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Abstract: The introduction of catalytic amounts of lithium chloride, or the utilization of chloride
Lontaining catalyst sources comp]etely inhibited elimination in the Pd- calalyaad ullylic substitution of

vmyloxazonumones and oxazolines. © 1998 Elsevier Science Lid. All ugma reserved.

The palladium-catalyzed allylic substitution reaction has become an important methodology for the
selective introduction of a variety of functional groups." A number of leaving groups, including allylic halides,
acetates, carbonates, phosphates, and carbamates, are tolerated in this process. A prevalent difficulty in the
substitution reaction is competing formation of 1,3-dienes by B-hydride or general base-promoted elimination of
the m-allyl palladium intermediate.® It is known that additives can have a dramatic effect on the course of allylic
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reactions.” Thus, treatment of oxazolidinone 1 with a Pd(0) catalyst (scheme) afforded oxazoline 2 via oxidative

insertion, decarboxylation, and intramolecular cyclization of the amide oxy
substitution of 1 and 2 with external nucleor)hllec. as well. Successful bstltuti(_m was depende e
presence of chloride ion, as the competing elimination reaction Drcdommdtcd without it in the presence of basxc
amine nucleophiles. When oxazolidinone 1 was treated with catalytic Pd,dba,CHCI, and Ph,P in the presence of
benzylamine at ambient temperature, the oxazoline 2 and diene 3 were obtained in a 10:90 ratio, respectively (table
1, entry 1) Interestingly, when diethyl malonate was used as the nucleophile (entry 2), 1 was completely
converted to 2 with no formation of diene 3, even when the fully deprotonated malonate salt was utilized at
elevated temperatures (entry 3). Changing the ligand from monodentate triphenylphosphine to the bidentate
bis(diphenylphosphino)propane (dppp) afforded the substitution product 4 with benzylamine, however, the major
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product was still diene 3 (63:37). Acetonitrile, a more coordinating solvent, changed the product distribution to

I A e &
I1aVOr 4 (CILYy J).

A dramatic effect was observed when m-allylpalladium chloride was employed as the catalyst. Only the
substituted product 4 was produced in the reaction. Reasoning that the large change may have to do with the
presence of chloride ion in solution, we repeated the reaction utilizing the dba catalyst with the addition of a
catalytic amount of lithium chloride. As anticipated, diene 3 was not observed and 4 was produced (entry 7)

Table 1: Ligand effects in the allylic substitution of oxazolidinone 1°
Eniry Ligand (moi%) Nucieophile Solvent T °C) Ratio®
2:3:4
1 phpP(0O) BnNH, CHCI, 25 10:90: 0
2 Ph,P (20) CH,(COQ,Et), CH,Cl, 25 100:0:0
3 Ph,P (20) NaCH(CO,Et), THF 65 100:0:0
4 dppp (10) BnNH, THF 60 0:63:37°
5 dppp (10) BnNH, CH,CN 60 0:32: 68
6° dppp (10) BnNH, THF 25 0:0-1007
7 dppp f(,}f(;)z-LiCl BnNH, THF 60 0:0:100°
\09)

“All reactions were ryn for 20 hrs with 2.5 mol% Pd,dba,CHCI, with 9’16 exception of entry 6 in which [r-C;HPdCl], (2.5
mol%) was utilized. “Combined yield 94%. “Combined yield 93%. “Isolated yield 86%. °The yield of 4 was low due to

gide reactione nromoted by lithinm  coordination The maior nroducte were the dehenzovlated ovazalidinans  and
SIGC reacuons promocd oy imum  coorginauon. iIC Major procéucts were ¢ GCoenzoy:aleG  OXazoadinond and

benzylbenzamide.

The addition of LiCl had a deleterious effect on the reaction with oxazolidinone 1, however, as it promoted
debenzoylation of 1 via acy! trasfer to benzylamine. Therefore, the chloride effect on the allylic substitution was
investigated with oxazoline 2, in which the benzoyl group was not labile. The results are summarized in table 2.
Interestingly, in the presence of benzylamine, 2 did not react at room temperature (entry 1). This was in contrast
to the room temperature reaction of the oxazolidinone 1, and indicated that oxazolines are less easily ionized by
Pd(0) catalysts. Heating the reaction at 60 °C for 6 hrs afforded both the diene and substituted products (ratio of
3.4, 74:26). With 24 mol% LiCl added to the reaction, substitution proceeded slowly at room temperature (entry
4) to give a 80:20 ratio of 2:4 after 20 hrs. Heating the reaction at 60 degrees for 20 hrs gave 4 as the only
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Table 2: Ligand effects in the allylic substitution of oxazoiine 2°

Entry LiCl t (h) T (°C) Ratio®
(mol%) 2:3:4

1 none 20 25 100:0:0

2 none 6 80 0:74:26

3 24 20 25 80:0:20

4 24 6 60 38:0:62

5 24 20 60 0:0:100

7All reactions were run with benzylamine as the nucleophile, 2.5 mol% Pd,dba,CHCI;, and 10 mol% dppp in
THF. “Isolated yieid 87%.

A mechanism which is consistent with our results may involve a base-promoted (BnNH,) anti-elimination
or a B-hydride elimination of the nt- (§) or c-allyl (6) intermediate.’ The cationic nature of the Pd in the
zwitterionic intermediates would increase the acidity of the adjacent hydrogens or increase the propensity for -
hydride elimination. In the presence of chioride ion,*!® the charge on the Pd is neutralized via displacement of a
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phosphine ligand (7 or 8). This would resuit in a lowered acidity of the adjacent hydrogens permitting

nucieophilic addition to compete favorably with elimination. The chioride coordination may aiso aiter the n-o
equilibration of 7 and 8 to favor the n-complex 7 reducing B-hydride elimination via G-complex 8.
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Table 3. Allylic substitution of 1 and 2°
Entry  Substrate Nucleophile (eq) Solvent t (h) Product® Yield®
b } -~ T __ATYY 7N FNYY AT & Dnl.ll.l—/z\_kﬂ.ﬂ"f\n. VaYaVerd
i p BaNH, (3) CH,Ch 5 Brnh= _ JTNRCCR 99%
4a
2 1 RnNH (2) O OCN TN Ao QL Or
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3 2 BnONH,CI (2) CHCL-HO 24 BOHN—(  )—=NHCOPn 81%
Et,N (3) 2:1 ab
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phthalimide (1.2) =\
5 2 potassium phthalimide THF 1 PRhN HCoPh 92%
+ 1,2 isomer
(0.2) 4d (19:1)
) . phthalimide (1.2) e A P PN P
6 i potassium phthalimide THF 4 4d + 1,2 isomer (1.7 : 1) 91%
(0.2)
7 2 TMSN, (2) CH,CI, 20 e y=no0mn d
+1,2 isomer
4 22
8 2 TMSN, (2) CH,CI, 20 de + 1,2 isomer (1 : 2.4) 95%"°
EtO2
9 2 CH,(CO,Et), (2) CH,CN 1 %‘"@‘NHCO*"‘ 80%
NALT 70 &) EtO.C
INari \UV.J) 4t
10 2 NaCH(CO.,E), (2) THF 0.5 af 83%
0
11 2 Meldrum’s acid (1.5) THF 20 >{:§—©—~mom 72%
NaH (0.2)
\W.4) Y ag
1 1 DLCMN Na (1 &) CIIIT M 1IN A PthS—/=\—NHCDPh Q707
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Bu,NBr (0.1) 2:0n 4h

“All reactions were run with 2.5 mol% [n-C;HPdCl}, and 10 mol% dppp at room temperature unless otherw1se noted. “Isolated yields
after column chromatography. Reacllon run at 40-45 °C. “Reaction only proceeded to 30% conversion. “o-Diphenylphosphino-
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regioselectivity. The use of phthalimide and azide led to mixtures

of
yields. Carbon and sulfur nucieophiles also pem)rmcu well in the subs
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1€ (V- Ucut.uyx group was not necessary for successful allyl lic su h N-alkvl tuted

stitution. Although N-alkyl substituted

oxazolidinones would not react under the Pd(0)-catalyzed conditions, a variety of N-acyl substrates could be
aminated with benzylamine (eq). Isobutyroyl, rers-butylcarbonate, and carbamido substituents all reacted to give
the substituted product in good yield.
BnNH2
[r-C3H5PdCI]> Bn HF\Y\I
o dppp R = iPr 65%
LA SSNH  R=O-ertBu 74% (eq)
) O R =NHPh 54%
9 10 °
9 g R
In conclusion, we have shown that cyclic vinyloxazolidinone and oxazoline substrates participated in the
palladium-catalyzed allylic substitution with a variety of nucleophiles. The reaction was sensitive to variations in
the ligand. Bisphosphine ligands were required for successful substitution, and the presence of chloride inhibited

competing elimination reactions.
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