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Abhwt-Fluoro-, chloro-, broom-, and hh@uppne derivativea were obtained in 1040% 
yields by the r~&?tion of FCIQ, cICH&. BrCHIz, and CHIs, rC+&VCly, with Cu in the ~~&?~cINc of 
okfins. ‘Ibe reaction was ekctropbilk, and pwccded rtcrws@5afly, i.e., c& and fmns ok5rts 
afforded @opqane derivativa whose coo5gurations with respect to the rubstituent8 from original 
ok5m were dr and tmns, rqwtivcly. since isomeric okflnr were not detected in the reaction 
mixture wbicb would be espectcd from the iawrtion of the cormapooding free monohakxarbenca into 
CHbo~tbe~~toproaedvir~ocopperin~~rather~free 
monohhcarbcncs. with rapcct to the con5guration of the balogcn intnnhced by the new rcacth 
the c& or endo isomcn were generally obtained prcdomhantly over the corwponding tmns or & 

Mooohaltxyclopropaoe derivatives have often been 
synthesized by the cycloadditioo of mooohalocar- 
bcocs or carbenoids to oletlns, and a considemble 
information ha# accumulated on this rubject.’ Q- 
Elimination ha8 been tho most promGng route to 
monohakxarbcoca or carbcooida. Rcactioo of 
alkyWlium with cH&i, in the preWlcc of okfin 
produces momxhhxoqdopropane derivatives,’ 
but this method is not very useful for the synthesis 
of the other mooohalocydopropane dcrivativcs. 
Reaction of J$zn with tIihalomethancs in the 
presence of OI&IS produce8 monofhmro-,z 
monochloro-,a monobromo-,” and moooiodocydo- 
propam? dcrivatiws: However, this zn route is 
not very convenient since Et& ia flammable in air 
and precaution8 must be made to exdudc the at- 
mosphere during the ‘reaction. Reaction of olefhu~ 
with dihalomethylmcrauy compound8 gives the 
corresponding moodralocyclopropane derivatives 
in good yield~.~ But the use of organomercury 
compound8 is not de&able because of their toxic- 
ity. Photochemical dccompodtion of FCHI, in the 
pre.scocc of oletlns give8 the corresponding mooo- 
euorocydopropane derivativq6 and the reaction 
of ole5na with sodium bis&inlethyMyl)ami 
and dihalomethane giva~ the corrsrpondine 
mooohalocydopropaoe derivative&’ Mooohalocyc- 
lopropane derivatives can be obtained from ole6ns 
and halodiazomethaocs.a9 Nevertheless, tbeac pro- 
cedures arc not always useful for the synthcsia of 
monohalocydopropane derivatives, and a amve- 
nieot route to moootluoro- and mooobromo- 
cydopropane derivatives is the partial reduction of 
the comapoodiug chlorotluoro-lo~” and dibroolo- 
cyclopropane dcrivativcs,la respectively. Another 
convenient route to monobromw 
derivative8 is a brominatioo of cyclopropure- 
carboxylic acid.” 

Recently, we found that the reaction of CHJ, 
with cll in the presence of ole6ns gave tile corres- 
ponding cycloprqxme derivatives in good yields.‘* 
l%is reaction proceeded stcrcospcci5cally and did 
not give inomeric olefins, which arc generally 
ditllcult to separate and which would be expected 
from the insertion of free carbeoe into C-H 
bonds. Inorganic materials were eliminated from 
the reaction mixture by a simple ffltratioo, and 
distiuatioo of the 6ltratc gave the isolated products. 
The simplicity of this procedure compares well with 
the advantage obtained by the use of insoluble 
polymer supports in organic syntbcsis.‘” 

Aa an extension of this work, we have iovesti- 
gated the reaction of trihahnnethancs with Cu in 
the prcacocc of ok&ns, and found a useful method 
for the synthesis of mooohalocyclopropane deriva- 
tives. A part of the work has been reported in a 
previous c~~mmunicatioo,‘* and the details of the’ 
reaction are descn’bed in this paper. 

Synthcsir of mtnwbhqloplopone &rftmffocs from 
* 

The reaction of oletlna with trihalomethane and 
Cp proaeded smoothly at moderate temperature, 
and gave the axreaponding mooohalocydopropane 
derivativea often in good yields. Some experimental 
rasulta arc given in Table 1. All producta were 
ideotiged by comparison of their ‘H NMR and IR 
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Table 1. Syuthusia of mouohakcyckpmpxue derivativcx from okfius, nWkmaWnea#xudcopper’ 

Olefiu 
Trihxlo- Temp. Time 
methane fvC) (b) Product 

Yiildb komcr 
(%) ratio 

Cydobuxeue 
1-HOptCtk 
Styrene 
Cyclohexeuc 
Cydohexeuc 
ds-Cydoocteuc 
1-CktCllC 
ds4Octcne 

p-Mcthylstyrcoed 
P-chlotQsW~d 
p-Bromoxtyrcned 
m-TdfblotD- 

mCthyktyWmd 
m-Chlorostyruued 
Cydohexene 
1-OCtCtlC 
styrcub 
CydOllCXCnC 

cud&xo-7-Fhwrobu+$4.1.0]heptute 
ddtrafhl-l-Fhmro-2-pcntyl@qropW 
ddkuu-l-Fhmn+2-phaoy~ 
enli&.w-7 Glorobicyck$4.1.0]heptane 
~~3-“1”‘“1”““4.m=Q- 

- -CMnu-ds-lnqdo(6.l.O]nonane 
cia/honr-l-Chlon+2-h- 
da,ddfr~fratu-1-Chlor+2,3~kydo- 

d&z-2,3+xopykydopqane 
dS/rranS-l-chllnW2-phcllyl~ 
dJtraru-lQLoro_2-p-mathylpbsny~e 
ciJrrMS-l-chloro-2-p-chknuph8nyky~ 
ci.9/trMI-l-chloro-2-p-bromopbeaylcydopro 
dr/honr-l-Chloro_2-m-triOuommethylphcnyi- 

ds/traus-l-Cl&m-2-m-chlorophcnyl~ 
eud~‘exo-7-Bromobicpclo[4.l.O]huptaux 
dsltrxua-1-Bromo-2-hexylm 
ds/traus-1-Bromo-2-pbenylcycloproplw 
eu&#e.xo-7-Iodubkyd~4.l.O]haptaue 

45 - 
41 3.7 
56 7.0 

E 91 7:7 
36 4.9 

4.7 
z 1.3 
20 2.7 

57 
:: 0:s 

’ Reactions were carried out with 4.0 mm01 of okfk, 8.0 mm01 of trihakmethauc. 18.0 mmol of Cu pow&r, and 
0.2mmol of Ix in 3.0ml of CJ& 

bDetcrmkcd bv VPC an&six of tba rcactiou mixture. xud wcm bxacd on the oktiu. 
EC&CHx was’uwd fust& of CJ& ax the solvent. 
d~reactionsweruuarrkdoutin4.SmlofC&t. 

spectra with fltose of authentic samples, or showed 
satMac&uy analytical data and expected spectra. 

‘C’ 
II 

/C\ 

+xCfq+2Cu - 
‘C< 

A 
,CffX+WZ 

A\ 
(X-F.Cl,Br.orl) 

The reaction did not give isomeric olegns, which 
wouldbeexpcctcdfromtheinacrtionofthecorres- 
pending free monohalocarbenw into G-H bonds. 
The reaction seems to proceed via organ-r 
intermediate rather than free monohalocarbcnes. 

The reaction gave monohalocyclopropane de- 
rivatives in a stcrcospccific way. lYie reaction of 
cis-eoctene with ClCHI~ and Cu afforded a 8.2: 1 
mixture of c&c&- 1 and rmns,,trrmr-l-ddoro-2,3- 
dipropylcyclopropane 2, but tbe ck,fmns isomer 3 
was not dctcctcd in tbe reaction mixture. The cor- 
responding reaction with tranr-4-octene gave 3, but 
1and2werenotdctectedinthercactionmixture 
intbisca8e. 

‘Ik1HNMRspcctraof1,2,aud3sbowcdtbo 
absorption of the ring proton in the geminal po8L 
tion to Cl at 8 3.15 (triplet, J - 7.2 Hz), 2.34 (trip- 
let, J= 4.0 Hz) and 2.77 (doublet of doublets, 
J-,= 6.5 Hz and J(,,.,,,,= 4.0 Hz), rqectively. 
Tbew absorption8 were asigned to the ring pro- 
tona of the cis,cis, truns,tmns, and c&,tranr isomers, 
lusp&ively. 

Expariencc baa &own tbat electron-donating 
aubtituents ia ole&~ incxcaacd both yield and rate 
of the raaction. ConseqttcnUy the reaction ia elcc- 
trophilic. The relative reactMy of substitutc!d 
styrenoa wan invcatigated in the reaction witb 
CICHI~ and Cu. Raulta arc given in Table 2. 
Logarithm of the relative reactivity was plotted 
against Hammett u+-value in Fii. 1. The plot gave 
a p-value of -1.13*0.02, which is more negative 
than that in tbe reaction of GHxHgCClxBr with 
substifuted styrcncs.16 lIta result suggesta the im- 
portance of the inductive effect of the subsfitnents 
in the new reaction. 

H 
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Table 2. Relative rcdvity of whati- 
hltedstylu~inthererctionwitb 

acIqandcua 

x ill xc6HJx4& k&’ (a4 

k-3 2.53 

Pa E2 
p-Br 0:673 
m-cl 0.372 
m-3 0.290 

.Reaction an&ions: okfia. 
4.Ommol; ClCH&. 8.Ommol; Cu. 
18.0mmol; 12, 0.2mmol; C,& as sol- 
vent, 4.5 ml; 75* l’c, 2 h. 

As can be seen in Table 1, the new reaction 
showed essentially the Syn stereo8electivity. That h, 
with respect to the configuration of the halogen 
introduced by the reaction, endo or cfs isomen 
predominated over the co-g exe or fmn.9 
isomera, respe&vely. The con&ration was deter- 
minedbythedi5renceinthechemicalshiftofthe 
proton a to the halogen which allowed the conflg- 
urational designation, or by the dilkrence in coupl- 
ing con8tantll of the cyclopropane protons. The 
ste=lcctivity may be determined by a balance of 
electrostatic interaction and steric repulsion be- 
tween the halogen of the car&&d and the rub- 
stituent8oftheole5.Inthereadionwith&o- 
hexene, the enddexo isomer ratio0 were 2.40, 
2.1(Cl), l.S(Br), and 0.5(I), here the halogen intro- 
duced by the new reaction is given in the parenth- 
eses. This result suggests that the electro8tatic in- 
teraction between the halogen of the carbenoid and 
the substituents of the 01~5 enhance8 the syn- 
selectivity, whereas the steric repuhion enhancea 
the unti-8ekctivity. In the reaction of substituted 
styrenes with ClCHI, and Cu. electron-donating 

-0.4 -0.2 QO 0.2 0.4 0.6 
+ 

substituent attached to the phenyl group appear-8 to 
enhancethe syn-selectivity of the reaction. 

The yield of monohakcyclopropa5 derivatives 
&creased when the reaction time was too long. 
This tendency was in the order I>Br>ClSF. In 
Table 1 is shown the resnlts of the reaction carried 
out under the condition which gave the maximum 
yield of monohalocyclopropane derivatives. An im- 
portant side reaction 8eems to be the coupling of 
monohalocyclopropane derivative8 with the or- 
:tir intermediates derived from trihalo- 

Although no detailed investigation of the 
mechanism of the new reaction has been made, 
aeveral experimental observations have suggested a 
reasonable interprttation. We propose the follow- 
ing mechanism for the reaction, 

xcH&+cu - xcHIcu+@& 
4 

‘C’ 
\/ 

II 
-. .--9 

+4 - 

> [E 1 :::c@ i 

,< 
-. i 

\/ 

- c’ I ,-+tcsr, 
/A 

The formation of iodohalomethylcopper 4 from 
halodiiodomethane and Cu would be a reasonable 
speculation, since CH,Cu was reported to be de- 
tected in the reaction of CH,Cl and Cu.” 
Perfluoroalkylcopper compounds can be prepared 
directly from pertluoroalkyl halides and Cu.” It 
would be better to conxider that the organocopper 
intermediate 4 is amociated, since the reaction sys- 
tern was heterogeneous and the organocopper in- 
termediates seemed to be insoluble in the aromatic 
hydwxarbon. Since the aromatic hydrocarbon plays 
an important role in the new reaction, it would 
form coordination compounds with the organo- 
copper intermediates. Robably the organocopper 
intermediates are complexes with aromatic hyd- 
too&bon a.8 the benzene complex of copper(I) 
tri5te.‘9 

The &sequent one-step methylene-transfer 
echamSmirsimilartothatsugge&edforthe 

kuuollbsmith maction.= A mecha&m involving 
free monohalocarbenes would be unlikely, since 
isomeric oleflns were not detected in the reaction 
mixture as was mentioned above. A mechanism 
involving carbanions would Akron be unlikely, be- 
cause the reaction showed an electrophilic nature. 

w t# dichloroiodo- and chlomdiiado- 
ndane 

FCHIz WM prepamd by the reaction of FCHBr, 
with NaI.” BrCHIz was prepa& by the reaction of 
Brz with CHI,.= The -relkrted method for the 
m of Cl&HI and ClCH& involves the 
readion ofSCHIS with HgC&.” since the use of a 
large quantity of Hg compound @ not de&able, we 
attempted to find an alternative method for the 
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3.1 (m, 1H). 7.3 (m, 4Ei); MS m)e (rel %) 222 (4.72). 220 
(14.19 M+). 185 (100). 165 (2!5), 115 (21). 

cir-l-~lono-2-m-cklo~p~nyic~lo~ ng- 
1.5604; ‘H NMR (CC&) b 1.3 (nz wt, 2.2 (m, IEih 3.3 
(m, IH), 7.1 (mm, 4*, MS m/e {rcr %) 190 (0.62)s 133 
(4.99). 186 f6.94M+). 1st flOO), 116 (52). 115 (83). 
@o&i: c, $7.96; E& r.sl;‘c&-37.93%. c&&$ rc- 
auircc C. 57.79: Ei. 4.31: CL 37.909L.l 
s trrna-i-Ch&-i-m-citk&imyM g- 
1.5579; ‘li NMR (CQC) 6 1.4 (m, 2H), 2.3 (m, lH), 3.1 
(m, lH), 7.1 (m, 4H); MS m/e @cl%) 190 (0.36), IS8 

Tabk 3. Campatitive ma&xi af nprow 

and p- lrukd mOkr 

P-c--e- 
(mok fraction) Mu 

0.216 0.801 
0.357 0.670 
0.482 0.810 
0.672 0.769 
0.815 0.762 
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