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m- Llthlum eno l a t e s  of 0-lactams are shown t o  exclusively yield 1 ,2-addi t ion  

products  t o  propargyl ic  aldehyde. Products of subsequent Peterson e l m i n a t i o n  and 

p ropa rgy l i c  rearrangements are  described. 

I n  r e cen t  yea r s  0-lactams have become e a s l l y  a v a i l a b l e  s t s r t m g  materials and especially t h e  CSI- 

cyc loadd l t i ons  t o  var ious  o l e f l n s  are  providing a wealth of O-lactams in m d u s t r i a l  sca les . '  Reason 

2  enough t o  cons lder  them as s t a r t i n g  ma te r i a l  or b u l d l n g  block f o r  synthetic p r o j e c t s  , 
p a r t i c u l a r l y  as t h e s e  moieties - as given i n  Scheme 1 - formally are  r ep re sen tmg  the  masked 

s y n t h e t i c  equ iva l en t  of  an a,O-unsaturated carbonyl group. 

I n  o rde r  t o  a t t a c h  t o  t h i s  molecule a second a,0-unsaturated aldehyde u n i t ,  t hu s  making a u a l l a b l e  

a compound c a n t a i n m g  t w c e  t h i s  f u n c t m n a l  group i n  d i f f e r en t  farms o f  p ro t ec t l on ,  se d l d  

i n v e s t i g a t e  t h e  r e ac t l on  of 8-lactam l l t h lum e n o l a t e s  with p ropa rgy l l c  aldehyde. 

To make sure fo r  rnonoadditlon t he  s l l y l a t e d  0-lactam & was deprotonated with LDA and propargyl ic  

aldehyde was added a t  slow r a t e  and low temperature t o  ymld a 1 : l  mlxture of t he  exocycl lc  

v iny l ace ty l enes  6 and which wss separa ted  by f l a s h  chromatography. 

These subs tances  showing UV absorp t ion  a t  252 and 242 nm represent  t he  products  o f  1,2-addi t ion  t o  

t he  aldehyde with subsequent Peterson e l m m a t m n  and proved t o  be q u i t e  s t a b l e  c r y s t a l l i n e  

compounds with none of t h e  cor respondmg 1 ,4 - add i tmn  product (e.g. 2) v l s i b l e  i n  t h e  r e ac t i on  

mlxture. 



Even i f  t h e  reaction rnlxture was quenched a t  low tempera tu re  and 2 t u r n e d  o u t  t o  be t h e  o n l y  

r e a c t l o n  p r o d u c t s  which p roves  t h e  P e t e r s o n  e l m l n a t l o n  t o  be  very efficient i n  t h l s  case even a t  

low t e m p e r a t u i e .  c o n f i g u r a t i o n  assignment of  6 and r e l y s  mainly on t h e  chernlcal s h i f t  of p r o t o n  

H which is recorded  a t  5.95 6 f o r  t h e  l e s s  p o l a r  (2) and a t  5.50 6 f o r  t h e  more p o l a r  s t e rea l sorner  A 

(6). reflecting t h e  m f l u e n c e  of  t h e  ca rbonyl  group on t h e  in -p lane  p r o t o n  f o r  c a n f q u r a t m n  2. 

As may be  expec ted  bo th  compounds do r e a c t  ve ry  q u l c k l y  s l t h  sodium metho i lde  in methanol  t o  g i v e  a 

I very s t a b l e  and well-known p y r r o l e  d e r l v a t e  6 which by comparison was conf i rmed  t o  be  l d e n t ~ c a l  

wlth an a u t h e n t ~ c  sample p repared  independen t ly .  In  bo th  cases t h i s  p r o d u c t  i s  accompanied by an 

uns tab le  o i l y  ye l low m a t e r i a l  as  a by-product  which was n o t  purified. The fo rmat ion  o f  t h e  p y r r o l e  

from bo th  s t e r e o i s o m e r s  may be e x p l a i n e d  by n u c l e o p h i l m  rmg-open lng  and base c a t a l y z e d  

i s o m e r l s a t i o n  t o  y l e l d  a a s  t h e  common m t e r m e d m t e ,  which as  an  a m o n  o f  a v i n y l a g u e  u r e t h a n  w i l l  
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To avoid forrnatmn of the pyrrole but keep the option for functional~zmg the triple bond the 

anion on the O-lactsm & was dlrectly treated with propargylic aldehyde at lour temperature to agaln 
secure exclusrvely the product of 1,2-addltion (jt) l n  excellent yield shlch as expected turns out 

to be a mixture O F  stereaisomers. 

Spectral data prove them to be the alcohols a and a. A small ( 2  Hz) splitting of all lines of the 

quartet for HE indicates the trans-configuration of the substituents on the 0-lactam for both 

4 compounds and as one of the carblnols mcely crystallized and s h o w  a strong hydrogen bond in the 

infrared spectrum we assign confquration & ((see to this epimer. In agreement with this 

assignment HE is appearing as a narrow multiplet i n  while the correspondmg slgnal i n  a shoos 
a 6.5 Hz coupling with HA (see at ) .  
To convert a, a into an equivalent of the o,B-unsaturated aldehyde 2 we investigated sliver 

catalyzed propargyllc rearrangemnt of the acetates and d. When these stereolsomers are 
refluxed i n  an acetlc acld - acetlc acid anhydride mixture in the presence of sllver acetate a 

qulte polar, very stable crystalline compound can be lsolated as the final product of the 

rearrangement whlch by NMR and mfrared data uery quickly can be s h o w  not to be sn allenic one 

(e.9.a). 



bl o n c  OAc 

The UV absorptmn at 287 nm i n  connection n t h  chemical shift's and coupling constants of three 

oleflnic protons ind~cates structure x for this final product. Interestingly, all resonances but 

the one of the methyl group on the 0-lactam ring are doubled in the NMR spectrum recorded in CDC13, 

which may be explained by hindered rotation i n  the donor acceptor substituted n-system. The 

farrnatlon of this materlal could be explaned by an allene-butadlene rearrangement following the 

5 well documented forrnatmn on an allene acetate. Two less polar intermediates however, that can be 

isolated after running the reaction for 4 h at 50°C and which can be shown to glve rise to #j, under 

reflux in the acld acld anhydrlde mixture cast severe doubt an this assumpt~an, NMR data of these 

substances (see Expermental) prove them to be e n d  acetate as the primary reaction product 

(acetic acid addition to the triple bond) which is in equllibrlum wlth the corresponding acetal &,&. 

If the reaction is run in a TFA-TFA anhydrlde mlxture this compound is s h o w  to be the mixed acetal 

m - a g a m  showing all signals doubled, which i n  thls case is due to the creation of a new centre 

o f  chirality at the acetal carbon atom. W~thout knowing whether or &,& or both are generating 

the dlene, we may assume that elmination from these products leads to %. The isolatlan of &b. and 

the detectlo" of $& an an intermediate without running the reaction to completion proves the 

possibility to obtain deriuates and hence synthetic equivalents of unsaturated aldehydes in the 

8-lactam series. As compounds of this type are expected to be very useful synthetic Intermediates 

elaboration and aptmisation o f  thls transformation is in hand in our laboratory. 
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EXPERIMENTAL 

Deprotonatmn procedure. 565 mg dilsopropylamlne i n  70 ml dry tetrahydrofuran was treated at raom- 

temperature with 3.5 rnl o f  a 1.6 molar solution of butylllthiurn in hexane and cooled to - 7 8 ~ .  At 

this temperature a solutlon of 505 mg 1,4-dimethyl-2-aretldinane i n  15 ml dry tetrahydrofuran was 

added slowly. After carnpletlon of addltian the mixture was left for 3 m l n  at -78OC and then 0.7 rnl 

tr~methylchlarosilane was added. After quenching wlth satursted aqueous ammonium chlorlde solutmn, 

extraction w t h  ether and after evaporation the sllylated 0-lactam & was obtained in quantitative 
yleld. 'H-NMR (COC13): 6 = 0.1 [s,9H1, 1.52 [d,3H], 2.73 [s,3H]. 

When this solution was treated with 0.5 ml propargylic aldehyde dissolved in 5 rnl dry tetrahydra- 

furan instead of trimethylchlorosilane, warmed slowly up to -50°C and then worked up as above a 

95:; yleld of the two stereolsomerlc carbinols & and a ses obtained. After sep&atlon by flash 

chromatography they were isolated i n  a 1 : lratlo wlth the less polar one (11) crystallizing from 
ether. 

a: rnp 116OC. IR (K8r): 1730, 2100, 3240 cm-l. 'H-NMR (90 MHz, CDC13): 6 1.35 [d,3H,J = 6Hz1, 2.50 

[d,lH,J = 1.8Hr1, 2.80 [s,3Hl, 3.04 [m,lHI, 3.82 [q,lH,J - 6Hr, J = 2.OHz1, 4.10 [d,lH,J = 6.5Hr1, 

4.84 [rn,lHI. MS (20°C): M+ 153 ME (JI), 149 (12), 138 (4), 108 (131, 96 (51), 81 (100). 

Ansl.Calcd for C8HLINO2: C, 62.72; H, 7.24; N, 9.14; Found: C, 62.62; H, 7.24; N, 9.11. 

a: IR (CHC13): 1730, 2100, 3300, 3350 ern-'. 'H-NMR (90 MHz, CDCI3): 6 1.33 [d,3H,J = 6Hz1, 2.48 

[d,lH,J : 2Hz1, 2.81 [s,3H1, 3.07 [rn,lHI, 3.70 [q,d,lH,J = 6Hz, J = ZHz], 4.15 [m,lHI, 4.76 [d,d, 

1H,J = 6.5Hz, J 2 2Hrl. MS (20°C): M+ 153 ME (4L), 149 (6), 108 (lo), 96 (54), 81 (100). 

When the silylated 0-lactsm was deprotonated and subsequently tteeted with propsrgylic aldehyde as 

above a mixture of the two stereoisomeric vinylacetylenes land 2 was gained in 90% yield and 

separated by flash chromatography. 

Q: mp 93T. UV (CH30H): A 245, 253 nm. IR (KBr): 1680, 1760, 2080, 3500 ern-'. 'H-NMR (90 MHz, max 

CDC1,): 6 1.35 [d,3~,3 = 6.5Hz1, 2.90 [s,3H1, 3.31 [d,l~,J= 2.5~21, 4.12 [q,d,lH,J = 6.5, J = 

1Hz1, 5.50 [dd,lH,J = 2.5H1, J = 1Hzl. M5 (20DC): M+ 135 ME (55W), 120 (57), 79 (48), 78 (loo), 57 

(49). Ansl.Calcd for C8H9NO: 135.06841; Found: 135.06836. Calcd: C, 71.08; H 6.71; N 10.36; Found: 

C, 71.08; H, 6.70; N, 10.39. 

2: mp 75T. UV (CH30H): imax 251, 242 nm. 1R (KBr): 1670, 1730, 1750, 2990, 3220 cm-l. 'H-NMR 

(90 MHz, COC13): S 1.45 [d,3H,J = 6Hr1, 2.90 [s,JHI, 3.18 [d,lH,J = 2.5Hz1, 4.15 [q,d,l~,J = 6H2, 

3 = 1.8Hz1, 5.95 [dd,l~,J ; 2.5Hz, J = 1.8HzI. MS (ZO'C): M' 135 ME (loo%), 120 (51), 79 ('AS), 78 

(70). Ana1.Cslcd far C H NO. C,71.08; H, 6.71; N, 10.36: Found: C, 71.09; H, 6.72; N, 10.36. 
8 9  ' 



M e t h y l - 1 , 2 , 5 - t r l m e t h y 1 p y r 1 - ~ 1 e - 3 - c a ~ b o x y l t e  ( 6 ) :  135 mg (1 mmol) of either Q or was glven to a 

salutlon of 80 mg sodium m .5 ml.methano1 and refluxed far 30 m m .  Thls solution was poured into a 

mixture of i ce  and saturated aqueous citrlc-acid and extracted with rnethylene chlorlde. After 

wshlng with saturated sod~um bicarbonate solution and brine the solvent was evaporated under 

vacuum and the residue crystallized from ether. Ymld 120 mg (72%). This substance proved to be 

3 
ldentlcal (IR, NMR) with a sample prepared according to lit. . 

Acetate G: 306 mg (2 mmol) of earbmol a were left in a mixture o f  10 rnl acetlc acid anhydrlde 

and 10 m l  pyridme for 4 h at room temperature. After evaporstmn under vacuum the reeldue aas 

several tunes dissolved i n  rnethylene chloride and methanol evaporated under vacuum snd finally 

purlfied by flash chromatogmphy. Yield 370 mg (90%). 

IR (CHC131: 1750, 3300 0.'. 'H-NMR (90 MHz, C0Cl31: 6 1.42 [d,3H,J = 6Hr1, 2.16 [$,)HI, 2.52 [d, 

1H,J = 2Hr1, 2.81 [+Hi, 3.13 [m,lHl, 3.74 [q,d,lH,J = 6Hz, J = 2Hr1, 5.63 [dd,lH,J = 4.5Hz, 3 = 

2Hz1. MS (20°C): M+ 195 ME (38), 153 (lo), 138 (22), 135 (211, 123 (411, 96 (1001, 78 (90). 

Anal.Calcd for C10H13N03: 195.88954; Found: 195.88971. 

Enolacetate (x): 400 mg of acetate a were dtssolved in a mixture of 20 ml acetic acid and 5 ml 
acetic acld anhydrlde. After addition of 200 mg silver acetate the rnlxture was refluxed for  5 h, 

evaporated under uacuurn and the residue dissolved in rnethylene chlorlde. This solution was washed 

nth brme ,  dried over magnesium sulfate and evaporated. The remainmg yellow 011 crystallized 

from aceton to yleld 240 rng (600;) of the endacetate n t h  mp 97T. 

UV (CH30H): Amax 286 nm. IR (KBr ) :  1570, 1630, 1710 cm-l. 'H-NMR (90 MHz, CDCl31: 6 1.49 [d,3H,J = 

6.5Hz1, 1.98 and 2.17 [s,3H], 2.63 and 2.87 js,3~1, 5.05 and 5.35 [q,lH,J = 7Hr1, 6.20 and 6.28 

[tr,lH,J = 5.5Hr1, 7.23 and 7.30 [rn,lHI, 6.39 and 6.45 [dd,lH,J : 5.5Hr, J : 2Hzl. MS (20°C): M+ 

195 ME (3%), 153 (lo), 152 (loo), 139 (201, 100 (61, 58 (28). Anal.Calcd for C10H1303N: 195.88954; 

Found: 195.88952. Calcd: C, 61.54; H, 6.71; N, 7.17; Found: C, 61.51; H, 6.72; N, 7.20. 

When this reactmn was run at S O T  for 4 h and worked up as glven above two isomeric compounds were 

I separated by flash chromatography which according to thelr H-NMR and infrared spectra are a and 
&. 
,lJ: IR (CClql: 1670, 1760 ern-'. 'H-NMR (90 MHz, CDCl ). 6 1.26 [d,3H,J = 6Hz1, 1.98 [s,3~1, 2.13 3 '  

[s,3Hl! 2.70 [s,3H], 2.85 [d,lH,J = 6 . 5 ~ ~ 1 ,  3.40 rq,d,lH,J = 6H1, J = 2Hz1, 4.80 [dd,lH,J = 6.5Hr, 

3 = 8Hz1, 5.88 [dd,lH,J = 6.5Hz, J = 8Hz1, 7.13 [d,lH,J : 6.5Hz1. 

a: IR (CC14): 1670, 1760 cm-l. 'H-NMR (90 MHz, CDC13): 6 1.35 [d,3~,J = 6 ~ ~ 1 ,  2.03 [s,J~l, 2.75 

[s,3~], 3.13 [d broad,lH,J = 6Hz], 3.35 [q,d,lH,J = 6Hr, J : ?Hz], 5.67 [dd,lH,J = 16Hz, = 

5.5Hz1, 6.05 [dd,l~,J r 16Hz, J = ~HZ], 6.95 [d,lH,J = 5.5HzI. 
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