REACTION OF BENZYL CHLORIDE WITH PROPYLENE AND TRIFLUORO-
PROPENE UNDER METALLOCOMPLEX INITIATION CONDITIONS
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The reactions of benzyl chloride with propylene and 3,3,3-trifluoropropene in
the presence of Fe(CO); + DMF were studied. With propylene, the reaction stops
at the addition stage with the simultaneous formation of dibenzyl. In the case
of 3,3,3-trifluoropropene, a telomerization takes place, whereby the second
growing radical C¢HsCH,CH,CH(CF;)CH,CHCF, practically completely isomerizes
with a 1,5-migration into the radical CgHsCHCH,CH(CF,)CH,CH,CF;. To confirm
the structure of the isolated compounds, chromato-mass-spectrometry and 13C NMR
were used.

The use of metallocomplex initiation in the radical telomerization with the participa-
tion of benzyl chloride (BC) makes it possible to carry out the reaction selectively at the
C—1 bond [1, 2]. The use of BC as a telogen is of particular interest, since during the
cleavage of the C-—Cl bond, a relatively nucleophilic benzyl radical is formed, while most
of the examples of radical telomerization studied until now were carried out with telogens
giving electrophilic radicals at the initiation stage [3]. We have previously studied the
telomerization of ethylene and vinyl chloride with BC [1, 2].

To study the influence of the nature of the monomer on the course of telomerization,
in the present work we used propylene and trifluoropropene as monomers.

The reaction of propylene and trifluoropropene with BC was initiated by the Fe{(CO)s +
DMF system at 140-145°C in the range of the monomer/BC ratios from 1 to 5.

The reaction of propylene with BC stopped at the stage of addition with the formation
of the C¢HsCH,CH,CHCICH; (I) adduct and dibenzyl (II) (Table 1)
s . L Feeays 5
C,H,CH,CI —i—> CGeH,CH,
C,H;CH, + CII, = CHCH, — C,H,CH,CH,CHCII, (A)

N+ GHLCH,C1 28 P g GHLCH,CHCICH, + C,H.CH,

(h
2C,H,CH, — (CH,CH,), (1)

The conversion of BC was 25-30% and the overall yield of (I) and (II) per reacted BC =
70%. The data in Table 1 show that with increase in the M/S from 1 to 5, the ratio (I)/(II)
changes in favor of the adduct, but they nevertheless are formed in comparable amounts.
The absence of higher telomers, confirmed by GLC and chromato-mass spectrometric methods,
indicate that the growing radical C¢HsCH,CH,CHCH; is most effective at the chain transfer
stage and practically does not participate in the chain propagation stage with propylene.
The results obtained indicate a relatively low efficiency of the addition of a benzyl radi-
cal to propylene, as a result of which the competing process of its dimerization into (II)
proceeds actively.

Another pattern was observed in the case of trifluoropropene. In the same M/S range,
its telomerization with BC takes place with the formation of the first two telomers. The
characteristic feature of this process is the practically complete isomerization of the
second growing radical C with a 1,5-migration of hydrogen to radical D, which precludes its
participation in the chain propagation and transfer reactions. The high degree of rearrange-
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TABLE 1. Reaction of Benzyl Chloride (S) with Propylene (M)
in the Presence of a Fe(CO):. (10 mole Z) + DMF (30 mole %)
System, 140°C, 4 h

Content in the reaction mixture, %
Al/S ]
BC 1 (0 | (n ] 0
1 710 | 13.5(40) * | 9,7(33) l 14
9 73,0 fAT [ $.8(25) | 2,18
5 71U l 16,5(37) 4.6(16) | 36
1 74t | (41) } (26) ' 1.6
|

*The yield per reacted BC is given in brackets.
tYield per isolated products.

ment of radical C is due to the formation of a stable rearranged benzyl radical and a favor-
able combination of polar factors at the stage of the intermolecular chain transfer.

From the reaction mixture CgHsCH,CH,CHCICF; (III), CqH,CH=CHCH(CF,)CH,CH,CF, (V) and
CeHsCHC1CH,CH(CF,)CH,CH,CF; (IV) were obtained. Using chromato-mass spectrometry the for-
mation of C¢HsCH,CH,CH,CF; (VI) was also shown, the yield of which increases with increse
in the concentration of the monomer (Table 2). The content of compounds (III)-(VI) amounts
to 90% of the sum of the reaction products. '

The formation of (III)-(VI) can be represented by the following scheme:

Te(0i)y DMF .
¢ ILc,er 2 77 ¢ HL.CH,
C1,CH, 4+ CH, -= CHCF, — C,IT,CIT,CH,CHCF, (B)
(8) + C,H.CH,Cl Z&2 MM ¢ H.CH,CH,CHCICE, 4+ CH,CH,
(11
(8) -+ CHl,~ CHCF, — CI1,CII,Cl1,CH(CF)CIL,CHCF, )
©) 2% ¢, HL,CHCH,CH(CF,)CH,CH,CF, (D)
(D) & CH,CHCl 2002 P ¢ g5 CHOICH,CH(CF,)CH ,CH,CF, + C,H,CH,
(1)
(1v) 2% ¢ 11,11 = CIICH (CF,)CI,CHLCF,. (V)
g+ DH — C,IHI,CIT,CH,CII,CF, : (VI)

It should be noted that in this reaction compound (II) is virtually not formed, while (IV)
having a benzyl chlorine atom converts under the synthesis conditions and during the puri-
fication into (V) (ef. [4]).

The nucleophilic benzyl radical adds to the electrophilic trifluoropropene considerably
more effectively than to the relatively nucleophilic propylene, as can be seen from the sub-
stantial difference in the ratio of the yields of the telomers and dibenzyl for these mono-
mers. A noticeable difference is also observed on comparing the reaction products of BC
with trifluoropropene and vinyl chloride. In both cases the formation of telomers takes
place, but in the case of the easy polymerization of vinyl chloride, the second growing radical
CeHsCH,CH,CHC1CH,CHC1 does not rearrange, but effectively participates in the chain propagation
and transfer processes, which leads to the formation of higher telomers. In the case of trifluoro-
propene, the reaction virtually stops at the formation of (IV) due to a highly efficient rearrange-
ment of the intermediate radical. The '3C NMR spectra of compounds (I), (III)-(V) (Table
3) agree with the proposed structure of the obtained products. For compounds (I), (III),

(V) the spectra of individual compounds are given, while for (IV) — in a mixture with (V).
Replacement of CHs by CF; in compound (III) does not substantially influence the chemical
shift of 3C of the neighboring CHC1 group. At the same time the presence of this fragment
in (III) is confirmed by the value 8gp_ = 123.9 ppm and 3J._¢-y.= 34 Hz for the CHC1CF,
group {4]. The data in Table 3 show that signals of the CHC1CF, fragment are absent in com-
pounds (IV) and (V). According to the '3C and 'H NMR data, compound (V) exists as practi-
cally only one E-isomer (*Jcpg=cyg = 15.6 Hz. 1In the spectrum of the mixture of (IV) + (V)
only two pairs of new signals appear, one of which belongs to the CHCl group (& = 60 ppm)
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TABLE 2. Reaction of Benzyl Chloride (8) with 3,3,3-Tri-
fluoropropene (M) in the Presence of a Fe(CO), (5 mole %) +
DMF (15mole %) System, 140°C, 4 h

Content in the reaction mixture

M/S i # |
RO {m ‘ (I f (1v) | () [ VD)
! {
2 z 89 0.2 { A5 (41) 25028 ! 3.0¢20) 0.7(8) *
a0 W 0.4 I 3.0037) 1.4(17) 10012y 1 17Een
5 87 - Pon0015) 7.4(57) ] 0.7() | 270

*The yield per reacted BC is given in brackets.

TABLE 3. *3C NMR Spectra of Isolated Compounds, §, ppm with
Reference to T™S (*J¢-y or 2Jg-g-y, Hz)

Formula ¢ Cs <, ‘ [N Cs i C ! C. ( h
|
; { :
o2 3 4 | { | L l | o )
CULCILOILCHCIEE, (11D | 313 1 324 | 56.2 11239 ) I 136,7: 128,5;
! (34) | (278) | | f |81 1260
. | ' ‘ | ! |
CHCH-CHOUCILCLGE, (v) | 1372 11205 | 469 | 208 { 31,0 (1263 {1266 | 1355: 1284
T ; (281 | (28) | (279) | (276) | 1264
(O8N i | ‘ } l !
CoULCLCICHCUCILCILCE, | 500 | 88.0 1 306 1 241 IBUH 11261)'121«1 140,01 140.2;
. (V1 6os | 89,0 | 398 | 199 v i | 128.8: 1286
¢r, 1‘ 27 | ! ©8) | (280) (28())5 196,61 1264
“ 253 ! !
CILCILUILUHCICH, () ] 327 | 437 | 575 | 25,2 1 I 140.8: 1283
i 1 i I | | 1258

and the other to CH, neighboring with CHCl (8 = 38.5 ppm), moreover signals appear which are
characteristic for the —CH(CF;)CH,CH,CF; fragment. The entire set of data obtained indicates
the absence of a telomer with a normal structure C¢H,CH,CH,CH(CF;)CH,CHCICF, among the com-
pounds isolated.*

EXPERIMENTAL

The GLC analysis was carried out on a steel column (1300 x 3 mm) with 15% SKTFT-50X on
Chromaton N~AW (0.16-0.20 mm), carrier gas — helium (60 ml/min), katharometer, 100-250°C
(65 deg/min). Preparative GLC: steel column (1300 x 9 mm) with 207 SKTFT-50X on Chromaton
N-AW. The '?C NMR spectra were run in CHCl; in a "Jmodecho" regime, the 'H NMR spectra —
in CC1l, (with reference to TMS) on a "Bruker WP 200" spectrometer. The chromato-mass spec-
tral investigation was carried out on a HP 5971A mass selective detector, ionic source,
180°C, 70 eV. Quartz capillary column OV-1, 50 m x 0.25 mm, thickness of stationary phase
0.3 u, 50°C (5 min), 4 deg/min-200°C-8 deg/min-285°C (20 min).

Reaction of Benzyl Chloride with Propvlene. A 63-g portion (0.5 mole) of BC, 9.74 g
(0.05 mole) of Fe(CO)s, and 12.3 g (0.15 mole) of DMF were charged into a glass-lined auto-
clave, and then 42 g (1.0 mole) of preliminarily condensed propylene was added with cooling.
The autoclave was filled with nitrogen (10 atm) and was heated for 4 h at 140°C. The con-
version of BC was 26% (GLC). The reaction mixture was washed with HC1 (1:1), 2 x 30 ml, and
with H,0 to a neutral reaction (to remove the iron salts and DMF). The product was dried
over CaCl,; the wash waters were extracted with CCl,, the extract was dried over CaCl, and
was combined with the main reaction product. After evaporation of CCl, and BC, the residue
was distilled under vacuum. Yield, 7.14 g (41%) of (I), bp 66°C (2 mm), np?°® 1.5140, d,2°
1.0146. Found, Z: C 71.38; H 7.84; Cl 20.78; MR 49.92. C,,H,,Cl. Calculated, Z: C 71.20;
H 7.77; C1L 21.0Z; MR 49.64; and 2.48 g of dibenzyl (mp 52°C), yield 267 per reacted BC.

Reaction of Benzyl Chloride with 3,3,3-Trifluoropropene. Ten experiments were carried
out using glass ampuls. The total amount of the charged reagents was: BC, 45.5 g (0.36

“The authors wish to express their gratitude to V. I. Dostovalova for running the !3C and
'H NMR spectra and helping in their interpretation.
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mole); Fe(CO)s 3.38 g (0.018 mole); DMF, 3.68 g (0.054 mole); trifluoropropene, 69 g (0.72
mole).

Benzyl chloride, Fe(CO);, and DMF were charged into each ampul, the mixtures were fro-
zen, the ampuls were evacuated, and the calculated amount of the olefin was condensed there-
in (filling to the extent of 25-307%). The mixture was heated for 2 h at 140°C, the reaction
product was dissolved in CCl,, the solution was passed through a layer of silica gel to sep-
arate the resins and iron salts, and CCl, and BC were distilled off. According to the GLC
data, 40 g of BC did not react (conversion 137). The residue (6.7 g) was distilled in vacuo.
From the fraction bp 32-68°C (2 mm) compound (III) was isolated by preparative GLC (150°C,
helium, 5 liters/h), np2?° 1.4643; d,2° 1.2445. Found, %: C 53.85; H 4.55; Cl 16.06;

F 25.31; MR 49.39. C,,H,,C1F;. Calculated, Z: C 533.94; H 4.58; Cl1 15.93; F 40.39; MR
49.34. From the fraction bp 68-85°C (2 mm), compound (V) was isolated (180°C, helium, 5
liters/h). Found, %: € 55.07; H 4.26; F 39.74. C, H,,F;. Calculated, Z: C 55.32; H 4.29;
F 40.39. PMR spectrum (8, ppm, J, Hz): 7.12 (Ph), 6.48 4 (=CHPh, 3JCH=CH = 15.6}), 5.82 4.4
(=CHCH, *Jcycy = 9.1); 2.59 (CH), 1.85 (CH,), 1.71 (CH,CF;). From the fraction bp 85-130°C
(2 mm) compound (IV) was isolated (180°C, helium, 5 liters/h). Found, %: C 49.27; H 3.94;

F 36.16. C,3H,5C1F,. Calculated, %Z: C 48.99; H 4.11; F 35.77; undistillable residue 0.5 g.

Chromoto-mass spectrometry data: The ion masses (m/z) are given for the 2°Cl isotope.
Given are: compound, type of ion, m/z (in brackets — the relative intensity with respect to
the maximal signal, in %), number of chlorine atoms.

(I), M*" 168(100), 1C1, M — HC1% 132(36.3), M — HCLl — CH,* 117(68.3), C¢HsCH,CH,t 105(12.2),
CeHsCH,* 91(73.2).

(I11), M*" 222(11.5), 1C1, CF,CHC1Y 117(6.1), 1Cl, C,HsCH,CH,* 105(6.9), C.H,CH,t 91(100),
cr3+ 69(26.9).

(1v), M*" 318(9.6), 1C1, M — C1% 283(100), C.HsCHC1t 125(80.8), 1Cl, C H;CH=CH' 103(36.5),
C¢HsCH,T 91(83.1), CeHst 77(80.8), CF,t 69(53.8).

(IVa), {stereoisomer of (IV)].

(v), Mt 282(71.5), M — CF,* 213(38.5), M — CF,CH,CH,* 185(40. 4) M — CF,CH,CH, — HF'
165(78.8), C4HsCH=C=CH' 115(83.8), CH CH2+ 91(16 5), CeHs¥ 77(63.0), CF,* 69(100).

(Vi), M*t" 188(7.7), CeHsCH,t 91(100), CF,t 69(17.3).
(11), MT" 182(43.7), CgHsCH,t 91(100), CeHst 77(12.7).
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