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SYNTHESIS AND [3+2] CYCLOADDITION REACTION OF 

3-[(TRIMETHYLSILYLMETHYLAMINO)(METHYLTHIO)]- 

METHYLENE-2-COUMARANONE AND -1-METHYLOXINDOLE: 

SYNTHETIC EQUIVALENT OF HETEROCYCLIC ALKYLIDENE- 

AZOMETHINE YLlDE A S  A NOVEL 1,3-DIPOLAR REAGENT 

Yoshinori Tominaga, 'a  Satoshi Takada a, and Shinya ~ o h r a ~  

Faculty of Pharmaeeutieal of S ~ i e n c r a , ~  Faculty of Liberal ~ r t s , ~  Nagasaki University, 

1-14, Bunkyo-machi, Nagasaki 852, Japan 

A b s t r a c t - - - - - - - - - 3 - [ ( T r i m e t h y I s 1 1 y l m e ~ h y l m o ) ( m e h y l h o ) m h y l e 2 c o m a ( 4 a ) a n d  -1- 

methylilr~ndole (4b). rcadlly prepaird by rracticm of the cmrcspondmg b~r(methylfh~n)methylene- 

hclcrocyclie compounds ( l a ,  b)  with trimcthylrilylmcfhylam~ne (3). were found to be rynthrttc 

rqurvalrnt of heterocyclic alkyhdenrazomethine ylidcr Reacfron of  48, h wtlh reactive hecero- 

dtpolarophller such a7 aldehydes and ketones in ,he presence of eewm nuorrdc gave 1.3-drpolar 

cycloadducrs,3-(2-orarol~d~nyl~dene)-2-~oumaranoneand-I-me~hylonrndole derwatwes(8a-j, 9a-h) .  

via the 1.3-eltmtnatlon of (merhylthio)tr~meihyls~I~nn 

Alkylidenezomethine ylides can be generated by the 1,3-elimination reaction olN-trimelhylsilylmethyl-substituted kelene N,S-auetals 

promoted by fluoride son and [3+2j cycloadditmnl to various dlpolarophiles is achieved, giving N-contaamg tr- 

alky~ideneheterocycles.~ m e  kelene N,S-acetals considered a? precursors of uomelhine ylides are readily obtained by reaction3 of 

trimethlsilylmethylaminc wilh the corresponding ketene dithn~acetal\.~ Thns paper rcpons the preparation of 3-(tnmethylsdyl- 

me thy lamino~methy l th io )melhyIene-2-caumn (4a) and -1-methylonindole (4h) as synthetic equivalents of heterocyclic 

alkyl~deneazometl~ine ylides and reaction wilh h e l m  dipolarophiles. 

4a ,  b 
a X=O. ~ . x = N . M ~  5 8 ,  9 

Scheme I 

Ris(methy1thia)methyleneheterocyclic compounds ( la ,  b),4,5 readily available from reaction of 2-coumamone and oxindolc, 

respectively, with orbon disulfide in the presence of sodium hydromdz followed by methylation with methyl iodidc or dimcthyl 
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s~ l l a t c ,  were lreated with trimethylsilylmethylamine (3) in methanol under reflux for 30 mi" lo  aCford the corresponding N,S-acetal 

derivati~es(4a)~, @17 in high yields. The E-configuration of 427, b was rcvealed by their a and IH-nmr spectra (See Notes). 

T a b l e  1. 1,3.Dlpolar  Cyc loadd l t lon  R e a c t l o n  of 3-(Trlmethylsllylmethylamlno)(methylthlo].2. 
coumaranone (4) with 2,6-Dichlorobenrsldehyde (6d) 

o$-+2-siMe3 + Ck&l - ~ ~ 1 , ~  .tor 

0 Condirrons 

4a 66 

Entry N,S-Acetal Ndchydr(mmo1) hctrvamr Condmnnr yield(%) 

1 0 .5  1.0 TASF(1 0 equlv.) lHF.r i .24  h r  72 

2 0.5 1 0  'lHAf.(l Ocqulv lHF.r t .24  h r  60 

3 0.5 1 .0  mN(O 1 cqulv THF.rt.24 h r  69 

4 0 5 1.5 CsF (1 2 equlv ) CH3CN,r1,45 hr 60 

5 0 5 1 0  CSF(1 2equiv)  CII,CN.rt. 10 h r  67 

6 0 .5  1 0  Cd'(1 2 cquv ) CH3CN, r i ,  45 h i  69 

7 0 .5  1 .0  CsF(1.2 equw.) CH3CN, rt, 70 h r  73 

TASF=Trm(drmcthylamino)~~Ittr(~~~methyllyl)Duode [(CH3hNbS[(CH3)jS~F2] 
1BAF= Telrabutylammon~um Fluortde ICH3(CH2)&NF 

It was previously shown that the synthesis of Z-alkylidene-1,3-oxa1011dinea from alkylidmciunmethine yiides and carhonyl 

compounds could be effectively amducted by a stoichiometric amount01 cesnum fluoride. 2 s  At the stan of this study, thc reaction 

of 4s with 26-dichlorobemaldehydc (6d) was attempted in the presence of cesium fluoride in acetonitrilc at roam temperature for 45  

h as a model reaction. The reaction p e c d e d  smoothly to afford the corresponding 2-coumaranone (8d) in 60% yield. When 2 0 

equivalents of aldehyde per one equivalent of 4a were used, the yield of cycloadduct (8d) wm 73%. Tris(dimethy1amino)- 

sulfur(lrimethy1silyl) difluoridc(TASF) and tctrabutylammonium fluoride (TBAF) umld be s lved as sources of fluoridc ions in this 

reaction Fah les  1 and 2)? Acids such as trimethylsilyl trifluommelhanesulfonate, iodotrimethylailane , and trifluoroaceticacid did 
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I 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 

I1 NMe 

I2 NMe 

13 NMe 

14 NMe 

15 NMe 

I6  NMe 

17 NMe 

18 NMe 

19 NMe 

GHr (ha) CIF 

4 ~ M e y l 4  (tib) CsF 

4.CaHrCaHa (tic) CIF 

Zh~CliCdHl (64 CsF 

4~CIGH. (64 CsF 

4-NOSdHn ( 6 ~ )  CsF 

I-naphthyl(6h) CIF 

~ ~ ( ~ 1 1 3 ,  (61) CIF 

(E) GHrCH=CH(6j) CsF 

cdr IW  CrF 

4-Me-Cdir  (6b) CsF 

4 -CaHrW,  (6~1  CSF 

z . t i ~ ~ , y l ,  (MI CIF 

2.6~Cl>CaH~iMl TEAT 

4~CIGHa (661 CIT 

4-MeOW4 (6n CsF 

I-nlphthyl(6~) C 9  

Me(CH& (6h) C-F 

AUreactionswerc carried out m a ??ism of 4 (0 mmal), carbonylmmpound(6or 7) (l.Omrnol),andC~F 
(0.6mmol) in McCN ' Yieldalter nolainn by slllcagrlculumnchmmatography 

not promote the reaction. Compound (4a) reacted smoothly with other aldehydes(6) in the presence of cesium fluoride to g k e  

the corresponding 2-oxarolidinylidene substttuted [3+2] qcloadditiun product? (Xa-i) in 17.73% yields. The reaction of 4 with 

ketonepa) was conducted underlhe same conditions. As shown in Table 2, the reaction of 4 with ketone (7a) pn~r rded  amoolllly 

to give the conesponding 5,5'-disubstituled 2-oxai.olidinyliden derivative ( R j )  in 11% yield. Subslilutcd aromatic aldchydca hearing 

electron-donating and electron-withdrawing group ,  uJ-unsaturated aldchyde and aromatic ketone reacted wnth 4 to give thc 

mncsponding oxarolidinylidenea (8) ~n modcsl yiclds. Compound (4b)  also reacted smoothly with various whstitutcd aldehydes 

(6) and kctone (7b) lo give the conespanding 2-oxuolidinylidene-1-methyloxindoles (9a-h) in yields as shown in Tahle 2 

A typical enperimcntal procedure is as fallows: a solulion of 2.6-dbchlorobemaldehydc (6dX0.176 g, 1.0 mmol ), N,S-acetal (48) 

(0.108 g, 0.50 rnrnol), and cesium fluoride (0.091 g, 0.60 mmol) in dly acetonitrilc (10 ml) was stined a1 room tcmpcraturc for 211 h. 
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The solvent was evaporated to give a m d e  product (8d) which was purilied hy silica gel column chromatography using methanol as 

an clucnt to give 0.100 g (0.365 mmol) of Rd in 73% yield. This compound was rccrystallizcd from ethanol to give colorless 

needles, mp 277°C. 

It is cvident from the present results that N-trialkylsilylmcthyl-substituted N,S-acelals (4a, b)  are stnrable and easy-to-handle 

synlhetir equivalents of heten>cyolir alkylidencrzomcthine ylidcs (5).1° 
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2b :  Yield 83%, mp 59-60T, yellow nerdlcs; 1 ~ - n m r ( ~ ~ ~ 1 3 ,  90 MHz) 6: 2.58(3H, s, SMe), 2.64(3H, s, SMc), 7.00- 

7.38(3H, m, aromatic-H), R Oh(lH, m, aromatic-H); ir(Kl3r)ucm-l: 1742(CO). 

4a:  mp 76-78T, yellow ncedles, Yield 9 9 2 .  1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  90MHz) h: 0.17(9H, s, SiMci), ?.46(3H, s, SMc), 

3.25(2H, d, J=5.9 Hz, N-CH2-), 7.05-7.24(3H, "I, ammatic-H), 7.71-7.82(1H, m, aromatic-H), 9.49(1H, bs, NH): ir(KUr) 

vrm-l: 1190(NH), 1680(CO); mas: m/z 293(Mt, 100). 

4 b :  Orange oil , Yield 98%. 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  90 M H L ) ~ :  0.18(9H, s, S i M q ) ,  2.45(3H, s, SMe), 3.22(2H, d, J d . 9  

Hz, N-CH2-), 1.15(RH, s, NMe), 6.91-7.12(3H, m, aromatic-H), 7.25-8.04(1H, m, aromatic-H), 10.42(1H, bs, NH); 

ir(KBr)vcm-I: 31Y0(NH), lh20(CO); mas: miz 306(Mt, 100). 

Protodesilylation of 4. in thc presence of fluoride ion in acetonitrilegave thc conespunding[(dimeth).lamino)- 

methylthio)]mcthylcne-2-c~~~n~aran0n~ w h ~ h  was aitcrnativcly preparcd by thc displacement reaction of 2a with 

dimethylamine in ntctthannl in good yield. 

Satisfactory speclral (ir, I ~ - n m r ,  and mass) data were ohtaincd lor thesc compounds The geometrical configurations oi 8 

and 9 were established by the ir and l ~ - n m r  specha. Absorption bands asslgnahle to hydrogen-banded carbonyls werc 

present in the ir speara. The yield is that of the material purified by column chromatography on silica gel. 

The rcanions of 4a and b with activated olrfins in the presence of fluoride ion gavcthe desircd cycloadducts. Details will he 

published in a forthcoming paper. 
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