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Summary

Neophylmagnesium chloride reacts via an ionic pathway with CCl,; which is
a very reactive halide towards Grignard reagents. On the other hand with the less
reactive dibromoethane, the lowest energy pathway seems to be electron trans-
fer to yield neophyl radicals.

Introduction

During studies of the reactions of neophyl metals generated from metal
halides and the neophyl Grignard reagent in some instances we found indica-
tions of radical reactions [1,2]. Somewhat surprisingly, these seemed to be
associated with the Grignard reagent rather than the neophyl metal, and it thus
appeared of interest to investigate the reaction of neophylmagnesium chloride
and some nonmetallic halides. As model compounds we chose carbon tetra-
chloride and 1,2-dibromoethane.

Resﬁlts and discussion

The nature of the reaction between the Grignard reagent and halide is strongly
dependent on the halide. While CCl, appears to give products stemming from
dichlorocarbene, dibromoethane gives radical type products. The product
pattern is outlined in schemes 1 and 2, and the yields are listed in Table 1.

In the CCl, reaction there were also some unidentified products formed in a
total yield of 4—5%. The mass spectra indicate that some of them may be THF
derivatives, probably formed via free radicals or by the attack of carbene on
THF. The main products are neophyl chloride and the oléfins III'and IV.

Similar product patterns have been observed with other Grignards and with
alkyls of Li, Zn and Cd [3—5]. Very probably, the main reaction path is attack
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of the neophyl Grignard reagent on CCl; to give neophyl chloride, MgCl. and
CCl,. Further reaction between CCl, and Grignard then yields III and IV, presum-
ably via the carbene XV. Compound V may also be accounted for by this
sequence since it is the expected product from the reaction between XV and
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neophylmagnesium chloride. Small amounts of radical products are formed,
e.g. t-butylbenzene, neophyl-substituted THF and bineophyl. However, these
products are mainly formed during the prepa.ratlon of the Grignard reagent
[2,6].. The absence of PhC(CH,),CH,CCl, is further evidence agamst the -
presence of: free. radlcal mtermedlates



In the dibromoethane reaction a plausible pathway might be:
RMgCl + BrCH,CH,Br » R+ + BrCH,CH,- + MgCIBr (R = neophyl)
R- + BrCH,CH,- - RCH,CH,Br
RMgCl + BrCH,CH,- - R™ + CH,=CH, + MgCiBr
2R- > R—R
-.R-+THF ~ RH + THF-

R- + THF- >~ R—THF

Small amounts of PhC(CH;).(CH,),C(CH;),Ph (XIV) seem to be formed.
The origin of this product is obscure. It can not have been formed via PhC-
(CH3).(CH,);Br (XII), since this compound does not react with neophylmag-
nesium chloride. Nor does formation via consecutive addition of two necophyl
radicals to ethene seem very likely. Perhaps transition metal impurities are
responsible for its formation. Transition metal impurities clearly influence
the reaction path, as seen from the difference in product patterns from reagent
grade and 99.99% magnesium (Table 1) *. The presence of large amounts of
VI, X1 and THF-adduct strongly imply the intermediacy of radicals. Radical
addition to THF has been reported for e.g. Cl, [ 8], alkenes [9], and iodosodi-
chlorides [10]. The low yield of neophy! bromide indicates that no bromine
radicals are abstracted from BrCH,CH,-. This indicates a certain stability of
the B-bromoethyl radical towards bromine abstraction **. In the solvent cage
the bromoethyl radical couples with the neophyl radical to yield XII. The bromo-
ethyl radicals which escape from the cage should react rapidly with the Grignard
reagent. This should explain why no ethyl bromide and only trace amounts of
1,4-dibromobutane could be detected. The small amount of neophyl bromide is
probably formed by the usual attack of a Grignard reagent on a vicinal dibro-
mide [12]. Dibromoethane-induced dimerisation of alkyl-sodium, -potassium
[13] and -lithium [14] have been reported earlier. The mechanism has been
formulated as a nucleophilic attack on bromine to yield an alkyl bromide fol-
lowed by a Wurtz type coupling with the alkylmetal [13]. However, since
2,3-dimethyl-2,3-dibromobutane gave a higher yield of coupling product, a
radical mechanism seems likely also in this case. The fact that the reported
couplings with dibromoethane have been performed with alkylmetals capable
of yielding stabilized radicals such as diphenylmethy! [13] and neopentylallyl
[14] also suggests an electron transfer mechanism even if other possibilities
like bromination and Wurtz coupling cannct be rigorously excluded. However,
in the present case a mechanism of this kind seems highly unlikely due to the
very low reactivity of neophyl derivatives for steric reasons ***. The detection
of rearranged products also supports the presence of radicals.

* The possibility for transition metal impurties to induce radical type products in the reaction of
RMgX with ketones has been studied by Ashby et al. {7].
** The stability of 2-haloethyl radicals has been the subject of much interest. See for example ref. 11.
*** The Wurtz coupling of the sterically similar neophyl iodide with sodium metal has recently been
claimed to occtir by free radicals {15].
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As a comparison we carried out photolysis of the peroxide XVI, a reaction
which has been shown to yield neophyl radicals [16,17]. Apart from the large
-.amounts of 3-methyl-3-phenylbutyric acid formed, a fact that reflects the ease
of hydrogen abstraction from THF, the product pattern shows similarity to the
product pattern from the Grignard reaction (Table 2).

The reason why the neophylmagnesium chloride, while neither allylic nor
benzylic, shows such a great tendency to give radicals with dibromoethane may
be that the transition state for electron transfer is stabilized by scme homo-
benzylic conjugation:
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This would somewhat resemble the intermediate or transition state suggested
for the neophyl rearrangement [18]. The so called gem-dimethyl effect for the
formation of small rings would also lower the energy of the transition state
depicted above [19]. We have also noted [2] that the chemical shift of the CH,
protons of compounds of the type ArC(CH;),CH,Ar' are shifted downfield com-
pared with ordinary benzylic protons. This may reflect the possibility of homo-
benzylic conjugation in the neophyl compounds. The evidence presented here
suggests that there exists low energy radical pathways in the reactions of the
neophylmagnesium halide with unreactive halides such as dibromoethane,
whereas ionic pathways dominate for reactive halides such as carbon tetra-
chloride.

Experimental
General

All reactions involving Grignard reagents were performed in an atmosphere of
.purified nitrogen. The THF was distilled from potassium and benzophenone

TABLE 2
PRODUCTS FROM THE PHOTOLYSIS OF XVI ©

Product . 3—M_’ethy1—3—phenylbutyn'c acid I Vi VII VIII X X X1l
Yield (%) 320 . 21 23 7 0.5 3 traces 0.5

G There were also formed several minor products, the structures of which could not be determined. Some
of these products seemed to be THF derivatives according to GC-MS. b rsolated yield.



6

under’ mtrogen. The NMR spectra were recorded on a Varian EM 360 spectrom-
eter with TMS as the internal standard. Chemical shift values are reported as-
§-values (ppm) downfield from TMS. IR spectra were recorded ca a Perkin—
Elmer 237 instrument and mass spectra on an LKB 9000 instrument. Gas
chromatography was performed on a Hewlett—Packard model 402 gas chroma-
tograph equipped with a column packed with 3.8% UC-W on Chromosorb W,
and on a PYE GCV. chromatograph equipped with-a 3% OV225or a 1% SF96
on Chromosorb W. All yields are by gas-chromatography, and based upon the
neophyl chloride taken. Preparative gas chromatography wasperformedon a
~PYE instrument with a PEG 1500 column. The neophyl chloride was prepared
by the established method [26]}. The neophylmagnesmm chloride was prepared
accordmg to Whitesides et al. [21] ,

Syn theszs of reference compoz.nds C }

The compounds 1-phenyl-2-methyl- 1-propene [22], -phenyl-2-methy1—2-
properie [22], bineophyl [23], 2,4,4-trimethyl-2,5-diphenyl pentane [21],
2,2,3,3-tetramethyl-1,4-diphenylbutane [21] and neophyl bromide [21] were
all synthesized by literature procedures.

General procedure for the reaction of neophylmagnesium chloride and carbon
tetrackloride or dibromoethane

To a stirred solution of 0.01 mol of the halide in 15 ml of THF at —70°C was
added the Grignard reagent prepared from 0.01 mol of neophy! chloride. The
mixture was slowly allowed: to reach room temperature and the stirring was
continued (Table 1). After quenching with 2 ml of ethanol, addition of 80 ml ..
of ether and extraction with water, the solution was analyzed by GLC.

Identzfzcation of the products from the CCl4 reaction

‘The ether/THF solution was evaporated and vacuum dlstﬂled through a short
Vigreux column. The monomeric substances thus obtained were separated by
preparative. GC.-In this way Z- and F-1-chloro-3-methyl-3-phenyl-1-butene were
obtained, each €5% pure, as colourless oils. NMR (CCL,) for the Z compound: .
7.83—7.0 (m, 5H, aromatic protons); 5.94 (s, 2H, olefinic protons; incidental

shift equivalence for the AB protons); 1.57 (s, 6H, gem-dimethyl group).
NMR (CCl,) for the E compound: 7.3—7.0 (m, 5H, aromatic protons); 6.0 and
5.9 (q, 2H, AB spectra for the olefinic protons, J55 14 Hz. This coupling con-
stant suggests an £ compound) [24]; 1.44 (s, 6H, gem-dimethyl group). °

. The IR and MS spectra of the two compounds are very similar. IR (cm™):
2000—1700, monosubst. aromatic; 1380, gem-dimethyl group. The double bond
frequency at 970 is somewhat stronger for the E compound. MS: 180, M™*; 165,
M — CHai; 145, M — Cl.

The distillation residue was chromatographed on silica gel with 1% ether in
light petroleum as the eluant, but it was impossible to separate the bineophy!l
completely from an unidentified ¢compound, presumably E-2,6-dimethyl-2,6-

‘diphenyl-3-heptene. The NMR (CCl,) spectrum of a 70/30 mixture of the unknown
compound and bineophyl showed olefinic protons of the type RCH=CHCH,R

at 5.6—4.8. J1 g for the olefinic protons is about 15 Hz, which is indicative of an

E configuration. One olefinic proton also couples with the allylic methylene



group with a coupling constant of about 7 Hz. The allylic protons appear as a
doublet at 2.27 and the two gem-dimethyl groups at 1.30 and 1.25 as singlets.
MS: Molecular ion not visible; 159, CsHsC(CH;),CH=CHCH,*; 119, C4sH.C-
(CH;),™". :

Identification of the products from the reactions with dibromoethane

Compounds I, II, VI, VIII, IX, X, XI and XIII were identified by GC-MS by
comparison with data for authentic samples. The THF adduct VII was isolated
--and identified earlier [2]. For the present experiments, analytically pure material
was obtained by chromatography on SiQ,. Anal. Found: C, 82.07; H, 9.90.
C14H,00 calced.: C, 82.30; H, 9.86%.

Compound XII ¢ould not be obtained pure. Chromatography on SiO, with
2% ether in light petroleum gave a 60% mixture of XII with mainly bineophyl.
The NMR (CCl,) spectrum of this mixture showed a triplet at 3.15 ppm corre-
sponding to the CH,Br group, and a multiplet at 1.5—1.9 ppm presumably aris-
ing from the other CH, groups. The gem-dimethyl group appears at 1.3 MS: 240,
M*; 225, M — CHj3; 160, M — HBr; 119, base peak, C¢H;C(CH3),*.

Compound XIV was tentatively identified mainly by MS: 294, M™*; 161,

M —119; 119, CsH;C(CH;),". The NMR spectrum of a mixture of bineophy!
containing some XIV, obtained by chromatography on SiO,, showed the
presence of aliphatic protons at 0.9—1.5 ppm, but unequivocal structural
assignment was not possible.

Photolysis of bis(3-methyl-3-phenylbutyryl)peroxide

4.25 g of the peroxide, prepared from the acid chloride by the method of
Silbert and Swern [25] in 20 ml of THF was irradiated for 7 h at 254 nm with
N,-bubbling and cooling in a Rayonet apparatus. After this period the test for
peroxide was negative. The solution was diluted with 75 ml of ether and the
acid was extracted with 2 M KOH solution. The ether phase was analyzed by
GLC. The 3-methyl-3-phenylbutyric acid was obtained by acidification, which
was followed by ether extraction of the KOH phase. M.p. 56—58°C. Lit. [26]
58—59.5°C.

Acknowledgements

We thank Dr. Oluf Békman of Norsk Hydro for a generous gift of 99.99% .
pure magnesium. We also thank Ms. Gurli Hammarberg for spectroscopic measure-
ments. This work was supported by the Swedish Board for Technical Develop-
ment.

References

1 B. Akermark’and A. Ljunggqvist, unpublished results.

2 B. Akermark and A. Ljungqvist, J. Organometal. Chem., 149 (1978) 97.

3 V. Franzen and L. Fikentscher, Chem. Ber., 95 (1962) 1958.

4 J. Villiéras, Bull. Soc. Chim. France, (1967) 1511.

5 V.I. Shcherbakov, R.F. Galiullina, Yu.N. Krasnov and V.N. Pankratova, Zh. Obshch. Khim., 41 (1971)
2043; Chem. Abstr., 76 (1972) 34372.

6 B.J. Schaart, H.W.H.J. Bodewitz, C. Blomberg and F. Bickelhaupt, J. Amer. Chem. Soc., 98 (1976) 3712.



10
11 -

12

13
14

15

16
17
18

1s

21
22
23
24
25
26

‘C.E.C. Ashby, H.M. Neumann. Fw. Walkex-, J. LaemmJe and Li-Chung-Chao, J. Amer. Chem.. Soc.,

'8330. - .
'N.A. Ryabinin, I.P. Kolenko. B.N. Lundm and N.A M.ilov Tr. Inst Kl:u.m Akad Vauk SSSR. Ural- .

Filial (1968) No. 16, 75; Chem. Abstr., 70 {(1969) 87408. -

(a) N Shuikin, B. L. Lebedev and L.P. Yakovlev. Izv, Akad. Nauk SSSR Ser. IGum.. (1967) 644;

Chem. Abstr., 68 (1968) 29524; (b) N.I. Shuikin and B.L. Lebedev, ibid., (1967) 639; Chem. Abstr.,
67 (1967) 108498; (c) G.G. Galust’an and Ch.Sh. Kadyrov, Khim. Geterosikl. Soedm (1967) 376-
Chem. Abstr., 67 (1967) 116769.

E. Wlsmmer. Liebigs Ann. Chem.; 728 (1969) 12,

J.H. Hargis and P.B. Shevlin, J. Chem. Scc., Chem. Commun,, (1973) 179 and A.R. Rossi and D.E.
Wood, J. Amer. Chem. Soc., 98 (1976) 3452 and ref. cited in these works. ]
M.S. Kharasch and 0. Remmuth Gngnard Reactions of Nonmetallic compounds, Prentxce-Hall -
New York, D. 1063.

W.G. Kofron and C.R. Hauser, J. Amer. Chem. Soc., 90 (1968) 4126.

W.H. Glaze, J.E; Hanicak, D.J. Baxry and D.P. Duncan, J. Organometal. chem.. 44 (1972) 54.
J.F. Garst and P,W. Hart, J. Chem. Soc. Chem. Commun., (1975) 215.

W. Rickatson and T.S. Stevens, J. Chem. Soc., (1963) 3960.

P.B. Shevlin and H.J, Hansen, J. Org. Chem., 42 (18) (1977) 3011.

(a2) W.H. Unry and N, Nicolaides, J. Amer. Chem., Soc., 74 (1952) 5163; (b) J.W. Wilt in J.K. Kochi
(Ed.), Free Radicals, Vol. I, John Wiley, p. 346 ff. New York, 1973.

E.L. Eliel, Sterecchemisiry of carbon compounds, McGraw-Hill, New York, 1962, p. 197—202.
W.T. Smith Jr and J.T. Sellas, Org. Synth. Coll. Vol. IV, John Wiley, New York, 1963, p. 702,
G.M. Whitesides, E.J. Papnek and E.R. Stedronsky, J. Amer. Chem. Soc., 94 (1972) 232.
C.-Riichardt, Chem. Ber., 94 (1961) 2599.

D.H. Richards and N.F. Scilly, J. Chem. Soc., C, (1969) 55.

N.F. Chamberlain, The practice of NMR Spectroscopy, Plenum Press, New York, (1974), p. 302.
L.S. Silbert and D, Swem, J. Amer. Chem. Soc., 81 (1959) 2364.

F.C. Whitmore, C.A. Weisgerber and A.C. Shabica Jr., J. Amer. Chem. Soc., 65 (1943) 1469.



