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Synthetic Reactions in Polyethyiene Glycol. Diazotization and Sandmeyer Reactions of
Anilines in Polyethylene Glycol-Methylene Dichloride
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a Department of Industrial Chemistry, Faculty of Engineering, and » Department of Chemistry, Faculty of Education,

Mie University, Tsu, Mie 514, Japan

Diazotization and the Sandmeyer reactions of representative arylamines proceed smoothly in polyethylene
glycol-CH,Cl, and have been found to be effective for the preparation of aryl halides and cyanides.

Chemistry 1n cyclic polyethers (crown ethers) has attracted
widespread 1nterest because of the rather high selectivity of
many reactions of activated anion species. The properties of
polyethylene glycol (PEG) make it an excellent substitute for
crown ethers in many reactions,!-2 and its use as a co-solvent
has been reported. We have now found that diazotization of
arylamines and Sandmevyer substitution reactions of the
resulting diazonium compounds take place with NaNQ,—H(]
m PEG-CH,Cl,*4 and with Cu,X,, Cu-MX, or
K;[Cu(CN)4-NH;] in PEG-CH,Cl, systems, respectively,
providing the first example of the cyano substitution of
diazonium salts using the isolated solid K,;[Cu(CN),-NH;]
complex (Scheme 1).

1 11
Ar-NHy — Acr-N3 Y- — Ar-X + other products

(1) (2) (3)
a; Ar = Ph e; Ar = p-MeOC.H,
b: Ar = p-PhCOC_H, f. Ar = 0-MeOQC.H,
¢: Ar = w-naphthvl g, Ar = m-MeOCH,
d: Ar = p-CIC,H, h; Ar = p-PhC=CC_H,
X =l Br.l, or CN Y =CIlL Br.or [

Scheme 1. Reagents: i. NaNO--HY in PEG-CH,Cl> at 0 °C; 1i, MX in
PEG-CH,Cl; at O °C to room temperature.

The arylamine (1) (0.1 mmol; 10 mmol dm—3t) mixed with
the acid HY (0.1 cm? of 1 mol dm—3: 0.1 mmol) was diazotized
by addition of NaNO; (0.1 mmol) dissolved in PEG 200 (2 g; 1
mol dm~—>%)-CH,Cl,; at 0 °C. At 0 °C the resulting diazotized
solution was added to the solid reagent MX (0.1 mmol to slight
excess), and the mixture set aside at room temperature.
Samples were withdrawn at intervals and, for the reactions
involving PEG, washed with 1M-NaOH. The products were
identified by g.l.c. comparison with authentic samples and
also by isolationt (i.r. spectroscopy). For comparison, some
experiments in aqueous solution were carried out without the
PEG-CH;(l, system. Table 1 shows the results,

On diazotization in PEG-CH,Cl,, the starting materials (1)
were consumed completely in 20 min. Three equivalents of the
acid were necessary.

Aniline (la) was chlorinated quantitatively in PEG-
CH,(Cl,, whereas it did not give chlorobenzene in aqueous
solution under simlar conditions (Cu,Cl, and/or Cu
powder).> Chlorination of (1b)—(1d) was accompanied by
reduction to give ArH (4).% Tetraglyme suppressed signifi-
cantly the side reactions to give (4), when it was employed
instead of PEG. Bromination proceeded in good yields with
HBr, but yields were lower than in the chlorinations with HCJ.
The extent of iodination exceeded the consumption of the
stariing matenals; we assume that this resulted from the

T Final concentratuon in a [0 ml solution of PEG (2 g)-CH-Cl,—water
(0.1 mi).

t For isolation 100 ml of the solutions (the same concentration) were
emploved.
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Table 1. Diazotization and Sandmeyer reactions in PEG-CH,Cl,.

Aniline (1) Consumption

% Yield of products (%o)*

(10 mm) HY?» of (1) (%) MXb Ar-X(3) Ar-H(4) Ar-Cl
Chlorination:
(1a) M A 96 D 100 93] — —
(1a)¢ 3M A 96 D(orE) 1(17) — —
(la)d.« conc. Af 100 D (orE) 70 (74) — —
(1b) M A 100 D 19 78 —
(1b) SM A 100 D 20 66 —
{1c) IMA 100 D 7 25 —
(1d) 3m A 99 D 35 56
Bromination:
(1a) IMA 96 F 11 — 43
(1a) 4m B 97 F 92 {861h — —
(1e) 4M B 100 F 32 14 —
Iodination:
(la) 3M A 99 G 57 — 2
(1a) MC 45 G 107 — —
(12) 3m Ce 56 G 163 [85]" — —
Cyanation:
(1a) 3MA 88 H 15 — 75
(1a) M A 100 J/D: J/IK;orJ/E 0 — 40
{1a) M A 95 L 11 e 19
(1a) | MA 100 M 67 [62] — 16
(1c) 3IM A 100 M 46 [40]i 32 1
(1d) MA 100 M 51 (48] 25 20
(1f) 3IMA 97 M 93 {88l 7 —
(1g) 3M A 100 M 39 [30]i 12 —
(1h) MA 99 M 38 {35} 53 [48]; -

a A: HCI; B: HBr; C: HI (0.1 mi). ® D: Cu,Cly; E: copper powder: F: Cu,Brp; G: KI; H: Cu,(CN)s; J: KCN; K: Ni(NQO;)2-6H,0;
L: 0.39 M K{Cu(CN),-NH;3}; M: solid KfCu{(CN)yNH,]. © Based on the consumaption of {1). ¢in ag. soln. ©333 mMm. '2.5 mi.
¢ 0.2 ml. b Isolated yield based on the starting (1). ' Isolated yield after t.1.c.

known todination of the benzene present in the PEG § by
I,—nitric acid? produced in situ from Hl-nitrous acid (the HI
used was the commercial product which showed a colour due
to jodine). .

Cyanation in PEG-CH,Cl, did not proceed under the
normal reaction conditions examined:8-2 Only chlorination or
bromination products were obtained depending on the condi-
tions. High yields of cyanation products were obtained when
excess of the dry K,[Cu(CN)4-NH;] complex!® (not isolated;
K,SQ, also present) was employed as the cyanation reagent.

Received, 17th May 1984; Com. 689

References

1 N. Suzuki, Y. Ayaguchi, and Y. Izawa, Bull. Chem. Soc. Jpn.,
1982, 55, 3349; N. Suzuki, Y. Ayaguchi, T. Tsukanaka, and Y.
[zawa, ibid., 1983, 56, 353; N. Suzuki, Y. Ayaguchi, K. Shimazu,
T. Ito, and Y. Izawa, in ‘Polymer Science and Technology,” vol.
24, ‘Crown Ethers and Phase Transfer Catalysis in Polymer
Science,’ eds. C. E. Carraher and L. Mathias, 1984, Plenum Press,
New York, pp- 385—96; N. Suzuki, T. Tsukanaka, T. Nomoto, Y.
Avaguchi, and Y. Izawa. J. Chem. Soc., Chem. Commun., 1983,
915.

§ The PEG 200 used was dried azeotropically with benzene. A series
of plank tests in the absence of aniline confirmed that only the
iodination gave such a halogenation product under otherwise id¢ntical
conditions; the other halogenations did not give such a product.

"

2 E. Santaniello, A. Manzocchi, and P. Sozzani, Tetrahedron Lett,,
19794581 E. Santanicllo, P, Terraboschi, and P. Sozzaat, {. Qrg.
Chem., 1981, 46, 4584; E. Santaniello, A. Fiecchi, A. Manzocchi,
and P. Ferraboschi, ibid., 1983, 48, 3074; K. Sukata, J. Synta. Org.
Chem. Jpn., 1981, 39, 443.

3 For leading reviews on synthetic applications of diazonium
compounds, see {a) ™. Komblum, Org. React., 1944, 2, 262; {b)
D. S. Wulfman, in ‘The Chemistry of Diazonium and Diazo
Groups,” Part 1, ed. S. Patai, 1978, Wiley, New York, p. 247.

4 Diazonium compounds prepared in organic solvents: in xylene
(vield, 70%), T. L. Fletcher and M. J. Namkung, Chem. Ind.
(London), 1961, 179; in Me,-SO (vield, 50—70% for chlorination;
55—97% for cyanation), M. Kobayashi, E. Yamada, M. Matsui.
and N. Kobori, Org. Prep. Proc. Int., 1969, 1. 221; M. Kobayashi,
H. Minato, E. Yamada, and N. Kobori, Bull. Chem. 5Soc. Jpn.,
1970, 43, 215; in CHLCL, (75%), €. G. Swain and R. §. Rogers, J.
Am. Chem. Soc., 1975, 97, 779; in 18-crown-6~-CHCI; (82%), S.
H. Korzeniowski and G. W. Gokel. Tetrahedron Lert., 1977, 3519;
J. R. Beadle and G. W. Gokel, ibid., 1984, 25, 1681.

5 L. Gattermann, Ber., 1890, 23, 1218.

6 This reduction is carried out in EtOH classically or with
hypophosphorous acid: see ref. 3(b), p. 286; S. Yasui, K.
Nakamura, and A. Ohno, J. Org. Chem., 1984, 49, 878.

7 F. B. Dains and R. Q. Brewster. Org. Synath., Coll. Vol. I, 1956,
323, '

8 J. A. Mcrae, J. Am. Chem. Soc., 1930, 52, 4550: L. A. Bigelow,
Org. Synth., Coll. Vol. I, 1956, 135.

9 K. Friedrich and K. Wallanfels, in *The Chemistry of the Cyano
Group,’ ed. Z. Rappoport, 1970, Interscience. New York. p. 67.

10 H. Hagenest and F. W. Staut, US. Pat.. 1 879 209; Chem. Abstr.,
1933, 27, 997; US. Pat., 1 962 559; Chem. Abstr., 1934, 28, 4848;
ref. 9, p. 37.



