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Abstrsct: We wish to mporl the gerbsrstion of remarkably stisbh o-h&ftenyk‘qApe reagents at roam 

temperature by the &ect oxidative ad&t&m of actfvated cqpr to O-~&MD- and o+lonGotMemene. The 

n?agents wit un&?rpo .wbstk4tion mactkms with suitable organic hali&?s Bt 25ot.T. 

Rucleophilic o-halometallobenzenee have traditionally been formed by the treatment 

of halobenzenee with strong base or by oxidative addition of highly reactive metals such 

as lithium or magnesium to 1,2-dLhalobenzenee.1 At room temperature the reeulting 

organome+allfce usually undergo a facile 1,2-elimination to produce benzyne And do not 

have sufficient lifetimes in solution to be viable o-halophenyl nucleophiles.2 Indeed, 

only at low temperatures, often approaching -lOO°C, do these organometallice persist in 

significant quantity.3r4 At such temperatures these compounds become inconvenient and 

somewhat difficult to use. Some desired substitution reactions simply proceed too 

slowly (if at all) at these temperatures. Thus, the development of thermally robust 

o-halophenyl nucleophilee would be very useful for orgplnic synthesis. 

RLekef and Rbert6 have developed a highly reactive form of copper which permits the 

direct formation of organocopper compounds without utilizing traditional organolithium 

or Grignard precursorsI. While variations of the original procedure have bAen 

examined8, active copper is typically formed by reducing an ethereal solution of CuI'PR3 

with an etherreal solution of lithium naphthalenide. The resulting copper 

sufficiently reactive to AllOW a very facile direct oxidatfve addition to 

halides (eqs 1 and 2). 

Li+nap.' + CuI'PR3 + cue,+ nap. + PR3 + LiI (1) 

zcuo +Rx _-+ CMt+cux (2) 

is 
alkyl and aryl 

The high reactivity of this copper led us to believe that it would be feasible to 

produce o-halophenylcopper reagents at room temperature. Upon applying this reaction to 

o-haloiodobAneenee we were very pleased to find that, with the exception of 

o-bromofodobeneene, the respective o-halophenylcopper reagents could be easily prepared 

at 25OC as illustrated in Table I. 
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z&BLB I. Pormatioa of z-malopken~loopper Reqents (2) 

From 2-lla10iodoboa8ea.m (1) aad Actiratod ceppora 

cue Ii+ 

0-%&4x + [0-=@4~1 y* XC@5 

1 2 3 

compound X temperature % yieldb of 3 

la F 25oc 76% 

lb Cl 25oc 74% 

1c Br -7soc 18(L= 

In contrast, yielda of o-bromopheaylcopper (1s) were poor and difficult to 

reproduce ranging from 58 at room temperature to 34* at -78OC with a typical value of 

181. Since tha starting material wa8 completely conmmed and the reaction was found to 

be exothexmic, it neems probable that the orgauocopper reagent ix initially formed and 

then undergoes elimination to produce benrryae and cuprous broaide. The analogous 

reaction with magnesium or lithium is thoroughly documented.3E The stronger carbon- 

halogen bond.m in o-chloro- and o-fluorophenylcopper apparently raise the activation 

energy to the extent that the elimination reaction im prevented for theae compoundr. 

The o-halophenylcopper intermediate8 cro8s-couple with alkyl halides and with acyl 

chlorides to form the corresponding o-haloarenea and o-haloketones a8 shown in Table II, 

Yields are good except for raactionm with o-bromophenylcopper (4i, 4j). Repeated 

attempts failed to couple more than 261 of the braminated organocopper intermediate. 

The ability to produce o-halophanylcopger reaqent8 opena the door to new synthetic 

routes for a variety of important and intmremting oompoundm having co&mnetcial and 

biochemical applications as depicted at the bottom of Table 11. Intermediate 28 will 

cross-couple with 2-thfophenecarbonyl chloride to produce 2-o-fluorobentoylthiophene 

(4k) in an 87% yield. This compound ham been umed as a replacement for tienilic acid in 

the development of an assay for b-hydroxylation reactions by rat liver micro80mes.g 

Reagent 2b reacts with 2,4,6-trimethylbenzoyl chloride to form 

2'-chloro-2,4,6-trimethylbenzophenona (41) in an 882 yield. Thi# product is part of a 

mixture used in thermal recording materials and is utilixed in thermal printing-l0 
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III conclueion, a practical new method for gener8tinp o-halophony nucleophiles hae 

hen l stablimhed.ll o-Fluoro- end o-chlorophenylcopper reagentm can be produced in good 

yield8 directly from active copper end the rempoctive a-hRloidObenrenw at 25OC without 

serious loam due to comp&fng elimination. The orgyr eaapouadm can be utilized 

in eubstitutfon reactionm to produab good yields of the o-halogenated croem-coupled 

products. The reactione take place at temperaturem which are l ubmtantially ebove the 

low temperaturee required by the analogou8 lithium or magnemium reagents and thum offer 

a eignificant advantage when hfgber temperaturem are neaded to rffoct reaction. 

Tama II. Cro8s-Coupling Re8otionm of 2-Balophonylcoppor Roagontsa 

0-Rc4~4~ + R2' j 0-2C#4R 

2 4 

compound X RX* no. product 4 % yfefdb of 4 

2a F 

2a F 

2e r 

2a F 

2b Cl 

2b Cl 

2b Cl 

2b Cl 

la Br 

2a Br 

28 

2b 

F 

Cl 

-31 
PhQIZBr 

PhcOCl 

cx3cocl 

Qf31 

=3CBzr 

PhCOCl 

cs3cOCl 

-31 

PhCOCk 

4a o-FC6H4cx3 100 (76) 

4b O-FC6EqCB2Ph 

4a 0-2%@4(C%S)ph 

4d o-FC6?I4(co)cii3 

4e 0-C1c6~4~3 

4f 0-=1C6H4=S2=3 

4s 0-C]LC6ilq(CO)Ph 

4h 0-C1C6B4(c0)=!!3 

4i o-Src6~4~3 

4cf 0-BH+jRq(CC)Ph 

Cocl 4k 

8 S 

P 01 

90 (65) 

96 (73) 

75 (57) 

77 (57) 

93 (69) 

81 (60) 

88 (65) 

26 (5) 

24 (4) 

87 (53) 

88 (56) 

Wl reactions were run unzbr argon for 30 min. in THF or OMB with a 
threefold excess of RX'. Reactiona with 21 or 2b were perfonud at Hoc. 

Reactiona of 20 were carried out at -78OC for 30 nin. and thau allowed to 
alowly warm to rooQip taqmratum. %uuMtatfon was by Gc. The first 
value represents the yield based upon the amount of organocopper (2) 

present just prior to the addition of RX'. The s*mnd value (in 
parw&herw) represents the were11 yield from eterting meteriel. 
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The basic experimental procedure for preparing activated copper hae been 
previously reported.Sa,c In a typical reaction, active copper (10 mmolt wae 
produced by the lithium naphthalrsnide reduction of CuI,P(Et)3 in THF or DME. The 
temperature of the reaction was adjusted and o-haloiodobenzane (I) was added (5.0 
mmol) along with the int8rnal etandard (typically decane, 2 mmol). The solution 
was stirred for 10, min. to achieve the marionam yield of organocopper (2). To 
cross-couple, ghree equivalenta (15 amnol) of organic halide substrate (RX') was 
injected, neat, into'the reaction mixture and allowed to stir for 30 min. The 
productlr were eh&racterized and identified by their epectral and physical 
prop8rtien after amploying standard workup and isolation procedures a8 previously 
published.6a,c All products eynthesiaod in this work have beon previously 
reported in the litgrature and most are commercially available. Quantitation wa.8 
by GC using the internal standard method. 
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