Neat) 3200, 1530 cm-l; ’ H NXR (CDCl,)$ 2.50 (a, 2H). 4.90-5.17 (I, 2%). 5.50-6.17 

(0, IH). Anal. Calcd for CJlH13NS: C, 69.07; H. 6.85; )I, 7.32. Found: C, 68.93; R, 6.73; II, 

7.18. 
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lli). High resolution mass spectrum (HRM) Cl8H25NS: ‘287.1706. found: 287.1705. 

I-bmr~l 2-~cn~l-4-pcnteaethiamide (lq): mp 80-82.5 ‘C (ethyl acetate/n-hexane) ss color- 

less fine needles: IR (Nujol) 3175, 1535 cm -l: ‘H NI(R (CDCl,)$ 4.74 (d, J-Sk, 2H), 4.85-5.16 

(m, 2H), 5.43-6.05 (m, lH), 7.23-7.33 (m, IOH). Anal. Calcd for Cl8Hl9NS: C, 76.82; H. 6.81: N, 

4.98. Found: C.76.57; H, 6.80; N, 5.02. 

I-Bemsyl 3-Wcthll~-pentmetbi~mide (lr): oil: 1R (Neat) 3230, 1530 co-‘; ‘H NlfR (CDCl3),j 

1.25 (d, 516.4 Hz, 3H), 4.79 (d, J-5.0 Hz, 2H), 4.78-5.32 (m, ZH), 5.40-6.06 (la, IH). HRhS 

C13H17NS: 219.1072. found: 219.1092. 

II-Benzyl 2,3-Dimeh~l-&ptmtonethioamide (Is): oil: IR 3250, 1540 co-l: ‘H NPIR (CDCl3)d 0.95- 

1.10 (a, 3H), 1.20-1.30 (m, 3H), 4.76-5.20 (m, 2H), 5.42-6.02 (m. 1H). HRHS Cl4Hl9NS: 233.1237. 

found: 233.1231. 

W&nsyl 2dcoren~fooyl-3rcth~l-4-pntee~~~e (It): mp 133-144 “C (methylene chlo- 

ride/diisopropyl ether) as yellow fine needleo; IR (Nujol) 3230, 1530 cm -‘; ‘H NHR (CDCl,)h 

1.25-145 (a, 3H), 3.08-3.55 (m. lH), 4.50-4.77 (m, lH), 5.00-5.25 (I, ZH), 5.73-6.30 (ma. IH). 

Anal. Calcd for C19H2,N02S2: C, 63.48: H. 5.89: N, 3.90. Found: C, 63.48: H. 5.92: N, 4.09. 

I-Bentyl 3-~eth~1-2-phcn~l-4-pent~~thio~mide (lo): oil: IR (Neat) 3250, 1530 cm-‘: ‘H WP(R 

(CDC13)J 0.80-1.20 (a. 3H). 4.98-5.40 Cm, ZH), 5.50-6.27 (m, 1H). HRHS Cl9H2lNS: 295.1394. 

found: 295.1393. 

I-Phenyl 2-Bentencsulfon~l~-pcntcncthiMmidc (Iv): n p 107-111 ‘C (methylene chlo- 

ride/diisopropyl ether) as yellov fine needles: mp (Nujol) 3250, 1530 cm -l; ‘H NffR (CDCl,)6 4.62 

(a, lH), 4.90-5.22 (m, 2H). 5.43-6.00 (a, 1H). Anal. Calcd for Cl7H17N02S2: Found: C, 61.45: H, 

5.20; N, 4.26. 

II-Phenyl 2-Benrenemulfoayl-4-hexenethioamide (E.2 mixture) (Iv): oil: IR (Neat) 3300. 1530 

cm-l; ‘H NHR (CDCl,)b 1.55, 1.62 (d, J-4.2 Hz, 3H), 4.58 (m, 1H). 5.12-5.83 (m. 2H). HRtfS 

C18H19N02S2: 345.0856. found: 345.0857. 

Il-Pbmyl 24knzenemalfonyl-ket.b~lA-bexmethioamide (lx): oil; IR (Neat) 3250, 1530 cm-‘; 

‘H Nf4R (CDC13)$ 1.60 (s. 6H), 4.57 (t, J-7.2 Hz. lH), 5.15 (t, J-6 Hz). HRtlS C,9H21N02S2: 

359.1013. found: 359.1010. 

I-Flnql 2+ancA-pemtenethiamide (1~): mp 95-97 “C (methylene chloride/diisopropyl ether) 

as pale yellov fine needles: 1R (Nujol) 3275, 2240, 1550 cm-l: ’ H NtfR (CDC13)b 4.05 (t. Ja7.2 

Hz, IH), 5.07-5.40 (m, 2H), 5.53-6.20 (m, IH). Anal. Calcd for Cl2Hl2N2S: C, 66.63: H, 5.59: N, 

12.95. Found: C, 66.36: H, 5.53: N, 13.20. 

II-phenyl 2-Phm~lcarbaro~l-4-pmtmethiouide (12): mp 91-93 OC (diisopropyl ether/n-hexene) 

as pale yellow fine needles: IR (Nujol) 3250, 1670, 1530 cm -l: ‘H NllR (CDCl,)b 4.20 (t, J-7.2 

Hr. lH), 4.93-5.25 (m, 2H). 5.52-6.30 (m, IH). Anal. Calcd for C18H18R20S: C, 69.65; H, 5.86; N, 

9.02. Found: C, 69.55: H. 5.82: N, 8.88. 

Gareral Procedure for Repuatia, of 2-A~f.noth.topbaa &,L. To a solution of v,6-unsaturated 

secondary thloamide 1 (1 q mol) in THF (10 ml) was added a solution of iodine (1.2 mmol) in THF 

(10 ml) 8t 0 “C. After addition, the reaction mixture was stirred for 15 h at room tempera- 

ture. DBU (2.2 mmol) was then added to the mixture with ice cooling and the mixture was 

stirred for 2 h at ambient temperature. After evaporation of the solvent, methylene chloride 

(10 ml), DBU (1.2 mmof) and DffAP (0.1 mmol) were successively added to the residue (crude of 

3). To the mtxture was added by syringe acetyl chloride (1.2 q mol) at 0 l C. The reaction mixture 

was stirred for 15 h at room temperature and poured into cold usten The mixture was extracted 

with q ethylene chloride. The extract was washed with 51 HCI, water, satureted sodium bicarbo- 

nate, and brine, dried with magnesium sulfate, and evaporated to yield sn oil, which was puri- 

fied by column chromatography to give 4 in yields ehovn in Table 11. 
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2-(N-Acctyl-l-bcnyl~~l~o)-5-rethylthiopbeac (k): mp 85-88 l C(n-hexane/ethyl scetate)as 

colorlcee fine needles; IP (Nujol) 1645 cm -‘: ‘II NPIR (CDCl3>$2.03 (5, 3H), 2.36 (6, 3H), 4.80 

(8, 2H). Anal. Calcd for C14H15NOS: C, 68.54: H, 6.16: N, 5.71. Found: C, 68.83; H, 6.13; N, 

5.65. 

2-(ll-Acety1-l-phenylomimo)-5-mcthylthiophene (4b): l p 58-61 OC (n-hexane/ethyl acetate) as 

colorlasm fine needler; IR (Nujol) 1645 cm -1: ‘H NMR (CDC13)$ 2.03 (6, 3!i), 2.36 (a, 3H). Anal. 

Calcd for CI3H13NOS: C, 67.50; H, 5.66: N, 6.06. Found: C, 67.84: H, 5.74: N, 5.59. 

2-(II-Acetyl-N-beazylsmino)-5-ethylthlopbene (4~): a pale yellow oil: IR (Neat) 1660 cm-l; ‘H 

NHR (CDC13)S 1.27 (t, 3H). 2.03 (5, 3H), 2.73 (q, 2H). HRblS C15H,7NOS: 259.1031. found: 

259.1033. 

2-@-Acetyl-l-bamyluino)-5-bawylt.l1iophme (Ad): a viecoua oil; IR (Neat) 1650 cm-‘; ‘H N!lR 

(CDCl3)$ 2.03 (a. 3H), 4.10 (a, 2H), 4.88 (a, 2H). HPNS C20H19NOS: 321.1186. found: 321.1188. 

2~Acetyl-capIJlm~bo)-S-ioopr~ylthiopbeme (40): a viscous oil; 111 (Neat) 1670 co-‘; ‘H 

WHR @X13)$1.30 (d, J-6H2, 6H), 2.10 (a, 3H), 2.95 (m, lH), 4.85 (8, 2H), 6.45-6.65 (n, 2H). 

HRl4S CI6H19NOS: 273.1186. found: 273.1187. 

2-(ll-Acetyl-l-pbcaylariso)-3-mcthyl-kctlylthlo@se (4f): a vfmcous oil; IR (Neat) 1660 

cm-l; ‘II NHR (CDCl,)b 2.10 (s, 3H), 2.36 (0, 3H). HRMS C14H15NOS: 245.0875. found: 245.0875. 

l-Acetyl-2,3-dlbydro-5-rethylthieno[2,3-~]pyrrole (48): ap 133 ‘C (oethylene chlo- 

rlde/diisopropyl cther)as colorless fine needles: lR(Wajo1) 1630~9 -l; ‘Ii Nt4R (CDC13)$ 2.16 

(s, 3H), 2.43 (6. 3H), 6.45 (a, 1H). Anal. Calcd for C$HIINOS: C, 59.64: H, 6.12; N, 7.73. 

Found: C. 59.70; H, 6.12; N, 7.43. 

I-Acetyl-2,3-dihydro-5-ethylthiono[2.3-~]pyrrole (4h): mp 106-108 “C (methylcne chlo- 

rlde/dilaopropylethcr) aa colorless fine needlcx: IR (Nujol) 1635 cm -l; ‘H NHR (CDC13)6 1.30 

(t, J=7Hz, 3H), 2.25 (a, 3H), 6.35 (a, 1H). Anal. Calcd for CIOH13N0S: C, 61.51; H, 6.71: N, 

7.17. Found: C, 61.63; H, 6.70; N, 6.83. 

I-Acetyl-2,3-dihydro-5-isopropflthiono[ 2,3-b]pyrrole (41): q p 139-144 l C (methylene chlo- 

ride/dlisopropyl l ther)ascolorless fine needlea; IR (Nujol) 1630~0 -l; ‘H NI(R (CDCl,)$ I.33 

(d. J-7Hz. 6H). 2.26 (IJ, 3H), 6.48 (ID, 1H). Anal. Calcd for CIIH15NOS: C, 63.12; H, 7.22: N, 

6.69. Found: C, 63.32; H, 7.14; N. 6.29. 

1-Acetyl-6-methyl-1,2,3,4-tetrahydrothimo( 2,3-b]pyrldine (4 J): mp 114-I 16 OC (methylme 

chlorlde/diisopropyl ether) as colorless fine needles: IR (Nujol) 1640 cm -l: ‘H NHR (CDC13)S 

2.23 (6. 3H), 2.33 (a, 3H), 6.35 (a. IH). Anal. Calcd for C10H13NOS: C, 61.51: H, 6.71; N. 7.17. 

Found: C, 61.80; H, 6.76: N, 7.00. 

l-Acctyl~tbyl-l.2,3,4-tetrshydrothlc[2.~_]pyridioe (4k): mp 70-72 ‘C (pet. ether/dilso- 

propyl ether) am colorleas fine needles; IR (Nujol) 1635 cm-‘; ‘H NMR (CDCl,)s 1.26 (6, 3H, 2.26 

(8, 3H). 6.65 (IS, 1H). Anal. Calcd for ClIH15NOS: C, 63.12; H, 7.22; N, 6.69. Found: C, 62.87: 

H, 7.30; N, 6.39. 

l-Acetyl-6-i~opropyl-1.2,3.4-trtrahydrothicno(2.3-~]pyridioe (41): 1~~92-93 l C(methylene 

chloride/pet. ether)as colorlesr fine needles; IR(Nujol)l630cm -l: ‘H NMR (CDC13),$ 1.25 (a, 

3H), 2.20 (a, 3H), 6.45 (s, 1H). Anal. Calcd for C12H17NOS: C, 64.54; H, 7.67: N, 6.27. Found: 

C, 64.58; H, 7.52; N, 5.97. 

8-Acetyl-2-rethyl~,5.6.7-tetrahydro-8E-~xepioo[2,3-~]thlophcpe (4m): a ribcous oil: IR 

(Neat) 1670 cm -l; ‘H NHR (CDC1,,6 2.09 (6, 3H), 2.36 (5. 3H). 6.37 ((I, IN). HRMS CI,H13NOS: 

209.0875. found: 209.0903. 

8-lretyl-2~thyl~),5,~7-tet~~dr~~~~Z,~]thiopbcae (40): a viscous oil; IR (Neat) 

1670 cm-‘; ’ H NHR (CDC13)6 1.28 (t, J=7Hr, 3H). 2.12 (a, 3H), 6.45 (8, 1H). HRtfS Cl2Hl7NOS: 

223.1030. found: 223.1030. 

B-Acetyl-2-isopropyl-4,5.6,7-tetr~hydro~E-azep~oo[2,~~~o~ (40): a viscous oil: IR 
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(Neat) 1670 cm -l; “4 WR (CDCl3)6 1.36 (d, J=7Hr, 6H), 2.10 (a, 3H). 6.45 (s, 1H). HRHS 

C13H19NOS: 237.1187. found: 237.1232. 

2~tyl~lrrlsn)Lkld~1-5retb~lthiopbeoe (4~): o vimcous oil; 1R (Neat) 1670 

c.-l; lH NHR (CDCL3) 0.83-1.77 (a, llH), 1.98 (6, 3H), 2.37 (s, 3H), 4.80 (d, J-5Hz. 2H), 6.42 

(9, 1H). BRHS C281125NOS: 372.1656. found: 327.1657. 

2-(n_lcetyl -Mcarylm~o)-S-metby1-~@m~1tbiopbcae (4q): a viscous oil; IR (Neat) ‘670 

cm-l; ‘H NllR (CDC13)$l.94 (s, 3H). 2.39 (9, 3H). 6.75 (9. 1H). HRMS C20H19NOS: 321.1186. found: 

321.1187. 

2_OCLet~l~~lu~>4,Mirethllthiopbcae (4r): a viscoue oil: IR (Neat) 1660 cm-‘; ‘H 

NP’R (cDC13B2.00 (s, 3’i), 2.06 (s, 3H), 2.23 (8. 3H). HRHS C,=,H17NOS: 259.103’. found: 259.103’. 

2_(ll-Acrt~l-a-bals y~i~1o~3,4,5-trireth~ltldo@rare (40): a viscous oil: IR (Neat) 1640 c.-‘; 

‘H NHR (CDCl,)$ 1.60 (8, 3H), 1.94 (s, 6H), 2.29 (9, 3H), 4.8 (s, 2H). HRtfS C’6H,9NOS: 273.1’86. 

found: 273.1185. 

2-(l-Acet~l-l-bcnz~lalino)-~~~lf~yl~,~l~e~~l~io~e (4th mp 128-133 “C (pet. 

ether/ ethyl acetate)ee colorless fine needles: IR (Nujol) 1670 CIP -l: ‘H NMR (CDC13)E1.91 (s, 

3H), 2.35, (s, 3H), 2.45 (s, 3H). 3.94, 5.62 (ABq, J-14 Hz:. each 1H). Anal. Cslcd for 

C21H2’N02S2: C, 62.13; H, 5.30; N, 3.51. Found: C, 62.13; H, 5.34: N, 3.38. 

2~~or~1~~~iao~,~~tb~l-~~lthiopbs# (4a): a viscous oil: IR (Neat) ‘670 

cm-‘; ‘H NHR (CDCl,)s 1.92 (s, 3H), 1.97 (9, 3H), 2.29 (9, 3H) 4.10 (br s, 1H). 5.18 (br s, 1H). 

HRMS C2’H2’NOS: 335.1343. found: 335.1342. 

2Flcetyl-(l-phcnlLuiw)-3-~rcpaulf~Jl-kethllthio~ (4~): a viscous oil: IR (Neat) 

1690 cm-‘; ’ H NflR (CDC13)b 2.10 (s, 3H), 2.35 (s, JH), 6.84 (s, 1H). HRHS C19H17N03S2: 371.0649. 

found: 371.0648. 

2-(N-Acet~l-W-pben~larino)-3-benzeoeoulfon~l-kth~lthiophcnc (4~): mp 107-108 ‘C (pet. e- 

ther/ethyl acetate)as colorless fine needles: IR (Nujol) 1680 cm -l; ‘H NMR (CDCl,)& 1.28 (t, 

J-8.4 Hz, 3H), 2.60 (q, J-8.4 Hz, 2H), 6.65 (9, 1H). Anal. Calcd for C20H19N03S2: C, 62.95: H, 

4.99: N, 4.08. Found: C, 62.93: H, 5.07; N, 6.06. 

2-(N-Acct~l-l-pheo~~~ino)-3-ben~eoe~alfo~~l-5-l~oprop~lthiopbene (4x): a viscous oil; IR 

(Neat) 1690 cm -‘; ‘H NHR (CDC13)( 1.57 (s. 6H), 2.06 (9, 3H). 7.09 (8, 1H). HRMS C2,H2’N03S2: 

399.0962. found: 399.0963. 

2_OClcet~l~-phm~LsrLno)-kethll-~phmJlcar~~lthioph~e (42): a viscous oil: IR (Neat) 

3325, 1680 cm-l: ’ H NPIR (CDC13)$2.10 (s, 3H), 2.42 (s, 3H), 6.90 (s. ‘H). HRHS C2OH’8N202S: 

350.1088. found: 350.1089. 

4-Iodomethyl-y-botyrolmctone (6). To a solution of N-phcnyl-4-pentenaaide (5) (2 mmol) in 

THF (20 ml) was added iodine (1.5 mmol) in THF (20 ml) at an ambient temperature. The reaction 

mixture was stirred for 3 days and then was treated with saturated Na2S203. After evaporation 

of THF, the residue wss extracted with methylene chloride. The extracts was washed with brine, 

drted,and evaporated to provide an oil, which was chromatographed to 6 (15%) and 5 (73%). 6; 

bp 90-100 “C/8 mmHg (Lit.13 bp 150 ‘C/l5 mmHg): IR (Neat) 1770 cm-‘: ‘H NHR (CDCl,)$ 1.70-2.82 

(la, 4H), 3.37 (m, 2H), 4.38-4.80 (a, IH). 
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