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Abstract

Monodispersed telechelic oligomers have been efficiently prepared by Fe’-FeCl; promoted halogen atom transfer

radical of functional telogens and taxogens. © 1998 Elsevier Science Lid. All rights reserved
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Monodispersed telechelic oligomers, especially diols, are widely used as anti-wear and anti-

tear additives for metallic surfaces, greasiness grade improvers for hydrocarbons, prepolymers

for paints!2!, and in the preparation of polyesters and polyurethanes™!.

hlorinated nhunlnf-rc with remarkable properti S“ -3 has been

2213l wNe  Uaigmvaziwa re ...

deeply investigated by B. Boutevin, who devised two synthetic strategies based on halogen atom

Mgy

transfer radical addition (HATRA)"”™": /) the monoaddition of a functional telogen to a functional
taxogen, and 7i) the addition of a functional telogen to both ends of a nonconjugated diene
(Scheme 1).

Scheme 1
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On using redox catalysts, such as CuCl, FeCls;-benzoin and esy
more selective reactions have been obtained with respect to the classzcal perO,Jdes thia.lon
" Even f ligh temperatures were required for the reaction, the results were satisfactory, except
from trichloroethanolacetate (TCEA), one of the most important telogens®™!

Recently we have investigated on Fe’ promoted Kharasch additions of CCL"* or methyl 2,2-
dihalocarboxylates'*'* to terminal olefins obtaining useful synthetic intermediates; however,
starting from allyl acetate, a valuable taxogen for the preparation of telechelic oligomers, a high
amount of telomers with order>1 was aiso obtained. The formation of these telomers was
inhibited by adding FeCl; to Fe’, giving rise to a conproportionation to FeCl,, another efficient

reducer for the halogen atom transfer radical addition promotion">'”!; it must be pointed out,

however, that the ferric halide also efficiently traps the intermediate radical adduct through a
1 h ~ 21 i 1 1 .1 Vid 1 1 s - ~
ligand-transfer, thus preventing the attack to another olefinic bond (Scheme 2).
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dihaloamides to 2-pyrrolidinone!'®!. Now we report that by the same reagent monodispersed
telechelic oligomers are obtained in high yields at moderate temperature, through the halogen

atom t_r,a.nsfc,r radical addition of functional telogens to functional taxogens. As far as we know
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addition to functional taxogens. Working on CCly and allyl acetate’, we obtained the best results
at high substrate concentration in dimethylformamide (DMF) with a 1:2 Fe’:FeCl; ratio (Table

1Y Wit

1). With respec ms
iron atoms now requested for total conversion (Table 1, item 2 and 8) is remarkable; furthermore
on adding FeCls, the selectivity of the transformation is much higher since oligomers with order
>1 are virtually absent, and yields increase significatively. The quality (filings or the much more

pure turnings) of the iron metal has no influence on the reaction as shown by items 2 and 3 of
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Table 1
CCl, addition to different taxogens®
item Taxogen product Fe  time conv. yield"
(mmol/mmol CCly) kind®  h Yz %
Allylacetate A A 75
B (32/48) A€ \; OOCCH; flling 5 100 A7)
Allylacetate 0 C/\l/\ 00CCH; 92
2 (32/48) a turning 5 100 n
Allylacetate ay C/\/\ 0OCH; ‘ 93
3 (32/48) a filing 5 100 2)
1 & Lavadiana VA AN S
1,2-0CX4dicne CI3C Y A VAN
4 (72/24) a filing 5 f 53
~ CH2(l
1,5-hexadiene (Y a
5 (72/24) a " fling 24 b 7
C1
1,5-hexadiene A /\VLVCC[;
6 (16/48) he \(l:/l filing 5 b 83
Metallylacetate 72
7 (32/48) C'ASCQ(\OOCCHA filing 5 99 (6)
o
Metallylacetate CI;C/\/\ OOCCH. 82
8 (32/48) Tal\ ? filing 5 100 (2)
L o NN\ O o
Ethyl o-undecenoate By Ry 3
9¢ (32/48) a 0 turning S 99 3)

a) all reactions were carried out in DMF (4.5 ml) under argon at 80°C. using 0.075 [moles/CCl; moles] of Fe” and 0.15 [moles/CCl,
moles] of FeCly: b) vield of isolated material: in parenthesis the vield of the telomer of order 2: ¢) iron filing BDH. iron turning
Fluka: d) GC value: ¢) the reaction was carried out in DMF (4.5 ml) under argon at 80°C. using 0.333 |moles/CClLs molcs] of Fe': f)

not detcrmined; g) 7 ml of DMF were used.

‘Unsatisfactory results arc obtained when the hydroxyl group is unprotected! ™.
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Table 1. The procedure has been extended to a number of functionalized taxogens affording
1).
The reaction on 1,5-hexadiene deserves some comment!'?!. This substrate has indeed two

excellent results in any case (Tabl

[¢3

identical olefinic end groups and two different products can be selectively obtained by modifying
the reagents ratio: on using an excess of 1,5-hexadiene the monoadduct is produced (Table 1,
item 4), whereas with an excess of CCl, the diadduct is obtained in high yield (Table 1, item 6)
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24h, the 1,1,5 mcmoro-z-cniorometnylcycloncxane is smoothily obtained (Tabie 1, item 5),
showing that Fe’-FeCl; is able to extract a Cl atom even from a trichloromethyl group. Unlike
a previous report''), no C5 or C7 carbocycle is observed.

Table 2

TCEA addition to different taxogens”
item Taxogen product Fe" conv. yield”
(mmol/mmoiTCEA) kind®  %” %)
Allylacetate CH3COOW 00CCH; |
1 (32/40) a daaq turning 97 93 (1)
Allylacetate CH3COO/WOOCCH3
2 (32/40) a aaq filing 100 93 (1)
S it e NN e
Metallylacetate CH3C00™ X )( OOCCH;
- R 1 . g PR
3 (32/40) a ad turning 95 86(3)
Metallylacetate CH 100\,/\/\/\/(/\%{%
A £ I AN Cl C‘ Cl £ 0" QN 72\
4 ()AIQU) LY Vi IUNDY)
. o_
Ethyl w-undecenoate CH3CO0 (C Hzf)f}(
5 (32/40) @daa o turning 95 83
N\~ &l TN § b=
N N N _ (8} R
v (¥4
Ethyl o-undecenoate CH;C00 X (CHZ/W \d
6 (32/40) ada o filng 98 88
R Fa At (CH_)z AL A\
1,6-hexadiene CH;000" X' Y X ooccH;
7 (16/48) S da ad o filing D 89
Diallyl succinate ? i
ally 20" XN olichp o™y N Noac B
8 (16/48) a aaq aa a filing 100 70
RTI JE TAMAL (4 & 2ael) svaadam mmmmm ot INNC 731 ) secismer N NTE Frmamlac/ TET A rnlacl nf Ba’ and N 18
aj aii reactions were carried out in DMF (=+.0 IMj Undcr 4rgomn dt tvu L (o= i), umub VU mnoiky/ i oA imoicsy Us re anla v
[moles/TCEA moles| of FeCls: b) in parenthesis the vield of the telomer of order 2: ¢) iron filing BDH. iron turning Fluka: d) GC

value: e) vield of isolated material: f) not determined.

tion 1o 1_3-hexadiene was tried with Fe' turnings from Fluka.
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The efficiency of the Fe’-FeCl, system has prompted its use with trichloroethanol (TCE), a
typical functional telogen, for carrying out the preparation of telechelic diols; poor results have
been, however, observed. On protecting the TCE hydroxy group by acetylation, excellent yields
have been obtained with a number of functionalized taxogens (Table 2). Owing to the lower
reactivity of this acetate (TCEA) with respect to CCly, a lower amount of telogen is now
necessary, while temperature being increased to 100°C for speed up the halo-addition. Under the
innalizad YA

A hansny Hinnd A A _tnbenn
11C 1ICa )’ 1 1uuuuauz.cu Lt -l avil

3), a telechelic adduct from the Kharasch’s addition of CCly to allyl acetate (Table 1, item 2),
gives rise to high yields transformation.

PROUY R anptata (Caliama
Ul Uulyl avtldlc { OLIICHIC

| ) |
Allytacetate a0, A X A 0Ac
Fel-FeCh
O A A / (94%)
XY

A Y

OAc
Cll ‘Cl (lzl \ I
F CO-FGCI:; A P A (CH2)7 ﬂ A,
Ethyl »-undecenoate AO” v Y v Vo N\
\
gl‘l Cl/ Cl (l‘
(83%)
Scheme 3
Table 3. Methyl a-polyhalocarboxylates addition to different taxogens.
item Taxogen product T conv. yield
(mmol telogen/mmol) °C %" %"’
Allylacetate CH;00C A s
Y Y OOCCH;3
1 (32/48) a 100 9] 83
CH300C. AL A A O\/
Ethyl o-undecenoate WH{W
29 (32/48) ada o 100 99 93
Ca. a
1,5-hexadiene CH.%W)( OO
39 (16/48) a’a g ) 100 100 76
Allylacetate Hs W\OOC(‘I-B
49 (6/4) faaq 120 94 89
et 1 . CHyOOC A
Ethyl w-undecenoate M>< CHz)(
59 (4.4/4) 120 82 . 63
a) GC value. b) rmld of isolated material: ) reaction was carried out in DMF (4.5 ml) under argon (74 h). uc.mg 0.073 lmolgs/MTCA

moles] of Fe’ and 0.15 [molesMTCA moles| of FeCl:: d) reactions 4 and 3 were carried out in DMF/dichlorocthanc (1 and 4 ml
respectively) under argon (17 h). using 0 05 [moles/MDCP moles] of Fe'’ and 0.1 [moles’MDCP moles] of FeCl..
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Finally, Fe’-FeCl; promotes also the efficient addition of methyl trichloroacetate (MTCA) or
methyl 2,2-dichloropropanoate (MDCP) to allyl acetate or ethyl w-undecenoate (Table 3).

i

MDCP, giving rise to a more smooth radical generation and being also more expensive than the
used taxogens, has been telomerized in high yield even with an unusual telogen:taxogen ratio > 1
(Table 3, items 4 and 5).

Experimentai part

'H NMR spectra were recorded on a Bruker WP80 spectrometer. Mass spectra were obtained on
a combined HP 5890 GC - HP 5989A MS Engine. Iron filings (90%) were pu-hased from BDH
and iron turnings (>99%) from Fluka; other reagents and solvents were standard grade
commercial products and used without further purification. DMF was dried over three batches of

3A sieves (5% w/v, 12 h). Methyl 2,2-dihalocarboxylates were prepared according to a literature

ocedure?*%’1 Known products were identified by comparison of spectral data with those of
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General procedure for alkyl-halo-additions using CCl; or TCEA: preparation of 2,4,4,4-
tetrachlorobutyl acetate. Iron filings (3.6 mmol) were weighted in a Schlenk tube' and then 26

% (w/v) FeCl; in DMF (4.5 ml), allylacetate (32 mmol), and CCl, (48 mmol) were added under

argon. The mixture was stirred at 80°C and after 5 h diluted with 2.5% HCI (15 ml) and
extracted with CH,Cl, (2 x 8 ml). The organic layers were collected, dried over Na,SO, and then
evaporated. The crude oil was distilled under vacuum, affording 691 g of 2,444-
tetrachlorobutyl acetate (92%).

i,1,3-trichioro-2-chioromethyi-cyciohexane

'H NMR & (CDCl;): 1.35-1.85 (2H, m, -CHCH,CH,CHCI-); 2.17-2.46 (3H, m, -CHCH,CH,CHCI-), 2.50 (1H,
dd, J=11.0, 13.8 Hz, -CCI,CH,CHCl-), 3.15 (1H, dq, J=2.1, 4.0, 13.8 Hz, -CCl,CH,CHCl-); 3.42 (1H, dd,
J=9.8, 11.0 Hz, CHCH,Cl); 4.12 (1H, m, -CH,CHCICH,-); 4.23 (1H, dd, J=2.7, 11.0 Hz, CHCH,CI). MS (EI,
70 eV) m/z: 199 (10%), 163 (100%); 127 (42%), 91 (45%). Found: C, 35.5; H, 4.4. C;H,,Cl, requires C, 35.63;

H. 427 Oil

ethyl 10,12,12,12-tetrachloro-dodecanoate

'H NMR § (CDCL:): 1.25 (3H, t, -OCH,CHs); 1.30-2.05 (14H, m, -(CH.);CHCICH,CCL;), 2.31 (2H, m, -
CH,CH,COOCH,CHs); 3.12 (IH, dd, -CHCICH,CCkL); 3.27 (1H, dd, -CHCICH,CClL);, 4.15 (2H, q, -
OCH,CH:); 4.23 (1H, m, -CH,CHCICH,CClz). MS (EI, 70 eV) m/z: 175 (4%), 157 (3%); 147 (3%); 133 (3%);

LU I L

Hmh headsnaces negativ pl‘ affect the reaction. muno to the nnmnnn of olefin and mlxh')lnmmh'me between lmmd and v apour
cadspaces negaty atlect olefin and polvhalo e be

phases. The best vields are obtained on working with Schlenk capacity little higher than the reaction volume.
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101 (25%); 88 (100%); 70 (15%). Found: C, 45.9; H, 6.7%. C;H,CLiO, requires C, 45.92; H, 6.61%. Oil

di S-acetoxy-2,4,4-trichloro-pentyl succinate

'H NMR § (CDCls): 2.18 (6H, s, 2 x CH3CO0-), 2.75 (4H, s, 2 x -CH,COO-); 2.81 (4H, d, 2 x -CHCICH,CCl,-
), 4.30-4.53 (6H, m, 2 x -COOCH,CHCICH,-); 4.57 (4H, s, 2 x -COOCH,CCl,-). MS (EI, 70 eV) m/z: 3i8
(3%); 231 (7%); 229 (8%); 143 (47%),101 (100%). Found: C, 37.1; H, 4.0%. C1sH24ClsO3 requires C, 37.20;

H, 4.16%. Oil.

1,5-diacetoxy-2,2,4-trichloro-4-methyl-pentane

'H NMR & (CDCL:): 1.83 (3H, s, -(CH3)CCl-); 2.13 (3H, s, CH:COO-); 2.16 (3H, s, CH;COO-); 2.90 (1H, d,
J=32 Hz, -CCL-CHx(CH:)CCl-); 299 (1H, d, J=32 Hz, -CChL-CHx(CH;)CCl-); 433 (2H, s, -
COOCH;C(CH;5)Cl-); 4.58 (2H, s, -COOCH,CCl,-). MS (EI, 70 eV) m/z: 274 (2%); 232 (2%), 196 (7%), 161
(4%); 136 (4%), 118 (5%); 73 (10%); 43 (100%). Found: C, 39.3; H, 5.1%. C,oH,sCl;04 requires C, 39.30; H,
4.95%. Oil.

ethyl 13-acetoxy-10,12,12-trichloro-tridecanoate

1

H NMR 5 (CDCL): 1.28 (3H, t, -OCH;CHs); 1.30-1.95 (14H, m, -(CH,),CHCICH,-); 2.18 (3H, s, CH;COO-);
2N AT+ LY AN CITN D AQ LT Ad T2 48 187U, ALUICAICITI O AV D2QQT7 /1LY Ad 1=71 1€ 7 s
L. d4L \LIL, 1, CULIDVVUULUTIIVTLY ), .07 L1, U, J70,0, 1J.7 114, ~ClIvivin o Un~-), £.07 (i1, WU, J— /7.1, 1J.J 114,
fal 8 7alTar S I arel JNRVIRFEE Ve, ) 5 SEpN NOTT OTT . A NA 71TY OITOIOIT M N A £ FATT raaYaVeu & W ala IR V. [
ULV HUUDD-), 4.10 (210, (4, ~UL i), 4.4 (11, M, ~Lauiurpuuiy=), 4.0U (411, 5, -LUUL U LIg-). VIO
r'a od 4 -~ 7 A - n/ ~n LN LY kW& 1+ VA Lo Ta) I'\el\ no Jﬁng/\ on I‘f\l\el\ ko 1 ~ on ~
(1:1, 7 ) 3%); 247 (4%), 189 (3%), 98 (38%), 88 (100%). Found: C, 50.7;
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ethyl 15-acetoxy-10,12,12,14-tetrachloro-pentadecanoate

'H NMR & (CDCl;): 1.37 (3H, t, -OCH,CH:); 1.30-1.95 (14H, m, -(CH,);CHCICH,-); 2.18 (3H, s, CH:CO-);
2.32 (2H, t, -CH,CH,COOCH,CH:), 2.67-3.10 (4H, m, -CH,CHCICH,CCIl,CH.CHCI-); 4.14 (2H, q, -
OCH,CH:), 4.2-4.6 (4H, m, -CH,CHCICH,CCl,CH,CHCICH,0-). Found: C, 49.1; H, 7.0%. CisHaCl;0;4
requires C, 48.94; H, 6.92%. Oil.

lH NMR& ( Ck): 127 (3H, t, -OCH,CH:);, 1.30-195 (14H, m, -(CH,);CHCICH;-); 2.31 (2H, t, -
CH,CH,COOCH,CH,): 2.82 mn dd 1=3131 152 Hz -CHCICH-CCl-): 313 (1H dd I=88& 152 Hz -

DR LA ORI T3, &V 211, UG, vT7J.0, 17,4 ii4, NARARAPRORADT s, 2aad (i, BN, 0TR0, 1.8 134,
CHCICH,CCl-); 3.91 (3H, s, -OCHa); 4 15 (2H, g, -OCH,CH:); 4.18 (1H, m, -CHCICH;CCl;-); 4.60 (2H, s, -
ralaYaYal i IWalal! N\ NAC T TN AU an e 124 7170/). 191 7110/ . QK 71Q0/\. Q1 (AK0/ N\ AO 71NN/ Y DaavinmA- — AQ D
COULH U= Md {EL, /U eV JIIVZ 130 (1&70j, 1«1l (11/0), Y3107/, 01 (U370j, 55 (1UUYe). rOUNG: L, 55.2,
H, 6.9%. CsH,7Cl;0, requires C, 49.31; H, 6.98%. Gil

General procedure for alkyl-halo-additions using MTCA: preparation of methyl S-acetoxy-
2,2, 4-trichloro-pentanoate. Iron filings (3.6 mmol) were weighted in a Schlenk tube'* and then
26 % (w/v) FeCly in DMF (4.5 ml), allylacetate (32 mmol), and methyl trichloroacetate (48
mmol) were added, under argon. The mixture was stirred at 100°C and after 24 h diluted with
2.5% HCI (15 ml) and extracted with n-hexane (2 x 8 ml). The organic layers were collected,
dried over Na,SO; and then evaporated. The crude oil was distilled under vacuum, affording
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7.37 g of methyl 5-acetoxy-2,2,4-trichloro-pentanoate (83%).

General procedure for alkyl-halo-additions with MDCP: preparation of methyl 5-acetoxy-
2 Ad_dichlara )_ mnfl&:r - : 1

y+¥ %
g FTTUACLIVR UTTLEL LY IT VLML IV L. 11 ULE 1)

then FeCl; (0.4 mmol) in 1/1 DMF/DCE (1.0 ml), allylacetate (6 mmol), and methyl 2,2-
dichloro-propanoate (4 mmol) were added, under argon. The mixture was stirred at 120°C and
after 17 h diluted with 2.5% HCI (10 ml) and extracted with n-hexane (2 x 8 ml). The organic
layers were collected, dried over Na;SO; and then evaporated. The crude oil was distilled under

A 1° onn s~

vacuum, affording 0.91 g of methyl 5-acetoxy-2,4-dichloro-2-methyl-pentanoate (89%).

tannata Tran Alinag (0 D) mmal) wars waiaght
llllsb \U L llullUl} YYul v Wblslll

dimethyl 2,2,4,7,9,9-hexachloro-decandioate

'H NMR$ (CDCl:): 1.83-2.23 (4H, m, -CH,CH,-); 2.88 (2H, dd, -CHCICH,CCl;-);, 3.18 (2H, dd, -
CHCICH:CCly-), 3.93 (6H, s, -OCHs); 4.25 (2H, m, -CH,CHCICH,-). MS (EL, 70 eV) m/z: 259 (10%); 142
(62%), 59 (85%); 36 (100%). Feund: C, 33.1; H, 3.6%. C;HsClsO; requires C, 32.98; H, 3.69%. Solid
(mixture erythro-threo).

clnnwladoameante - Wa thanl- tha (N (DR Aama)Y and tha Minictarn dalla TTnivarcita o Aalla
YRSV S SLWA 44 IUUE\/lllvlltD YY W ulaQiinn Ulw Ll NN \ l\Ulll\l} ALV Uly LVILLIIDIVIVY JUvila Villvwioila w JUwlia
Ricerca Scientifica e Tecnologica (MURST) for financial assistance
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