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Abst rac t  - The  repor ted cycloaddit ion react ions between nonstabi l ized 

azomethine y l i de  1 generated f rom trimethylamine N-oxide 1 and  un-  

act ivated CzC 2 - !, C=N 5 and  C=S 6 ,  I bonds const i tu te  an  a t t rac t ive  

e n t r y  respect ively to  py r ro l i nes  and  py r ro les  2 - 3, imidazalidine 14 
and thiazolidines 15, 16. 

Since many years the re  i s  a permanent in teres t  for C3 + 21 dipolar cycloaddlt lon reactions 

i nvo l v ing  azomethine y l ides generated from var ious precursors  bear ing electron-withdrawing 

1 
group(s1. , Those stabi l ized yl ides requ i re  act ivated dipolarophiles t o  react  w i th  conjugated 

double or t r i p l e  bonds,' irnines.2 isothiocyanates.1.3 

More recent ly,  it appeared t h a t  unstabi l ized azomethine yl ides generated ei ther b y  o-silyloniurn 

4 5 
sal ts desi ly lat ion o r  amino-acids lmmonium sal ts decarboxylat ion were su rp r i s i ng l y  n o t  mare 

react ive as the i r  stabi l ised counterpar ts .  They  undergo eff ic ient intermolecular cycloaddit ion 

react ions t o  act ivated dipolarophi ies only. Contrast ingly,  t he  cor responding nonstabil ised 

yl ides generated in ou r  laboratory  b y  s t rong  base deprotonat ion o f  t e r t i a r y  amine oxides 

appear to  undergo ihtermolecuiar C3 + 21 cycloaddition, t o  unact ivated olefins. 6 



In th i s  paper we r e p o r t  p re l iminary  resu l ts  concern ing t h e  ex tens ion o f  t h i s  react ion t o  

acetyienlc compounds devo id  electron-withdrawing g roups  1 - .4, to  t h e  C=N bond of t h e  

benzalanii ine and  C=S bond  o f  the  th iones - I f o r  wh ich  few repo r t s  a r e  available on  

cycloaddi t ion reaction. 7 

Trlmethyiamine N-oxide 1 t rea ted a t  O 'C w i th  l i th ium d i isopropy l  amide (LDA)  in THF generates 

the  y l ide  1 which undergoes cycloaddi t ion w i t h  diphenylacetylene ; t o  y ie ld  3.4-diphenyi- 

1-methyl-pyrrole 9 62%) % the non-isolated p y r r o l i n e  8 .  In o rde r  t o  p reven t  the  generat ion 

of a h i g h  energy  LUMO anion unable t o  b e  t rapped  by azomethine ylide,8 phenyiacetylene 

was s i ly la ted p r i o r  reactions. The  resu l t i ng  pro tec ted a l kyne  3 afforded t h e  p y r r o i i n e  10 
(80%). bear ing  a potent ia l  funct ional izat ion.  1.1-Diethoxy-3-phenyl-2-propyne f! y ie lded a 

m ix tu re  of and  11 (57%).  11/12 = 0.7) resu l t i ng  f rom add i t ion  o f  t h e  y l i de  respect ively t o  

the  t r i ~ l e  bond  and  to  t h e  monosubst i tuted isomeric alienic double bond. 

1-Methyl-3-formyl-4-phenylpyrrole 11 Is obtained b y  r e f l u x i n g  t h e  m ix tu re  in MeOH w i th  

Pd/C. 
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The reaction between trimethylamine N-oxide and benralaniline yields 3.4-diphenyl-1-methyl- 

imidazolidine 111 (71%). 

The f i rst example of addition o f  1 generated from ter t iary  amine oxide on terminal disub- 

st i tuted double bond is observed with thioketones 5 and Z in accord with the dipolarophilicity 

of the C=S derivatives. Benzothiophenone 5 and adamantanethione yield respectively 
* 

(72%) and 2 (16%) .  

1 + 

Scope and limitations o f  the cyclaaddltlan reactions between ylides generated from ter t iary  

amine oxides and C-C, C=N and C=S dipalarophiles whlch allow the synthesis of few 

documented five-membered r i ng  heterocycles devoid o f  electro-withdrawing substituents i n  2 

and 5 positions are current ly  investigated in the laboratory. 

EXPERIMENTAL 

Melting points are uncorrected and were measured O n  a Reichert melting point apparatus. 

Low resolution mass spectra (ms) were obtained on an AEI M50 spectrometer, chemical 

ionisation mass spectra(cims1 was obtained b y  using a AEI MS9 apparatus and exact masses 

(hrmsl were determined b y  h igh resolution mass spectroscopy on a Kratos M50. 'H 

p~~~ -- ~ 

We have observed a rapid degradation o f  the crude reaction product dur ing  purification. 

The labi l i ty of five-membered r ings with two heteroatoms i s  documented. 9 



nmr spectra [ i n  COC131 were recorded on Perkin-Elmer R12, B r c k e r  WP-200-54 1200 MHz) and 

Br i rker  WM-400 1400 MHz) spectrometers. Chemical sh i f t  f rom tetramethyis i lane a re .g i ven  i n  

6. Pur i f icat ions were achieved b y  preparat ive  t h i n  layer chromatography ( t lc,  e lut ion).  

Materials 

T;.imethylamine oxide 1 and  diphenylacetyiene 2 are commercially available. l-Phenyl-2- 

t r i m e t h y l s i ~ ~ l a c e t y i e n e ~ ~  1, benralani l inel1 I, thiobenzophenone 2 and  thioadamantane 1, were 

prepared b y  standard l i t e ra tu re  procedures. 12 

General procedure 

The amine oxide 1 11 eq.) was d r i e d  jus t  before use b y  heat ing under  vacuum a t  30°C i n  a 

three-neck flask for 1 h. The dipolarophi ie (1  eq.1 and  anhydrous T H F  (50 mL) were then 

added w i th  a sy r i nge  th rough  a rubber septum and the  suspension cooled a t  O°C under  

s t i r r i n g  before in t roduc ing LDA 13.5 eq.1. The  react ion was monitored b y  vapor phase 

chromatography and t h i n  layer chromatography l t l c ,  elution). 

3,4-Diphenyl-1-methylpyrrole 9 
A suspension of N-oxide 1 10.165 g, 2.2 mmol) i n  anhydrous THF 150 ml) and  d ipheny l -  

acetylene 2 (0.360 g, 2 mmol) were t reated wi th  LDA for 3 h. Crude m lx tu re  10.477 g )  was 

obtained after extract ion. Preparat ive t l c  pur i f icat ion lhexane-CH2Ci2, 50150) y ielded 

unreacted 1 10.135 9, 0.76 mmol, 38%) and 9 10.290 g, 1.2. mmol, 62%) as a whi te  solid, mp 

(EtOH) 125°C (l i t. '  mp 125-128°C). 

1-Methyi-4-phenyi-3-trimethyisliyi-3,5-dihydropyrroie 1D 

N-oxide 1 10.150 g ,  7 mmol) and a lkyne 2 10.348 g, 2 mmol) were t reated wi th  LDA for 3 h. 

1 Crude p roduc t  10.42 g )  contained qu i te  p u r e  10 as shown b y  H nmr. Preparat ive t l c  

pur i f i ca t ion ICH2Cl2-MeOH, 9317) y ielded 2 10.26 g, 1.12 mmol, 55%): ms, m l e  231, 216, 

214, 160, 159, 115, 73: hrms Calcd for  C14H21NSi: 231.1443. Found: 231.1430; 'H nmr (60 

MHz1 6 0 I s ,  9H1, 2.6 Is ,  3H. N-CH3), 3.3 lm, 4H1, 7.3 lm, 10H). 

l-Methyi-3-(l',1'-diethoxymethine)-4-phenyl-2,5-dihydropyrrole 11 and 1-Methyl-3-(1',11- 

diethoxymethylene)-4-phenylpyrroiidine 2 
N-oxide 1 (0.112 g, 1.5 mmol) and a l kyne  f! 10.30 g ,  1.5 mrnol) were t reated w i th  LOA for 1 h. 

Crude mix ture  10.35 g )  was obtained a f t e r  'ex t rac t ion.  Preparat ive t i c  pur i f i ca t ion 
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(CH CI -MeOH , 9713) y ielded a m ix tu re  o f  11 and  11 (0.22 g ,  0.85 mmol, 57%; c / c  = 0.7). 
2 2 - 

Ms, m l z  261, 260, 233, 232, 218, 176, 158, 121, 57; l t l  nmr (60 MHz) 6 0.6 and 1.1 I2t .  

6H). 2.45 and  2.55(2s), 2.6-4 (m), 5.1 Is), 7.1-7.6 (m). 

1-Methyl-3-formyl-4-phenylpyrrole 12 
The  m ix tu re  11 + 11 (0.10 g, 0.38 mmol) is t i ea ted  w i th  P d I C  in re f lux ing MeOH. 

Preparat ive t l c  y ielded unreacted s ta r t i ng  p roduc t  and  2 (0.024 g ,  0.13 mmol, 33%): Ms. m l z  

185, 184, 158, 115; cims, m l z  232 IM+ + 57). 186; 'H  nmr (60 MHz) 6 3.9 (s, 3H). 7.0 

I l H ) ,  7.5 (m, 6H). 10.2 (1H). 

3.4-Diphenyl-1-methylimidarolidine 14 
Compound 1 (0.225 g, 3 mmol) and  benzaianil ine 5 (0.597 g, 3.3 mmol) gave a c rude  p roduc t  

(0.870 g )  which a f te r  preparat ive  t l c  (CH2CI2-MeOH, 9812) a f forded p u r e  fi (0.531 g, 71%). 

'11 Nmr (400 MHz) 6 2.44 (s, 3H. C l i3 ) ,  2.94 (dd, J 10 Hz, 1H). 3.93 1s. J 5 Hz, 
gem gem 

1H). 4.51 (d,  1H). 4.69 (dd, l H ) ,  6.3-7.5 (m, 10 H); ms, m l z  239, 238, 195, 194, 181, 180, 

57. Anal. Calcd. f o r  C16H18N2: C, 80.67; H, 7.56; N, 11.76. Found: C, 80.50; H, 7.57; 

N, 11.50. 

5.5-Diphenyl-3-methylthiazolidine 2 
Compound ! (0.045 g, 0.6 mmol) and  benzothiophenone (0.110 g, 0.55 mmol) gave a c rude  

react ion product  (0.160 g l  which, a f t e r  preparat ive  t l c  (CH2Ci2), gave 3 (0.086 g, 0.34 

mmol, 72%). c rys ta l l i zed f rom methylene chlor idelhexane: mp  84-85°C. nmr  (60 MHz) 6 2.4 

( 5 ,  3H). 3.55 ( 5 ,  2H). 4.08 ( 5 ,  2H). 7-7.7 (m, 10H); ms, m l z  255, 212, 211, 179, 178, 165, 

57. Anal. Calcd. for Cl6HI7NS: C, 75.29: H, 6.66; N, 5.49: S. 12.54. Found: C, 75.10; 

H. 6.72; N, 5.46; S, 12.27. 

3'-Methyladamantane-2-spiro-5'-(1',3'-thiazolidine) 16 

Compound 1 (0.090 g ,  1.2. mmol) and  adamantanethione 1 (0.20 g, 1.2 mmol) gave c rude  

react ion p roduc t  (0.220 g )  which a f ter  preparat ive  t l c  (CH2C12-MeOH, 9515) gave 16 (0.044 

g, 0.197 mmole, 16%). c rys ta l l i zed from methyiene chlor idelhexane: mp 7S°C. 'H  nmr (60 

MHz) 6 1.5-2.1 (m, 14H), 2.48 (s, 3H), 2.86 Is ,  2H). 3.75 (5, 2H). Ms. m i 2  223, 180, 57. 

Anal. Calcd. for C13H2,NS: C, 69.95; H, 9.41. Found: C, 69.70; H, 9.21. 



REFERENCES 

1. J.W. Lown i n  "1.3-Dipolar Cycloaddition Chemistry" (General Heterocyclic Chemistry 

Series), A. Padwa Ed., Wiley lnterscience Publication, New York,  1984. Val. I, P. 653. 

2. R. Huisgen, V.  Martin-Ramos. and W. Scheer, Tet rahedron Lett., 1971, 477: J.W. 

Lown and B.E. Landberg, Can. J. Chem., 1970, 5, 3399: J.W. Lown and K. 

Matsumoto, m., 1974, 51, 798; J.W. Lown and B.E. Landberg, E., 1975, - 53, 3782: 

F. Tex ier  and R. Carr ie,  Bull. Soc. Chlm. Fr. ,  1973, 12, 3437. 

3 .  J.W. Lown, C. Dallas, and T.W. Maloney, Can. J. Chem., 1969, 47, 3557. 

4. E. Vedejs and F.C. West, Chem. Rev., 1986, - 86, 945 and  references therein.  

5. R. C r i g g  and S. Thianpatanagul, J. Chem. Soc., Chem. Commun., 1984, 180: R. 

Cr igg,  M.F A ly ,  V. Shr idharanand,and S. Thianpatanagul, m., 1984, 182: P.N. 

Confalone and E.M. Huie, J. Am. Chem. Soc., 1984, 106, 7175: M. Joucia :and J. 

Mort ier,  J. Chem. Soc., Chem. Commun., 1985, 1566. 

6. R. Beugelmans, C. Negron, and C. Roussi, J. Chem. Soc., Chem. Commun., 1983, 31: 

R. Beugelmans, L.  Benadj i l la- lguerts ira,  J. Chastanet, C. Negron, and  C. Roussi, 

Can. J. Chem., 1985, 63, 725: J. Chastanet and  C. Roussi, J. Org. Chern., 1985, 50, 

2910: J. Chastanet and  C. Roussi, Heterocycles. 1985, 2, 653. 

7. T. Katada, S. Eguchi, a n d  T. Sasaki, J. Chem. Soc.. Perk in  T rans  I, 1984, 2641. 

8. R. Huisgen in "1.3-Dipolar Cycloaddit ion Chemsitry" (General Heterocyclic Chemistry 

Series), A. Padwa Ed., Wiley lnterscience Publication, New York,  1984. Vol. I, p.  1. 

9. S. Witek, A. Bielawska, and  J. Bielawski, Heterocycles, 1980, 14, 1313; J.B. Lambert 

and M.W. Majchrzak, J. Am. Chem. Soc.. 1980, 102, 3588. 

10. R.B. Mil ler and S. McCarvey, J. 'Org. Chem., 1978, - 43, 4424. 

11. L.A. Bigelow and  H. Eatough, "Organic Synthesis", New York,  1956, Collect. Voi. 1, 

pp. 80-81. 

12. B.S. Pedersen, S. Scheibye. N.H. Niisson, and  S.O. Lawesson, Bul l .  Soc;. Chim. 

&, 1978, 8, 223. 

Received. 27 th  July, 1987 


