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Abstract—2,3,4,5,6-Pentabromobenzyl bromide reacts with primary and secondary alcohols and also with
alkali metal alkoxides derived from primary alcohols to form the corresponding pentabromobenzyl ethers in
high yields. In the reactions with secondary alkoxides, considerable amounts of bis(2,3,4,5,6-pentabromo-
benzyl) ether are formed.

Benzyl systems PhCIX exhibit specific behavior in the bromomethyl group. When the reactions were
in nucleophilic substitution reactions, often givingcarried out in aqueoualcoholic mixtures (runs nos. 7
rise to nonlinear Hammett dependences. In due timand 8; Table 1), 2,3,4,5,6-pentabromobenzyl alcohol
this gave grounds to the discussion whether thé S (II) was also formed, and the reaction rate increased
mechanism changes to& gradually or both these in the presence of water (cf. runs nos. 1 and 7;
operate simultaneously (a part of molecules react byable 1). These data suggest a considerable contribu-
the §1 mechanism, and the other part, by2Stheir  tion of the §1 mechanism. An additional support
contributions depending on the substituent naturejomes from the fact that the reaction bfwith
[2, 3]. In this connection, interesting substrates ard.5 equiv of NaOH in 96% ethanol gives 2,3,4,5,6-
pentabromobenzyl derivatives. On the one handyentabromobenzyl ethyl ethél as the major prod-
bromine atoms (az-donors) in theortho and para  uct, whereas alcohdl is formed in trace amounts.
positions are capable of stabilizing polybromobenzyl The reactions ofl with ethanol, 1-butanol, and
cation; on the other hand, they aseacceptor substit- 2-methyl-1-propanol are complete in28 h, the reac-
uents which destabilize cationic species. From th@ons with 2-propanol and 2-butanol take-&% h, and
synthetic viewpoint, 2,3,4,5,6-pentabromobenzylyith 2-methyl-2-propanol no reaction occurred even
bromide () is a readily accessible reagent which isgn heating for 100 h under reflux. These data indicate
widely used for preparation of various functionalconsiderable steric hindrances to reactions with
derivatives containing a pentabromophenyl moietysecondary and especially tertiary alcohols.
e.g., alcohols, ethers, esters, ketones, amines, etC.gromide | reacts with alkali metal kbxides
[4-10], including practically important ones-{I5]. derived from primary alcohols (runs nos. 1, 3, 4;

In the present work we studied the behavior ofraple 2) to give the corresponding ethyl, butyl, and
pentabromobenzyl bromidd)(in reactions with al- isobutyl ethers I{l -V) in high yields. However, in
cqhols and alkali metal alkomdgs. The reactlon_sl of the reactions of with i-PrONa ands-BuONa, apart
with excess alcohols were carried out by heating akom isopropyl 2,3,4,5,6-pentabromobenzy! ethér)(
the boﬂmg point until the initial bromide disappearedyng sbutyl 2,3,4,5,6-pentabromobenzyl ethell(),
ether; Table 1). As a result, the corresponding ethergas formed (runs nos. 2, 5; Table 2). Its melting point
were formed in high yields (runs nos-8.in Table 1), 5 314 315°C, and it is the major product of the reac-
indicating a very high mobility of the bromine atom 51, of | with t-BuOK (runs nos. 6, 7; Table 2). The
n IR spectrum of this product contained a strong absorp-

For communication X, see [1]. tion band at 1100 cm, which is typical of G-O
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Table 1. Reactions of 2,3,4,5,6-pentabromobenzyl bromitle with alcohols

Run no. ROH Temperature°C (time, h) Product (yield, %) mp, °C
1 EtOH 78 (28) C¢BrsCH,OEt (>98) 124-125
2 i-PrOH 82 (60) CgBrsCH,OPr-i (>98) 91-92
3 BuOH 112 (7.5) C¢BrsCH,OBu (88) 71-72
4 i-BUOH 107 (22) CgBrsCH,OBu-i (>98) 86-87
5 s-BuOH 98 (65) CeBrsCH,OBu-s (89) 68-69
6 t-BuOH 82 (100) - -

7 Aqueous EtOH 78 (15.5) C¢BrsCH,OEt (94)° -
CgBrsCH,OH (6)°

8 Aqueous BuOHM 92 (16) C¢BrsCH,0OBu (89)° -
CgBrsCH,OH (11f

%9 mol % of HO.
® Composition of the reaction mixture (mol %; GLC data).
¢ 21 mol % of HO.

bond vibrations in pentabromobenzyl ethers (se@-propanol under reflux for 2 h resulted in formation
Experimental). We presumed that the product is bisef alcohol Il. On the other hand, in the reaction of
(2,3,4,5,6-pentabromobenzyl) etherli( ). Its struc- ethyl etherlll with sodium ethoxide in ethanol under
ture was proved by independent synthesis of etheanalogous conditions dces of alcoholll were
VIII by reaction of benzyl bromidé with sodium detected only after heating of the mixture for 6 h.
pentabromophenylmethanolate in THF (run no. 8§;
Table 2). It should be noted that bromitidailed to EXPERIMENTAL
react with GBrsCH,ONa in dioxane even on heating
for 10 h at 100C. Likewise, no reaction occurred The IR spectra were recorded on a UR-20 instru-
between pentabromobenzyl alcohol and compolnd ment in mineral oil. ThelH NMR spectra were
in dioxane in the presence of solid sodium ethoxidegptained on Tesla BS-467 (60 MHz) and Bruker AC-
A possible reason is that sodium alkoxides areQQ (200 MHz) spectrometers in G@r CDCL, using
insoluble in dioxane: Bromide failed to react with  HMDS as internal reference. The purity of the initial
EtONa in this solvent. We obtained eth®ill in  compounds and reaction products was checked by
a low yield (14%) by reaction of compoundwith  GLC. All individual compounds contained no less
pentabromobenzyl alcohol in the presence of sodiurthan 97.598.5% of the main substance. GLC analysis
ethoxide using a dioxanethanol mixture as solvent was performed on a Chrom-42 chromatograph with
(run no. 9; Table 2). a thermoionic detector; glass columns, 30@05 and
The formation of etheVIll may be explained in 1500x 3.5 mm; stationary phase 3% OV-17 on
terms of the reaction sequence given below, whicil€hromaton N-Super (0.16.20 mm); oven tempera-
includes cleavage of sterically hindered ethers by thture 220-260°C; carrier gas nitrogen. Silufol UV-254

action of alkoxides. plates were used for TLC analysis; eluent toluene or
petroleum ether; development with iodine vapor or
RO~ UV light.

CeBrsC — = CgBr;CH,0 .
oBrCHLBr oBrsCHOR 2,3,4,5,6-Pentabromobenzyl bromidd (vas syn-

I thesized by the procedure reported in [4].

RO~ I 2,3,4,5,6-Pentabromobenzyl ethers [HVII.
T CeBrsCH0T  ——= (GeBryCHp),0 a. A mixture of -4 mmol of pentabromobenzyl
VIII bromide | and 100 ml of the corresponding alcohol
was heated under reflux until bromidedisappeared
R = i-Pr, sBu, t-Bu. (7.5-65 h, TLC). The mixture was diluted with water,

and the precipitate was filtered off, washed with
This scheme was confirmed by special experimentsvater, dried, and recrystallized from ethanol. Ethers
Heating of etherVIl with sodium isopropoxide in Il -VIl were thus obtained.
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Table 2. Reactions of 2,3,4,5,6-pentabromobenzyl bromitle with alkali metal alkoxides

711

Run Molar ratio Temperature, Product o

no. ROMe  (solvent) CeBrsCH,Br:ROMe | °C (Eme, h | (vield, %) mp, °C

1 EtONa (EtOH) 1:1.75 78 (2) - (>98) 124-125

2 i-PrONa (-PrOH) 1:1.17 82 (2) VI (78.8), 91-92 (VI),
Vil (3.2) 314-315 (VIIl )

3 BuONa (BuOH) 1:1.2 117 (2) IV (76) 70-72

4 i-BuONa {-BuOH) 1:1.4 107 (2.5) V (95) 86-87

5 sBuONa &BuOH) 1:1.4 98 (2.5) VIl (78), 68-69 (VII),
VIII (9.8) 314-315 (VIII )

6 t-BUOK (t-BUOH) 1:1.4 82 (4.5) I (9.4),
VIl (73) 314-315 (VIII )

7 t-BuOK (THF) 1:2 65 (5) VIl (85) 314-315

8 C¢BrsCH,ONa (THF) 1:1 65 (5) VIIL (78) 314-315

9 C¢BrsCH,OH, EtONa 1:1:15 100 (6) l (86), 124-125 (Il),

(dioxane, EtOH) VI (14) 314-315 (VIII )

Table 3. IH NMR and IR spectra and elemental analyses of alkyl pentabromobenzyl dthek4l

Comp. | ; L Found, % Calculated, %
o H NMR spectrum,d, ppm IR spectrum,v, cnT Formula
) C H C H
i (60 MHz, CCl)), 1.17 t (3H, Me[1335 m, 1260 w, 1200 m,20.35 | 1.14 CyH,BrsO 20.58 | 1.33
J=7.2Hz),3.37q (2H, CH 1100 s, 1035 w, 1000 v,
J = 72 Hz), 483 s (2H, 890 w
CH,CgBr5)
v (200 MHz, CDC}), 0.93 t (3H,1660-1740 w, 1345 m| 23.60| 2.10| C;;H;,BrsO | 23.65| 1.98
Me, J = 7.3 Hz), 1.271.69 m[ 1260-1280 br.w, 1110 g,
[4H, (CH,),], 3.57 t (2H,| 1020 w
CH,, J = 6.2 Hz), 498 $
(2H, CH,C4Br5)
V (200 MHz, CDC}), 0.93 d (6H1640-1740 br.w, 1340 m, 23.48 | 1.93| C;;H;,BrsO | 23.65| 1.98
2Me,J=6.5Hz,1.821.99 m 1270w, 1200 m, 1110 §,
(1H, CH), 3.32 d (2H, CH, 1070 w, 1010 m
J = 6.9 Hz), 498 s (2H,
CH,CgBr5)
VI (60 MHz, CCl), 1.10 d (6H|1315 s, 1225 m, 1115 522.38| 1.73| CygHgBrsO | 22.05| 1.67
2Me, J = 6.5 Hz), 3.50 1070 s, 1050 s, 1000 m,
3.87 m (1H, CH), 4.83 s (2H, 915 m, 830 w
CH,CgBr5)
VI (200 MHz, CDC}), 0.95 t (3H,1620-1740 br.w, 1335 §,23.78| 1.83| C44H;,BrsO | 23.65| 1.98
Me, J = 7.3 Hz), 1.24 d (3H, 1245w, 1200 w, 1180 w,
Me, J = 6.2 Hz), 1.461.70 m| 1145 m, 1090 s, 1030 W,
(2H, CH,), 3.43-3.60 m (1H| 1010 w, 980 w, 925 w
CH), 4.98 m (2H, CHCgBrs,
AA" system,Jyn = 10.1 Hz,
Avpp = 16.4 Hz)
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b. Metallic sodium, 1620 mmol, was dissolved and dried in air. The crude product was extracted with
in 100 ml of anhydrous alcohol-8 mmol of bromide hot dioxane (%50 ml), and the undissolved material
| was added, and the mixture was heated fe2.2 h  was filtered off and dried. We thus isolated 0.28 g
under reflux. It was then treated with water, and th€14%) of etherVIll . The extract was diluted with

precipitate was filtered off, washed with water, andwater to isolate 1.12 g (86%) of ethéH .
dried in air. The crude product was recrystallized from Cleavage of ethers Il and VI by the action of

the corresponding alcohol. The undissolved materialgdiym alkoxides.Metallic sodium, 0.2 g (8.7 mmol),

was washed by hot dioxane X25 ml) and dried to
obtain bis(2,3,4,5,6-pentabromobenzyl) etheill().

was dissolved in 55 ml of the corresponding anhy-
drous alcohol, 3.77 mmol of ethdil

or VI was

The reaction conditions and yields and melting points,yjed and the mixture was refluxed for 6 h. Every

of the products are given in Tables 1 (metredand
2 (methodb). Table 3 contains the elemental analyse
and spectral parameters of ethdts-VII .
Bis(2,3,4,5,6-pentabromobenzyl) ether (VIII).
a. A mixture of 50 ml of anhydrous THF, 1 g
(2.99 mmol) of pentabromobenzyl alcohdl, and
0.07 g (3.14 mmol) of metallic sodium was heated ;
for 0.5 h under stirring. Bromidé, 1.13 g (2 mmol),
was then added, and the mixture was heated for 5 h
under reflux while stirring. The mixture was treated
with water, and the precipitate was filtered off,
washed with water on a filter, and dried in air. The
product was washed with hot dioxane to remove
impurities. Yield 0.91 g (46%), mp 31815C. IR
spectrum,v, cmt: 1650-1730 br.w, 1340 s, 1270 m,

1180 m, 1077 s, 1000 s, 713 m, 604 w, 547 w. Found,4'

%: C 17.22; H 0.54; Br 79.49. GH,Br,,O. Calcu-
lated, %: C 17.03; H 0.41; Br 80.94.

b. Potassiumtert-butoxide, 1.38 g (12.3 mmol),
was dissolved in 80 ml of anhydrourt-butyl
alcohol on heating5 g (8.84 mmol) of bromidd
was added, and the mixture was heated for 5 h while
stirring and treated with water. The precipitate was
filtered off, washed with water, and dried in air.
The product was washed with hot dioxane to remove
alcoholll . Yield of VIII 3 g (73%). From the dioxane

benzyl alcoholll.

c. Bromide |, 2 g (3.54 mmol), was added to
a mixture of 0.4 g (3.57 mmol) of potassiutert-
butoxide and 65 ml of anhydrous THF. The mixture

was heated under reflux for 5 h (while stirring) and0-

treated with water, and the precipitate was filtered

off, washed with water and hot dioxane, and driedll.

Yield of VIII 1.15 g (65.7%).
d. A mixture of 60 ml of anhydrous dioxane, 0.2 g

(2.94 mmol) of sodium ethoxide, and 3 ml of ethanol12:

(which was added to solubilize sodium ethoxide) was

heated to the boiling point (under stirring), and 1 g13.

(2 mmol) of pentabromobenzyl alcohbl was added.

After 10 min, 1.13 g (2 mmol) of benzyl bromide 14.

was added, and the mixture was refluxed for 6 h. It

was treated with cold water$00 ml), and the precip- 15.

itate was filtered off, washed with water on a filter,

3.

7.
washings we isolated 0.97 g (9.4%) of pentabromo-8

2 h, a sample was withdrawn and treated with cold
Water. The precipitate was filtered off, washed with
water, dried, and analyzed by GLC and TLC.
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