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Photochemical Transformation of Diazepam in Aqueous Solution
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Abstract; The photochemical transformation of diazepam, one of the most known benzodiazepines, has been con-
ducted in aqueous solution to investigate the removal rate, identify the reaction products and evaluate their toxicity.
Diazepam can be effectively removed by UV light photolysis at 254 nm, with the quantum yield of (2.32+0.17) x
107° mol/Einstein. Diazepam has been found to be relatively stable in 90 min simulated sunlight irradiation (300—
400 nm). 65 products were identified for UV photolysis of diazepam using a high—resolution accurate—mass Triple
TOF system. Among them, 49 products were identified in positive electrospray ionization mode, and 16 in the nega-
tive electrospray ionization mode. On the basis of the products identification and phototranformation behaviour, 8
plausible reaction pathways were proposed for degradation of diazepam during UV photolysis process. Structural
changes to the diazepam molecule included hydroxylation, hydrolyzation, N—demethylation, loss of phenyl group,
benzodiazepine ring rearrangement and contraction. Toxicity evaluation using USEPA EPI Suite™ software indicated
that the toxicity of the main phototransformation products was increased than that of the parent compound diazepam.
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Figure 1  Illustration of the quasi—collimated UV irradiation ap-

paratus
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Figure 2 The degradation of diazepam by simulated UV light

and solar light
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Table 1  Transformation products of diazepam during UV photolysis process as detected by AB SCIEXTripleTOF ™ 5600 system
el N {/min m/z I S1RE Eppg ey S t/ min m/z AFR S1RE  Eups
P303a + 140 303.0531 CHyCIN,O; 0.0 11 P259%h  + 746 259.099 9 Cy5H,5CIN, 2.0 9
P273a + 161 273.0425 CLHCIN,O, 0.0 11 P228 + 8.00  228.1014 C,,H3NO, 2.2 9
P285a + 171 285.0868  CjsH,N,0, 0.7 11 P257¢ + 9.02  257.0839 C,5H,4CIN, 0.6 10
P168 + 211 168.065 1 CgHoNO, 2.3 5 P262a  + 973 262.0639 C,4H,,CINO, 0.8 9
P259%a + 214 259.0632  CH,,CINO 02 10 P271b  +  10.10  271.063 7 C,5sH,,CIN,0 2.5 11
P253a + 220 253.0971  C;sH,N,0, 0.2 11 P301b  + 1028 3010738  C,gH5CIN,0, 1.3 11
P154 + 227 154049 5 C,H,NO, 2.1 5 P289 + 1051 289.0741  CH,;CIN,0, 0.9 10
P122 + 241 1220599 C,H,NO 0.7 5 P244c + 1150 244.0520 Cy4H,,CINO 1.3 10
P213 + 247 2131022 CH,N0 0.0 9 P274 + 1154 274.063 2 C,5H,,CINO, 1.0 10
P301a + 254 3010739 CH3CIN,0, 0.2 11 W o+ 1205 285.0784 C,6H,5CIN,0 14 11
P255a + 271 2551129 CsH N0, 0.5 10 P241 + 0 13.09  241.0526 Cy4HoCIN, 0.3 11
P237 + 271 2371024 CH,N0 0.7 11 P30lc + 1332 30107136  CyH,5CIN,0, 0.3 11
P195 + 306 195.0316  CoH,CIN,0 14 7 P232 + 1417 2320521 Cy3H,,CINO 1.2 9
P229 + 3.08 2290526  C3HGCIN, 0.4 10 P212 + 1466 212.1070 Cy,H5NO 0.2 9
P242a + 340 2420811  C,H;NO, 0.3 10 P262b  + 1487 262.0630 C,,H,,CINO, 0.2 9
P257a + 365 257.0842 G H5CIN, 0.9 10 P246 + 1615 246.008 3 C,,H,,CINO 24 9
P214 + 377 214.0862  C;H,NO, 0.3 9 P259¢ + 1717 259.100 4 CsH sCIN, 0.7 9
P244a + 381 2440969  CH;3NO, 0.5 9 P258a - 179 258.0773 € H3NO, 0.5 10
P253h + 3.82  253.0973  CyH),N,0, 0.7 11 P166 - 2.11 166.051 4 CgHoNO, 2.5 6
P267 + 413 2071130  C,H,N,0, 0.6 11 P281 - 277 281.0930 CyeH4N,04 0.5 12
P242h + 422 242,081 1 CyH,,NO, 0.3 10 P333 - 355 333.0643  C6HsCIN,O, 14 11
P261 + 421 261.0788 C HCIN,O 03 9 P295 - 3.67  295.0722 C,6H N0, 0.7 13
P255b + 4.30 255.068 6 C,sH,,CIN, 1.0 11 P242¢ - 3.81 242.082 2 C,,H;3NO, 0.3 10
P273h + 446  273.0793  CH;CIN0O 1.5 10 P265 - 413 265.098 3 Cy6H4N,0, 0.2 12
P186 + 452 186.0313  C4H,CINO, 1.9 5 P240 - 426 240.066 5 CyH,,NO, 0.4 11
P303b + 479 303.0534 CsHCIN,O; 12 11 P184 - 451  184.0171 CgHgCINO, 0.1 6
P257b + 494 2570843 C,sH5CIN, 1.1 10 P254 - 4.64 2540817 Cy5H3NO, 23 11
P196 + 521 196.0154  CoH,CINO, 2.9 7 P221 - 490 2210719 Cy,HoN,0 0.5 12
P271a + 6.59 2710637  CH,,CIN,0 1.6 11 P260a - 9.73  260.048 6 C,4H,,CINO, 0.9 10
P244b + 6.97 2440971  C,H;;NO, 1.3 9 P299 - 1032 299.0588  C,.H;CIN,0, 1.5 12
P287a + 7.08  287.0583 CH,,CIN,0, 0.3 11 P287h - 1051 287.0589  C,sH;5CIN,0, 1.5 11
P276 + 734 276.0426 G, H,,CINO, 1.2 10 P2s8h - 1219 258.0322 C,4H,,CINO, 2.0 11
P269 + 739 269.0924  CsH N0, 0.4 11 P260b - 14.87  260.048 5 C,4H,,CINO, 0.3 10

T« Egpp R XUHE 2 550 S DR BRI 5 S 7R 8 1, U+ 3R IR, —FoR st
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FEBUC A B P281, P281 1] fi A& A S F Il B BE
e i, P295.
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ZUA R T A B P257a P257h Fl P257c, i — 5 ¥ L
ARAE R P273b. T—1 18 flk 8L & 2B 7K e S A
P289(P287h) ,P289 Al fE % A it ¥ KL Ak il P259b Al
P259c , AT RE#E— 2D W 2L 48 i - 2E 1 P255b. A,

A REACAE 41 N AU T EE AL I AE i P27 1a.

(3) -1 JB 5 2 B P237, P237 32 5L 4k 2E B
P253a 1 P253b, ik — 4 3k A4 1%, P285a, P237 1)
TR AR & A 7K fif B i AE i, P255a. IGA, T-1 Y54
Ji R B HAR A B P269.
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Figure 3 Proposed reaction pathways for the UV photolysis of diazepam
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Figure 4 Removal of diazepam and the formation of the corre-

sponding main transformation product during UV pho-

tolysis process
. 25 0T PG P U ACAEURY, SR TR 96 h
ECs{H M 0.98 mg/L, LAk T £ ( 26.88 mg/L) Fl/K &
(21.44 mg/L). {ERHBPGPER R AYIE PEREPE(EEIX 3
FoRAA R I (0.07 mg/L) |, 5 2R MR
A, AT BE S T ECOSAR™ {8 13 11 5 ik
B 2 (QSAR) BERIA—E5 ERY. X 16 %
mFefE e 2, HA5 P255a ,P237 .P195 F1 P244b 1Y
AEVEFEMERE IR TG PE , WA R 4 Fh™
PIRTEEATRS T30 P PR AR oAt 12 FpOfi =91
TEPERTIN, I B — AR S T BOAEA TR

R2 WEAFREIEABEVRKEEY (B KENZE)SH

Table 2 Predicted toxicity for fish,daphnid and green algae of diazepam and their photodegradation products mg/L
fi K LR
G ATEREE R Atk 18 PERETE atkstk 18 PERAE
(96 h ECy,) (ChV) (48 h ECy,) (ChV) (96 h ECy,) (ChV)

P255a 142.15 10.63 1.18 15.15 4.74
pP237 48.48 0.10 48.05 3.13 1.60 1.66
P195 53.69 0.10 57.81 3.35 1.71 1.64
P257a 4.26 0.51 0.46 4.41 1.70
P244a 3.06 1.44 5.53 2.24 0.35
P255b 5.52 0.65 0.57 5.37 2.02
P273b 10.74 1.23 0.90 19.98 9.29
P257b 4.26 0.51 0.46 4.41 1.70
P244h 145.31 13.23 31.95 6.09 157.39 74.60
P259b 6.63 0.24 0.09 0.56 0.21
P262a 3.90 0.48 0.42 8.80 4.06
P271b 10.46 1.40 2.23 23.59 9.16
P244c 0.61 0.02 0.06 0.68 0.33
Ho P 26.88 0.07 21.44 1.91 0.98 1.24
P301c 9.15 0.41 0.28 3.27 0.74
P232 9.77 0.23 0.25 4.84 4.03
P246 1.99 0.25 0.24 2.42 1.01

T ChV Sy MR 2 e {.
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