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Synthesis and photochemical virus inactivation of novel phenothiazines
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Abstract: Virus inactivation with photochemistry is being suitable for blood or blood products, methylene

blue (MB)/light treatment has been used for viral inactivation of cellular blood components. Twelve new

phenothiazines derivatives were designed and synthesized, and were used to test viral inactivation and red cell

damage preliminary. Results showed that compound YWW-7 has a satisfactory activity, it could be developed

as a new viral inactivation agent for blood products.
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Table 1  Some methods for viral inactivation of blood
components
Being used Being researched

Pasteurization Virus inactivation of photochemistry

Dry heat sterilization Using sodium hypochlorite
Organic solvent/surfactant (S/D)  Using sodium caprylate

f-Propiolactone/UV Using radiation (y, UV)
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Figure 1 The structure of MB

FEit 23 JUAE BL, MB/JYG i A B i 3 o 58 7 5 |
F1 S ] 5 i~ e P W A o A P P 4 X
WA R A4 A BT 4R e VR MB/OG R AR BRI o LR
MB/OGIUAE B R ER BA w2 LA, (A
[ It AT — AN S 2 b e B K I G 5 A
111 68 =l g RS Ji A AT B e A o S R P
RGBT, EAGE T AR g 4y, e
A (RBCs)~ /MRS (PC); 55 H B 5T
FH], MB 7fE ARN T LLERR, HA B EEAR
YERL, T LAE B4 34536 18 FDA [OVFTT .

YE# LA MB A4 4 54, % kAT S et fAk Ak,
PAURFFFU AR F IO RC/N « Hadk L K R R b PR e
XS E I . AR 0 17 v £ R 26 1
Fi7R o

H
|

N N
=~ NO NH,

R3

~SO,Na

—_—
H, Na,Cr,0,

Ra O

The synthesis route for compounds YWW-1-YWW-16
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Table2 '"HNMR (300 MHz, D,0) and HR-MS data of synthesized compounds

HR-MS, m/z
Compd. 'HNMR ’
omp [M]" (caled.)
YWW-1 1.27 (12H, t, J = 7.2 Hz, -CH3x4), 3.60 (8H, q, J = 7.2 Hz, -NCH,x4), 7.06 (2H, s, Ar-Ha4, Hy), 7.22 (2H, d, J = 9.6 Hz, 340.185 4
Ar-H, Hs), 7.59 (2H, d, J = 9.6 Hz, Ar-H,_ Ho) (340.184 7)
YWW-2 1.22 (6H, t, J = 6.9 Hz, -NCH,-CH;x2), 2.68 (3H, s, -(NCH)-CH3), 3.62 (4H, m, -NCH,-x2), 6.66 (1H, s, Ar-Hy4), 6.79 298.137 8
(1H, d, J = 8.1 Hz, Ar-H,), 6.89 (1H, s, Ar-Hy), 7.08 (1H, d, J = 8.7 Hz, Ar-Hy), 7.33 (2H, q, Ar-H,, Hy) (298.137 7)
YWW-3 1.21 (6H, t, J = 6.6 Hz, -NCH,-CH;x2), 3.11 (6H, s, -N-(CHs),), 3.55 (4H,q, J = 6.3 Hz, -NCH,-x2), 6.87(1H, s, Ar-H,),  312.153 3
6.98 (1H, s, Ar-Hy), 7.05 (1H, d, J = 7.8 Hz, Ar-H,), 7.17 (1H, d, J = 9.6 Hz, Ar-Hy), 7.44 (2H, m, Ar-H;, Hy) (312.153 4)
YWW-4 287 (3H,s, -N(CH)-CH3), 3.12 (6H, s, -N-(CHs),), 6.69 (1H, s, Ar-Hy), 6.78 (1H, s, Ar-Hy), 6.84 (1H, d, J = 8.1 Hz,  270.106 7
Ar-Hy), 7.00 (1H, d, J = 8.6 Hz, Ar-Hy), 7.34 (2H, m, Ar-H,, Hy) (270.106 4)
YWW-6 1.64 3H, s, -CH3), 1.85 (3H, S, -CH3), 3.04 (6H, s, -N(CHs),), 6.57 (1H, s, Ar-H), 6.82 (1H, s, Ar-H)), 6.87 (1H, d, J=  284.1219
8.1 Hz, Ar-Hy), 7.02 (1H, d, J = 8.4 Hz, Ar-Hy) (284.122 1)
YWW-7 1.12 (6H, t, J = 7.2 Hz, -NCH,CH;x2), 2.35 (3H, s, -CHs), 2.36 (3H, s, -CHs), 3.71 (4H, q, J = 7.2 Hz, -NCH,-x2), 7.38  312.153 7
(1H, d, J = 2.4 Hz, Ar-Hy), 743 (1H, q, J; = 9.3 Hz, J, = 2.4 Hz, Ar-Hg), 7.79 (1H, s, Ar-H,), 7.94 (1H, d, /= 9.3 Hz, ArHy)  (312.153 4)
YWW-10  2.28 (6H, s, -CH;x2), 3.06 (12H, s, -N(CHz)2x2), 6.58 (2H, s, Ar-Hy,Hy), 6.77 (2H, s, Ar-H,, Hg) 312.153 2
(312.153 4)
YWW-11  2.64 (6H, s, -CH3x2), 3.30 (3H, s, -NHCHj), 3.33 (6H, s, -N(CHs),), 7.19-7.36 (4H, m, Ar-H), 7.89 (1H, m, Ar-H) 298.137 1
(298.1377)
YWW-12  2.62 3H, s, -CHj), 3.30 (9H, s, -NHCH3, -N(CHs),), 7.16-7.28 (4H, m, Ar-H), 7.89 (1H, m, Ar-H) 284.1219
(284.122 1)
YWW-13 2.30 (3H, s, -CHj3), 3.05 (6H, s, -N(CHj3),), 3.08 (6H, s, -N(CHj3),), 6.62 (1H, s, Ar-Hy), 6.68 (1H, s, Ar-Hg), 6.80 (1H, s, 298.137 1
Ar-Hy), 6.93 (1H, m, Ar-Hy), 7.38 (1H, m, Ar-Ho) (298.137 6)
YWW-15 3.29 (6H, s, -N(CHs)»), 4.03 (3H, s, -OCH3), 7.16—7.53 (4H, m, Ar-H), 7.91 (1H, m, Ar-H) 286.101 3
(286.101 4)
YWW-16 1.30 (6H, t, J= 6.9 Hz, -NCH,CH3x2), 2.66 (3H, s, -CH3), 3.31 (6H, s, -N(CHj3),), 3.72 (4H, q, J = 6.9 Hz, -NCH,-x2), 7.09 326.168 9
(1H, m, Ar-Hy), 7.23 (1H, m, Ar-Hg), 7.32 (1H, s, Ar-Hy), 7.36 (1H, d, J = 9.9 Hz, Ar-Hg), 7.92 (1H, d, /= 9.9 Hz, Ar-Hy)  (326.169 0)
Table 3 Physical data and bioactivity for YWW-1-YWW-16
Compd. R1 R2 R3 R4 mp/C*? Yield/% LogP 1g° K*/mmol-L™" ©
YWW-1 -C,Hsx2 -C,Hsx2 - - 215 3.6 1.04 1.12 5.0
YWW-2 -C,Hsx2 -CHs, -H - - 210 4.6 —0.36 1.79 5.07
YWW-3 -C,Hsx2 -CH;3x2 - - 203 2.4 0.18 1.27 8.10
YWW-4 -CH3x2 -CH; - - 205 2.8 -1.61 1.84 13.70
YWW-6 -CH;3x2 -Hx2 - 2-CH3, 4-CH; 185 11.5 -1.25 4.85 7.33
YWW-7 -CoHsx2 -Hx2 - 2-CH3, 4-CH; 190 2.8 -0.25 5.61 4.43
YWW-10 -CH;3x2 -CH;3x2 9-CH; 1-CH; 230 5.1 0.16 3.58 5.33
YWW-11 -CH;3x2 -CH;, -H 9-CH; 1-CH; 193 2.5 -0.49 1.86 4.70
YWW-12 -CH3x2 -CHs, -H - 1-CH; 195 4.2 -1.05 2.55 5.47
YWW-13 -CH3x2 -CH3x2 - 1-CH; 210 6.7 —0.40 2.53 5.40
YWW-15 -CH3x2 -Hx2 - 1-OCH; 180 7.1 -2.39 1.12 9.70
YWW-16 -CH3x2 -C,Hsx2 - 1-CH; 183 3.1 0.60 2.27 11.33
MB -CH3x2 -CH;3x2 - - -0.96 3.18 10.10

2

“—” . No substituent; a: Decomposition; b: Inactivate ®6 bacteriophage (Ig); ¢: K* concentration in supernatant of red cells
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