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Bry, MgCO,4 $ )

‘)
NO,  72% NO, ON 0 ..f
0

24, 35]

Scheme 16 Direct methyl halogenate of TNT!

TNT 5 &0 3k B R 17 4= 9 k26 4 6 RN A5 31 0 3k
Fie 2 =) IR it — AR SR R AR T I S e A 3 2,
4,6-= Gl I L BE(58%) FERBRIMEHTH3 a-—
TR-2,4,6-=F4HIK 2B (52%) A fitf 1R 41 /4h 1R 1Y
ER T8 a-f5-2,4, 6- =W 3O 2 (66% ) I 15 15
2 B0 AR T LA 75% 1977 28045 2, 4- i H-6- 58 5k
K (Scheme 17)

2,4,6-= 8RR ERM RN TS O B
il £ AH R (1 45 8 (95% ) . 1k 5 05 fie 78 W A 2 19 1E
T 45 a-7F FEME-2, 4, 6-= 0l B K 2 B (66%~
79% ), J5 Wi SRy R | BT /xR AR R e XoF R N T
PR A B 5 1E— 20 TR IR B AR R & R
Oy T N B4 A A R OC S AR (82%~91%) .
Je SR 5 3R W% B R 2 Ak A W T R ik RT DA R
WA, B AR E T (75%) A (70%) K6 B
(95%) K HREE(90%) IR O B (89% ) , il 5 — Z 41
K1) (Scheme 18) .
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BnSH & A= S, 1 [z 1 45 31 B A3 5 X 43 4% BnS BUAL (14 7
%uu%&nﬁgmﬁﬁ@xﬁﬁmﬁ%ﬂﬁ%m&
A E Y BUCHEE H (86%)  FAE HL(82% ) %5 & HL T

0
I
O,N NO,
HCI
>
58%
NO,
~\7
I Br
N Br
0y NO, ON NO, ON NO,
N Bry
—_— -
NH,CH(OMe), 52%
NOQ 70% NO2 NOQ
i
N
2 “OH
ON NO,
—
NaNO,, HCI
66%
NO,
K,CO3, EtOH
75%
N
Il
O,N OH
NO,

Scheme 17 Reactions between TNT and acetals'*®

<O\O

AR ] 77 3 B 3 T JC AR B 1 77 % , S AR
ik v, - O CF I 77 o HA 54%., AE 545 51 1) 2
LR BnS IR = ml AFERR R S VE T & 2 B g
b 1) 2R I e Wy 2546 &5 40 (Scheme 19) , LA 7E
(49 I B A o

TNTFE NOCI Rtk g i £ HI T AT LA 25 0 32 i) 4
2,4,6-= G 5% B E (TNBCy) ™, S. Y.Pyun /) 2114
X W HLERHEAT T RGEAE5E . TNBCy 1] 2 5 4 Ff
il KL B S 7, DT i) 45— R 91 S5 A8 s 2 A A S
Py (Scheme 20) o DARK R4 by i - 3 XY it il B 11 A=
Y15 TNBCy & A= B iy T A v 45 i b e 45 31—
B =851 G5 HEE S TNBCy KV LA 91% RS
RTS8 AR L 31, [FRERY TR
P e / PP Tt A 2R v 45 o PP B 0 Y ] DA B 2
FEAL B P9 21 Y 5 W B 254 F L 90%~93% 1Y &
AT 20 B = 9, 408 /% A7 BB B 1 i 2 S R T T
T 26 T B 5 2 2 i B EE AR S5 R LA 85% IR A
FI KR =9, T 4% 6 56 0 40 /5% 07 A L 2 2215324

dt PP [ O 2% 7R T BB LA 88% AY U AR A5 2] = IR A
7/
TNT 75 68 M 2% 748 8 ATk A — R 8 R A5 21 — 2%

FEHIHNS  (Scheme 21) . A. ). Bellamy /N & 48
WEFE T 3% S0 AE 52 96 2 1 R i 2 4R 7, Bt I 96 IR

= Ph (96%)
HO(CH),0H O,N NO, p-CICqHy (86%)
9 Et0
0,
' %% NO, OH
ON NO, — \/N
N N =0
Ar
NO, — N
ArNH,, HCI NO cho3 EOH  NO, o Nu, K;CO3 )
NaN02 ON “{A
(79%) N Nu = N (75%) '
pCIC6H4 (66%) N OPh (70%)
p-OMeCgHy (71%) W SPh (95%)
SBn (90%)
Ar=Ph (91%) Scyclohexyl (89%)

Scheme 18 Research on 2-(2,4,6- trinitrophenyl)acetaldehyde:m

Q
BnS

p-OMeCeH, (82%)

= = H (66%)
BnSH NO. ( 70/) Cl(71%)
ArCHO NMP, KZCO3 2 CI (86%) OMe (52%)
OMe (82%) CF3 (47%)

NO,

Scheme 19 Condensation between TNT and aldehyde ;
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i
R = CH,Ph (46%)
RS SR CH,COOMe (74%)
3RSH, 3K,C0;
N
I SR
NO,

ON NO,
. ON | RSH H H N0 C
K 2 Cl
hoct ‘ﬂ» ON NO, ON SR 250,Cl,
NO, ¥ R = CH,Ph (91% — 2
61% NO2 opagg 50% S
TNBCy ON
SR NO,
N N
I Il
feqNaOMe _ O,N OMe  O,N NO, 0:p=31(25°C,7h)
90%~93% 32(0 °C,7h)
2:1(20 °C, 4 h)
N NO, OMe
I \ |
Il o o
ON NO; | 2eqNaOMe Il 0:p=21(25C,7h)
| > MeO OMe  O,N OMe
85%
NO,
TNBCy NO, OMe
N
I
3eq NaOMe MeO OMe
L
MeOH
reflux
7h

88% OMe

Scheme 20 Reactions of 2,4, 6-trinitrobenzonitrile!**™"

©
ON NO. @CHZ CH,CI CHel
2 2 ON NO, OoN NO
o ON NO, O o 2
_— —_— —_—
NaOCl
NO.
2 N

0, T4% NO, NO, NO, 36%~70%
TNT TNBCI HNS
© ON
CHy NO,
TNBCI +  OoN NO, Q NO,

o
80% ON

NO, NO, HNBB

Scheme 21 Homocoupling of TNT****!

T AR A A . M. Lu/NLIR BB
AR SR %R 3 AR
1.3.2 HMEREMNSIFEBRREN

(77%) .CH(Me)COOEt(13% )R], bifi & B LI 24 L+
e f178 5y A AL CR Wkl 22 R B (Scheme 22) .
TNT B S0 A 2 A4S - B 3 B £ A b 45 3

TNT 0] B2 & A S 07 JE U B0 il 4% — 2L 51 AiF
Az TNT AT E A [l B 55 A% R R T & A S0 95 S
R Ry, XL R B B (70%) | 5-TR-2-9 K B B
(20%) \a-Fi 2k TR R (44%) R EE (40% ) 34 LUK
e DX 3 B PR A B A8 A LA = W, AR A
7% B XA B = W 5 S AL B A 7 AT AE BUAE K SR
P AT BB AT A= W, S8 A S 0 i AR 52 WU 52
M4 K, 2 R Bn(94%) (iPr(83%) .Et(45%) .Me
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R = CH,Ph (7%, KoCO3)
RSH N NO,
Base

ON NO,

RSH
NO, Base _ o, SR

R = CgH4CH3 (42%, LiOH)
CeHaCHs (70%, KOH)
CgH3-5-Br-2-F (20%, KOH) NO
CH,COOCH; (44%, K,CO3) 2
CHoPh (40%, K,CO3)

Scheme 22 S,1 reactions of TNT 2 #/

2 INTREYENLEEERBINRAHAR

MTE WS A AR i)z S
REATBHAE 7 AFAk K At 45 37 BT W R B A7 A 3K 28 A
VI GeaE 202 43 fi% A 58 vh 3 BB A REAE IS e i B v A AR
FHU L BIE 5 3% B /0 B4 TR R I TR RE 8 AE B RE AL RS
Uity b S A R SR 8 T R AT DL S BB A RLVE
B — R B VR AR AT AR
21 ESHAERNINTRERZBRFRHER

o A A T T DO TNT #4068 2, 6- 20 S -4 3
2R (2, 6-DA-4-NT) , 2-23 H-4-fif B I 48 (2A-4-NT)
25 BE-2-0 i -6 A 2L R (4A-2NOC-6-NT) 5%
il L8 5 P24 (Scheme 23) 5 38 % 77 E 40 H 5 TNT )
1~ 2 ATl 230 1 AR 4 S NAD (P H AR 8 4 il 5658 5
it 30 Ji oy e, i — A e Ay B B D RS .

0 R = Bn (94%)
$ NO, iPr (83%)
RY Et (45%)
Ho0p Me (77%)
CH(Me)COOEt (13%)
NO,
BnS SBn
—
BnSH, KQCO3
36%
NO,

R AR S G W, = A R 0 2 TR I 8
PRME o S P 7E B A TNT B, 58 JB 1 mol i 56 5]
Z KT 3 mol NAD (P)H 1 3 mol H'Jf =4 3 mol
NAD (P)" 1 1.5 mol H,O; B 5 i B A 75 1 7™ A= /9
A R AR S 2 A TNT 76 75 S 40 R AR A AE A
PR a2 5 800 A, 72 A 1 NAD (P) " 3 2 11y
HF 262 5 ATP 196 MU 40 B A E Ak g X
7 A Y 22 R A TR RO A AR W e o
T2 (multidrug efflux pump)HEH

T E AN Pseudomonas BE W8 K TNT 1E hy i —
AR ; P. savastanoi FEWE ¥ TNT %1k 2, 4-DNT, 7E
I T AR Y AR R TNT K Ak o 4-F
F-2,6-f H HH R (4-ADNT) Al 2-% 3 -4, 6- i 5
HI 2 (2-ADNT) FF4 il TNT 14 25 i 3 5 fL & 12 ; 7% Ba-
cillus sp.. Staphylococcus sp.. Pseudomonas aerugi-
nosa $ 3% 5 b 6 2 75 S ACH IR R R AT Y 2 —

NH,
ON NO
3NADPH+3H" . NH,
NADP* 32,0 __Nltroredudase MNADP*+32,0 <
NH, z )Nitroreductase
A2 LR AE-6-TH 2 TR INADPH:2H" Nitrobenzene nitroreductase ON NO, aNADPHsaH" =
ON NO. Dihrdropteridine reducatase 1,2-bis(2-methyl-3,5-
2NAD+H,0 + 2l 2 + reductase i NH;
NADPH+H" *M20 ONADHs2H NAD"+1/2H,0  NADH+H" 2NADP"+H,0 3
NADP"+1/2H,0 S AN/ { Denfrase
Nitroreductase NH, NO,
o
oN NHOH HRE26 BT X 2FIRARIIE T
2 4-ADNT ON NO, ON NHOH U HRHO o NH,
—— —_— eNO
NH. Nitroreductase l
2
ARG ON NHOH | Nirobenzene NHOH NO, No; Niroreductase
| < 4-FRE-2,6- R 2-FE-2,6- REE 2-FH-46-—WEFHE

NHOH 2NADP*

NADP*  NADPH N
2UCRBOBETE 0

H2H0

NADP’A/ZHZOA/Nmmdu“ase l

NADPH+H"

2NADPH+2H" /

N /S

NH,
24- RGBT P 5 oN NO,
DANT

1,2-bis(d-methyl-3,5-
dinitrophenyl)diazene 1-oxide

(4-methyl-3,5-dinitrophenyl)diazene 1-oxide

NH,
24— LBk K
DANT

2
OoN NO,

8.0° SN s )
N.N’O SNADPH:3H )lNitroreduclase

3NADP"+3/2H,0 Difficult for
Aerobic
ON NO; bacteria

NH,

om@/noz
®.°
N.N,O

O;N: t “NO,

1-(2-methyl-3 5-dinitrophenyl)-2- 1,2-bis(2-methyl-3,5-

dinitrophenyl)diazene 1-oxide

Scheme 23 Aerobic bacteria” TNT biodegradation pathway'*™*
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RS REME, SR R SRR (L ECE

4- FE-2- fi§ HE-6-fiFf HE B 9K (4A-2NOC-6-NT) ;
P. Aeruginosa i RE %K TNT AU 7 H) ADNTs #4 1k
Wt KRG8 . Aken ZE R G W58 T Methylo-
bacterium sp. %} [f] i 2 5 ic B9 & BE M B[ U-ring-""C]
TNT (25 mg-L™") , [U-"C] RDX (20 mg-L™") 0
[U-14CIHMX(2.5 mg-L™") 4 fil A= 904351 KA it 3h
FOTNTAE RN 2 w58 A TH AR, K 0 391 220 0k — i Bk
PR B — R Al B TP R e [ A, R A6 31 C O, R W
e A AR B D INT IR R S SmPE . WIRA K
T 3t PN 43 5 15 2 1) Desulfovibrio sp. B 2 £ i J7U T
A LLKE TNT A Sy il — 20 BEA7 AR 0 il K #F
WA Escherichia coli X} TNT 47 7 A A & B % K
FF B AT LAKE TNT AR Sy M — R0 I A7 78 Jmy &8 2 il Ak A
RPN TNT V5 Y+ 32 v 43 B9 45 20 19 B 70 18
Achromobacter spanius STE 11, 1% 4y B I ¥k & W% 1
20 /NI B TNT (100 mg- L) M) 38 B o ol ad I 5

R AR TNT AR SR A0 # L AU R AR

AR R 2, 4- @ EEH 2R (7 mg-LT) L2, 6- i Sk
2K (3 mg-L™") . 4-ADNT (49 mg-L™") & 2-ADNT
(16 mg-L™") MY B 50 UE A A& 42, IF & B B Fh
TEA K By KA AR s A ot R K OC R 43 &
A T PR TNT VRS — 00 . AR g TNT 19/
AU SRR R 1.

BEF T U B G TNT 5 4k d5c R A 88 A 175 Al 4
EAKL SR H S TR 78 INT IS e 4 K
A5 IR BT v 2 0] A sk 4y s TNT R 52 HLH 45 % 4k o
AE Y S A B o AR, AR BE & AR W] LU s 48 R
o3t A T TV 8 4 R TNT A B S 45 B AE
il 55 B AR D BUAE S ) B TR 2 R AR XA
i W JC W B — 2D AR B — 20 A N 8 L AR, HRg S
ooy TR . X R AR S B B A B
PR BE R R & AN o8 4 AR vk B s B B Gk
B — i B {H 5 A0 T TG A ROHE R R o8 2R

Table 1 TNT degradable aerobic bacteria and their biodegradation pathway

(DGR Rz ek
Bacillus sp. WAl Sy 2- B Al B TP 2RO RO 12 R [54-55]
Enterobacter cloacae PB2 H TNT 3£ 5 Meisenheimer complex I B il fiff iz 55 [56]
Enterobacter sp. TNT $4bRy RGP 1k 50% TNT 8 1 [57]
Klebsiella sp. CI R TNT [58]
K. Palustris RS32, R. Opacus IG, Acinobacter sp. VT11 5454t TNT [48]
Mycobacterium sp. Strain HLANT-1 B TNT 4k b A Ak sk — &k Meisenheimer complex [48]
Methylobacterium sp. FEff TNT [49.59]
Pseudomonas aeruginosa oAby 2- 58k AT R TR R DF R0 il R Ak [60]
Pseudomonas aeruginosa MA101 I8 o FUR AR TNT FIZU 5L i 5k & W 5 A h R tAe & 9 [48.61]
Pseudomonasfluorescens B3468 — & NADPH i & A b 551k, 7= 2E A TNT A1 &AL TNT [48,61]
Pseudomonas fluorescens P TNT 46  ADNT, DANTs, K 4-Z Bk 50 5 -2-50 k-6~ T SE H R [61-62]
Pseudomonas pseudoalcaligenes IR 2, 4- 5 M- 6-fiFg i YA TR I 19 Al e B G AR 7™ A= 1 M il 7R [61,63]
Pseudomonas savastanoi TNT 25 fiff J6 A TR A0 A 19 6 JF 30 JEL i 6ty 38 Ak [48,61]
Pseudomonas sp. Clone A TNT LA 3 [61,64]
Pseudomonas sp. Strain CBS3 TNT& iy DANT [61]
Pseudomonas sp. Strain FR2 TNTi& i DANT [61]
Pseudomonas sp. Strain iibx HUUESL[CI-TNT 95 1k [61]
Pseudomonas sp. Strain 1-2 wt HUIEL[CI-TNT 5 1k [61]
Pseudomonas sp. TNT /Ry — %O F % 4Ly 2ADNT HI 4ADNT [61]
P. Putida JLRT1 JHF TNT B f# 19 Nitroreductase fiff pnra and pnrb [65-66]
Rhodococcus erythropolis TE 5 DR BRI A4 315 75 B vh B 9%, 77 A 2 TNT . %L TNT i Meisenheimer [48.67]
complexes
Raoultellaterrigena strain HB A5 TNT 5540y X 7 0 KR 7 1, T LA Ak — i S 08 Rl B8 5 ) [48,61]
Serratia marcensens T Tween FE7E A 1F R4 TNT 1y 5 — i 5 K% B 2 o U5 [61]
Staphylococcus sp. He Al Sy 2-5 B 4l KL TP R I R0 12 4k [61]
Stenotrophomonas maltophilia TNTAE R 5 — H R [68]
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=W, DT 52 20 B0 S A AR b Ah AR AR
2 BB I EB 3 i 5 1 S v Ak 40 v R I fE
TNT Jo i AE fy ik 7 5 & IR 2 5 #%0 ARH, R 2
B,
22 REAEWINTRERZBRARHER

5 TNT 55 AR 281, IR A 4 & & 16 )5 1 mol
TNT 2| TAT 7% 9 mol NAD (P)H 19 mol H* I j= 4
9 mol NAD(P)*H1 4.5 mol H,O, N4 & 2t fE & s A~
] B S W 16 R = ) TAT #5564kl 2,4, 6- =R L H
I 3 mol EAR BT (NH,") i i # A ; 2,
4,6-=FIEH ORI — AL 1 mol & Mk i A A

3NADPH+3H'  ~

V, Nitroreductase

1 mol BEFIBL A il A 2 5 TCAME R, by 240 w1 42 13 ik
(Scheme 24) . iy AT 0L, DR AEAR I B0 00 it TNT B
ERiOL =W G =R Y RSN UE =R s R o) S IR U R AW )
Sy A AR i AR A B IR JC AT B R S AR Y Y
LR RERBAE Desulfovibrio sp.. Clostridium sp.
Fiy A= B Methanococcus sp BEBS K TNT 1)K (1) 38 Ji
N TAT, Clostridium B # /) 22 804l 1 68 0% 76 X A A 5
T8 J5 TNT; Desulfovibriospecies G815 16 K %A ¥ 355 T
B TNTAE R M — R E 171838 5 Clostridium 1 Desul-
fovibrio T& Fh BE W% i {b TNT i J5 3 7 A= B il fe 287 )
TAT,

3NADP++3/2H,0
2NADPH+2H" Nitrobenzene nitroreductase 3NADPH+3H"
ON NH, 3NADP*  3NADPH Dihrdropteridine reducatase Nitroreductase
*. e aleimide reductase
+312H,0 +3H"  ON NO, " 2NADP*+H,0 N-ethylmaleim 3NADP++3/2H,0
NAD*+1/2H;0  NADH+H"
3NADP*
NH, Nonspecfic NAD(P)H 1§ . ‘ l o NADH WADPH
2.4- = M -6 T A Nitroreductase i . B Nonspeciic . o NHy e 12 O)N NH,
DANT 4R IE26- S RIE NAD(PH oN NO, oM NHo TU2HO  eH
4-ADNT Nitroreductase
Nitroreductase NH,
Nonspecfic NAD(P)H NO, Anaerobic degradation
Hive NHOH NO, Nitroreductase o 2,4 RHE6-THE TR
0N NH, ON NHOH Nitrobenzene R o 2-FHE-4,6- L TR DANT
{ nitroreductase AFRIE26 AT 2226 Z R TR 4-ADNT |
Ho Bamberger ; ;
NHOH rearrangement NHOH INADP®  ONADPHs2H" 6H"+6e Pyruvate ferredoxin oxidoreductase
pE-E X E=E WR=3 3 AR T e Carbon-monoxide dehydrogenase
A5 24-ZFRREB-THEFE  4H0 Hydrogenase
-B-fiF Ak K 2H,0
cOsCon | Iron-sulur-flavoprotein COSCoA oHo 2H" 3H"
reductase 4t 2H0  +2e 3NH," +3H0 HOHN NH,
HO. Oxygenase dehydrogenase |4-monoxygenase l W HO OH HoN NH
Dissimilatory
HO CoA sulfite NH
OH NADP* NADPH+0, OH OH OH OH NH, reductase a;ﬁ
24~ 3
A dnydoat " Benzoyl-CoA R e 246-SHLHHIE 246 ZRBHE AT
nzoyl-Co TAT DANT
H,0
N[ pinydrodiol lyase
J—  mmmmmmememcoooceooooe
HCOOH HOOG 02p:0
~ “R~on
COSCoA COSCoA COSCoA \LCOSC°A ) /N'\&t = NS 0 0
f
BoxD Y sucei : HN OH_ OH
Oxdase ) 1| Succinyl-CoA i Np(jv 0 0
I —>jij jH\tlr ..’ : N N 0,520,520 @ N/\)LN/\,SH
. o ' woom = 4 H
0% o o \fk )L : o o OH
3 4-dehydroadipyl ' scoa | TCACyce
, 4-dehydroadipy Coh Coh ! CoA
-CoA semialdehyde +|Acetyl-CoA

Scheme 24 Anaerobic bacterial TNT biodegradation pathway

TNTIE 5 TAT By B &y 1 45 1 h [ 44, 4o
DANTs I8 J5 o TAT J2 75 22 74 i 1 A0 &0 [R) s 22
S A TNT I S ARG Y P s 25 3R, 5 TNT 75 &
AL, TNT A9 R S AR B 28 7 1 WAl 56 PR e
S5 i [ AR e B A IR U 5 AR U R IR B AR T
C. acetobutylicum fig % % Bamberger # #E7% 2 i ¥
A58 Wie-2, 4- Tl HOR B AL Oy 2-58 k558 k-4
JHie-6-fi5 5L FH 2R, 4-ADNT J 2-ADNT & 4E 45 53 % NAD
(P)H B 338 I A )5 DANT, 7E C. sordelli, C. bifer-
mentans fl C. sporogenes 5 1 /E I~ DANT 7] Lg% 1
BB JF N TATY' 2 5 TNT 5 A AR = 1 (R w5
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ALY R EOR ) AR, TAT 0] ld g &
SN RN 2,4, 6- =R TP — 2L RAL O 4- 50
PO 4= B R PR A ARG A28 v it o 2 v ]
& ,7F 4-monoxygenase .4-Hrdroxylenzaldehrde dehy-
drogenase. lron-sulfur-flavoprotein reductase/Oxy-
genase FUHF A BIFEH N A ™ 28 £ WA A 2 3% H1E
HEEA S ORGP 7 . TTREAR TNT 9 R 084 20 1
L AR AR L3R 2.

555 S T AN TR PR S T TNT e AR 1 i R e 3
TET  TNT 2858 ad iR TAT izl #2 3 i 25 1Y 4
b F 322 Oy A0 A ATP A5 RE S 4 5 4 (I RE i s TAT
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R 2 TR TNT YR S0 AR i B H A s 72

Table 2 TNT degradable anaerobic bacteria and their biodegradation pathway

[GR7ER Rtz ik
Clostridium acetobutylicum TNT 5N TAT [61,75]
Clostridium bifermentans CYS-1 TNT £ 4ADNT Fl 2, ADANT i 12 B fi by I Wi W Al PE AL 5 [48]
Clostridium bifermentans LJP-1 B INT AL TAT R 254k &9 [48,61]
Clostridium pasteurianum TNTIEFR TAT [61]
Clostridium sordelii TNTIR N TAT [48]
Clostridium sp. R AN B H R ) Bamberger A [61]
Desulfovibrio sp. Strain B TNT 1528 2087 A e AR v [l = 1R [48,61]
Desulfovibrio sp. TNT Ay M — IR I 38 5™ 2 TAT [61]
Desulfovibrio sp. TNT#: 4Ll TAT H DANT, TNT 5 4= 4 JFi 4 ¢ [61]
Escherichia coli TNTIEJE N TAT [76]
Lactobacillus sp. TNTIE N TAT [61]
Methanococcus sp. Strain B TNTIE 5 DANT [48,61]
Serratia marcescens [ fi TNT [61,77]
Veillonellaalkalescens TEA S B TR TNTIE R TAT [48]

3 o 2 R B B A 0 B AR T A 4R I U
LR ) P L KK = MPG 2 i 2 SOV B AL
X ¥ R TP RS AT AR O 0 =R IR AE BF L 40 T 4 At
B U5 5 B A AR e v R S A ™ Wb A — E
JEE S TR DA A 2 5 W 40 TR R A o AR, R AR A TR A TR
PR SRR BRI B RS R R A
2.3 HENINTREHREE

5 40 B A AN ], B A R SRR R
TNT AT, 5 AT A 0 (4 PR A8 40 1 1 Cladospori-
umresinae and Cunninghamellaechinulatavar. Ele-
gans ] JoH AL AE A9 % TNT §% 4k Sk 2 220 (8 0 DY fiF
HE TR GR U A T R A TNT A0 4R L

R3O OFTREAR TNT (Y 5 S HAR iR A

Table 3 TNT degradable fungi and their biodegradation pathway

RER I3,

TNT 59 5 3 A 32 2O i A 7= 1, 5088 i A&
WY . T A EOW T N B S PR
e

TNT RUE Y AR B T LA 5 LS i 55 Sh—A
BERCIAC A IR AR o 56 T AR W Pl e R AT ) ol A A 38
IRAEAAL AT LS B L 5L, o BE SR TNT 45 0 LR
B IR S RE B IR 2 5420 A . AR H AT AT TNT
WoE it 1) TR A= Wy o e A b R AR R B 20 A e AT T 3 A W
BEIR BRI FEA L 5 WOWZ T, TNT R A 2R ) 14
PRI Py B fi i O AU kA B S g R WIS 8 205 b
TR PR PR T B WA TN 55 I Ak 75 v i 1z

T 2 K

iz At SCHK

Irpexlacteus

TNT#" 1k [48]

B TNT IR R 4-ADNT, 2-ADNT, 4-38 -2, 6- AL 48, 1

Phanerochaetechrysosporium

R RIRA Y, TNTH b

Fusariumoxysporum TERAR R T P AL TNT [48]
Acremonium, Gliocladium, Cylindrocarpon[ mitosporic fungi] Xt TNT B9 T 52 M K2 TNT 2 W ALk ) [61]
Zygomycota such as Absidia and Cunninghamella TNT Y e Tiif 32 P [61]
Strophariarugosoannulata and Nematolomafrowardii WAL CI-TNT f2-23 -4, 6[ *C L F R B FIR 54 [48]

Phlebiaradiata

Cladosporiumresinae and Cunninghamellaechinulatavar. Elegans

b TNT Al 2-2 3 -4, 6- i L F R
B TNT 56k 28 S5 774, 32 2 Sk M 20 U il 35 2K, e fR 1 [48]

C. Resinae Soil fungus. B TNT i85 ADNTs. [48,61]
Clitocybuladuseniitmb12 B A T TNT [48]
Strophariarugosoanulatadsm 11372 RE A A RO AL TNT [48]
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25 LTIR  TNT ZRE M 14 1k 2% 5% Ak Tl H B 3 4
UASE 8 N E A IR SuE PSR- W2
Az 95 e S 1 B B N A F N AR R Lk S AR
b AR AR Y — R Ak gt T i — 2D Ak
Pk 4 (TR e I M L R R o R I R A Y IR R
W M R IR A R L R AR HNS 4
TR Y AT A 7 A 3 — 25 Y SE T R 5
AR B KRR R AR R TR Z U e AL
W 7= o b R e Ak 7 i 2 R TH TNT % U5 4 B ) 1Y)
2 R H bR, LS R 2 HLAR EE o A
SR RER AT, R TH TNT JR T 28 55 1 5% AL 32 43 22 F i
oI %

TNT A= W) e A 42 IR RE B AT 2R 13X b 2 R 1
AN B 7E B H AR 2 1 T S A0 BA L IR SR 4 TR B LA 1T
i 52 TNT fe A= 9035 R 014 FLAE Dy e iR U8 e R sl
PR AT AU, i R B AR ™= i 2R I R 2 HH
SN TE AR ANKE TNT AR S AR sl I8 2 5 % 0 AR,
E AT S Ji TN H i) 38 43 5, 72 25 1 NAD (P)*/E Sy 8
T LT 2 S 5 ATP SR8 W) 5 A BT R A1
R FEBERE , TNT #4038 5= 9 (11 2, 6-DA-4-NT .
2A-4-NT . 4A-2NOC-6-NT % )il i 43 T = HE )5 Al 8
AR AT BRI, i 2k A W 0 A A R At
TR T G 4y DU T RDRE TNT 3047 R 3 38 I 15
B TAT, i — D@ J HEAE N6 2,4, 6- =72 5
2K G2 5 TCATEER , TNT FIrfd & BBk & 8 SR JE
JI AL 0 AR AL A e 4 3 ok AR D A A AR A R AR
SR 5, DR A4 B A TNT 5 42 B il B 1 o TNT J% 7K Ak
FHOTNT 75 4% 4 385 1k K LA TNT b8 55 9 o 19 A= 9 T
B IR AR T gy B R MW R R TR Y R R 5

BEE P IH TNT 8558 0 SRR 2K H 25 487 256 %
JE 2 TR N & IH TNT B 13 98 5 Ak 150 o 2
T JLAE 55 5 D R, S e TR AT TNT fh 2% M
A= W AR SR R R T Il s AR 2 R

(DT IA B0 INT e E e e
A H AT A IE RAK T ARK G BT AR R
AR U TINT A2 2 1 H 8 i 52 56 & O 9 B BB, T [
B2 YRl o S AT TNT #4140 7= 90K 75 T
TR B2 BT & A E A i & b Ak R B B,
HJE TNT i 55 Ak 7= 9 AR il o Hofth fb 22 ik 12 3545
WFE 7™ 0 1 BR M 14058 245 B & B A L 4 8 B T BE A
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S P R RN P A ST T 5 A S 0 T R B A R AT
FEHG R Tk Al i A8 i F A

(2) TNT B A= W e A K TH J2: 52 36 2 A 9% A, 45
B AR R T KA TR W ORI B 2t e, A
L # TR TNT A 9 A BIF 58 65 A B2 28 1l o Ao
BIR A , 5k DA 4 B S AR S0l 42 e A T BE W I TH TNT IR 2
M) P RSB 9 A TR D7 5
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Research Progress of Disused TNT Multifarious Reutilization

ZHANG Jie, KANG Chao, GONG Jian-liang, GUO Wang-jun, WU Zhi-sheng, WANG Hu-sheng
(Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: This review summarized progress of 2, 4, 6-trinitrotoluene (TNT) multifarious reutilization in the aspects of chemical
transformation and microorganism degradation. Chemical transformation pathways are classified into TNT methyl oxidation, ni-
tro reduction, and substitution reaction. The diverse chemical transformation pathways were systematically summarized accord-
ing to the green environmental protection, reaction mechanism, reaction efficiency and product properties combined with re-
source reuse. The microorganism transformation pathways are classified into aerobic bacteria, anaerobic bacteria and fungus. A
more comprehensive overview of the aerobic and anaerobic metabolic pathways of TNT microorganisms is presented, summariz-
ing the relevant microorganisms. Finally, the development direction of waste TNT resourceful reuse based on chemical and bio-
logical transformation is prospected. Chemical transformation of TNT will go beyond the laboratory research stage, and green
process research and safety will be the focus of this stage of research. Microbial transformation of TNT remains the focus of re-
search, and combined with genetic engineering and modern molecular biology technology, it is expected to provide new solu-
tions for deep reuse of waste TNT.

Key words: Disused TNT;reutilization;chemical transformation; biotransformation ; research progress
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