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DEMETRIOS N. SOTIROPOULOS and 

PANAYIOTIS V. IOANNOU* 
Department of Chemistry, University of Patras, Patras, Greece 

(Received June 8, 1993; in final form September 9, 1993) 

The title free radical can be used to spin label biochemically important amines, but not those which it 
oxidizes, e.g., epinephrine (adrenaline), and diamines. Product analysis of the reaction between the 
radical and triethyl phosphite gives evidence that the first step in the Perkow reaction may occur via 
halogen attack giving enolate bromophosphonium ion pair as the common intermediate. 

Key words: Spin labelling; L-amino alcohols; ephedrine; diamines; Perkow reaction; mechanism 

INTRODUCTION 

The free radical cis-3,5-dibromo-4-oxo-2,2,6,6-tetramethylpiperidin-l-yloxy, 1, was 
introduced as a selective spin labelling agent for primary and secondary amino 
functions. It reacts directly, via Favorskii rearrangement, with amines of suffi- 
ciently high basicity giving spin labelled amides, 2, in the presence of -OH, -SH 
and -COO - groups. Thus, spin labelled penicillin2 and antiarrhythmic d r ~ g s ~ , ~  
have been prepared. 

Although the use of nitroxyl radicals has shifted towards functional biological 
systems, e.g. as contrast agents for NMR imaging (for pertinent references see 
Reference 5) they, as probes, can still afford valuable information on the structure 
and dynamics of membranes, proteins and enzymes.6 Radical-metal spin-spin in- 
teraction is also of value for understanding intra-molecular electron-electron ex- 
change.’ 

Herein we report on the usefulness of L to spin label various biochemically 
important amines as well as on its reaction with triethyl phosphite which bears on 
the mechanism of the Perkow reaction. 

RESULTS AND DISCUSSION 

The reaction of 1 with L-valinol, L-leucinol and L-prolinol gave a-3 as oils which 
crystallized with difficulty. Since these amino alcohols are inhibitors of protein 
synthesis,* &-& can be useful for further studies on the subject. 

From the adrenergic compounds only (-)-+-ephedrine could be labelled to a. 
Dopamine, ( ? )epinephrine (adrenaline) and norepinephrine (noradrenaline) suf- 
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56 S. V. SERVES et al. 

fered rapid oxidation by 1. Spin labelled adrenergic compounds could be used to 
monitor the free vs bound mother compounds. 

Spin labelling one -NH, of an unprotected ethylenediamine gave an oil which 
was difficult to purify while spin labelling both -NH, groups of diamines to give 
dinitroxyl compounds was easy. Dinitroxyls 3 and 4 (n = 2, 3, 4, 6) had been 
prepared by us some years ago. The preparation of 3 and a more complete series 
of 4 (n = 2-10) has already been published by Bnk9 and supplementary analytical 
data on 3 and 4a-4d are shown in Table I .  The biradicals can be used as 
radiosensitizers'O and as ligands for complex formation. 

While nitrogen nucleophiles react with 1 presumably by abstracting the a-hy- 

O H  

NH--CH, -CH--CH2 -NH 

I I 
P 0, 

- 3 

4 
a. n = 2  b. n = 3  
c. n = 4  d. n = 6  

Formulae 1-3 
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PERKOW REACTION 57 

drogen,' trialkyl phosphite can attack1* at the a-carbon, the carbonyl carbon, the 
carbonyl oxygen or the a-bromine of 1 giving eventually the Perkow product 8. 

The reaction of 1 with triethyl phosphite can be effected in acetonitrile or ether/ 
acetonitrile, but not in ether, at room temperature. The reaction gave at least 6 
products, 4 of which were isolated in pure form accounting for 82% of the radical 
- 1 used. 

The IR spectrum of 5 in KBr showed absence of phosphoryl group and presence 
of weak absorptions at 3089 and 1664 cm-' due to H-C=C-0 grouping and a 
very strong peak at 1743 cm-I due to C=O An analogous enol 
ester had C=O stretching at 1740 cm-'.' A weak peak in the spectrum of 3 at 
1628 cm-' could not be assigned. 

Compound 6 showed no phosphoryl and C=C absorptions in the IR spectrum 
(KBr). A strong peak at 1738 cm-l was indicative of a cyclic ketone bearing 
equatorial a-halogen. The radical 1 has equatorial bromine atoms (from x-rays 
analysis). * From other experiments we isolated and recrystallized two compounds 
which had the same Rf value and exactly the same IR (in KBr) spectra with 6 but 
different melting points and UV (in methanol) spectra: [77"C; A,,, 221 nm, E~ 5.7 
x lo3, A 209 nm, 5.6 x lo3 and 154°C dec.; A,,, 201 nm, eM 7.5 x lo3, Ash 
219; found C 43.85, H 5.95%]. It seems that these 3 compounds are &/trans 
isomers. 6 reacted very slowly (31 days at room temperature) with excess triethyl 

TABLE I 
Yields and analytical data of the spin labelled amides from L-amino alcohols, ephedrine and diamines 

O/O Analyses UV (in MeOH) IR (in CH2C12) 

Compound Yield, M.p., calcd (found) A,,,,,, bh,. E,,,, amide I C=C N-0' 

% OC C H nm nm xi03 cm-1 cm-1 cm-1 

74 

55 

44 

80 

43 

60 

67 

64 

80 

140-2 

104-6 

94-6 

131-3 

-77' 

238 d 

186-8 

210 d 

158-9 

6242 9 3 6  

(62 71) (9 20) 
63 57 9 6 0  

(6341) (952) 
6289 8 6 8  

(62 35) (868) 
6 8 8 5  8 2 1  

(68 07) (831) 
5970 8 11 

(5927) (794) 
61 20 8 22 

(60 94) (8 36) 
62 04 8 4 3  

(62 32) (852) 
6283 8 6 3  

(67 R2) (8 74) 

64 26 8 99 

(64 26) (9 10) 

219 235 7.9 1665s 1620m 1360m 

212 235 10.0 1665s 1620s 1360m 

218 236 8.7 1650m 1610s 1365m 

206 - 9.2 1649m 1610s 1361m 

?13 235 15.0 1660s 1620s 1360m 

216 235 14.7 1660s 1610s 1355m 

213 235 12.7 1665s 1620s 1360m 

213 235 14.0 1660s 1615s i355m 

218 235 19.0 1660s 1620s 1360m 

no clear m.p 
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58 S. V. SERVES et al. 

d. 

z - 8 

Formulae 5 - 8  

phosphite in acetonitrile to give a major spot at Rf 0.27 (ethedhexane 1:1 v/v) 
presumed to be the Perkow product of 6. 

The Perkow product 8 was a dark red viscous oil and its IR spectrum (neat) 
showed a medium-to-weak peak at 1685 cm-' which was 25 cm-l higher than the 
normal range of enol phosphate C=C stretching.I3 The H-C=C stretching was 
too weak to be clearly seen at 3000-3100 cm-'. The P=O absorption was in the 
normal range while the P-0-C absorption was at lower frequency than normally 
found (1165-1155 cm-l).I3 

Compound 7 was a dark red (indicative of a 6-membered nitroxyl) oil, slightly 
less polar than 8 and its IR spectrum (neat) showed that it was a phosphate ester 
with P=O and P-0-C absorptions as in 8. A medium-to-strong peak at 1664 
cm-' was by -20 cm-' lower than the corresponding peak of 8 indicative of the 
presence of C=C-X (X=Cl, Br or I) g r 0 ~ p i n g . l ~  There also was a very weak 
peak at 1727 cm-', the intensity of which varied in different samples, and was 
attributed to a contaminant, probably the Perkow product of 6, thus explaining 
the slightly higher %C found. 

The phosphate enol esters, 2 and 8, in acetonitrile were very slowly hydrolysed 
by 0.2 M HCl at room temperature giving less and more polar products (TLC 
analysis) while by 0.2 M NaOH they reacted faster giving only more polar com- 
pounds, indicative of nucleophilic attack by HO- on -Br and not on the phos- 
phate group.I3 

While 2,6-dibromocyclohexanone gave a Perkow + Arbusov productI3 (Ref- 
erence 41 on page 611 is wrongly cited in the review of LichtenthalerI3) the Arbusov 
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PERKOW REACTION 59 

product of 8 was not formed in our system at room temperature even when excess 
triethyl phosphite was used. 

A reasonable mechanism by which 6-8 arise is shown in Scheme 1. Triethyl 
phosphite abstracts a-Br giving an ion pair (intimate or solvent separated) [(9, lo) 
+ 11). Enolate bromophosphonium ion pairs have previously been postulated in 
reaction of a-bromoketones with tricovalent organophosphorus compounds. At- 
tack of 9 or on the positive carbonyl carbon of 1 gives, via Favorskii rearrange- 
ment, the by-products 6 (major) and 5 (minor) with expulsion of Br- .  This Br- 
then dealkylates 11 giving the phosphorobromidate 12 which, in turn, phospho- 
rylates the enol form of 1, A', to give 2. Such a mechanism requires that the moles 
of 7 be equal to the moles of 5 + 6 and this was indeed found (0.463 mmol 2 vs 
0.445 mmol 5 + 6). An analogous by product to 1 has been isolated by Koziara 
et a1.16 Attack of a on 11 can form irreversibly15 a quasi-phosphonium intermediate" 
which is dealkylated by Br- to give the Perkow product 6. From the relative 
amounts of 5, 6 and 8 it seems that 9 attacks the carbonyl carbon of 1 giving 6 
while 0 prefers to attack 11 giving 6. 

Relatively few examples are found in the literature pertaining to the initial attack 
of phosphines15 and phosphitesl6-I9 on the a-halogenoketones. The substrates are 
a-bromoketonelS cr,a-dibrorn~ketones~~~~~ or trichloroacetic acid derivatives,19 i.e. , 
compounds with sufficiently positive a-halogen. 

EXPERIMENTAL 

The radical 1 was prepared as described,' and it is also commercially available (Lancaster Synthesis 
Ltd., Eastgate, White Lund, Morecambe, Lancs., LA3 3DY, England). L-Valinol, L-leucinol, 

- 5 - 8 

+ + BrP(0Et)j 

- I 1  

B; - EtBr I 
Frn,:: 
El0 /P-Br 

- 12 

Scheme 1 
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TABLE I1 
Yields and analytical data of the products from the reaction of 1 with triethyl phosphite - 

% % Analyses UV (in MeOH) IR [neat or disk (KBr)] 

used OC C H nm nm ,103 cm-1 cm-1 cm-1 

Compound radical 1 M.p., calcd (found) A,,,, &.,, E,,,, N-0' P=O P-0-C 

2 2.4 159-160 43.56 

(43.64) 

s 42.1 80-2 43.56 

(43.45) 

7 23.2 33.64 

(34.45) 

s 14.8 40.53 

(40.36) 

5.69 215 - 2.7 1360m - 
(5.56) 

5.69 213 - 9.1 1365s . 

(5.95) 

4.99 201 222 13.4 1366m 1287s 1036vs 

(5.21) 

6 20 210 - 7.1 1360m 1278s 1036vs 

(6.35) 

L-prolinol and 1.3-diamino-2-hydroxypropane were from Aldrich while (-)+-ephedrine was from Sigma. 
Acetonitrile was dried over A, molecular sieves. TLCs were run on microslides coated with silica gel 
type 60H (Merck); visualization was effected by spraying with 35% H2S0, and charring. Silica gel Si60 
(Serva) was used for column chromatogrphy. IR and UV spectra were taken on  Perkin Elmer models 
16 PC FT-IR and 551 S instruments respectively. 
Elemental analyses were done by the Centre National de la Recherche Scientifique, Vernaison, France 
and by Dr. J .  Mantzos of National Hellenic Research Foundation, Athens, Greece. 

Reaction of1 with umines. To a solution of 1 mmol of -NH2 or  =NH grouping in dichloromcthane 
(4- 10 ml) containing 2 mmol triethylamine, 1 mmol radical 1 was added and stirred for 2 h at room 
temperature. Concentration and silica gel chromatography (-20 glmmol, elution with CH2Cl2/MelCO 
6:l or 3:l v/v) gave the products: &, yellow powder; 2, yellow crystals after trituration with hexane; 
- 2c, sticky orange oil which forms yellow crystals after 3 months at -20°C; 3, oil which forms yellow 
crystals after 3-4 days; 3. sticky yellow foam; h - d ,  yellow crystals. Data are shown in Table I. 

Reaction o f l  with triefhylphosphite. A suspension of 2 mmol of radical l a n d  2 mmol triethyl phosphite 
in dry acetonitrile (10 ml) was stirred at room temperature for 5 h. Clear solution resulted after 4 h. 
TLC revealed the presence of at least 6 compounds. The solution was concentrated and applied onto 
silica gel (100 g in  ethedhexane 1:1 v/v). Elution was effected with ethedhexane 1:1 v/v till the first 
orange hand appeared and then with ether. The compounds isolated in pure by TLC state were (R, in 
ethedhexane 1: l  v/v. weight in mg, color): 5 (0.67, 12, orange crystals), 6 (0.57, 209 orange crystals), 
z(O.30, 215, dark red oil) and 8 (0.17, 114, dark red oil). 3 and 6 were recrystallized from hexane. 
Data are shown in Table 11. 
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