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Abstract: A one-pot procedure for the solid phase synthesis of ketones 
from the corresponding esters, via in situ formation of the N-methoxy-N- 
methylamide, is described. © 1997 Elsevier Science Ltd. 

Solid phase organic synthesis 1 is an important and evolving tool in the search for novel, 

biologically active compounds. 2,3 Methods for the preparation of ketones on solid support include 

oxidation, 4 C-acylation, 5 Stille coupling 6 and cleavage of resin-bound N-methoxy-N-alkylamides 

using Grignard reagents. 7 In the search for unique protease inhibitors based on c~-hydroxyketones, 

a one-pot procedure for the conversion of polymer-supported esters to ketones was developed.8, 9 

Fmoc-protected cyclohexyl norstatine ethyl ester (1) 10 was coupled to DHP-linked 

polystyrene resin (Scheme 1) using catalytic PPTS in 1,2-dichloroethane (DCE). 11 Deprotection 

of the amine (20% piperidine/DMF), followed by acylation (RCOOH) afforded resin-bound ester 

3. Treatment of ester 3 with excess Grignard reagent (R'MgX) and N,O-dimethylhydroxylamine 

hydrochloride afforded ketone 4,12 via the intermediate N-methoxy-N-methylamide 6 (vide infra). 

Cleavage from the resin gave the desired ketone 5 in good purity and yield. 13 The scope and 

limitations of the procedure were explored further (Table 1). The reaction is particularly successful 

with non-hindered primary Grignard reagents, and generally yields products of excellent purity 

(>80%), considering the purity is based on a four step sequence.14 Secondary Grignard reagents 

afford lower yields of ketone (entries 6, 9), as do hindered primary nucleophiles (entry 4). The 

nature of the nitrogen acyl group (aromatic or aliphatic) appears to have little effect on the 

efficiency of the transformation. 

Addition of excess Grignard reagent (20 equivalents) is necessary to afford the desired 

ketone in high purity. In a study where 6 equivalents of PhCH2MgC1 and 2 equivalents of 

HC1-HN(OMe)Me were employed, a 2:1 mixture of the desired ketone and the corresponding N- 

methoxy-N-methylamide was obtained after cleavage from the resin. The isolation of these two 

products confirms that the reaction proceeds via the intermediate N-methoxy-N-methylamide. 
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Scheme 1 

Evidence for the intermediacy of the amide was also gathered from an experiment where the 

HC1.HN(OMe)Me was omitted completely, which resulted in a complex mixture (HPLC and TLC 

analysis) on cleavage from the resin. 

The purity of the product appears to be independent of reaction temperature. Addition of the 

Grignard reagent to the resin-bound ester and N,O-dimethylhydroxylamine hydrochloride at either 

-15 o c  or at room temperature afforded products of equal purity after cleavage from the resin. The 

fact that the conversion proceeds efficiently at room temperature significantly increases the utility of 

this methodology. 

The reaction is much less successful with organolithium reagents than with Grignard 

reagents. For  example,  treatment of a mixture of resin-bound ester 3 (R = C3H7) and 

HCI.HN(OMe)Me with MeLi, followed by cleavage from the resin resulted in a multi-component 

mixture (HPLC and TLC analysis). Column chromatography afforded the desired methyl ketone in 

only 9% yield. It has been demonstrated that reaction of HN(OMe)Me with organolithiums affords 

the N-methyl-N-substituted amine 15 which may account for the low efficiency in this case. 

The following experimental procedure is representative. To a stirred mixture of resin-bound 

ester 3 (150 mg, 0.5 mmol/g) and HCI.HN(OMe)Me (14.6 mg, 2 equiv.) in THF (1.2 mL) at 

room temperature was added MeMgC1 (0.5 mL, 3 M/THF, 20 equiv.) dropwise over 20 minutes. 

The reaction mixture was stirred at room temperature for 15 hours. The resin was washed with 

THF to remove unreacted Grignard reagent. It was then washed with DMF/H20 (3:1), CH2C12, 
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Table 1 

Entry RMgX Product Crude Purity a Yield b 

1 MeMgCI Me 86.0% 52% 

2 n-BuMgCI ~ ~ L , ~ - ~  85.6% 59% 

3 PhCH2MgCl ~ ~  85.7% 68% 

4 i-BuMgCI ~-,~, ~ , ~ / ~  35.0% 31% 
QJ " 6. 

5 PhMgBr ~ ~  69.9% 54% 
~ v  

6 C6H1,MgCl ~ ~  22.5% 14% 

7 MeMgCI ~ , Me 83.1% 67% 

8 n-PrMgCI ,~v~L ~ , ~  68.5% 49% 
H bH 

~joL _ . ~  o 26.6% 13% 9 /-PrMgCI 
" O H -  

10 PhCH2MgCI ~,,~ o ~ ~  91.9% 65% 
H 

11 PhMgBr / -~- ~ - ~  70.0% 39% 
. 6 .  'LJ 

a Determined by reverse phase HPLC. b Isolated yield after column chromatography (4 step reaction sequence), 
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H O A c / C H 2 C I 2  (9:1), fo l lowed  by mult iple  wash ings  with CH2C12 and EtOH. 16 The ketone 

product  was then cleaved from the resin using TFA/CH2C12/EtOH (2:2:1, 2 mL). 

In summary ,  a one -po t  p rocedure  for the solid phase  synthes is  o f  ke tones  f rom the 

cor responding  esters has been developed.  The procedure can be convenient ly  carried out at room 

tempera ture  and general ly  affords ketones  of  high purity when  unhindered,  pr imary  Gr ignard  

reagents are employed,  

A c k n o w l e d g m e n t s  

I thank Dr. Mi l ind  Deshpande  for informat ive discuss ions  and Mr. Jeff rey Noonan  for 

supplying starting material, 

References  and  Notes: 

1 For recent reviews on polymer-supported organic chemistry, see: a) Friichtel, J.S.; Jung, G. Angew. Chem. 
lnt. Ed. Engl. 1996, 35, 17. b) Hermkens, P.H.H.; Ottenheijm, H.C.J.; Rees, D. Tetrahedron 1996, 52, 
4527, 

2 For recent reviews on molecular diversity and combinatorial libraries, see: a) Madden, D.; Krchn~ik, V.; Lebl, 
M. Perspectives in Drug Discovery and Design 1995, 2, 269. b) Gordon, E.M.; Barrett, R.W.; Dower, W.J.; 
Fodor, S,P.A.; Gallop, M.A.J. Med. Chem. 1994, 37, 1385. 

3 Terrett, N.K.; Gardner, M.; Gordon, D.W.; Kobylecki, R.J.; Steele, J. Tetrahedron 1995, 51, 8135. 
4 See, for example: a) Bray, A,M.; Chiefari, D.S.; Valerio, R.M.; Maeji, N.J. Tetrahedron Lett. 1995, 36, 5081. 

b) Blossey, E.C.; Cannon, R.G.; Ford, W.T.; Periyasamy, M,; Mohanraj, S. J. Org. Chem. 1990, 55, 4664. 
5 Marzinzik, A.L.; Felder, E.R. Tetrahedron Lett. 1996, 37, 1003. 
6 a) Plunkett, M.J.; Ellman, J.A. 3". Am. Chem. Soc. 1995, 117, 3306. b) Plunkett, M.J.; Ellman, J.A.J. Org. 

Chem. 1995, 60, 6006. 
7 a) Cody, D.R.; DeWitt, S.H.H.; Hodges, J.C.; Kiely, J.S.; Moos, W.H.; Pavia, M.R.; Roth, B.D.; Schroeder, 

M.C.; Stankovic, C.J. US Patent 5,324,483 (1994). b) Dinh, T.Q.; Armstrong, R.W. Tetrahedron Lett. 
1996, 37, 1161. 

8 A one-pot solution phase conversion of azasteroid esters to ketones using similar methodology has recently been 
reported. Williams, J.M.; Jobson, R.B.; Yasuda, N.; Marchesini, G.; Dolling, U.-H.; Grabowski, E.J.J. 
Tetrahedron Lett. 1995, 36, 5461. 

9 et-Hydroxyketones have been shown to be potent inhibitors of renin. Patel, D.V.; Rielly-Gauvin, K.; Ryono, 
D.E.; Free, C.A.; Smith, S.A.; Petrillo, E.W., Jr. J. Med. Chem. 1993, 36, 2431. 

10 a) Matsuda, F; Matsumoto, T.; Ohsaki, M.; Ito, Y.; Terashima, S. Bull. Chem. Soc. Jpn. 1992, 65, 360. 
b) Paquet, A. Can. J. Chem~ 1982, 60, 976. 

11 Thompson, L.A.; Ellman, J.A. Tetrahedron Lett. 1994, 35, 9333. 
12 Examination of the resin-bound materials by IR spectroscopy showed the disappearance of the ester (1743 

cm -1) and the appearance of a methyl ketone (1719 cm-l). 
13 Yields were calculated based on the initial loading of the resin. 
14 All compounds were characterised by 1H NMR, 13C NMR and MS. 
15 a) Beak, P.; Basha, A.; Kokko, B.; Loo, D. J. Am. Chem. Soc. 1986, 108, 6016. b) Beak, P.; Selling, G.W. 

J. Org. Chem. 1989, 54, 5574. 
16 The acetic acid/CH2CI2 washing step is of critical importance. If it is omitted, an insoluble precipitate and 

higher than expected mass return are seen on cleavage of the product from the resin. Presumably, this is due to 
magnesium salts resulting from collapse of the tetrahedral intermediate i on exposure to the acidic cleavage 
conditions. 

~o 
I 

(Received in USA 17 Apri l  1997; accepted 16 May 1997) 


