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Abstract - The mesoionic thioisomiinchnone system was prcpared fm the 
rhodium(I1) acetate catalyzed cyclization of a diamthioamide and was found to 

undergo smooth 1.3-dipolar cycloaddition with N-phenylmaleimide. In contrast to 

this system, the rhodium@) reaction of an a-diazc-bxo ester containing a 

thiocarbonyl p u p  produd acyclic thiocarbonyl ylide whichextruded sulfur from 
a wllsient episulfide intermediate. 

Thiocarbonyl ylides have been the subject of much interest in recent years due to their potential role as 

intermediates in a variety of reactions including the formation of episulfidesl and novel heterocyclic ring 

systems.2 Thefirst recognition oftheexistence ofthiocarbonyl ylidesappearsto have been made by Knott 

in 1955 in conjunction with considerations of the contributions of this segment to the electronic make-up 

of certain dyestuffs.3 Thiocarbonyl ylide formation can be achieved by several different pathways. The 

most flexible and general mute involves the A3-1,2,4-thiadiazoline ring system (1) as the dipole 

p r e ~ r s o r . ~  Mild thermolysis of ( I )  0~tNdeS nitrogen and produces the thiocarbonyl ylide (2) via a 1,s 

dipolar cycloreversion.5 Two generalized routes to the precursor (1) are shown in Scheme 1.68 

Thiocarbonyl ylide (2)generated as a reactive and short-lived intermediate has been trapped by various 

dipolarophiles, and kinetic analysis of the reaction has also unambiguously established the transitory 

existence of intermediate (2). The predicted conrotatory ring closure occurs to give episulfide (3) in the 

absence of trapping agents. 1 ,%Dipolar cycloaddition of 2 proceeds with retention of configuration as 

predicted.' 

Other methods for thiocarbonyl ylide generation involve the addiiion of thioketones to oxiranes,'O the 

photorearrangement of aryl vinyl s u l f i d e ~ , ~ I - ~ ~  the desilylation of a-bmmo-bis(trimethylsilylmethyl) 

sulfide.13 and the release of disiloxane from bis(trimethylsilylmethyl) sulfoxide.l4 The reaction of keto 

carbenoids with K-bonds which possess a lone pair of electrons is rapidly gaining prominence as an ext- 

remely efficient method for dipole generation.ls Frevious papers from these laboratories have outlined a 



368 HETEROCYCLES, Vd. 35. No. 1,1993 

Scheme I 

mute to oxapolycyclic ring systems which involves the tandem cyclizationcycloaddiiion reaction of a 

rhodium carbenoid intermediate.16 In an effort to increasa the versatility of the method, we became 

interested in examining hetem %-systems other than carbonyl gmups.l7 The formation and dipolar 

trapping of thiocarbonyl ylides via the interaction of carbenes or carbenoids derived fmm diazo 

compounds with thiocarbonyl compounds has not been investigated to the same extentl&21 as the 

correspondingcarbonyl ylide system.= In this paperwedescribe ourstudiesin thisarea which makeuse 

of several different classes of diazothiocarbonyls as prearrsors for the thiocarbonyl ylide dipole. 

Results and Dlscusslon 

The potential for ylide formation by reaction of a thioamide with an electmndeficient carbene was first 

exploited by Potts and co-workers23 for the preparation of the mesoionic anhydm-4-hydroxythiazolium 

hydmxide (thioi~omtlnchnoneP4~25 ring. Recent interest in this system may be attributed to (1) its ease 

of preparation from simple thioamides,2sV27 (2) the interesting physical properties it possesses, and (3) 

the propensity for its thiocarbonyl yliie dipole to undergo 1.3-dipolar cycloaddiiion with a wide range of 

dipolarophiles to produce complex heterocyclic ring systems.a.a A mixture of 3Hquinazoline-4-thione 

(5) and a-(tosylhydrazone)phenylacetyl chloride (6) in the presence of triethyhminegavediazothioamide 

(7).23 This compound afforded the ammatic mesoionic system (8) in 86% yield upon treatment with 

rhodium(l1) acetate. This intramolecular carbenoid-type cyclization provides an efficient synthesis of 
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the mesoionic thiazolium hydroxide dipole. Thioisomijnchnones such as 8 contain a thiocarbonyl ylide 

dipole within their framework and therefore should be willing participants in 1,3dipolar cycloaddition.30 

In contrast to the abundant literature dealing with the addition of modium carbenoid intermediates onto 

the oxygen atom of an amido g m ~ p 7 l - 3 ~  little was known about the interaction of the metal carbenoid 

with a thioamide when we started our wok in this area. Two questions of immediate concern were .(I). 

whetherthe thioamide functionality wouldcyclize more or less efficiently than the amido gmuptogive the 

1 ,$dipole, and (2), would the resulting thioisomijnchnone undergo dipolar cycloaddition with typical 

dipolarophiles. Thiocarbonyl ylides are known tocyclize togiveepisuldes which readily extrude a sulfur 

atom to produce olefins.35 This reaction pathway is reminiscent of the Eschenmoser sulfidecontraction 

reaction using thiolactam substrates.3Vn fact. Danishefsky and co-workers have applied this reaction 

to the synthesis of a variety of novel heterocyclic natural products.2 One interesting example involves the 

annulation of diazomethyl vinyl ketone with a variety of secondaly thiolactams to give hetemcycles such 

as 9.3' This diazo thioamide afforded 12 upon treatment with rhodium(l1) acetate in refluxing benzene 

followed by Raney nickel desulfurization. The intermediate involved in the conversion of 9 to 1 2 priorto 

treatment with Raney nickel was identified as ene thiol(1 1). In thiscase, the initially formed thiocarbonyl 

ylide intermediate cyclized to episulfide (1 0) which underwent subsequent isomerization to produce 1 1. 
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Cyclic diazothioimide (1 3) was easily prepared from Pthiopyrmlidinone by reaction with diketene 

followed by diazo transfer using 1-ethyl-Zchloropyridinium tetrafluomborate and sodium =idea8 to give 

N(Z-diazo-l,3-dioxobutyl)-Z-thiopyrrolidinone(13). Asampleof 1 3wasallowedto reactwith rhodium(ll) 

acetate in benzene at 80% and the initially formed rhodium carbenoid cyclized onto the adjacent 

thioamide group to produce thioisomOnchnone (1 4) in 78% yield as an isolable compound ('H-nmr 
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(CDCb, 300 MHz)S2.45(s,3H), 2.66(quin.,2H, J=7.6 Hz), 3.28(t, 2H, J=7.6Hz)and4.09(t,2H, J=7.6 

Hz); I3C-nmr(CDC13,75 MHz)S24.5,26.1,31.3,47.5,105.4,158.1,170.8, and 189.2). Heating 14 with 

Nphenylmaleimidegavecycloadduct (1 5) in 82%isolated yield. Nosignsof any prcduct(s)derivedfmm 

a rearranged episulfide intermediate could be detected in the crude reaction mixture. 

Acloseiy relatedsystem thatwealsoexamined involvedthe hodium(ll)catalyzed reaction of diiothioamide 

(1 6) with Nphenylmaleimide. In this case cycloadduct (1 8) was isolated as the major product in 75% 

yield. The facility with which the cycloaddition occurs is undoubtedly related to the 

stability of the aromatic mesoionicdipole (1 7). Ring closure to an episulfide would not only destroy the 

aromatic character of the dipole but would also lead to a highly strained ring, 

Os - RMokh a s +  Nphenyl- 

JY ~ 2 C h  J-LC-3 
17 Wph. '=A% 16 

18 

Anothersystem we investigatedinvolved the rhodium(ll)catalyzed reactionof diazodithioester(l9)in the 

presenceofvariousdipolarophiles. In thiscasethe resultingdipole isno longerpartof amesoionicsystem 

and thus might be expected to undergo competitive cyclization to an episulfide intermediate. Indeed, the 

major product isolated (80%) in all cases corresponded to hydmxythiophene (22). No detectable 
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quantitiesof any cycloadductcould be foundin thecrude reaction mixture. Apparently, the initially formed 

thiocarbonyl yllde (20) prefers to collapse to episulfide (2 1) which rapidly loses sulfur to give 22 rather 

than undergo dipolar cycloaddition.39 

In an earlier report40 we described the rhodium(ll) catalyzed behavior of a-diazo keto amide (23). The 

initial reaction involved generation ofthe expected carbonyl ylide dipole (24) by intramolecularcyclization 

of the keto carbenoid onto the oxygen atom of the amide gmup. The highly stabilized dipole does not 

readily undergo 13dipolarcydoaddition but rather loses aproton to produce thecyclic ketene N,Oacetal 

(25). This rnatetial reacted with the aclivated n-bond of the dipohmphile (i.e., DMAD) to produce 

Iwitterion (26). The anionic portion of 2 6  underwent addiion to the adjacent carbonyl gmup affording 

27 which was converted to cycloadduct (28). 

As part of our studies dealing with the rhodium(ll)catalyzed behavior of diazo thioamides, we attempted 

to carry out an analogous reaction with the closely related thioamide (29). However, under identical 

experimental conditions to that used with 23. the corresponding thioamide (29) produced the cyclic 

vinylogous amide (32) in 90% isolated yield. Both systems require formation of the respective carbonyl 

(24) and thiocarbonyl ylides (30). The two systems diverge at this point. Whereas carbonyl ylide (24) 

undergoes proton loss to give 25, the closely related dipole (30) cyclizes to produce a transient 
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episulfide (3 1)which subsequentlyeliminates sulfurtogive 32.41 Thethermal ring closureofthioca~nyl 

ylides to episulfides generally proceeds in a conrotatory fashion as a consequence of ortital symmetry 

factors.9 The cyclization of 3 0  to 3 1 (and then on to 32) however, involves a disrotatory closure. More 

than likely the weaker G S  bonds and thermodynamic stability of 3 2  combine to lower the activation 

energy of the ring closure even though this representsafonal violation of the Woodward-Hoffman tubs 

for electmcyclization.9 

Recently, a new method for azomethine ylide formation was developed in our laboratory which involves 

a cascade of dip~les.~Z This novel process was uncovered during an examination of the reaction of N 

acetyl-2-(1diazoace~l)~mlidine (33) with DMAD in the presence of rhodium(l1) acetate. In an effort 

to extend this readionto otherdipoles, we studiedthe rhodium(ll)catalyzed behavioroftheclosely related 

thioamide derivative (34). Treatment of 3 4  with rhodium(ll) acetate at 80% in the presence of DMAD 

afforded pyrrole (39) as the major product in 62% yield after column chromatography. By analogy with 

33, we believe that the reaction proceeds viedipole (35) which is converted to azomethine ylide (36) by 

a small amount of water present in the solvent. Dipolar cycloaddition with DMAD provides cycloadduct 

(37) which readily undergoes a 1,3-thio shift to generate 38. This material is ukimately converted to 39 

upon chromatographic workup." 
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In wnciusion, we have demonstrated that cyclic thiocarbonyl ylides can be generated from 

several thiocarbonyl compounds. The resuning products depend on the nature of the functional gmups 

which flankthe u-bond as well as the ring size of the cyclicdipole. We are continuing to explorethe scope 

and mechanistic details of thiocarbonyl ylides and will report additional findings at a later date. 

EXPERIMENTAL SECTION 

Melting points are uncorrected. Mass spectra were determined at an ionizing voitage of 70 eV. Unless 

otherwise noted, all reactions were performed in oven dried glassware under an atmosphere of extradry 

nitmgen. Solutions were evaporated under reduced pressure with a rotatoly evaporator and the residue 

waschromatographed on a silica gel column using an ethyl acetate-hexane mixture as the eluent unless 

specified othemise. 

Preparation and Rhodlum(ll) Catalyzed Reaction of N-(2-Diazo-1,s-d1oxobutyl)-2- 

thiopyrrolldlnone (1 3). ~oasolutioncontaining3.0~(35.3mmol)of2-~rrolidinonein50mloftoluene 

wasadded8.55g (21.2 mmol)of Lawesson'sreagenflandthe resulting suspension was heated at reflux 

for 5 h. The solution cooled to room temperature and the solvent was removed under reduced pressure. 

The resulting residue wassubjectedto flashsilicagelchmmatography using a50% hexane-ethylacetate 

mixture as the eluent to give 2.35 g (66%) of 24hiopymlidinone" as a colorless solid; mp 11 0-1 11 "C; 
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ir (CDC13) 3280.3150,3000,1665,1440, and 1240 cm-1; 1H-nmr (CDCl3,300 MHz) S 2.08 (quin., 2H, 

J=7.6 Hz), 2.79 (t, 2H, J=7.6 Hz), 3.55 (t,2H, J=7.6 Hz), and 9.26 (s, 1H); 1%-nmr (CDC$,75 MHz) S 

22.5, 43.2,49.5, and 205.0. 

To a solution containing' 0.50 g (4.95 mmol) of the above thiolactam in 80 ml of dry THF at 

-78°C under a nitrogen atmosphere was added 3.25 ml of a 1.6 M n-Buli solution and the mixture was 

stirred for 60 min at this temperature. A sample containing 0.42 ml(5.40 mmol) of diketene was added 

to the solution and the resulting mixture was allowed to warm to mom temperature and then poured into 

50 ml of an aqueous saturated ammonium chloride solution. The aqueous phase was separated and 

extracted with ether. The combined organicphase wasdriedoveranhydmus magnesiumsulfate,filtered, 

and the solvent was removed under reduced pressure. The residue was subjected to flash silica gel 

chromatography using a%% ethyl acetate in hexane mixture asthe eluentto give 0.49g (%%)of N-(13 

dioxobuty1)-2-thiopyrmlidinone as a yellow oil; ir (neat) 2975.2901,1723.1694. 1617,1387,1335,1256, 

and 1122 cm-l; lH-nmr(CDCb,300 MHz) S 1.99 (quin., 2H, J=7.4 Hz), 2.19 (s, 3H), 3.09 (t,2H, J=7.4 

Hz), and 4.1 1 (1, 2H, J=7.4 Hz); 13C-nmr (CDCb, 75 MHz)S 19.1,30.1,49.9, 53.1,53.6, 168.0,200.4, 

and 209.1. 

Asolution containing 0.82g (3.57 mmol) of 1-ethyl-2chlompymdinium tetrafluomborate in 20 ml of a70% 

aqueous methanol solution wastreated with 0.23 g (3.57 mmol) of sodium azide at -25°C.38 Afterstirring 

for 10 min, a solution containing 0.55 g (2.97 mmol) of N(1,3dioxobutylp2-thiopyrrolidinone in 3 ml of 

70%aqueous methanol and 0.29 g (3.57 mmol)of sodium acetate was added in that order. The resulting 

solution was stirred for 18 h at -25% and was then allowed to w a n  to mom temperature. The solvent 

was removed under reduced pressure and the residue was taken up in 20 rnl of water and extracted with 

ether. The combined organic phase was dried over anhydrous magnesium sulfate, filtered, and the 

solvent was removed under reduced pressure. The resulting residue was subjected to flash silicagel 

chmmotography using a 45% ethyl acetate in hexane solution as the eluent to give 0.13 g (21 %)of N-(2- 

diazo-1 3-dioxobutyl)-2-thiopyrrolidinone (1 3) as a yellow solid; mp 83-84°C; ir (neat) 2984,2907,2139, 

1653,1396, and 1335 cm-I; lH-nmr (CDCb, 300 MHz) S 2.12 (quin., 2H, J=7.4 Hz), 2.48 (s, 3H), 3.06 

(t, 2H, J=7.4Hz),and4.08(1,2H, J=7.4Hz);l3C-nmr(CDCI3.75 MHz)S20.3,28.5,47.5,53.7,83.2,162.5, 

189.2. and 206.2. 

A solution containing 67.5 mg (0.32 mmol) of the above diazo compound and 83 mg (0.48 mmol) of N 

phenylmaleimide in 5 ml of xylene was treated with a catalytic amount of rhodium(ll) acetate and the 

solution was heated at reflux for 1 h. The mixture was cooled to mom temperature and the solvent was 
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removed underreduced pressure. The resuhing residue wassubjectedtoflash silicagelchromatography 

using a 50% ethyl acetate in hexane mixture as the eluent to give 72 mg (63%) of 4-acetyl-4.9a-epithio- 

2,3a,4,7,8,9,9a,9b-octahydm-2-phenyl-lB,Mriox~l Kpyrmlo[3,4-glindolizine (1 5) as a white crystal- 

line solid; mp 21 2-21 3'C; ir (neat) 3080,2995,2915,1721,1510,1396, and 1205 cm-1; 1H-nmr (CDC13, 

300 MHz) 62.21-2.35(m, 2H), 2.42(dt, lH, J=l4.2and 5.9 Hz),2.67(s, 3H), 2.67-2.78(m, 1 H), 3.27(dt, 

lH, J= l l . l  and 7.5 Hz), 3.57-3.62 (m, lH), 3.64 (d, lH, J=6.9 Hz), 4.12 (d, 6.9 Hz), 7.09-7.24 (m, 2H), 

and7.39-7.48(m.3H);13Gnmr(DMSOdg,75MHz)S26.1.28.3,28.5,42.9,49.9,57.2,81.7,81.9,126.9, 

129.2,129.4,132.0,170.3,173.4,173.7 and 199.8; Anal. Calcd forC18H16N204S: C, 60.66; H, 4.53; N, 

7.87; S. 8.98. Found: C. 60.58; H. 4.57; N. 7.80; S, 8.94. 

The rhodium(ll)catalyzed reaction of 1 3 was also canied out in the absence of adipobrophile. A solution 

containing 89 mg (0.42 mmol) of 1 3  in 5 ml of dry benzene was treated with a catalytic amount of 

rhodium(ll) acetate and heated at reflux for 2 h. The solution was cooled to room temperature and the 

solvent was removed under reduced pressure to give 60 mg (78%) of thioisomiinchnone (1 4) as an oily, 

black solid; IH-nmr (CDC13,300 MHz) 62.45 (s. 3H), 2.66 (quin., 2H, J=7.6 Hz), 3.28 (t, 2H, J=7.6 HZ), 

and 4.09 (t, 2H, J=7.6 H~) ;~~-nmr(CDCkj ,  75 MHz)624.5,26.1,31.3,47.5, 105.4, 158.1. 170.8, and 

189.2. To a solution containing 40 mg (0.22 mmoi) of thioisomiinchnone 1 4  in 5 ml of xylene under a 

nitrogen gas atmosphere was added 57 mg (0.33 mmol) of Wphenylmaleirnide and the mixture was 

heatedat refluxfor2 h. Thesolution was cooledto room temperature andthe solvent was removedunder 

reduced pressure. The resutting residue was subjected to flash silicagel chromatography to give 64 mg 

(82%) of 4-acetyl-4,9a-epithio-2,3a,4,7.8.9,9a.9b-octohydm-2-phenyl-l,3,btrioxo-l Kpyrrolo[3.4- 

glindolizine (1 5). 

Preparation and Rhodlum(ll) Catalyzed Reactlon of 1-(2-Diazomethylformylaceto)-2- 

thiopyrridlnone (1 6). To asolution containing 500 mg (5.0 mmol)of 2-thiopymlidinone45and 750 mg 

(5.0 mmol) of methyl(chloroformyl) acetate in 20 ml of anhydrous THF at 0% was slowly added 600 mg 

(6.0 mmol)oftriethylamine. The mixturewasstirredfor12handwasallowedtowarmtoroomtemperature 

and stined overnight. The solution was quenched with a NH4CI solution, extracted with ether, dried over 

anhydrous Na2S04. and concentrated under reduced pressure. Purification of the residue by flash silica 

gel chromatography afforded 155 mg (37%) of 1 -methylformylaceto-2-thiopynolidinone as a pale yellow 

oil; ir (neat) 1750,1710,1480,1360,1280,940, and 700 cm-1;lH-nmr (CDC$,90 MHz) 62.08 (q, 2H, 

J=9 Hz), 3.20 (t. 2H, J=9 Hz), 3.70 (s, 3H), 4.20 (t, 2H, J=9 Hz), and 4.32 (s, 2H). 

To a room temperature solution containing 140 mg (0.7 mmol) of the above Bketo ester and 90 rng (0.75 
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mmol) of mesyl azide in 1.2 ml of dly dichlommethane was added 188 rng (1.9 mmol) of triethylamine. 

Stirring was continued for 3 h followed by concentration of the mixture under reduced pressure. 

Purification by flash silicagel chromatography afforded 62 mg (37%) of 1-(2diazomethylformylaceto)-2- 

thiopyrrolidinone (1 6) as a yellow oil; ir (neat) 2140,1740, 1710, 1400,1260,1160,770 and 730 cm-l; 

1H-nrnr(CDC13.90 MHz)S2.15(q, 2H, J=7 Hz), 3.08(1, 2H, J=7 Hz), 3.82 (s, 3H), and 4.06 (t, 2H, J=7 

Hz). 

A solution containing 50 mg (0.23 mmol) of 1 6 and 192 mg of Nphenylmaleimide (0.7 mmol) in 3 ml of 

benzene in the presence of 5 mg of rimdium(ll)acetate was immersed in a 100% oil bath and maintained 

atthistemperaturefor 30 min. The mixturewascooled.Rlteredand concentrated under reducedpressure. 

Purification ofthe residue by f k h  silicagelchromatography afforded36 mg(44%)of rnethyl4.9a-epithio- 

2,3,3a,4,5,9bhexahydro-l,3.5t1ioxo-2-phenyl-1-Hpymlo[3,4-g]indolizine4ca~xyIate(l8)asawhiie 

solid; mp21E2190C; ir(CHCb) 1760,1720,1505,1470,1270,1200,and700cm-~;~H-nmr(CDCl~,300 

MHz) S 2.252.32 (m, 2H), 2.42 (dt, lH, J=14.7 and 5.6 Hz), 2.72 (dt, lH, J=14.7 and 5.6 Hz), 3.26 (dt, 

lH.J=l l . l  and7.5Hz),3.58(d,lH,J=6.8Hz),3.5&3.66(m,lH),3.92(s,3H),4.13(d,lH,J=6.8Hz), 

and 7.22-7.48 (m, 5H); Anal. Calcd for C I ~ H ~ ~ N ~ S O ~ :  C, 58.05; H, 4.33; N, 7.53. Found: C, 57.93; H, 

4.21; N, 7.38. 

Preparatlon and Rhodlum(ll) Catalyzed Reaction of Ethyl 2-Diazo-3-0x0-4-thioben- 

zoylthlobutanoate (19). To a solution containing 1.0 g (4.71 mrnol) of thiobenzoylthioacetic acid in 

75 ml of THF was added 0.92 g (5.65 mmol) of N,NcarbonyMiimidazole and the mixture was stirred for 

16 h at morn temperature. Treatment of this solution with 7.07 mmol of the magnesium chelate of ethyl 

hydrogen malonate dianiona at 0% led to the formation of a gummy precipitate. The reaction mixture 

was warmed to 25% and stirred for 16 h. At the end of this time, the mixture was poured into 100 ml of 

an ice cold 1.0 M H3P04 solution. The resultant mixture was extracted with ethyl acetate, dried over 

Na2S04 and concentrated under reduced pressure. The CN& keto ester was dissolved in 10 ml of 

benzene. To this solution was added 0.57 g (4.71 mmol) of mesyl azide and 1.3 ml (9.42 mmol) of 

triethylamine and the reaction was stirred for 12 h at mom temperature. The crude product mixture was 

concentrated under reduced pressure to leave behind a red oil which waschmmatographed on silicagel 

to give 0.95 g (65%) of ethyl 2diazo-3-0x0-4-thiobenzoylthiobutanoate (1 9) as an orange solid; mp 96- 

97OC; ir(neat) 21 47,1692,1644,1389,1274 and 1201 cm-1; 1H- nmr(CDC13,90 MHz) S 1.35 (t,3H, J=7 

Hz), 4.38 (q, 2H. J=7 Hz), 4.82 (s, 2H), 7.45 (m, 3H), and 8.10 (m, 2H). 

To a stirred solution containing 0.55 g (1.78 mmol) of 19 in 20 ml of benzene was added 10 mg of 
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rhodium(ll) octanoate. The reaction was heated at reflux for 2 h. The mixture was concentrated under 

reduced pressure and the resultant red oilwaschmmatographedon silicagel togive 0.35g (80%)of ethyl 

2-phenyl4hydroxythiophene-Xarboxylate (22p7 as an orange solid; mp 60610C; ir (CHCl3) 1666, 

1566,1431 and 1154 cm-1; 1H-nmr (CDC$,90 MHz) G 1.05 (t, 3H, J= 7 Hz) 4.24 (q, 2H, J=7 Hz), 6.37 

(s, 1H),7.41 (m,5H),and9,32(s, 1H); 1%-nmr(CDCI3,75MHz)S13.5,61.0,98.9, 115.1,127.5,127.6, 

128.6,129.7,134.2,150.3,156.1, and 166.1; Anal. Calcd forC13H12qS: C, 62.89; H, 4.88. Found: C, 

62.74; H, 4.63. 

Preparation and Rhodlum(ll) Catalyzed Reaction of Ethyl 2-Diazo-6-(Kmethyl-K 

phenyl)amino-9-0x0-8-thioxohexanoate (29). To a solution containing 10.5 g (50 mmol) of N 

methyl-Kphenylsucdnimicacidain 100 mlof methanolat -2O~Cwasslowlyadded4 mlofthionylchloride 

overa 15 min time span. The reaction mixture was allowed to warm to mom temperature and was stirred 

at 250Cfor 1 h. Removal of the solvent underreduced pressure andchmmatography ofthecrude residue 

on silica gel afforded 9.1 g (82%) of a colorless oil whose structure was assigned as methyl Kmethyl-N 

phenylsuccinimate; IH-nmr (90 MHz, CDCl3) 8 2.25-2.65 (m, 4H), 3.30 (s, 3H), 3.69 (s, 3H), and 7.23- 

7.60 (m, 5H). 

A solution containing 9.1 g (41 mmol) of the above amide and 8.1 g (42 mmol) of Lawesson's reagen* 

in 100 ml of THF was stirred at room temperature for 3 h and at 60% for an additional 1 h. Removal of 

the solvent under reduced pressure andchromatography of the residue on silicagel gave 7.5g of a white 

solid (79%) whose structure was assigned as methyl 4-(N-methyl-N-phenyl)amino-4-thioxobutanoate; 

mp 67-68%; lH-nmr (300 MHz, CDCl3) G 2.64 (t, 2H, J4.9 Hz), 2.86 (t,2H, J=6.9 Hz), 3.63 (s, 3H), 3.74 

(s, 3H), 7.21 (d, 2H, J=7.5 Hz), and7.40-7.52 (m, 3H), 1%-nmr(75 MHz,CDCb) 832.9,36.6,45.2,51 .O, 

125.0,127.0, 129.5.144.8, 172.5, and202.9. 

Saponification of 7.5 g of the above compound with 1.0 equiv. of sodium hydmxide in a 1 :1 mixture (1 00 

ml) of 1.0 N NaOH and methanol afforded an almost quantitative yield (7.2 g) of C(Nmethy1-Nphenyl)- 

amino-4-thioxobutanoicacidasawhitesolid; mp 135-1360C, 1H-nmr(9O MHz,CDC13)G2.62(t, 2H, J=6.3 

Hz),2.91 (t, 2H, J4.3Hz), 3.77(s,3H),7.20-7.58(m, 5H),and 10.20(bs, 1H). Asolution containing 6.7 

g (30 mmol) of this acid in 100 ml of THF was treated with 4.86 g (35 mmol) of N,N%arbonyldiimidazole. 

The yellowish solution darkened in color over several min and was allowed to stir at room temperature 

overnight. The resuking mixture was added to a freshly prepared magnesium (11) ethyl malonate dianion 

solution4 in 50 rnl of THF and the combined mixture wasallowed to stir at mom temperature for 4 h. The 

solution was quenched with 120 ml of an ice cold 1.0 M phosphoric acid solution. This was followed by 
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extraction with ethyl acetate, drying overanhydmus Na2S04, removal of the solvent and recrystallization 

of the residue fmm an ether-hexane mixture to give 5.0 g (54%) of ethyl 6-(Nmethyl-Kphenyl)amino-3- 

0x0-6-thioxohexanoate as a white solid; mp 49-500C; nmr (90 MHz. CDCl3)6 1.27 (t, 3H, J4.6 Hz), 2.63 

(t, 2H, J=6.4 Hz), 3.13(t, 2H, J=6.4 Hz), 3.54(s, 2H), 3.77(s, 3H), 4.18(q, 2H, J=6.6 Hz),and7.20-7.62 

(m, 5H). 

A solution containing 4.5 g (15 mmol) of this material in 50 ml of acetonitrile was treated with 3.3 g (27 

mmol) of methanesulfonyl azide and 2.5 ml of triethylamine for 12 h. The reaction mixture was washed 

with a 10% sodium hydmxide solution and the aqueous phase was extraded with ethyl acetate. The 

combined organic layer was dried over sodium sulfate and concantrated under reduced pressure. The 

crude residue was chmmatographed on a silica gel column to give 4.1 g (86%) of diazothioamide (29) 

as ayellow solid; mp 93-94%; ir(KBr)2130.1705.1640.1490,1450,1230,780, and 701 cm-1;IH-nmr 

(300 MHz,CDC$)61.33(t, 3H, J=7.1 Hz),2.68(t,2H, J4.4 Hz), 3.40(1,2H, J4.4 Hz), 3.73(s, 3H);4.30 

(q, 2H, J=7.1 Hz), 7.27 (d, 2H, J=7.5 Hz), 7.39 (1, 1 H, J=7.5 Hz), and 7.47 (t,2H, J=7.5 Hz); 13Gnmr (75 

MHz,CDC$)613.7,36.0,39.1,45.2,60.7,125.1,127.7, 129.4,144.9, 160.7,190.7,and203.3. Anal. 

Calcd for C I ~ H ~ ~ N ~ O ~ S :  C, 56.41; H, 5.36; N, 13.16; S, 10.04. Found: C, 56.34; H, 5.37; N, 13.1 1; S, 

9.99. 

Treatment of 320 mg (1.1 mmol) of compound (29) with a cataiytic amount of rhodium(l1) acetate dimer 

at 600C in 10 ml of benzene, either in the presence or absence of a dipolamphile, gave rise to a clear oil 

in 90% yield whose structure was assigned as 2-carboethoxy-3-(Nmethyl-Kphenyl)amino-2- 

cyclopentenone (32); ir (neat) 1720,1663,1561.1492.1405,1034 and 700 cm-1; 1H-nmr (300 MHz, 

CDCl3)61.18(t,3H, J=7.0 Hz), 2.41-2.46(m, 2H), 2.57(m, 2H),3.45(s, 3H), 3.93(m, 2H)and 7.21-7.47 

(m,5H);1~C-nmr(75MHz.CDC~)613.5,27.9,33.0,42.4,60.0,108.0,125.1.127.2.129.1,144.8,164.6, 

173.3, and 199.0, Anal. Calcd for C15H17N@: C, 69.47; H, 6.61, N, 5.40. Found: C, 69.28; H, 6.52; N, 

5.23. 

Preparation and RhodIum(l1) Catalyzed Reaction of Ethyl 2-Diazo-3-0x0-3-(1- 

thiobenzoylpyrrolidln-2-y1)proplonate (34). Asolution containing 12.0 ml(104 mmol)of benzoyl 

chloride in 75 ml of ether was addeddmpwise to astirred solution of 10.0 g (86.9 mmol)of L-proline ,10.0 

g of sodium carbonate. 100 ml of a 10 N sodium hydroxide solution, and 100 ml of water at 5oC. The 

reaction was allowed to warm to room temperature. and stirred for an addtional 1.5 h. The resultant 

precipitate was filtered and the filtrate was extracted with ether and the aqueous layer was acidified to pH 

2 with concentrated HCI. The acidic mixture was extracted with ethyl acetate, dried over NazS04, and 
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concentrated under reduced pressure to give an opaque oil that was redissolved in 200 ml of ethanol. To 

this solution was added 200 mg of ptoluenesulfonic acid and the mixture was heated at reflux for 8 h. The 

reaction mixture was concentrated under reduced pressure and the residue was partitioned between a 

saturated NaHCQ solution and dthyl acetate. The organic layer was dried over Na2S04 and concent- 

rated under reduced pressure togive athickclearoil which wasdissolved in 400 mlof THF. To thissolution 

was added 17.6g (43.5 mmol)of Lawsson's reagent" andthe mixture was stirred at 25%for 16 h. The 

solution was concentrated under reduced pressure and chmmatcgmphed on s i l i  gel to give 19.7 g 

(86%)of Nthiobenzoylproline ethyl esteras a light yellow crystalline solid; mp 86-87%; ir (CHCl3) 1738, 

1445,1264,1194and 1024~m-~;~H-nmr(CDCb,9OMHz)61.25(t,3H, J=7Hz), 1.80-2.45(m, 4H), 3.63 

(m, 2H), 4.28(q, 2H, J-7 Hz), 5.15(m, lH), and7.36(m,SH). 

To a stirred solution containing 2.5 g (9.50 mmol) of the above material in 25 ml of acetone was added 

100 mi of 1 N NaOH solution. The reaction was stirred at 2.5% for 4 h. then the excess acetone was 

removed under re- pressure and the remaining aqueous soMm was made acidic (pH 2) with conc. 

HCI. The resukant mixture was extracted with CH2Ch and concentrated under reduced pressure to give 

the crude carboxyli add. To a solution of the crude acid in 100 ml of THF was added 1.5 g (9.50 mmol) 

of N,Ncarbonykliimidazole and the mixture was stirred for 16 hat room temperature. Treatment of this 

solution with 14.3 mmol of the magnesiumchelateof ethyl hydrogen malonate dianionMat 0% led to the 

formation of agummy precipitate. The reaction mixture was warmed to 25% and stirred for 16 h. At the 

end of thistime, the mixture was poured into200 ml of an ice cold 1.0 N H3P04 solution. The mixture was 

extracted with ethyl acetate, dried over N a S h  and concentrated under reduced pressure to give the 

crude ketoester which was dissolved in 20 ml of benzene. To this solution was added 1.2 g (9.5 mmol) 

of mesyl azide and 2.6 ml (19.0 mmol) of triethylamine and the solution was stirred for 12 h at room 

temperature. The C ~ d e  product mixture was concentrated to adark yellow oil and chmmatographed on 

silica gel to give 1.6 g (52% yield) of ethyl 2diazo-30~0-3-(1-thiobenzoylpynolidin-2-yl) pmpionate (34) 

as a thick yellow oil; ir (neat) 2125,1710,1665,1450,1305 and 1225 cm-I; IH-nmr (CDCb, 90 MHz) 6 

1.25 (t, 3H, J-7 Hz), 1.80-2.35 (m, 4H), 3.52 (m, 2H), 4.21 (q, 2H, J=7 Hz), 6.05 (m, 1 H), and 7.25 (m, 

5H). 

To a stirred solution containing 300 mg (0.905 mmol) of 34 and 0.1 7 ml(1.36 mmol) of DMAD in 5 ml of 

benzene was added 10 mg of hodium(ll) octanoate. The reaction mixture was heated at reflux for 3 h, 

concantrated under reduced pressure andthe residuewaschmmatcgraphed on siliigellogive 202 mg 

(62%)of dimethyl2.3-dihydro-5phenyl-1 Hpynoliuine6,7diirboxylate (39)49as acrystallinesolid; mp 
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155-156°C; ir (CHCk) 1716,1441,1223 and 1098~m-~;  lH-nmr (CDC13.90 MHz) 82.52 (m, 2H), 3.15 

(t, 2H, J=7 Hz), 3.75 (s, 3H), 3.81 (s, 3H), 3.95 (1, 2H, J=7 Hz), and 7.37 (m, 5H); Anal. Calcd for 

C17H17N04 : C, 68.21 ; H, 5.73, N, 4.68. Found: C, 68.20; H, 5.72; N, 4.65. 
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