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According t o  r e c e n t  l i t e r a t u r e  t h e  i n t e r e s t  i n  @-lactams i s  

s t i l l  on t h e  i n c r e a s e 1 ,  p a r t l y  because of the p r e a t  v a r i e t y  o f  

cha l l eng ing  chemical problems t h e i r  synthes is  poses ,  p a r t l y  due 

t o  t h e i r  o f t e n  e x q u i s i t e  a n t i b i o t i c  p rope r t i e s  and low toxicities. 

As a  s y n t h e t i c  p r i n c i p l e ,  t h e  f o u r  component c ~ n d e n s a t i o n ~ ' ~  i s  

almost  i d e a l l y  s u i t e d  f o r  t h e  s y n t h e s i s  of 8-lactams6". General- 

l y  Baeyer s t r a i n  and conformat ional  effects im@e very much the for- 

mation of four-mmkered rings by c y c l i z a t i o n  of a c y c l i c  molecules.  

Thus it is q u i t e  d i f f i c u l t  t o  conver t  0-amino a c i d s  i n t o  B-lac- 

tams8, whereas 8-lactams ' a r e  formed w i t h  grea t  e a s e  by f o u r  

component condensat ion.  The in termediacy  of a  seven-membered 

c y c l i c  a-adduct ,  e .4.  ( 1  1 )  , i s  probably respons ib le  f o r  t h e  

f a c i l e  conversion of  B-amino a c i d s  i n t o  8-lactams by f o u r  compo- 

nent  condensat ion.  

With f o u r  component condensa t ions  a v a i l a b l e ,  t h e  a c c e n t s  i n  

8-lactam s y n t h e s i s  have changed. When o t h e r  methods a r e  used t o  

gene ra t e  t h e  four-membered r i n q ,  t h e  l a t t e r  s t e p  i s  t h e  domi- 

n a t i n g  i s s u e  i n  8-lactame syn theses ,  wh i l e  with fou r  component 

condensa t ions  t h e  p repa ra t ion  of precursors  and t h e  subsequent  

s e l e c t i v e  c leavage  of t h e  amide groups which o r i n i n a t e s  from 

t h e  i socyan ide  r ep resen t  t h e  main  problem^^'^. 

S ince  noneof t h e  t r a d i t i o n a l  methods i s  q e n e r a l l y  a p p l i -  

c a b l e  and s a t i s f a c t o r y  f o r  t h e  aforementioned s e l e c t i v e  

c leavage  of amides, we have conducted a  systematic  s ea rch  1 3 . 1 4  

f o r  r e a c t i o n s  and r eagen t s  which could be useful  he re .  We found 

t h a t  c e r t a i n  o - subs t i t u t ed  phenyl isocyanides l ead  t o  t h e  forma- 

t i o n  of  a  carbonamide group t h a t  can be s e l e c t i v e l y  cleaved i n  
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t h e  presence  o f  a  @-lactam system14.  With t h e  knowledge t h a t  

some o - s u b s t i t u t e d  phenyl  i socyan ides  a r e ,  i n  p r i n c i p l e ,  p a r t i -  

cu l a r l y  suitable f o r  t h e  s o l u t i o n  of t h e  above problem, we were 

looking f o r  0 - s u b s t i t u t e d  phenyl  i s o c y a n i d e  which i s  ea sy  t o  

ob ta in  and ea sy  t o  u se  i n  6-lactam s y n t h e s i s  a s  w e l l  a s  t h e  

subsequent s e l e c t i v e  amide c leavage .  

We found t h a t  ( 3 )  s e r v e s  o u r  purpose p a r t i c u l a r l y  w e l l .  

I t s  p r e p a r a t i o n  and u s e  a r e  i l l u s t r a t e d  bv t h e  Eollowino sheme. 

NH-CHO a c I S N ~ ~ B U ~  a NH-CHO C I C O ~ ~  

OH 05iMe@Ji 
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We observed that among the o-silyloxyphenylisocyanides (3) 

only (3b) is satisfactory for the uiven purpo@e; (3a) loses 

its TIS groups partially under 4CC conditions, and 3c is not 

sufficiently soluble in the solvents that are used for 4CC. 

The isocyanide (3b) is best prepared from (1) l5 bv a one-pot- 

synthesis in which (1 1 in THF/triethylamine is reacted with 
c1sible2~ut and then with diphosgene16. The 4CC of 0-alanine 

(9) and isobutyraldehyde (10) vields (12) via (11). 

Desilylation of (12) followed by treatment with CDI yields (13). 

Presently an analosous synthesis of (17) is in pronress at our 

laboratory. 



EXPERIMENTAL 

30 g (0,2 mol) tert-butyldimethylsilylchlorid (55 a (0,2mol) 

tert-butyldiphenylsilylchlorid) in 50 ml dry THF are added slowly 

to a solution of 27.4 g (0.2 mol) 2-formamidophenol and 28 ml 

(0.2 mol) dry triethylamine in 300 ml dry THF, stirred for 5 h 

and finally refluxed for 1 h. Then 56 ml (0,4 mol) triethyl- 
0 amine are added and the suspension is cooledto -20 C. Then 12,6 

ml (0,l mol) diphos~ene (perchloromethylformate) in 20 ml 

dichloromethane are added within 30 min. to the well stirred 

suspension which is still kept for 2 h at low temperatures. 

Finally a stream of ammoniak is passed for 3 min. then the 

suspension is evaporated in vacuo. The residue is chromato- 

graphed with petroleumether 140-80•‹c) throunh a layer of 

basic aluminiumoxide and evaporated. 

2-tert-butyldimethvlsiloxvpheny1isocyanide 

is obtained as a non-distillable red oil. 

yield: 16,3g (35%) 

'H-NXR: 0.3 ppm (s) S~(CH~)*, 1,l ppm (s) C(CH3)3, 

6,77 - 7,47 ppm (m) ArH4 

IR: 2125 cm-l 

C1 3H1 9NOSi found 67,42 C , 8.32 H , 6.08 N 

calc. 66,90 C , 8,21 H , 6.00 N 

2-tert-butyldiphenyIsilo~enylisccyanide 

is recrystallized from dichloromethane/methanol. 

yield: 39,4 ? (55%) 

mp.: 64 - 65'~ 
IR: 2125 cm-' 

CZ3Hz3NOSi found 77.45 C , 6.55 H , 3.98 N 
calc. 77.27 C , 6,48 H , 3,92 N 
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TO 17.8 g (0,13 mol) 2-formamidophenol in 30 ml drv THF 16.25 ml 

(0.08 mol) hexamethyldisilazane are added under N2 and stirred 

for one day at 20•‹c. Refluxing for 1 h completes the reaction. 

Evaporation of the solvent is followed by distillation. 

bp. (0.01 torr) : 100 - 1 0 2 ~ ~  

yield: 21.2 g 184.5%) 

'H-NMR (CDCL3): 0.3ppm (s) -Si(CH3)3. 6,7 -7.3PPm (m) 

ArH4, 8.5 and 9.2 ppm ( s )  -NH-CHO 

A solution of 3.25 m! (25mmol) diphosqene in 5ml dichloromethane 

is added to 9.65 q (53mmol) 2-trimethvlsiloxyformanilide and 10,l 

ml (0,lOmol) dry triethylamine in 50 ml dry dichloromethane at 

-40'~. Addition of dry ether, filtration and evaporation of the 

solvent are followed bv distillation. 

bp. (0,05 torr) : 35'~ 

yield: 4.28 q (49%) 

IR: 2125 cm-' (s) 

'H-NNR lCDCL3): 0,3 ppm (s) -SilCH3)3, 6,7 - 7,3 PPm (m) - 
-ArH4 

Formation of 112) by four component condensation 

The suspension of 720 mq (10mmol) isobutyraldehyde and 890 mq 

(10 mmol) 8-alanine in 30 ml dry methanol is kept for 1 h under 

N2 at 50•‹c. At 20•‹c 2.33 q (10 -01) 2-tert-butyldimethylsiloxy- 

phenylisocyanide are added and stirred for 3 days. After 2 days 

it is a clear solution. Evaporation and recrystallisation from 

hexane yield a corlorless crystalline product. 

yield: 2.07 g (55%) 

mp.: 73-74'~ 

IR (KBr): 3295 cm-1 (m), 1750 cm-I ( 8 1 ,  1660 cm-' Is) 



'H-NMR ( c D c ~ ~ )  : 0,3 ppm (s) Si(CH3)2, 1,05 P P ~  ( s )  C(CH3I3 

+ Id) CH(CH3)2, 2.03 - 3,73 PPm (CI~)CH(CH~)~, 
2,97 ppm (t) and 3.47 ppm (m) -CH2CH2-. 

3.9 ppm (d) -CH-iPr, 6.73 - 7,3 ppm (m) ArH4, 
8,O ppm (s) NHCO 

C20~31N203Si found 63,98 C , 8,47 H , 7,42 N 

calc. 63,96 C , 8,32 H , 7,46 N 

Desilylation 

In 20 ml dry THF 1,97 g 4 (5 mmol) are treated 3 h with 2.61 q 

(IGmmol) anhydrous tetra-butylammoniumfluoride. After wayomhim, 

the residue is dissolved in dichloromethane and washed two times 

with water, dried and evaporated in vacuo.Recrvstallization of 

dichloromethane/hexane yields a grey powder, W s e  data are iden- 

tical with an authentic sample, obtained from benzyloxyphenyl- 

isocyanide and hydrogenation 13.14 

yield: 1,25 q (90%) 

mp.: 142-143Oc 
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