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Suaaaary 

Naphthalenecbromium tricarbonyl is an effective catalyst for the addition 

reaction of carbon tetrachloride to olefins to form 1.1,1.3-tetrachlomalkanes. 

Mechanistic aspects of this reaction are discussed. 

Intmductian 

Ihe catalytic effectiveness of naphthalenechromium tricarbonyl in the regio- 

selective and stereospecific hydrogenation of dienes at ambient temperatures has 

been recently demonstrated [1.2]. The scope of this and similar hydrogenation 

reactions [3] and additional mechanistic studies [4] will be presented in separate 

cmicatians. lbe observation in the course of previous studies ES.61 that the 

chromium catalytic species involved in the hydrogenaticm reactions with dienes 

appears capable of activating not only the hydrogen molecule, but also the carhon- 
. 

hydrogenbkdin the cyclohexausrolecule. thereby providing a source of hydrogen 

-atoms for hydmgenatiar, pmaptsd us to investigate the possibility of catalytically 

actii+ting carbon-halogen bonds with arenechromium tricarbcmyl complexes. Ihe 

inititi-~maction of elmice for these studies uas the edditian of carbon tetrachloride 
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to olefinic systems. The catalysis of this reaction by mononuclear metal carbonyl 

complexes [7] such as Fe(CWS. Mo(COI6 and Cr<CO)6 as well as dinuclear metal 

carbonyls [S] such as COAX, [C5HgFe(C0)2]2 and [~&Mo(CCI)~]~ has been reported 

to require relatively high temperatures (>lSO*) and long reaction times (> 15 hr) 

leading to conversion yields of up to 70%. 

The use of ruthenium(II)triphenylphosphine complexes as catalysts in the 

addition of CC14 to olefins, in a sealed tube, has been fomd [9] to give good 

conversion yields at lower temperatures (SO*) and shorter reaction times (s 4 hr). 

Ke were hopeful that the high catalytic activity of the naphthalenechromium 

tricarbonyl/tetrahydrofuran system as exhibited in the hydrogenation of dienes Cl-43 

might manifest itself also in the Ccl4 addition to olefins and that milder 

reaction conditions could be achieved. Sow of the results of our investigation 

on this reaction are presented in this coxauunication. 

Experimental 

Apparatus - _hMR spectra were determined on a Varian T-60 spectrometer in 

Ccl4 solution with tetramethylsilane as internal standard and are expressed in 

&values. Infrared spectra were t.aken on a Perkin-Elmer Model 257 grating spectro- 

photometer. G.1.c. analyses were performed on a Packard Model 805 [series 7300) 

instrument fitted with a flame ionization detector and disc integrator; (calibratic 

with standard samples indicated an accuracy of *:I%). G.1.c. separation of reactior 

products on a Varian Aerograph Model 920 or 90-P afforded the collection of samples 

mass spectra'measurements. The latter were carried out with a high-resolution 

MAT-711 (Varian) or an ATLAS-CH4 mass spectmeeter (with direct inlet at 70 eV). 

kterials - All reagent grade olefins uere distilled and freed from 
. 

peroxides by passage through an active alrmina (basic) column. Carbon tetra- 

chloride was purified by distillation and-tetrshydtofuran~wPs-distilled_over 

calcium hydride-under nitrogen im+atsly_prior to.use in reactions;-. All~solvcnts - 

and reactantswere-degassed prior tir re&t&ns~&d transfen were-ckried-out under 
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11 
trans-Cr(CG)4[P(C6~S)332 were synthesized and purified as described in the 

literature. 

All reactions were routinely performed at roam temperature under dry, oxygen. 

free nitrogen in 10 ml Erlenmeyer flasks carefully protected from light and fitted 

with rubber sealing caps and magnetic stirrers_ 

In a typical reaction, a solution of norbornadiene (180 mg, 1.9 mmoles) 

in 2.5 ml of a mixture of THF/CC14 (7r3) was added with a syringe to a degassed 

erlenmeyer flask containing naphthalenechromium tricarbonyl (10 mg, 0.038 mmoles). 

The reaction mixture, protected from light, was magnetically stirred for about 

20 hr. AIiquots were removed at fixed time intervals and analyzed for products 

by g.1.c. with a 15% DEGS column on chromosorb W. In some experiments the aliquots 

were also used for measuring the infrared spectral changes in the 2000 cm 
-1 

metal 

carbonyl region (vide infra). 

In a preparative experiment, cyclooctene (2.5g. 22.8 mmoles) and NCI (0.2g. 

0.76 mmoles] in 15 ml THFKC14 (1:l) were magnetically stirred at room temperature 

overnight. After removing the solvent and unreacted olefin by distillation, the 

reaction product was passed over alumina (basic] and eluted with THF, to yield 

-4.4g of 1-trichloromethyl-t-chloro-cyclooctane, corresponding to a 76% conversion 

yield. 

Itesulte 

The reaction of Ccl4 with norbornadiene (NBD) in the presence 

of naphthalenechromium tricarbonyl (NIX) was first investigated, when the reaction 

was carried out with 3.8 moles of NBD and 0.38 mmoles catalyst, all the olefin 

was consumed after 2 hr. G.1.c. analysis showed the formation of three saturated 

+oducts. IA, Ig aad IC in a ratio of 8:14:1 respectively. Separation by 

preparative g.1.c. and mass spectra measurements showed that the two major products 

IA (31%) and Ig (SS%] uem isomeric NBD-CC14 adducts (C&C14). The minor product 

IC (4%) had the composition CgHgCIG cor&ponding to the addition of two Ccl3 _ __ 
., 

g&upstohBD. Undersimilarreaction conditions, b& usingonly 2mole %NCT 
-.<_ -21, . ..__ -: -. -. ~_ i ; _ . . _ 
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catalyst promoted only a 23%_conversion of NED to the CCl4-adducts. Similarly, 

bipyridyl Cr(C0)4 led to a conversion of 8.3%; and trans-Cr(CO)4[P(C6HS)3)2 yielded 

a conversion of ll.lO_ With mesytileneCr(CO)3, dimethylterephthalate Cr(C0)3 or 

triphenylphosphine [lt] as catalysts. no NED-CC14 adducts were formed at all and 

after 5.5 hr of reaction time unchanged N8D was recovered quantitatively. 

The effect of the THF/CC14 ratio on the 0 conversion of NBD to NBD-CC14 

adducts after S hr reaction time is shown in Fig-l. The results indicate that 

optimal conversions should occur with 38%SO% 

effects of reaction time on olefin conversion 

are illustrated in Fig-Z_ A reaction time of 

conversion with a 2 mole 0 catalyst (relative 

hydrogenation experiment carried out with NBD 

CC14 in the solvent mixture. The 

with various THF/CC14 solvent mixture 

4-S hr would be required for maxi- 

to olefin). For comparison, a 

and NCP (1 mole %) in MF at ambient 
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Fig.2: The eifect of reaction time on Z conversion of norbomadiene 
into the CC1 
Reaction con 

adducts for various lXF/CC14 solvent aixtures. 
ai tions: as in Fig-l. 

temperature, under conditions described elsewhere [43, yielded after 30 min. a 

S41 conversion to the hydrogenated products, nortricyclene (%70\) and norbomene 

(WOI). For further comparison with the hydrogenation reaction. the catalyst (NW 

was first dissolved in THF and aIlowed to equilibrate at rooa temperature for 

15 min in order to obtain a significant cmcentration of (THF)3Cr(CO)3 uhi& has 

been shown (21 to be the astive catalytic species in hydrogenation. An appropriate 

solutian of NEUI in CC14uu then chmaltothe THF-cataIyst systes. In P parallel, 

mdsiaxltaneoussxpe rirsnt. all the reactants (in identical amounts as in the first 

experiment?_ rum added together fror the start (1.6. etting the equilibration 

sttsp), __ Tbs pr&es~-ofthe reaction. as m@nitomd by g.l.c-. was initially rather 
_ < , I . ._ - 
.sisifar &both sxporimnt~. leading to approximately SO1 conversion of NED at the 
__~ ._*hr;,\-_- “L-.--y, . _, -, - :~ ;a’-_ . 
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of 5 hr (total reaction time). Cln the other hand, the reaction with the prior j 
5 

equilibrating step, reached a maximum olefin consumption of 60% at the end of about! 

1.5 hr total reaction time and no further change occurred for another 3.5 hrs. 

This behaviour was quite different from that which had been observed in hydrogenatir 
:. 

experiments under analogous conditions [t] and provided a strong indication that r : 5 - 
different active catalytic species could be involved in the two reactions: hydro- : i 

genation of dienes and CC14 addition to olefins (see Discussion). Additional t 
I : 

support for this possible conclusion became available when we attempted to obtain .i 

direct spectroscopic evidence on the identity of the catalytic species in the . . 

olefin-CC14 addition reaction by a method which had proven helpful in the investi- f 

gations on the hydrogenation reaction [1,2]. NCT in lHF exhibits initially typical z 

vcO absorptions in the infrared spectrum at 1970(s), 1900(s) and 1890(s) cm . 
-1 

Solvolysis by TDF leads to the species CIHF)3Cr(C0)3. identified by vco at 1920 and 

1773 cm-l, which in approximately 40 min at room temperature constitutes about 

55% of the equilibrated mixture [2]. NCT in Ccl, exhibited vco bands at 1980, 1920 

and 1905 an -' which retained unchanged intensity even after 24 hr. A solution of N 

in a mixture of THF/CC14 (713) protected from light exhibited a new band vro at 

1940 cm-l which grew in intensity at the expense of the 1890 CI -' band. The 

1940 cm-l band reached maximum intensity after about 2 hr and remained constant 

for another hour whilst the bands at 1900 and 1890 cm-1 continued to decrease. At 

the same time, two-new absorptions at 2030 and 1980 au -1 began to appear, the 1980 

CUl 
-1 band growing stronger at the expense of all the other bands. After 20 hr 

the absorption pattern in the vco region was as follows: 2030(w), 1980(s), 194O(w] 

1890(m) c&-l. The light-protection was then removed and after 30 rin of exposure 
_ 

to daylight the solution changed colok from brown to violet and the infrared 

spectrum exhibited absorptions at vco Zd30(u] and 198OCs) cm 
-1 

, characteristic of 

Cr(C0)6 in this solvent'~lpixtura. Work up of the violet solution led to the 
__- _- 

isolation of C'l%iF)3CrC1 C-VSOS yield) identified by comparison &?&-an authentic 
3 

s&le 1131: It is i&ktaktd no& the absence, in this THF/Ckl medium, of 
~4 

the bands~t&alok'the hykr&ena&on~c&lytic &e&~‘(i]‘ &'lkj,Cr~CO~~ (yiae 
- 

r ._ _- _'> __ .~ .-~ &&,: i-. 
d tie g&&me df Nb, -& s&‘&r&~&t&n as .des&iie~~‘&ove was 

. 

_ 3> -- - :y._- _> . . ;.I-.‘ :__ - _ .~&.5.._ .l+;:s*z_r_ _ - ~- .I,. .z ~ 1 _ .- ; F.-L __“A-:= --z-2 - ~;- F >::: .~ 
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in the presence and absence of CC14 in the solvent mixture. This latter band belongs 

to the stable (NBD)Cr(C0)4 complex. A similar band was not observed with other 

olefins studied in this work. 

The next step was to investigate the NCT-catalyzed addition of CC14 to other 

dienes, known to undergo selective hydrogenation with arene Cr(C0)3 catalysts [l-4]. 

Conjugated dienes, such as 2,4-hexadiene. methyl 2,4-hexadienoate (methyl sorb-bate) 

and cycloheptatriene subjected to the same reaction conditions as NBD. were 

recovered unchanged and no chlorinated products could be detected. Interestingly, 

the presence of these dienes in the NCI'/THF/CCl4 system did not interfere with the 

evolution of the same infrared absorption pattern as described above. 

On the other hand, linear non-conjugated dienes and monoolefins, incorporating 

a terminal carbon-carbon double bond formed CCl4-adducts under catalysis with NCT 

in the THF/CC14 system at ambient temperatures. Monoolefins with non-terminal 

double bonds such as 2-hexene and 3-hexene were recovered unchanged. However, 

cyclic monoenes and non-conjugated cyclodienes were also converted to CCl4-adducts 

in this reaction. The results are summarized in Table 1, which also includes 

data for the chlorine-containing mass-spectrum fragments observed for the 

CCl4-adducts. Table 2 presents the NMR data for the reaction products. Unexpectedly, 

non-conjugated linear dienes, in which both double bonds were in the terminal position 

e.g. 2-methyl-hexa-1,5-diene formed only the two isomeric mono(olefin-Ccl41 adducts. 

the remaining double bond being left unreacted. A similar result was obtained with 

cycle-octa-1,5-diene, where only a 1:l adduct was obtained, but the remaining 

double-bond uas not present in the product, probably due to an intramolecular 

cycliration reaction, as observed in the case of NBD. 

Discussion 

Any attempts to discuss the addition of cc14 to olefins under 

catalysis by the NCX (naphthalenechroaium tricarbonyl)/MF system, must take into 

account the known [2] fomation of several intermediate spacias as a result of 
>- 

r&ion bet_uuen the c&dinatlnp solwmnt and themarenenetal corbonyl coqlex. The 
-. 

st6pmise-,_ppl uhmt &the &me miety by y. as illustrated in equation Ci), 
5 
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(i) (fast) 
(slow) 2 THF 

(Naphthalene)Cr(C0)3 * THF - (Naphthalene)(THF)Cr(C0)3 & ClHF)3Cr(CO)3+Naphth. 

XVII XVIII 

hydrogenation reaction [2]. Intermediate XVII was detected by infrared spectroscopy 

only in the very early stages of the equilibration process before its characteristic 

absorption band (-1940 cm-l) was swamped by that of the longer-lived (and hence 

more abundant) intermediate XVIII. However, even the latter was found [2] to 

undergo further transformations and disproportionations leadmg to (lHF)2Cr(C0)4, 

XIX; (THF)Cr(CO)5, XX; Cr(C0)6, XXI and Cr203, XXII. In the presence of a sufficient 

concentration of Ccl4 (-30%) in the NCT/THF system the course of the equilibration 

reaction was changed and different intermediate species and/or dispxoportionation 

products could be observed. On monitoring the reaction course by infrared, as 

mentioned above, the appearance of species XVIII was completely suppressed in 

the presence of Ccl4 (as shown by the absence of the typical bands at 1920 and 

1773 cm-l) . - Therefore, we infer that interaction between Ccl4 and the coordinating 

sphere of the metal must take place after formation of species XVII and before 

formation of species XVIII. This coz!cIuslon zbyees also with the established 

greater reactivity of (naphthalene)Cr(C0)3 relative to (phenanthrene)Cr(CO)3 and 

(mesytylene)Cr(CO)3 in the ligand exchange reaction whereby the THF partially 

displaces the arenemetal bonds [1,2]. If the amount of THF exceeds 70% in the 

IIiF/CCI3 mixture, the second step in the equilibrium (eq.i) becomes predominant 

leading to formation of species XVIII_ Whereas this would be beneficial in the 

hydragenation reaction. it is not so in the addition of Ccl4 to olefins. .When 

NCP YES allowed to equilibrate in lWF in order to establish an optimal concentration 

‘of ('IHF13Cr(co)3. XVIII, before addition of Ccl4 and NED(I). a lower conversion 

of olefin to olefin.CC14 adduct resulted. Thus, formation of XVIII not only 

decr!ased the conconttition of NCT (and/or of species XVII) at the time Ccl4 w& 

added to the reaction, but also it provided an additional facile path for the side 

[dispopor@n+op) reactions uhi_ch @sten temination of the catalytic cycle. .~. _. 

bn the ~other%and; an increase in the [C!X&THF ratjo might favour the side reaction __ : 

bkueanZCCI,+ndtlie _-6um spec~es~uhich leads to ~forkat%on ofthe catalytically 
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inactive product (l'HF)3CrCl3 and thus bring about the de&ease in the yield of : 1 
CC14-adducts (see Fig. 1 and 2). Since conjugated dienes do not undergo the CC14 ’ f 
addition reaction, whereas terminal monoenes do so, we have to consider mechanistit I 

pathways different from those postulated for the selective hydrogenation of 

.dienes [2,4,6]. A possible mechanism is presented in Scheme 1. Oxidative additior I 

(Arene)Cr(C0)3 s (Arene](THF)Cr(C013 _ - (THF)3Cr(C0)3 + Arene 

XXIII XVIII 

ccl4 Arene 

P' 
C13c1q ~cc13,~C&Lo, 3- z (TW3CrC13 

XXVI 

F* l 
E Cl,C - 9 - f - r(THF)CCO)3 

R" XXV 

/R' 
=c 

=2 \ 
R" 

f. 
:’ 
i 

Schemel. Catalytic cycle for addition of Ccl4 to monoe&s 

of Ccl4 to the catalytic species XXIII, leading to the hexacoordinate Cr(I1) specie 

XXIV is folloued by insertion of the olefin into the metal-trichloromethyl bond t 

form the 1-alkyl-3.3,3-trichloropropyl coaplex (XXV). Reaction of this con@ex wi 

another molecule of Ccl4 yields the l,l,S,3-tetrachlomalkane product and 

regenerates the chloro-trichlor~~~oorplex (XXIV). to mew the catalytic c 

Iho possibility that apacios XXIII co&d react with Ccl4 to-foorr free 

trichlomasthyl radicals has bean considered and excluded as a major reactim path 
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observed. Furthermore, augmenting the molar equivalent of naphthalenechromium 

tricarbonyl catalyst in these reactions resulted in a parallel increase in the 

yield of the 1:1 - CClJolefin adduct (Table 11. By analogy, we believe that the 

free radical mechanism proposed for the addition of Ccl4 to terminal olefins 

catalyzed by ruthenium [II) complexes [9] should be reconsidered and revised in 

the light of our findings. 

The mechanism suggested in Scheme 1 differsonlyin the initial steps from 

that proposed [8] for the CC14 addition to olefins under catalysis by dinuclear 

metal carbonyls such as [C5HgMo(CG)3]2. With these catalysts, CC14 is envisaged 

to react by forming two chlorinated intermediate species: CCl$io(CO)&H,.) and 

C~MO(CO)~(C~H~)_ Insertion of the trichIoromethyImetaI complex into the olefin 

leads to the same type of complex as XXV in Scheme 1. 

intermediate, ClMo(CO)3(CSHg)isnotconsidered to play 

reaction mechanism. 

The second chlorinated 

any further role in the 

Finally,just as for the hydrogenation reaction Cl 21, the very mild reaction 

conditions which are sufficient for the addition of Ccl4 to olefins indicate a 

high catalytic activity for naphthalenechromium tricarbonyl in coordinating solvents 

The versatility and scope of this catalytic system is being further 

investigated. 
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