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Organozinc reagent 1 reacts with phenyl chloroformate under palladium catalysis to give the protected 
4-oxo-2,6-diaminopimelic acid derivative 3, derived by formal displacement of both chloride and phenoxide; the 
symmetrical ketone 3, together with protected 4-oxoglutamic acid 10, are formed when ethyl oxalyl chloride is used as 
substrate. 

The palladium-catalysed coupling of acid chlorides with 
organozinc halides is an extremely useful method for the 
synthesis of ketones.1 Although stoichiometric oxidative 
addition of both ethyl chloroformate2 and methyl oxalyl 
chloride3 to bis(tripheny1phosphine) palladium have been 
reported, there appear to be only two reports of the use of this 
reaction for catalytic cross coupling with organometallic 
 reagent^.^ In connection with our recently reported method 
for the synthesis of 4-0x0-2-amino acid derivatives by coupling 
of the organozinc reagent 1 with acid chlorides under 
palladium ca ta ly~is ,~  we have investigated the reaction of zinc 
reagent 1 with chloroformates and also with ethyl oxalyl 
chloride, with a view to the preparation of aspartic acid, and 
4-oxoglutamic acid derivatives. 

Treatment of the organozinc reagent 1 with ethyl chlorofor- 
mate in the presence of bis(tripheny1phosphine)palladium 
dichloride under sonication gave not only the expected 
aspartate derivative 2a (lo%), but also the 4-oxo-2,6-diamino- 
pimelic acid derivative 3 (25%).6 The mass balance was made 
up by protected alanine 4 (Scheme 1). Reaction of the 
organozinc reagent 1 with isobutyl chloroformate also resulted 
in the formation of the symmetrical ketone 3, together with 
the aspartate derivative 2b in similar yields. Precedent for the 
formation of 3 was provided by the reaction of isobutyl 
chloroformate with p-tolyltributylstannane under palladium 
catalysis at high temperatures to give di-p-tolyl ketone.4b Use 
of phenyl chloroformate ( 5  equiv.), however, led to the 
isolation of 3 (45%) with none of the aspartate derivative 2c. 
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Scheme 1 Reagents and conditions: i, R02CC1 (1.3 equiv.), 
(PPh3)2PdC12 (5 mol%), benzene : dimethylacetamide (15 : l ) ,  sonica- 
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Table 1 Reaction of zinc reagent 1 with ethyl oxalyl chloride under 
palladium catalysis 

Yield(%) of 4- Yieldb(%) of 
oxoglutamate diaminopimelate 

Entry Reaction conditions 10 3 

1 Sonication, 30-35"C, 1 h 24a 24 
2 Stirring, 20 "C, 2 h 43 21 
3 Stirring, 2-4 "C, 2 h 34 0 
4 Sonication, 30-35 "C, 1 h 24 0 

4equiv. PPh3, w.r.t. 
Pd catalyst 

A trace amount of the aspartate derivative 2a (2%) was also 
isolated. b In all cases, the mass balance consisted principally of 
alanine 4. 

Since transmetallation is generally regarded as the rate- 
determining step in palladium-catalysed cross-coupling reac- 
tions,7 it appears reasonable that the acylpalladium complex 5 
is an intermediate in the pathway leading to 3. Complex 5 
could in principle be formed by nucleophilic attack on the 
initial oxidative addition product 6a, although it appears more 
likely that this complex can undergo loss of ethoxideg (or in 
the case of 6b, phenoxide) to generate a cationic carbonyl 
complex 7, which then suffers nucleophilic attack by the zinc 
reagent 1 (Scheme 2). It is, therefore, likely in the case of 6a 
that transmetallation by the zinc reagent 1 can compete with 
loss of ethoxide, thereby leading to the formation of the 
aspartate derivative 2a, whereas loss of phenoxide from 6b is 
presumably faster. Support for the proposal that attack of the 
zinc reagent 1 on a cationic palladium complex 7 can occur is 
provided by our observation that treatment of the zinc reagent 
1 with carbon monoxide (101.325 kPa) under sonication 
(30-35 "C, 2 h) in the presence of catalytic (PPh3)2PdC12 gave 3 
in low yield (21%). This latter process has been proposed as a 
mechanism for the formation of (PPh3)zPd from (PPh3)2PdC12 
and diethylzinc under a CO atmosphere.9 An alternative 
mechanism for the formation of 3 requires decomposition of 
the chloroformate to give phosgene ,46 followed by palladium- 
catalysed coupling with the zinc reagent 1. This pathway might 
also involve the palladium complex 7 as an intermediate. 
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Scheme 3 Reagents and conditions: i, EtOCOCOCl (1.3 equiv.), 
(PPh3)2PdC12 (5 mol%), benzene : dimethylacetamide (15 : l), see 
Table 1 for details of conditions 
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Scheme 4 Reagents and conditions: i, EtOCOCOCl (1.3 equiv.), 
benzene : dimethylacetamide : tetrahydrofuran (15 : 1 : lo), 0 ° C  3 h 
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In order to establish that the formation of symmetrical 
ketones was not confined to the organozinc reagent 1, we 
investigated the reaction of the organozinc reagent 8 with 
phenyl chloroformate under the same conditions as employed 
for reagent 1 , and isolated the corresponding symmetrical 
ketone 9 (41%).10 Treatment of phenylzinc chloride with 
phenyl chloroformate in tetrahydrofuran under sonication in 
the presence of (PPh3)2PdC12 ( 5  mol% ) gave benzophenone 
(38%), which established that ketone formation can also occur 
in this solvent. 

In view of the formation of the dimer 3, we decided to 
investigate the reaction of zinc reagent 1 with ethyl oxalyl 
chloride. Treatment of the organozinc reagent 1 with ethyl 
oxalyl chloride in the presence of (PPh3)2PdC12 under 
sonication conditions (30-35 "C) allowed the isolation not only 
of the expected 4-oxoglutamic acid derivative 10 (24%), but 
also protected 4-oxo-2,6-diaminopimelic acid 3 (24%), 
together with a trace (2%) of the aspartate derivative 2a (entry 
1, Table 1) (Scheme 3).11 Carrying out the reaction without 
sonication (entry 2), at a lower temperature (entry 3) or in the 
presence of an excess of PPh3 (entry 4) all result in reduced 
production of 3. These results suggest that decarbonylation of 
an intermediate ethyl oxalyl palladium species 11 is a 
necessary step in the formation of 3. In view of the moderate 
yields of the palladium-catalysed processes, ethyl oxalyl 
chloride was treated with the zinckopper reagent 1212 to give 
protected 4-oxoglutamic acid 10 (61%),13 with no trace of 
other coupled products (Scheme 4). 

Efforts to improve the yields of this symmetrical ketone 
synthesis, which is tolerant of reactive functional groups, and 
further experiments to understand the mechanism of the 
reactions involving ethyl oxalyl chloride are underway. 



J. CHEM. SOC., CHEM. COMMUN., 1992 

We thank the SERC for a CASE award (N.W.) and Pfizer 
Central Research for support. 

Received, 23rd June 1992; Corn. 210331 8F 

References 
Y. Tamaru, H. Ochiai, T. Nakamura and Z-i. Yoshida, Org. 
Synth., 1988, 67, 98. 
P. Fitton, M. P. Johnson and J. E. McKeon, J .  Chem. SOC., Chem. 
Commun., 1968, 6; S. Otsuka, A. Nakamura, T. Yoshida, M. 
Naruto and K. Ataka, J. Am. Chem. SOC., 1973, 95, 3180. 
J. Fayos, E. Dobrzynski, R.  J. Angelici and J. Clardy, 
1. Organomet. Chem., 1973,59, C33; E. D. Dobrzynski and R. J. 
Angelici, Inorg. Chem., 1975, 14, 59. 
( a )  E.-I. Negishi, V. Bagheri, S. Chatterjee, F.-T. Luo, J. A. 
Miller and A. T. Stoll, Tetrahedron Lett., 1983, 24, 5181; 
(b )  L. Balas, B. Jousseaume, H. Shin, J.-B. Verlhac and F. 
Wallian, Organometallics, 1991, 10, 366. 
R. F. W. Jackson, N. Wishart, A. Wood, K. James and M. J. 
Wythes, J. Org. Chem., 1992, 57, 3397. 

6 

7 
8 

9 

10 

11 

12 

13 

There has been significant recent interest in the asymmetric 
synthesis of analogues of 2,6-diaminopimelic acid, see: R. M. 
Williams, M.-N. Im and J. Cao, J .  Am.  Chem. Soc., 1991, 113, 
6976, and references cited therein; J. E. Baldwin, V. Lee and C. J.  
Schofield, Synlett, 1992,249; see also: A. R. Jurgens, Tetrahedron 
Lett., 1992, 33, 4727. 
V. Farina and B. Krishnan, J .  Am. Chem. SOC., 1991,113,9585. 
For a comprehensive review of the reactions of nucleophiles with 
metal carbonyl complexes, see: P. C. Ford and A. Rokicki, Adv. 
Organomet. Chem., 1988, 28, 139. 
H. Yamashita, T. Kobayashi, T. Sakakura and M. Tanaka, 
J .  Organomet. Chem., 1988,356, 125. 
This compound exhibited identical spectroscopic properties to 
those previously reported: A. L. Gutman, K. Zuobi and 
T. Bravdo, J .  Org. Chem., 1990, 55, 3546. 
Some precedent is provided by the formation of acetone (in low 
yield) from oxalyl chloride and tetramethyltin under palladium 
catalysis: D. Milstein and J. K. Stille, J .  Org. Chem., 1979, 44, 
1613. 
M. J. Dunn and R. F. W. Jackson, J .  Chem. SOC., Chem. 
Commun., 1992,319. 
An analogue of 10 has been proposed as an intermediate in 
the oxidative degradation of tryptophan to aspartic acid by 
RuVIII: S .  Ranganathan, D.  Ranganathan and D. Bhattacharyya, 
J .  Chem. SOC., Chem. Commun., 1987, 1085. 




