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Abstract: The interaction of 2,2,5,5-tetramethyl-3-imidazoline-3- 
oxide-1-oxyl with isooyanates leads to oxadiazolidine cycloadduots 
whioh are smoothly transformed into amidines - 4-R-amino-2,2,5,5- 
tetramethyl-3-imidazoline-I-oxyles when treated with nuoleophilio re- 
agents. This reaotion was applied to the synthesis of some para- 
magnetic amidines oontainimg various funotional groups which may be 
used as spin labels hav' 

Y.? 
a pH-sensitive ESR speotrum. The meohanism 

of transformation of oxa azolidines into amidines and the tautomeric 
equilibrium of the amidines synthesized are disoussed. 

Farlier we have shown (ref.') that the reaotion of 1,3-dipolar 
cyoloaddition of parvetio heterocyolio aldonitrone, 2,2,5.5- 
tetrametbyl-3-imidazoline-3-oxide-1-oxyl 1. with isooyanates and sub- 
sequent cleavage of oxodiaeolidines 2 leads to N-substituted heterooyolic 
amidines 3. The reaotion may be performed both with aromatic and alipha- 
tic isocyanates. This affords amidines of varying pK values and lipophi- 
lioities which may be used as pIGsensitive spin probes. This paper demon- 
strates the possibilities of this synthetic approaoh for the synthesis of 
paramagnetic amidines as new spin labels and probes with a pH-sensitive 
TSR spectrum and disousses the mechanism of oxadiazolidine ring cleavage 
by nuoleophilic reagents and the structure of the amidines. 

The reaction of nitrone 1 with isocyanates led to formation of cyclo- 
adduots 2a-f which were transformed into amidines 3 (cf.'). The reaotion 
with ally1 isocyanate gave not only the oycloadduct 26 but also the bi- 
radical 4 which is a product of cycloaddition both at the isooyanate 
group and the C=C bond (of.2). Biradioal 4 was also converted to oorres- 
pending amidine 5. 
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Amidines may be formed from the corresponding oxadiazolines under 

thermolysis oonditions.3 For the compounds 2, no such reaotion has been 

observed. Cleavage of the oxodiazolidine cyole 3n a moleoule of cyolo- 
adduots 2 oan ooour either as a result of the nuoleophilic attaok at the 
oarbonyl carbon atom (route A) or by the initial. elimination of aoid 
proton from the oarbon atom in the 3a-position (route B). This suggests 
that strong nuoleophiles will aooelerate the oleavage reaction of the 
oxodiazolidine ring when it oocurs by route A, and, vice versa, stror@ 
bases will promote the reaotion if it prooeeds by 

K .o- 

R-N/ 
co, 

route B. 

0 

R-N \ - ._ - >- N\ 
It has been shown in studies on the reactions of oycloadducts 2 with 

different nuoleophiles and bases that their aotivity in this reaotion 
qualitatively varies m the series CH30- > OH-, RNR2 > SH- > CN- >> NaH. 
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There was no reaction with triethylamine and pyridine, while the reaotion 

with NaElH4 only led to slow reduotion of the nitroxyl group to the 

hydroxylamino group. These data have led us to suggest route A to be the 

most probable route of cleavage of the oxadiazolidine oycle. It should be 

noted that using sodium methoxide in the methanol solution not only leads 

to the high-rate oleavage of cycloadduots 2 but also affords various ami- 

dines 3 with yields as high as 90%. 

The nonsytmnetrioally substituted amidines usually exist in solution 

as a mixture of two tautomeric forms. 4 The 13C m spectrum (CD2C12) of 

diemagnetic amidine 6a synthesized by the reduation of paramagn etio ami- 

dine 3a with hydrasine shows a signal of the C=N oarbon atom at 160.88 

ppm whose position is olose to that of the signal of C-4 of the 3- 

imidazoline heterocycle.5 It seems that for the tautomerio form of N- 

phenyl-substituted amidines , where the C=N bond is conjugated with the 

phenyl group, the signal of the tpao-carbon of the phenyl group lies at 

151-152 pr. When there is no conjugation, the signal should lie at 144 

ppm (cf. 1. In the spectrum of compound 6a, the signal of this oarbon 

atom is at 141.97 ppm, indioating the existenoe of this oompound in the 

tautomeric form A with an endocyclio multiple bond. In the 13C NMR speot- 

ra (CDC13) of model emidines 7 and 8 with fixed position of the C=N bond, 

the fpao-carbon signals lie at 145.72 and 150.31 ppm respectively, whioh 

oonfirms the existence of compound 6a predominantly in the tautomerio 

form with an endocyclic C=N bond. Broadening of the C-4 and C-2 signals 

may indicate the existenoe in solution of an equilibrium mixture of two 

tautomeric forms. The lowered temperature of reoording of the I30 NKR 

speatrum to 193 K did not bring about any signals of another tautomerio 

form. This may be attributed to the fact that the tautomerio equlibrium, 

if any, is fast in the NMR time soale, even at that temperature. It 

should be noted that in the 13C NMR spectra (DMSO-d6) of diamagnetio ami- 

dines 6b,c, the signals of phenyl tpao-oarbons are respeotively at 141.58 

and 140.36 ppm, indicating their preference for the same tautomeric form. 

Taking into account this fact, as well as the similarity of the IR and UV 

spectra of compounds 3a and 6a, one can suggest that the paramagnetic 

amldine 3a also exists in the tautomeric form A. Thus, using the chemical 

shift value of the Ipso-carbon atom for N-phenyl-substituted amidines 

proved to be a useful criterion for evaluating the position of the tauto- 

merlc equilibrium for the nonsymmetrically substituted amidines. 
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Some amidines. useful as spin labels with a pH-sensitive ESR spect- 
rum, have been obtained by modifioation of au ester group in the moleoule 
of 2c, 3c. Thus, hydrolysis of 3c leads to the aoid 3g. and the reduotion 
of 3b with lithium aluminum hydride and subsequent oxidation with Mn02 
gives aloohol 3h. ‘phe interaction of oycloadduct 2c with ammonia leads to 
amide 21 whose reduction with lithium aluminum hydrfde and subsequent 
oxidation with Mu02 leads to aminoamidine 31. It should be noted that 
this reaotion proceeds not only with reduction of the amide and nitmxyl 
groups but also with oleavage of the isoxazolidine ring. 

0 

2c 



Synthesis ofhetemcychc atxn&nes lo697 

The amidine 3b oontaining the ohloroethyl group in a moleoule may be 
regarded as an alkylating spin label with a pH-sensitive BR speotrum 
(of 1'7) or its preoursor with the ohlorine atom substituted by another, . 

easier leaving group. However, when oompound 3b reaots with various 
nuoleophilio reagents: NaI, NaN3, NH4, sodium aoetate or hydride, or 
potassium phthalimide, no nuoleophilio substitution of the ohlorine atom 
ooours, but, rather, the intramolecular alkylation takes plaoe to form 
the bioyolio amidine 9. The struoture of compound 9 has been oonfirmed by 
the PMR speotrum of its diamagnetic analogue 10 obtained by the reduction 
of oompound 9 with hydrasine. 

It is interesting to note that, by contrast with this reaotion, the 
alkylations of amidines 3 by dimethylsulphate and CH31 have failed. But 
the aoylations proceeded rather easily. In the reaction of amidine 3a 
with aoetyl ohloride, two isomerio aoyl derivatives lla and 128 were 
formed. Por the aoglated amidines, the aoylotropy effeot has been obser- 
ved (~f'.~). However, when compounds lla and 12a were allowed to stay in 
solution or were heated, they were not transformed into eaoh other. !l!his 
may be explained by the reduoed nuoleophilioity of amidine nitrogens 
caused by the electron aooepting effeot of the nitroxyl group (of.'). 
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An attempt to reduce compounds lla and 12a with zino or hydroxylamine 
to prepare the oorresponding diamagnetic analogues has resulted in the 
deaoylation to form the diamagnetio amidine 68. But under oonditions of 
catalytio hydrogenation, one of the produots (lla) also formed the 
s&dine 68, while another product (12a) gave the diamagnetic derivative 
13. The latter was assigned the struoture of the product of aoylation at 
the exooyolic nitrogen atom on the basis of oomparison of its '3, NMR 
spectrum with that of amidines 6-8. In particular, the 13C NMR spectrum 
(CDCl3) oontati the signal of the C-4 atom at 158.56 ppm and of the phe- 
nyl ipso-carbon atom at 135.62 ppm. 

The reaotions of amidine 3a with benzoyl chloride and ethylohlorofor- 
miate gave oompounds llb, 12b and 12c respeotively, whose struoture has 
been identified from oomparison of their IR speotra with those of oom- 
pounds lla and 12a. 

For some amidines the pK value have been measured whioh has been 
shown to be within the physiologioal range (5.0-7.2), which makes it 
possible to use these oompounds as spin labels and probes for pH 
measurements in biologioal mioroobjects (of."). 

Experimental section 

The IR speotra were reaorded on a Speoord M-80 instrument in KBr pel- 
lets (C = 0.2546) and in Ccl4 solutions (C = 5%). The W speotra were 
measured on a Specord W-VIS instrument in ethanol. The 'H and '3C NMR 
speotra were recorded on a "Bruker AC-200" (200 MHz) and "Bruker WP-200- 
SY" (200 MI%) instruments for 30% solutions, the ohemioal shift values 
were determined relative to the signal of the solvent. The pK values of 
amidines were measured by titration in a flat tube of the ESR spectro- 
meter Bruker RR-200 SRC as in ref. ', the error of oonstant determination 
+ 0.05 units. The elemental analysis of the products was oarried out in 
the Mioroanalysis Laboratory of the Novosibirsk Institute of Organic Che- 
mistry. The course of reaotions was oontrolled using thin-layer ohroma- 
tography (TLC) on Silufol W-254 plates, ohloroform-methanol=9:1 as 
eluent. For the reaotion with isooyanates, CHC13 was dried over anhydrous 
CaC12. Aldonitrone 1 was prepared according to ref.2, the cycloadducts 
2a,b, and amidine 3b according to ref.'*", and amidines 6b.?,8 according 
to ref.12 

37Substltuted-4,4,6,6-tetranaethyl-5-o~l-2-oxoperhgdroinidaotl,5-b3- 
OXadiaZOleB-1,2,4 (2c-1. 4). A solution of 0.01 mol of nitrone 1 and 
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O.O’f5 mol of isooyanate in IO ml of CHC13 wa8 kept for IO-30 h at 20°C 

(TLC control). The chlorofo~~~~ was evaporated, the residue was washed with 

hexane, and the compounds 2C-f and 4 were isolated chromatographioally on 

a silica gel column, eluent CHC13. 2c, yield 80%. oil, IR, V. cm-': 1730, 

1765 (C=O). Found,%: C, 50.5; H, 7.0; N, 14.8. C,2H20N305. Calculated, 

X: C, 50.4; H, 7.0; N. 14.7. 26, yield 60%. m.p. 68-70" (from hexane), 

IR, V, cm-': 1780 (C=O). Found,%: C, 55.1; H, 7.5; N. 17.3. CllHl8N303* 
Caloulated, %: C, 55.0; H, 7.5; N, 17.5. 28, yield 85%, m.g. 72-75 (from 

hexane). IR, V, cm-': 1775 (C=O). W, hmax nm (lg a): 286 (3.91). 

Found,%: C, 66.2; H. 6.1; N, 12.8. C18H2$J303. Calculated,%: C, 66.3; H, 

6.1; N, 12.9. 2f, yield 60%. m.p. 39-40" (from hexane), IR, 21, cm-': 1770 

(C=O). Found,%: C, 52.6: H, 8.2: N. 18.4. C10H,8N303. Calculated,%: C, 

52::: H, 7.9: N. 18.4. 4, yield I%, m.p. 58-59' (from hexane), IR. 21, 

cm : 1770 (C=O). Found,%: C, 54.3; H, 7.7; N, 17.5. C18H3,N505. Calou- 

lated.96: C. 54.4; H, 7.8; N, 17.6. 

3-(2-Carbamoylethyl)-4,4,6,6-tetramethyl-~o~l-2-oxo-per~~~~- 
eo[l,5-bloxadiaeole-1,2,4 (21). A solution of 2.9 g (0.01 mol) of ether 

2c in IO ml of methanol and 3 ml of aqueous 20% ammonia were kept for 15 

h at 20°C, then evaporated, and compound 21 was isolated chromatographi- 

oally on a silica gel column, eluent chloroform, yield 70%. oil, IR. V. 

cm -' :1730, 1750 (C=O). Found, %: C, 48.0; H. 7.0: N, 20.5. CllHlgN404. 

Calculated, %: C, 48.7: H, 7.0; N, 20.7. 

4-R-Amino-2,2,5,5-tetramethyl-3-imida%oltie-l-oxyls (3&c-f,5). A so- 
lution of 0.01 mol of compound 2a,c-f,4 and CH30Na prepared from 0.02 mol 

of Na in 10 ml of abs. CH30H was kept for 1 h at 20°C, then evaporated, 

15 ml of water was added and the solution was extracted with chloroform. 

Then organic solution was extracted with 1% solution of H2S04. The 

aqueous solution was neutralized with Na2C03 and extracted with CHC13. 

the extract was dried over &S04, the solution was evaporated, and the 

amidines 3a,c-f,5 were isolated chromatographically on a silica gel co- 

lumn, eluent CHC13. 38, yield 9046, m.p. 213-214'0 (from hexane-ethyl ace- 

tate mixture), IR. V, cm-': 1610, 1640 (C=C, C=N), 3350 (NH). W. hmax nm 

(lg E): 256 (4.17), pK = 5.0. Found, 46: C, 67.5: H, 8.1, N. 18.0. 

C13H18N30. Calculated, X: C!. 67.2: H. 7.8: N. 18.1. 32, yield 95%. oil, 

IR, V. cm-': 1730 (C=O). 3460 (NH). Found, 96: C, 54.5; H, 8.2: N, 17.4. 

'UH20Nj03* Calculated, %: C, 54.6: H, 8.3; N, 17.4. 36, yield 90%, m.p. 

141-142 (from hexane - ethyl acetate mixture). IR, 21, cm-': 1620 (C=N). 

3310 (NH). pK = 5.7. Found, %: C, 61.2; H, 9.3; N, 21.5. CloHlSN30. Cal- 

culated, X: C, 61.2; H, 9.2; N. 21.4. 38, yield 40%. m.p. 130-131' (from 
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10% NaOH was kept for 0.5 h. then neutralized with 1% H2S04 and evapora- 
ted. The residue was washed with ether, the inorganio preoipitate was 
filtered off, and the solution was evaporated. Compound 3g was purified 
by reorystallization from ethyl aoetate - methanol (8:3) mixture, yield 
70%, m.p. 212-214'. IR, V, om-': 1695 (C=O). 3400 (NH). pK = 6.6. Found. 
X: C, 52.4: H, 7.8: N, 18.6. C10R18N303. Calculated. %: C, 52.6; H, 7.9; 
N. 18.4. 

4-(3-Hydroxypropyl)amino-2,2,5,5-tetramethyl-3-imidazoline-l-oxyl 
(3h). A solution of 0.06 g (0.0015 mol) of LiAlH4 in 5 ml of TKF was ad- 
ded dropwise with stirring to a solution of 0.24 g (0.001 mol) of ether 
3c in 5 ml of THF. Stirring was oontinued for 15 min., then 5 ml of ethyl 
acetate and 0.5 ml of H20 were added. The reaction mixture was evaporated 
to dryness, the residue was washed with CHC13, and the inorganio preoipi- 
tate was filtered off. The filtrate was dried over ?dgS04, the drying 
agent was filtered off, 1 g of Mn02 was added to the solution and the 
solution was stirred for 30 min. An exoess of the oxidant was filtered 
off, the solution was evaporated, and compound 3h was isolated by thin- 
layer ohromatography (Si02, CHC13-methanol=10:l mixture as eluent). Yield 
60%. m.p. 128-129' (from hexane-ethyl acetate mixture). IR, v, om-': 1620 
(C=N). 3310 (NH). pK = 6.0. Found, X: C, 56.0; H, 9.2; N, 19.6. 
C,0H20N302. Calculated, %: 56.1; H, 9.4; N, 19.6. 

4-(3-Amlnopropyl)amino-2,2,5,5-tetramethyl-3-imldazollne-l-oxyl (31) 
was prepared under the same conditions as described for the aloohol 3h by 
the reduotion of 0.271 g (0.001 mol) of amide 21 in 15 ml of THP with 
0.057 g (0.0015 mol) of Li_A1H4 and subsequent oxidation. The amine 31 was 
purified ohromatographioally on a silioa gel oolumn. eluent CHCl yield 
30%. q .p. 90-91' (from hexane-ethyl aoetate mixture). IR, Y, om 21' : 1595 

(C=N), 3340 (NH). Found, X: C, 56.0; H, 9.7; N, 26.1. C10H2,N40. Caloula- 
ted, 4;: C, 56.3; H, 9.9; N, 26.3. 

1-Hydroxy-4-phenylamino-2.2,5,5-tetramethyl-3-inUazollne (6). A so- 
lution of 2.32 g (0.01 mol) of amidine 3a and 2 ml of hydrazine hydrate 
in 50 ml of CH30H were kept for 15 h at 20'. then evaporated, the residue 
was washed with water, the precipitate of compound 6 was filtered off and 
dried. Compound 9 was reduced under similar oonditions to give the hyd- 
roxy derivative 10. The yield of amidine 6 951, m.p. 149-150’ (from hexa- 
ne-ethyl acetate mixture). IR. V, om-': 1630 (C=N), 3350 (NK). W 

(heptane ), A_ nm (lg E): 253 (4.3). NMR I30 (CD2C12 0 ppm): 23.65 
(5-(m3)2); 26.65 (2-(CH3)2i 67.25 (C-5). 85.23 (C-2). 119.14, 121.64, 
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128.42, 141.97 (C6H5); 160.88 (C-4). Found, %: C, 67.0; H, 8.2; 18.0. 
C,3HlgN30. Caloulated, %: C. 66.9; H, 8.1; N, 18.0. 10, yield 90%, m.p. 
?39-140" (from hexane-ethyl aoetate mixture). IR, Y, om-': 1665 (C=N). 

t?MR 'H (CDC13, 0, ppm): 1.40s (6R. 5-(CH3J2L 1.49s(6H, 7-(CH3)2), 
3.0-4.2 m (4H ,-CH2-CH2-). Found, %: C. 59.2; H, 9.2; N, 23.0. CgH17N30. 
Calculated, %: C, 59.0; H. 9.3: N, 23.0. 

2,3,4,5,6,7-Hexahydro-6-o~lcy1-5,5,7,7-tetramethyl-7H-imidazo~1,5-al- 
imidaeole 9. A solution of 2.19 g (0.01 mol) of amidine 3b in aoeto- 
nitrile was stirred with 0.02 mol of potassium phthalimide, NaI, NaN3, or 
sodium aoetate for 30-60 h (TLC oontrol) at 20'. The reaotions were 
oarried out in the presence of the oatalytio amounts of dioyolohexyl-18- 
orown-6-ether. The inorganic precipitate was filtered off, the solution 
was evaporated, and compound 9 was isolated ohromatographioally on a 
silica gel column. eluent CHC13. The reaotion with NaR was carried out in 
'III-IF with subsequent decomposition of the reaotion mixture with water and 
isolation of compound 9 in a similar way. The reaotion of amidine 3b with 
auxnonia was oarried out in water-ethanol mixture.Yield of compound 9 85%, 
m.p. 70-71" (from hexane). IR, V. cm-': 1680 (C=N). pK = 7.2. Found, %: 
C, 59.2; H. 8.9; N, 23.1. CgH16N30. Calculated, %: C. 59.3; HI 8.8; N. 
23.1. 

4-(N-Phenylacetamldo-2,2,5,5-tetramethyl-3-lmidasoline-l-ozyl (12a) 
and 4-phenJrlimino-2.2,5,5-tetramet~1-3-acetylimidamlidine-l-oqrl (lla). 
Aoetyl chloride 2.1 ml (0.02 mol) was added dropwise with stirring to a 
solution of 2.3 g (0.01 mol) of amidine 3a and 4.2 ml (0.03 mol) of tri- 
ethylamine in 15 ml of CHC13. The reaction mixture was allowed to stay 
for 15 min. at 20°, then evaporated, and compounds lla and lea were sepa- 
rated ohromatographically on a silica gel column, eluent CHC13. Compound 
lla. yield 3596, m.p. 76-77’ (from hexane). IR, V, cm-': 1600 (C=N), 1695 
(C=O). w, h _ nm (lg E): 235 (4.35). Found, %: C. 65.6; N, 7.3: N. 
15.1. C15H2$J302. Calculated, %: C, 65.7; H, 7.3; N, 15.3. 12a. yield 
60%. m.p. 148-149'(from hexane-ethyl acetate mixture). IR, V. cm-': 1630 
(C=N), 1710 (C=O). W & nm (lg &): 227 (4.11). Found, %: C. 65.8: H. 

7.3; N, f5.2. C15H2#302* Calculated, 8: C, 65.7; H, 7.3; N, 15.3. 

The reaction of amidine 3a with berusoyl chloride and ohloroethylfor- 
miate under similar conditions afforded 4-(N-phenylbenfwnido)-12b, 4-(N- 
ethoxycaHmylamino)-2,2,5,5-tetramethyl-3-imldasoline-l-oxyl 12c and 4- 
phenylW.no-2,2,5,5-tetremet~l-3-benzoyl-3-lmldazoline-l -owl 11 b. Com- 
pound lib, yield 15%. m.p. 85-86' (from hexane). IR, V, cm-': 1615 (C=N), 
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1685 (CM). UV, amax nm (lg E): 239 (4.27). Found, %: C, 71.4: II. 6.5; N, 
12.4. C20H22N302. Caloulated, %: 0, 71.4; H, 6.5: N, 12.5. 12b, yield 
75%. m.p. 103+04' (from hexane). IR. v, cm-': 1620 (C=N), 1690 (C=O). UV 
& nm (lg E): 231 (4.23). Found, %: C, 71.3; Ii. 6.5: N, 12.3. 
C20H22N302. Calculated, 4;: C, 71.4; H, 6.5: N, 12.5. li?C, yield 6O%, m.p. 
79- 80' (from hexane). IR, V, cm-‘: 1720 (C=O). UV, hmax nm (lg E): 228 
(4.0). Found, 46: C, 63.1; H, 7.2; N, 13.7. C,6H22N303. Calculated, %: C, 
63.2: H, 7.2; N, 13.8. 

1-~~~-4-(N-phe~lacetemido)-2,2,5,5-tetramet~l-3-imi~oline 13 

was prepared by hydrogenation of 0.55 g (0.02 mol) of compound 12a in IO 
ml of CH30H in the presence of 200 mg of a catalyst (5% Pd./C) at atmos- 
pheric pressure and 20' during 5 h. Compound 13 was purified ohroma- 
tographically on a silioa gel column, eluent CHC13. Yield 30%. m-p. 'f43- 
145' (from hexane-ethyl aoetate mixture). IR. v. cm-': 1630 (C=N). 1700 
(C=O). w, h max nm (lg E): 253 (3.9). RMR 13C (CDC13 6, ppm): 180.85 
(C=O); 158.56 (C-4); 135.62, 128.79, 128.31, 125.57 (C6H5); 25.63 
(cH3CO); 24.70 (2-(c&13j2); 23.16 (5-(c%)2). NMR 'H (CDC13, 8, PPm): 

1.428 (6H, 5-(CH3)2); 1.54s (6H, 2-(CH3)2); 1.84s (3H, CH3CO); 7.2m (2H). 
7.4m (3H. C6H5). Found, %: C. 65.4: 8. 7.4: N, 15.2. C,5H2,N302. Calou- 
lated. %: C, 65.5; H, 7.6. N. 15.3. 
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