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Co

COMPLEXES : THEIR STRUCTURES AND MAGNETIC PROPERTIES

Reiko URAGUCHI

With an expectation of some degree of intermolecular 1T -1 stacking to transmit the spin-spin
exchange interactions, the three nitronyl-nitroxide radicals with the trans- and cis-stilbene skeletong(1),
(2), and (2°), and their corresponding transition meta complexes (Metal = Mn(a) and Co(b)) were
prepared. The radicals behaved, as reveded by their magnetic susceptibility measurements, in a
paramagnetic manner within an ordinary temperature range and in an antiferromagnetic fashion at very
low temperatures. Complexation of the radical 1 with the meta complexes M(hfac), (M = Mn, Co)
afforded one-dimensional zigzag-type ferrimagnetic chains of cis-orientaion about the metd, with the
shortest interchain distances of 10.6 and 10.4 for the Mn- and Co-complexes, respectively. The
ferrimagnetic characters shown by the radica 1a, the Mn(hfac), complex with the radical 1, were
analyzed by the Seiden’s ferrimagnetic chain model to afford J/kg = -380 K and zJ/kg = -0.098 K. FCM
and ZFCM observations of the Mn complex la revedled the ferromagnetic phase transition
temperaturesto be 4.0 K. The structures and the susceptibility datafor 2 and 2’ are a so reported.

Key Words : nitronyl nitroxide, antiferromagnetic, Mn complex, ferromagnetic, stilbene
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2' : R=NO,, cis-stilbene 2. All hydrogen atoms are omitted for clarity.



1
2 1
1 2
1,2,2

<)
£
= 1
5 @2
& 02 2l

E 3
5015

0.1
0.05

0 50 100 150 200 250 300
Temperature [K]

Figure 2. Temperature dependence of y,T for 1, 2,

and 2’ (5000 Oe, 2-300 K).
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Figure 3. Crystal structure of (a) 1a and (b) 1b.
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Figure 4. Temperature dependence of y,,T for la and
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Figure 5. Field-cooled magnetization (FCM) and
zero-field-cooled magnetization (ZFCM) of 1a (2 Oe,
2-50 K).
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Figure 1-1. The organic ferromagnet.
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Figure 1-2. Radicals1 and 2.
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Figure 1-3. The optimized structure of 1 calculated by the UB3LY P method(basis set 6-311+G(2d, p)).

Table 1-1. atomic spin densities for 1 determined by MO calculations.

atom spin atom spin atom spin atom spin

C) 0.004643 C(13) 0.022795 H(25) 0.001709 C(37) 0.015270
C(2 -0.010273 C(14) -0.048975 C(26) -0.206940 H(38) 0.001129
C(3) 0.005296 C(15) 0.032085 C(27) -0.005349 H(39) -0.000965
C4) -0.008321 C(16) 0.031807 C(28) -0.008818 H(40) -0.001156
C(5) 0.009785 C(17) -0.043449 N(29) 0.295679 C(41) 0.014924
C(6) -0.009546 H(18) -0.001245 N(30) 0.296241 H(42) -0.001161
H(7) -0.000187 C(19) -0.042648 0(31) 0.331441 H(43) 0.001147
H(8) 0.000468 H(20) -0.001301 0(32) 0.330964 H(44) -0.000962
H(9) -0.000194 C(21) 0.036784 C(33) -0.004018 C(45) -0.003836
H(10) 0.000410 H(22) 0.001854 H(34) -0.000411 H(46) 0.000105
H(11) 0.000426 H(23) 0.001652 H(35) 0.000084 H(47) -0.000491
C(12) -0.034462 H(24) -0.001081 H(36) -0.000487 H(48) -0.000424




Figure 1-4. The optimized structure of 2 calculated by the UB3LY P method(basis set 6-311+G(2d, p)).

Table 1-2. atomic spin densities for 2 determined by MO calculations.

atom spin atom spin atom spin atom spin
C(1) 0.004087 C(13) -0.049500 C(26) -0.005251 H(38) -0.000973
C(2) -0.009235 C(14) 0.033969 C(27) -0.007621 H(39) -0.001159
C(3) 0.004756 C(15) 0.033506 N(28) 0.294661 C(40) 0.014520
C(4) -0.007848 C(16) -0.045993 N(29) 0.295365 H(41) -0.001162
C(5) 0.009359 H(17) -0.001289 0O(30) 0.333705 H(42) 0.001143
C(6) -0.009157 C(18) -0.043060 0O(31) 0.333253 H(43) -0.000971
H(7) -0.000189 H(19) -0.001341 C(32) -0.003871 C(44) -0.003691
H(8) -0.000186 C(20) 0.037105 H(33) -0.000410 H(45) 0.000105
H(9) 0.000400 H(21) 0.001874 H(34) 0.000084 H(46) -0.000489
H(10) 0.000426 H(22) 0.001650 H(35) -0.000485 H(47) -0.000423
C(11) -0.034369 H(23) -0.001115 C(36) 0.014725 N(48) 0.000343
C(12) 0.023320 H(24) 0.001717 H (37) 0.001131 0O(49) -0.001570
C(25) -0.208338 O(50) -0.001511
1,2
2 NN
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2.3 ESR

n (hyperfine interaction)
(2nl + 1) (hyperfine splitting = hfs)
(hyperfine coupling constant = hfc) a a McConell
(2-1, 2-2) Q
an(G)=1Ql p Q=-230(G) (2-1)
au(G)=1Ql pc, Q=-225(G) (2-2)
11 2 2 ESR Figure 2-1, 2-2, 2-3, 2-4
NN UN@=1) 1:2:3:2:1 quintet
11 2 2 g 2.00648 2.00651 2.00744 2.00755
g 2 NN

2047.0 |

1 340415 . = 1.98077 [m2]
[ml] 331.738, g=2.03258 i
[m2-m1]1=28.6771 [mT]
-2048.0! 1
331.076 CH1 : : 336.058 [mT] div=0.996 ' : 341.040

Figure 2-1. X-band ESR spectrum of 1 in Toluene at room temperature.
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Figure 2-2. X-band ESR spectrum of 1’ in Toluene at room temperature.
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Figure 2-3. X-band ESR spectrum of 2 in Toluene at room temperature.
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Table 2-1.

ESR dataof 1, 1°, 2 and 2°.

Radical g an an PN P c
1 2.00648 0.746 0.023 0.324 0.010
r 2.00651 0.743 — 0.323 —
2 2.00744 0.744 0.023 0.323 0.010
2 2.00755 0.743 0.023 0.323 0.010
Table 2-2. Selected atomic spin densities Table 2-3. Selected atomic spin densities
for 1 determined by MO calculations and for 2 determined by MO calculations and
ESR measurement. ESR measurement.
atom (ESR) atom (ESR)
N 0.324 0.296 N 0.323 0.295
N 0.324 0.296 N 0.323 0.295
C(Methyl) 0.010 0.015 C(Methyl) 0.010 -0.004
C(Methyl) 0.010 -0.004 C(Methyl) 0.010 0.015
C(Methyl) 0.010 0.015 C(Methyl) 0.010 0.015
C(Methyl) 0.010 -0.004 C(Methyl) 0.010 -0.004
Table 2-2, 2-3 4
NO
ESR
Figure 2-1, 2-4 quintet
(IN)
2’ Figure 2-5 septet quintet
2 Figure 2-5 septet
IN  ESR 1121211 septet
2
Figure 2-3
septet 2
TLC NN ESR
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2.4.1 4-(trans-2-phenylethenyl)phenylnitronyl nitroxide(1)

1 -
Figure 2-6

Figure 2-6. ORTEP drawing of 1. All hydrogen

atoms are omitted for clarity.

Table 2-1 Table 2-2
Table 2-1. Crystal datafor 1.
Empirica Formula C21H23N,05(1)
Formula Weight 335.42
Crystal system Monoclinic
Space group C2/c(#15)
al 40.58(2)
b/ 6.15(2)
c/ 29.69(13)
B Ideg 104.82(17)
v/ @ 7159.0(55)
Z 16
R (All reflections) 0.075
Rw (All reflections) 0.048
GOF 1.000

Table 2-2. Selected bond distances, angles, and torsion angles for 1.

Bond distances /

N(1) - O(1) 1.295 N(3) - O(3) 1.295
N(2) - O(2) 1.286 N(4) — O(4) 1.388
Bond Angles /
O(1) — N(1) — C(15) 126.61 O(3) — N(3) — C(36) 125.33
0O(2) — N(2) — C(15) 125.58 O(4) — N(4) — C(36) 127.34
Torsion angles / deg

N(1) — C(15) — C(12) — C(13) 18.98 N(3) — C(36) — C(33) — C(32) 24.31
N(2) — C(15) — C(12) — C(11) 16.24 N(4) — C(36) — C(33) — C(34) 21.92
C(6) — C(1) — C(9) — C(10) 5.01 C(31) — C(30) — C(22) — C(27) 2.02
C(14) - C(9) - C(1) - C(2) 8.68 C(23) — C(22) — C(30) — C(35) 255




1 Fgure2-6 Figure 2-7

Figure 2-8 501 °
8.68 ° 202 ° 255°
NN trans- 1898 ° 16.24 ° 2431 °
2192 ° trans-

ESR NN

Figure 2-7. Unit cell of 1. All hydrogen atoms are omitted for clarity.

O H 272 Figure2-4 4
NN
Figure 2-5

Figure 2-8. Structures of 1’ with adjacent molecule.



2.4.2 4-(trans-2-(4-nitropheny)lethenyl)phenylnitronyl nitroxide(2)

2
Figure 2-9 Table 2-3 Table 2-4
Table 2-3. Crystal datafor 2.
Empirica Formula C21H2oN304(2)
Formula Weight 380.42
Crystal system Orthorhombic
Space group P2,2,2,(#19)
al 6.82(17)
b/ 10.53(3)
c/ 25.97(9)
v/ @ 1866.49(55)
Z 4
R (All reflections) 0.050
Figure 2-8. ORTEP drawing of 2. All hydrogen R (Al reflections) 0150
atoms are omitted for clarity. GOF 1.003

Table 2-4. Selected bond distances, angles, and torsion angles for 2.

Bond distances /

N(1) - O(1) 1.278 N(2) - O(1) 1.289
Bond Angles /
O(1) — N(1) - C(1) 126.65 0(2) — N(2) — C(1) 126.89
Torsion angles / deg
N(1) - C(1) - C(8) — C(9) 23.68 N(2) - C(1) - C(8) — C(13) 24.65
C(12) - C(11) — C(16) — C(21) 5.08

C(10) — C(11) — C(16) — C(17)

1.49




2 Figure2-9 508 °© 149 ° 1

NN trans- 23.68 ° 24.65 °
trans-
ESR NN
Figure 2-10 Figure 2-11
Figure 2-11 m- T 3.266 3.312 cC C
34 NN NO, N NN
NO, O
ESR NO,
C

%g
Lo

Figure 2-10. Unit cell of 2. All hydrogen atoms are Figure 2-11. Structures of 2 with adjacent molecule.
omitted for clarity.




2.4.3 4-(cis-2-(4-nitropheny)lethenyl)phenylnitronyl nitroxide(2’)

2’

Figure 2-12

Table 2-5

Table 2-6

Table 2-5. Crystal datafor 2°.

Empirica Formula

C21H22N304(2,)

Formula Weight 380.42
Crystal system Orthorhombic
Space group P2,2,2; (#19)
al 11.12(5)
b/ 13.70(7)
c/ 24.72(12)
v/ @ 3766.2(3)
z 8
R (All reflections) 0.045
Rw (All reflections) 0.116
Figure 2-12. ORTEP drawing of 2’. All hydrogen ooF 099
atoms are omitted for clarity.
Table 2-6. Selected bond distances, angles, and torsion angles for 2.
Bond distances /
N(1) - O(1) 1.286 N(2) - O(2) 1.285
N(4) - O(5) 1.284 N(5) — O(6) 1.290
Bond Angles /
O(1) — N(1) - C(1) 127.03 0(2) — N(2) — C(1) 126.34
O(5) — N(4) — C(22) 125.71 0O(6) — N(5) — C(22) 126.08
Torsion angles / deg
N(1) - C(1) - C(8) — C(13) 5.47 N(2) — C(1) — C(8) — C(9) 5.97
N(4) — C(22) — C(29) — C(34) 49.45 N(5) — C(22) — C(29) — C(30) 48.15
C(10) — C(11) — C(16) — C(17) 65.56 C(12) - C(11) — C(16) — C(21) 152.16
C(42) — C(37) — C(32) — C(33) 72.00 C(38) — C(37) — C(32) — C(33) 158.22




2> Figure2-12 Figure 2-13

Figure 2-14
72.00 °© 15822 ° 65.56 °© 152.16 ° cis
NN trans-
4945 ° 4815 ° 547 ° 597 ° 50 °
NN
O H 2.72 H H 24
Figure 2-14 (
NN ) (NN )
Figure 2-14

Figure 2-13. Unit cell of 2°. All hydrogen Figure 2-14. Structures of 2° with adjacent molecule.
atoms are omitted for clarity.
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1,2,2> SQUID 2-300 K 5000 Oe
X m°~ T X mT = T
M H 100
(2-3)
X m= X M (9) x H (2-3)
X ml-T X ml-T Curie-Weiss (2-4)

Curie C Weiss 6
X mT :CT /(T —9) (2_4)
Curie (2-5)
NN S=12 ESR g=2

C =0.375 emuK/mol
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Figure 2-15. Thetemperature dependence of ¥ mand x T of 1 at
5000 Oe. The salid lineis the theoretical fit calculated with Eq. (2-4).
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Figure 2-16. Thetemperature dependence of ¥ mand x T of 2 at
5000 Oe. The solid lineisthe theoretical fit calculated with Eq. (2-4).
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Figure 2-17. Thetemperature dependence of ¥ mand x I of 2’ at
5000 Oe. The solid lineisthe theoretical fit calculated with Eq. (2-4).

1,2, 2 xmI-T

2’

I T 1,2
(2-4)

Curie Weiss

amT
2
2
Curie-Weiss
Table 2-7

Table 2-7. Curie constant and Weiss Temperature for the Radical 1, 2, and 2°.

Radical Curie constant [emuK/mol] Weiss temperature [K]
1 0.375 -0.366
2 0.359 -0.739
2 0.398 -4.527
Paramagnetic (S = 1/2) 0.375
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Figure 2-18. Field dependence of the magnetization of (a) 1, (b) 2, and (c) 2°.
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(2-8) (Bleaney-Bowers ) (2-9) Figure 2-19
1 Jkg=-065K 2 Jkg=-095K 2° Jkg=-3.68K
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Figure 2-19. Temperature dependence of y of (a) 1, (b) 2, and (c) 2°. Solid line represents the fitting by eq.(2-8).
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1,2,2 SQUID
Mn( ) Co( )
( hfac )
3.2
Scheme 3-1 1,2,2> M(hfac), (M = Mn(a), Co(b))
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X ey
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la
Mn(hfac)2 1
la
1b
Co(hfac), 1

1b



2a

M n(hfac)2
2’

M n(hfac)2
2b

Co(hfac)2

2b

2a

2a’



33 X

3.3.1 1 Mn(hfac); (1a)

Figure 3-1

Table 3-1 Table 3-2
Figure 3-2 Figure 3-3

Table 3-1. Crystal datafor la.
Empirica Formula Ca1HasF12MNN,O,(13)

Formula Weight 740.47
Crystal system Monoclinic
Space group P2:/n(#14)
al 11.84(2)
b/ 12.68(2)
cl 23.28(3)
B Ideg 101.64(3)
@ v/ @ 3421.8(17)
AT es z 4
C3é@/ .
. c5 R (All reflections) 0.099
Figure 3-1. ORTEP drawing of la. All hydrogen Rw (All reflections) 0.181
atoms are omitted for clarity. GOF 0.998

C
"\
-/#L ,
|
4
=
|
a

Figure 3-3. Crystal structure of la. The CF; and the CH3

groups are omitted for clarity.

Figure 3-2. Unit cell of 1a. The CF; and
the CHj; groups are omitted for clarity.



Table 3-2. Selected bond distances, angles, and torsion angles for 1a.

Bond distances /

N(1) - O(2) 1.308 N(2) - O(2) 1.289
Mn-0O(1) 2122 Mn-0O(2) 2.108
Mn-O(3) 2.137 Mn— O(4) 2.144
Mn - O(5) 2.161 Mn— O(6) 2133

Bond Angles /
O(1) -Mn-0(2) 89.27 O(3) - Mn-0(4) 83.18
O(1) - Mn-0(3) 98.21 O(3) - Mn-0(5) 82.79
O(1) - Mn-0(4) 89.92 O(3) - Mn-0O(6) 163.80
O(1) - Mn-0(5) 178.44 O(4) - Mn-0(5) 89.01
O(1) - Mn-0(6) 96.87 O(4) — Mn-0O(6) 90.97
0O(2) - Mn-0(3) 92.71 O(5) — Mn-0(6) 82.01
0O(2) - Mn-0(4) 175.65 Mn-0O(1) - N(2) 123.76
0O(2) - Mn-0(5) 91.87 Mn-0O(1) - N(2) 154.95
0O(2) - Mn-0O(6) 93.37
Torsion angles / deg
N(1) - C(15) — C(12) — C(11) 44.00 N(2) — C(15) — C(12) — C(13) 44.35
C(6) — C(1) — C(9) — C(10) 15.17 C(14) - C(9) - C(1) - C(2) 12.55
Mn(hfac), cis (Figure
3-3) Mn 2122 2.108 0.014
1255 ° 1517 ° NN
44 ° 4435 ° 20 °
Mn(hfac),
Mn Mn

10.6



3.3.2 1 Co(hfac), (1b)
Figure 3-4 Table 3-3 Table3-4
Figure 3-5 Figure 3-6

Table 3-3. Crystal datafor 1b.
Empirica Formula Ca1Ha5F12CoN,Og(1b)

Formula Weight 808.46
Crystal system Monoclinic
Space group P2:/n(#14)
al 11.70(9)
b/ 12.64(7)
cl 23.25(16)
/3 Ideg 100.96(3)
v/ @ 3375.3(39)
Z 4
R (All reflections) 0.074
Figure 3-4. ORTEP drawing of 1b. All hydrogen Rw (All reflections) 0.103
atoms are omitted for clarity. GOF 1.011

Q

/b

Figure 3-5. Unit cel of 1b. The CF; and
the CH3; groups are omitted for clarity.

Figure 3-6. Crystal structure of 1b. The CF; and the CH3
groups are omitted for clarity.



Table 3-4. Selected bond distances, angles, and torsion angles for 1b.

Bond distances /

N(1) - O(2) 1.314 N(2) - O(2) 1.285
Co-0(2) 2.031 Co-0(2) 2.137
Co-0(3) 2.036 Co-0(4) 2.068
Co-0(5) 2.038 Co-0O(6) 2.071

Bond Angles /
O(1) -Mn-0(2) 88.18 O(3) - Mn-0(4) 88.91
O(1) - Mn-0(3) 97.02 O(3) - Mn-0(5) 168.20
O(1) - Mn-0(4) 92.89 O(3) - Mn-0O(6) 82.47
O(1) - Mn-0(5) 94.77 O(4) - Mn-0(5) 90.14
O(1) - Mn-0(6) 177.47 O(4) — Mn-0O(6) 89.59
0O(2) - Mn-0(3) 92.04 O(5) — Mn-0(6) 85.76
0O(2) - Mn-0(4) 178.48 Mn-0O(1) - N(2) 122.81
0O(2) - Mn-0(5) 88.69 Mn-0O(1) - N(2) 151.97
0O(2) - Mn-0O(6) 89.36
Torsion angles / deg
N(1) - C(15) - C(1) - C(2) 4321 N(2) — C(15) — C(1) — C(6) 44.64
C(3) — C(4) — C(9) — C(10) 16.78 C(14) — C(9) — C(4) — C(5) 13.56
Co(hfac), cis (Figure
3-6) Mn 2.031 2.137 0.104
1356 ° 16.78 ° la 1
NN 4321 ° 4464 ° la 20 °
la 1b Co(hfac),

Co Co 10.4
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3.4.1 1 Mn(hfac); (1a)
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Figure 3-7. The temperature dependence of x T of 1a at 5000 Oe.
Figure 3-7 la 18K 38.2 emuK/mol X ml
5 emuK/mol Sratica = /2 Mn(hfac),
Smn = 5/2 4.75 emuK/mol
Mn

(Figure 3-8)
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Figure 3-8. Field dependence of the magnetization of 1a at 2 K.

Figure 3-8 2K M-H 1 kOe 38 ug
Mn S=2 4y Mn
Mn- Seiden’s
ferrimagnetic chain model (3-1)
(3-2) J Mn YA
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Figure 3-9. Seiden’s ferrimagnetic chain mode.



Seiden’s ferrimagnetic chain model

2

X T :%Nﬂéﬁ{gzsz{s—ﬂ+ ZL}—49258L+ gz{s(s+1)+ 25211 5}] (3-1)
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Figure 3-10. Temperature dependence of y T for 1a. The solid lineisthe theoretical fit calculated with Eq.(3-2)
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342 1 Co(hfac), (1b)
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Figure 3-12. The temperature dependence of x mT of 1b at 5000 Oe.
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la 1b 1b
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Figure 3-9. The distance between cobalt and radical.
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3)
4.1
1
4-(trans-2-(4-hydroxyphenyl)ethenyl)phenylnitronyl nitroxide(2)
4.2
3 Figure
4-1 Table 4-1

Figure 1-4. The optimized structure of 3 calculated by the UB3LY P method(basis set 6-311+G(2d, p)).



Table 1-2. atomic spin densities for 3 determined by MO calculations.

atom spin atom spin atom spin atom spin

C) 0.002440 C(13) -0.040296 C(26) -0.021215 H(38) -0.000724
C(2 -0.006247 C(14) 0.025186 C(27) -0.026139 H(39) -0.001133
C(3) 0.002784 C(15) 0.021746 N(28) 0.305969 C(40) 0.023221
C4) -0.006716 C(16) -0.035790 N(29) 0.307724 H(41) -0.001137
C(5) 0.006055 H(17) -0.001029 0O(30) 0.338798 H(42) 0.000723
C(6) -0.005863 C(18) -0.035623 0(31) 0.337694 H(43) -0.000694
H(7) -0.000109 H(19) -0.001133 C(32) -0.003621 C(44) -0.003438
H(8) -0.000119 C(20) 0.032629 H(33) -0.000508 H(45) -0.000242
H(9) 0.000361 H(21) 0.001758 H(34) -0.000285 H(46) -0.000440
H(10) 0.000354 H(22) 0.001443 H(35) -0.000445 H(47) -0.000524
C(11) -0.025764 H(23) -0.000817 C(36) 0.023615 0O(48) -0.001128
C(12) 0.017171 H(24) 0.001550 H (37) 0.000692 H(49) 0.000040

C(25) -0.230773




4.3
3 Scheme4-1

cis

Scheme 4-1. Synthesis of theradical 3.
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Scheme 4-2

Scheme 4-2. Reaction mechanism of radical bromination to 13.
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4-trans-Styrylbenzaldehyde(6) 4-cis-Styrylbenzaldehyde (6°)
4(348.7 mg, 2.6 mmoal) 5(777.7 mg, 2 mmol) (18 mL)
70 30

2 1) trans  6( 54.6%) cis  6(
59.1%)
m.p.6 108 112
6 H-NMR (400 MHz, CDCl3) & 9.98(s, 1H), 7.86 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 7.2
Hz, 2H), 7.39-7.36 (t, J = 7.2 Hz, 2H), 7.32-7.27 (t, J = 7.2 Hz, 1H), 7.25 (d, J = 16.4 Hz, 1H), 7.13 (d, J = 16.4 Hz,
1H).
6° 'H-NMR (400 MHz, CDCl3) & 9.93 (s 1H), 7.71 (d, J = 8.2 Hz, 2H), 7.37 (d, J = 8.2 Hz, 2H), 7.22 (m, 5H), 6.74
(d, J = 12.3 Hz, 1H), 6.60 (d, J = 12.3 Hz, 1H).

4,4,5,5-tetramethyl-2-(trans-4-styrylphenyl)imidazolidine-1,3-diol (7)
6(104 mg, 0.5 mmol)  2,3-Dimethyl-2,3-butylenbis(hydroxylamine)(111 mg, 0.75 mmol)
(10 mL) 60
7(
69.1%)
m.p. 144 148
7 H-NMR (400 MHz, DMSO-ds) & 7.77 (s, 2H), 7.59 (d, J = 7.6 Hz, 2H), 7.55 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.2
Hz, 2H), 7.39-7.35 (t, J = 7.6 Hz, 3H), 7.27-7.23 (t, J = 7.6 Hz, 1H), 7.26 (d, J = 16.6 Hz, 1H), 7.21 (d, J = 16.6 Hz,
1H), 4.50 (s, 1H), 1.07 (s, 6H), 1.04 (s, 6H).



4,4,5,5-tetramethyl-2-(cis-4-styrylphenyl)imidazolidine-1,3-diol (7°)
6°(104 mg, 0.5 mmol)  2,3-Dimethyl-2,3-butylenbis(hydroxylamine)(111 mg, 0.75 mmol)
(10 mL) 60
7(
75.4%)
m.p. 127
7> 'H-NMR (400 MHz, DMSO-ds) & 7.76 (s, 2H), 7.33(d, J = 8.1 Hz, 2H), 7.27-7.21 (m, 5H), 7.17 (d, J = 8.1 Hz,
2H), 6.62 (d, J = 12.9 Hz, 1H), 6.58 (d, J = 12.9 Hz, 1H), 4.50 (s, 1H), 1.05 (s, 6H), 1.01 (S, 6H).

4-trans-(2-Phenylethenyl)phenylnitronyl nitroxide (1)

7(101.5 mg, 0.3mmoal) PbhOx(2.2 g, 9 mmal) K,COs (15 mL) 10
PbO,(2.2 g, 9 mmal) 10
( 11 ( 91.0%)

m.p. 137
ESR: g =2.00648, ay = 0.746 mT, ay = 0.023 mT.

4-cis-(2-Phenylethenyl)phenylnitronyl nitroxide (1°)

7°(101.5mg, 0.3mmal)  PbO,(2.2 g, 9 mmol) K,COs (A5mL) 10
PbO,(2.2 g, 9 mmal) 10
( 1 1) 1( 83.6%)

ESR: g =2.00651, ay=0.743mT

(4-Nitrobenzyl)triphenylphosphonium bromide (9)

8(1080.2 mg, 5 mmol) (1442.6 mg, 5.5 mmol) DMF(10 mL)

9( guant.)
m.p. 201 211



4-(trans-4-Nitrostyryl)benzaldehyde (10) 4-cis-(4-Nitrostyryl)benzaldehyde (10°)
4(348.7mg, 2.6 mmol)  9(956.6 mg, 2 mmol) (20 mL)

2 1) trans  10( 35.8%) cis  10( 12.8%)

mp.10 210 216 100 147

10 'H-NMR (400 MHz, CDCls) § 10.01 (s, 1H), 8.24 (d, J = 8.4 Hz, 2H), 7.90 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.4
Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 7.28 (s, 2H).

10’ 'H-NMR (400 MHz, CDCls) & 9.96 (s, 1H), 8.07 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 84 Hz, 2H), 7.33(d, J = 84
Hz, 4H), 6.82 (d, J = 12.4 Hz, 1H), 6.75 (d, J = 12.4 Hz, 1H).

4,4,5,5-Tetramethyl-2-(4-(trans-4-nitrostyryl)phenyl)imidazolidine-1,3-diol (11)
10(101.3 mg, 0.4 mmol)  2,3-Dimethyl-2,3-butylenbis(hydroxylamine)(88.8 mg, 0.6 mmol)
(20 mL) 60
11( 79%)

m.p. 193

7 'H-NMR (400 MHz, DMSO-ds) J 8.23(d, J =8.8 Hz, 2H), 7.86 (d, J = 8.8 Hz, 2H), 7.78 (s, 2H), 7.63(d, J = 8.2
Hz, 2H), 7.54 (d, J = 16.5Hz, 1H), 7.51 (d, J = 8.2 Hz, 2H), 7.40 (d, J = 16.5Hz, 1H), 4.53 (s, 1H), 1.08 (s, 6H), 1.04 (s,
6H).

4,4,5,5-Tetramethyl-2-(4-(cis-4-nitrostyryl)phenyl)imidazolidine-1,3-diol (11°)
10°(76.0 mg, 0.3 mmal)  2,3-Dimethyl-2,3-butylenbis(hydroxylamine)(66.6 mg, 0.45 mmol)
2,3-Dimethyl-2,3-butylenebis’hydroxylamine)sulfhate salt(44.2 mg, 0.18 mmol) (10 mL) 60
K,COs

11°( 71%)
m.p. 135
11 'H-NMR (400 MHz, DMSO-ds) ¢ 8.13(d, J = 8.8 Hz, 2H), 7.74 (s, 2H), 7.49 (d, J = 8.8 Hz, 2H), 7.37 (d, J =
8.1 Hz, 2H), 7.17 (d, J = 8.1 Hz, 2H), 6.84 (d, J = 12.4 Hz, 1H), 6.71 (d, J = 12.4 Hz, 1H), 4.46 (s, 1H), 1.05 (s, 6H),
1.01 (s, 6H).



4-trans-(2-(4-Nitrophenyl)ethenyl)phenylnitronyl nitroxide (2)

11(76.7 mg, 0.2 mmal)  PbO,(2.9 g, 12 mmoal) K,COs (10mL) TLC
30 PbO,(1.4 g, 6 mmol) 10
(
11 2 2( 80%)

m.p. 221
ESR: g =2.00744, ay = 0.744 mT, ay = 0.023 mT.

4-cis-(2-(4-Nitrophenyl)ethenyl)phenylnitronyl nitroxide (2°)

11°(76.7 mg, 0.2 mmal)  PbO,(1.5 g, 6 mmoal) K,COs (10 mL) TLC
30 PbO,(1.5 g, 6 mmal) 5
( 2 21 2'( 88.0%)

m.p. 170-173
ESR: g =2.00755, ay = 0.743 mT, ay = 0.023 mT.

1-Bromo-4-(bromomethyl)benzene (13)
p- (12)(1.8 mL, 15.0mmol) NBS(2670 mg, 15 mmol) (150 mL)
AIBN 3 AIBN 3

- 13( 43 )
m.p. 60
13 'H-NMR (400 MHz, CDCl;) 6 7.45(d,J=8.3Hz, 2H), 7.25(d, J = 8.3 Hz, 2H), 4.42 (s, 2H).

4-Bromo-1-benzyltriphenylphosphonium bromide (14)
4- (13)(1249.7 mg, 5 mmol) (1442.6 mg, 5.5 mmol)
DMF(10 mL) 3
14( 99 )



4-tert-Butyldimethylsilyloxy-benzaldehyde (16)
4- (15)(610.6 mg, 5.0 mmol) (510.6 mg, 7.5 mmol)
DMF(7 mL) TBDMSCI(1130.4 mg, 7.5 mmol) 55 20

( 1 1) 16( 97%)
13 'H-NMR (400 MHz, CDCly) & 9.87 (s, 1H), 7.77 (d, J = 8.5 Hz, 2H), 6.92 (d, J = 8.5 Hz, 2H), 0.97 (s, 9H), 0.23

(s, 6H).

(4-(trans-4-Bromostyryl)phenoxy)(tert-butyl)dimethylsilane (17)
(4-(cis-4-Bromostyryl)phenoxy)(tert-butyl)dimethylsilane (17°)

14(512.2 mg, 1.0 mmol)  16(236.3 mg, 1.0 mmoal) (12mL)
70 30 NH,Cl-agq(10 mL)
9
( )
trans  17( 23.4%) cis 17( 33.5%)
m.p.17 132

17 'H-NMR (400 MHz, CDCls) § 7.44(d,J =84 Hz, 2H), 7.36 (d, J = 8.6 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.02
(d, J = 16.3 Hz, 1H), 6.87 (d, J = 16.3 Hz, 1H), 6.81 (d, J = 8.6 Hz, 2H), 0.97 (s, 9H), 0.19 (s, 6H).
17> *H-NMR (400 MHz, CDCl;) & 7.32(d,J = 8.8 Hz, 2H), 7.11(d, J = 8.8 Hz, 2H), 7.08 (d, J = 8.7 Hz, 2H), 6.70
(d, J = 8.7 Hz, 2H), 6.54 (d, J = 12.3 Hz, 1H), 6.39 (d, J = 12.3 Hz, 1H), 0.96 (S, 9H), 0.18 (S, 6H).

4-(trans-4-(tert-Butyldimethylsilyloxy)styryl)benzaldehyde (18)

17(116.8 mg, 0.3 mmol) THF -78
n-BuLi(0.38 mL, 0.6 mmol) DMF(0.09 mg, 1.2 mmoal) 5 1
NH,Cl-aq(6 mL)
( 21

18( 723 )
m.p.18 108 112
18 'H-NMR (400 MHz, CDCls) 6 9.96 (s, 1H), 7.83(d, J = 8.2 Hz, 2H), 7.60 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.4
Hz, 2H), 7.19 (d, J = 16.2 Hz, 1H), 6.98 (d, J = 16.2 Hz, 1H), 6.83 (d, J = 8.4 Hz, 2H), 0.97 (s, 9H), 0.20 (s, 6H).



4-(cis-4-(tert-Butyldimethylsilyloxy)styryl)benzaldehyde (18°)

17°(116.8 mg, 0.3 mmol) THF -78
n-BuLi(0.38 mL, 0.6 mmol) DMF(0.09 mg, 1.2 mmoal) 5 1
NH,Cl-aq(6 mL)
( 21

18’

2-(4-(trans-4-(tert-butyldimethylsilyloxy)styryl)phenyl)-4,4,5,5-tetramethylimidazolidine-1,3-diol (19)
18(236.96 mg, 0.7 mmol)  2,3-Dimethyl-2,3-butylenbis(hydroxylamine)(155.4 mg, 1.05 mmol)
2,3-Dimethyl-2,3-butyl enebis’ hydroxylamine)sul fhate salt(103.3 mg, 0.42 mmoal) (20mL) 60
K.COs

20(  81%)
19 'H-NMR (400 MHz, DMSO-dg) & 7.75 (s, 2H), 7.50 (d, J = 8.0 Hz, 2H), 7.48 (d, J = 8.6 Hz, 2H), 7.44 (d, J =
8.0 Hz, 2H), 7.16 (d, J = 16.4 Hz, 1H), 7.07 (d, J = 16.4 Hz, 1H), 6.84 (d, J = 8.6 Hz, 2H), 4.49 (s, 1H), 1.07 (s, 6H),
1.04 (s, 6H), 0.95 (s, 9H), 0.19 (s, 6H).

4-(trans-4-(tert-Butyldimethylsilyloxy)styryl)phenylnitronyl nitroxide (20)
19(234.35 mg, 0.5 mmol)  PbO,(7.2 g, 30.0 mmol) K,COs (20 mL) 25
TLC
PbO,(3.6 g, 15 mmoal) 3
( ) 3( 88%)

4-(trans-2-(4-hydroxyphenyl)ethenyl)phenylnitronyl nitroxide (3)
20(116.4 mg, 0.25 mmal) THF (5mL) TBAF 3H,0(95
mg, 0.3 mmol) THF 15
30 HCI

% )
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