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X FL A 5 T AT T RGE O A LB M T
F 5T i A R, iR 15 JF ) BOD WY& B T 2152 .

ABIFFE X BODM i 2 7K fift S g il %6 BOD #4717
R SE, B WRARGE T BOD 4 84 b 45 4, 1 ik 5 %
BAYR XK R B HLBRUE AT T 40, 358 T BOD
Ml T8 B ER LR T T2 &M, )
BOD i — b By iF 55 $2 it 2 2% | [W] i o X J5 22 BOM 11
R R A P S — e 5%

1 SLIRER Sy

1.1 RXFNENHF

A LI NN SRR G KRR ER BT,
MR T AR B A BR AR —E S 2 s, B
et R 2y B A BRA Al LB R S O B AL LTt Ak
S HUEE, B A v bR AR A B2 | & AR R A
HOREBE AL 2 A BR W, L4 R a3 b 4l 5 2 B 1k,
S A1l

4% : DF-101S £ $ A I i #wis Sy pd ¥, LIty
JIRIBVIALER B A B A) 5 B2 TR AR, il —1EF
AV PG PR ] s Therm Fisher Nicolet 1S5 I {i B 1
AR e 2T Ab ot BE A, FE OB CEHE R OB H A A
Bruker-DRX400 %4 T 4% i 4R A, g - 45 & 52 A W)
X6 TR 25 J A0 7 A, b 5t v AT s B 4 A R A
Bruker-SMART % X i 8 117 55 A, Fi + A & 50 A # 5
Bruker APEX-Il CCD %Y 51 i 77T 55 A%, Hit A1 & 5w A ) 5
ZE7R R R P, 18 T gt A S A D
1.2 BODHIHI&!

Z: % SCHk[13], ] = 1 Be R H K % im A BODM
(3.0g,10.64 mmol), Bk R # (0.147 g, 1.064 mmol) Al
90 mL B #f ¥ 7E 45 CC R 0 8 h, SR )5
VR 7R AR B AL o i A 20 mL £ B K Bk
30 min, & P WA 4K, 7E 60 CF LT3 &, 14 2 F
AR, S BOD 1358 94% , 8 99% .

BOM A 1l : LA & 3 & — 5 M Ik}, & ad 314k
JI 7K 4 5 52 5 3 BODM, 28 33 7K fit J52 i 75 51 BOD
23 i Ak B N A5 B B 7 ) BOM . HLA & Bl 2 n
Scheme 1 i/~
1.3 BOD K& M #LIE

K 0% Bz KBS (DFT) 2 1 J5 5, 78 B3LYP/
def2svp [ 7K _F Xt BOD K fif )2 b ] i i o 8 285
o ) AR B 7 I G T 25 R R AT AR AR R B o AT RO
BN T 3k U 24 25 4 i 3 A 4 Bt AR AE — S B A, Y
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Scheme 1

BN A AR (IRC) 2 N [ A% 3% 52 19 2 J I 90 # =
AT # S BES W HER P . 75 AR SR AT AR AL S )
=1, 45 BRSO 53 B T ALY 43 1 45 4, 4 A
Mg ERAR A WEARR TR NN (1)

AH = H, - H, (1)
Kb, AH AR5 RN XS 28 k) -mol™ s Hog O 5 I8 25 4%
AR k) -mol™ s H 3 RO IS i S k) -mol™ . 7
DFT i1 55 2ok #2 rp 45 2 HRS PARE AN 55 10 10 5 Hy B 55 2L

Synthesis route of BOM
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FNE )00 A2 L ) - mol™ s AT Shy sk I 285 RSN ) 0 0
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V) Y P R BOD 45 3R 1 52, AR 4l A &
SEH gk T P BCAE B R K AT IE AR SR IR K
Ty T2 51
1.5 BODHKFRESMR

B RS < AT - 52 W] Y Bruker APEX-1I CCD fii
S, R B 150 K, & AR 25 44 38 1 Olex2 #4 1
SHELXT ™ &5 ¥4 figt A7 72 F LA [ A8 A0 47 15 g 1, JF R H
S R f /N Ak 3 1 SHELXL 51 F A0 i A7 K 15 o

W 3L 4R - A5 2 58 A 7 1Y Bruker-DRX400 %I 5
¥ g At Pz AL I X BOD /9 &0 3% ("H NMR) Fl Bl 3%
("C NMR) AR R ] Z HHE I (DMSO) o
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BES, E/NEL BRI, E SR BRI, Ak

X B AT 5« A7 & 52 28 Bl B9 Bruker-SMART #1 X 5
LA S ASC, 0 X b A A D A BE 10°~80°, 414
W5 °-min’',

DSC 3 « T 9th A e 23 ] A9 22 705 4 e B, T
HR A 5,10,15,20 Kemin™, 3876 2 75 Fl 0~350 °C.

2 ZER5HiE

2.1 EHIRIE

"H NMR (600MHz, DMSO-d,) 6: 4.87 (s, 4H) ,
6.16 (s, 2H) ; "C NMR (151TMHz, DMSO-d6) §:
178.50, 156.94,52.74; IR (KBr, v/cm™) : 3334 (m) ,
2928(w),2853(w),1576(m),1430(m),1248(m),
1200(m),1080(s),979(m),896(m),732(m),688(m).
Hop v=3334 cm™ &b Ry 52 3k (4 &) 19 1 45 4k 3h 1
v=2928 cm™ b R 3 F 3 (—CH,) 1 X6 Bk A 45 4k 26 1
v=2853 cm™ Ak Ry W L (—CH,) 14 2 % Bk A 45 4 o0
g, DSC(5 K-min™):278.37 “C(dec.)

¥ BOD % F N, N-—H 3L H Bt (DMF) I W, 75
TN SR R4S B H A 7E Bruker APEX-II CCD if
SPASC AT AR ARSI DL 1, PR e HE AR
WE i, A BOD Sk JE F it it &, 25 [ #E
C2/c, iM% a=15.0958(16) A, b=4.1594(5) A,
c=12.799(3) A,a=90°,8=105.361(7)°,y=90°, V=
774.9(2) A’,z=4, 7EBOD 4y T+, 1,2, 418 — w31
SESLTY , IF FLEE RS F IR A A, C3 R T
JUF- 53R i (7 £ 35 °F i A9 B 85 4 0.0258(4) A),
C(3)—O(2) 5 it il 13 V-1, $H5% /1 O(1)—C(2)
—C(3)—0(2) 7 166.2(12)°,N(1)—C(2)—C(3)
—O(2)k-14.5(2)°,

2.2 BOD Kkf##11#

T % R vz eR B S (DFT) 19 5 5, 7€ B3LYP/
def2svp A 7K F 1315 T BODM K fiff 4= 1l BOD 1 3
BRSBTS ESHEN BEE RIEGEE &
£45 5] BODM K fift A= il BOD S N7 ) 1% AL BE , &5 25
2 fitos K S i LB AN 3 7 . W] LA HE R K A s
R, E e BODM Hr iy —[ O J—H By Ik i+ 5 H,O
) HIE R OH---O &8, B s —[O]—[C—=O]—H 1
O—C #EWI 2, H,O iy H Al OH 4 5 55 h 2 A 1Y
0.971 AC(E 3 R3) 8% 1.167 A(K 3 TS3), H,OH
B H A OH #5351 F—[ O] —M—[C=0O | — i # ¥
W—OH fl—COOH % . th R3 F| P3 1Y 1E ] L N I
fLBE R 179.565 kJ-mol™, H 3 ) i i /9 1% 1L 6E
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#£1 BOD WM ARSI

26 range for data collection / (°)
reflections collected
independent reflections
data/restraints/parameters
goodness-of-fit on F?

final R indexes [ =20 (1) ]

final R indexes [all data]

Table 1 Crystal data of BOD

formula C,HN,O,
CCDC 2259000
formula weight 198.15
temperature / K 150.00
crystal system monoclinic
space group C2/c

alA 15.0958(16)
b/A 4.1594(5)
c/A 12.799(3)
a/(°) 90

B/(°) 105.361(7)
y/(°) 90

volume / A 774.9(2)

z 4

Pewc /g cm™ 1.698
w/mm’’ 0.145
F(000) 408
radiation MoKa (A=0.71073)

5.598-53.134

3575

790 [R,,=0.0463, R, =0.0460]
790/0/ 65

1.139

R,=0.0437, wR,=0.1170
R,=0.0443, wR,=0.1174

i »?’f;?' {e/.) 1&@. el
22 gﬁr:\\%‘ ¥ ﬁ.}m ;%)
d ‘?"‘. °° :ﬁob ° fj\? g s

B 1 BOD 9 5 b I i 3k AR

Fig. 1
BOD
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R3

B2 KB Y BN G S R )

Fig. 2 Reactants, transition states, and products in a hydro-

lysis reaction

%O*N\Hv HG, \ VQNMW”O

BODM

O OH
CH,

L

OH\/I\\N\H?\Ijo/\O +

BOD

CH,

B3 KA R 2
Fig.3 Schematic diagram of hydrolysis reaction mechanism
183.072 kJ-mol™ , 3% i) 5 I 9 3% Ak i KT 1E [a] K2 1 1)
W ALRE  E 1] SO AT RN A by o B T 3 Z AL
2540 R 3.507 kJ-mol™, J W A7 76 AT 36 M 7K i A 7K
TR R 8 AT [ B A A
2.3 BODIZf
2.3.1 BODM 5B A9 EE /R L X318 %2

TE KR Ry 25 °C, SRy I [E] 2 48 h, i 5] B
J10 mLIYZ&AF T R FEA A BODM 5k 2 #1 28 /K
X1 g BODM J i A i BOD 13 % 152 1, 2 BODM
5 R A0 B EE R LA 2:1,6:1,10:1,14:1,15:1,
18:1,20: 1, 45 R 4 fir s o th B 4 °T LLE B
BODM 5 fik Jig 8 & K LL (Y 3 i, BOD 149 153 #56 5 3 i
Se B g vk B e, BODM 5 65k R B A F A4 BE R L
H5:1 . ST IX Al RE = T T EE SR HE O 1501 BRI
G4 N, ARSI JINEE IR L, 23 B A4 3 Hh e R 40 FH 4t
ok v AT 5 W o B I A BRI ) L A A R AR
23.2 REEEBEXNFENIME

TE J I 38 B M 35 °C, BODM 5 Bk 2 #1 BE /R e N
15:1, R B 20 mL Y &4 T, BRFEA 6] (9 S 1
BfE(2,4,8,12,16,24,36,48,60,72 h) X 1 g
BODM J i A it BOD 15 F& (1 52 Wil , 25 58 4l 1&] 5 i 75 o
i 18 5 7] LUt 7E 0~8 h P, Bt S 07 IF (] (9 38 i, 45
R BT VA N 8 h, &N 5E 4, 15 R K
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941
921
901
88|
86
841
821
80F
781
761

yield / %

27 61 101 14 151 181 201
molar ratio of BODM and K,CO,

B4 BODM 5HRMHNAYEE /K HoXt BOD A A 5 i

Fig.4 Effect of molar ratio of BODM to potassium carbonate

on yield of BOD

o4
92

90r
88
861

8l
82
8

yield / %

0 10 20 30 40 50 60 70 80
time /h
B 5 S IHE % BOD 53R 1Y 5 iy

Fig.5 Effect of reaction time on yield of BOD

8~72 h PN, i 75 S5 7 B[] (4 386 00, 7535 il 28 55k - A
VB FE IR BE A 35 °C, %70 20 mLAY 14,8 h By

] & 28 I 05 58 4 RN o AR T SCmk (13 J 418 7Y 25 °C
T 1 g BODMTE 2 mL¥ 5 T I 48 h, 54 K 1 2
Tk B2 N 70 A, Rl 2D 1 B g B ]

233 RENEBREXBSZEMNFNE

16 5 B W] K 8 h, BODM 55 % iR 41 B8 /K LL
15: 1, % FIHEE R 20 mL 5500 F IR 58 AN 1) 19 )5 7
M (25,35,45,55,65 °C) X 1 g BODM J I 4 1
BOD 13 % i 5% M , 52 46 45 SR 4N 1581 6 BT 78 o Hi &1 6 Al L)
FAE 0~40 °CIN , Bl & LB 9 T 1, BOD 15 R 212
T 1E 40~65 CZIA], B & R B 09 I, BOD 1Y 14
RO MR BEWITE S R AR N AT e S 2R
2R W AR, AHAC T SCHR[21 J4GE R 1 g BODM
50 mLIER T AR E M 2 h, 88 KT B i [a], B
AT B 3 3 R AR 0
234 BFAENHEEMNTIE

FE B ] R 8 h, 2 N ik R 35 °C,BODM 5
B R S EE JK L i 151 M55 AR o BRSEAS [m] B 35 50
(10,20, 30,40,50 mL) X} 1 g BODM & i 4= A%
BOD 133 iy 5 M , 5246 45 S an 18 7 /s o | &1 7 ml 0
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1094 BEIS , E/NE AR T, 56 G, X, bk
o 3 FERLRERTRL
ol Table 3 Orthogonal experiment table
90k experiment A/h B/C C/mL D/ %
£ ol /‘-ﬂ\-\« 1" 2 25 20 88.4
§ 86l 2# 2 45 30 89.7
sl 3* 2 65 40 87.9
gl 4* 4 25 30 90.7
5 4 45 40 89.0
85 30 40 50 60 70 6" 4 65 20 85.7
temperature / °C - 8 ”s 40 89.9
(Y SOREEN P 8* 8 45 20 91.0
Fig.6 Effect of reaction temperature on yield of BOD 9* 8 65 30 89.4
k1 88.67 89.67 88.37
r k2 88.47 89.9 89.93
92r k3 90.1 87.67 88.93
. o0 range R 1.63 2.23 1.56
Z 88 /_\é-'—< primary and secondary order of factors B>A>C
2 86t superior level A3 B2 C2
841 optimal combination A3B2C2
821 optimal yield 94%
80 10 20 30 20 50 Note: A is reaction time. B is reaction temperature. C is solvent dosage. k1 is
solvent / mL the mean of the yield with a level of 1. k2 is the mean of the yield

B 7 R H X BOD fi #8052
Fig.7 Effect of solvent dosage on yield of BOD

it 5 75 57 FH B (0 38 22, BOD (945 R L B H Je b6 KR
TPR ARG AL . DERIAEIRE N 35 °CL ¥ 20 mLiY
ST SN ) C 2 B SN 56 A, Ak 25 ORI R T
RS R A W] W A4 &
2.3.5 IEXLW

i Ao PR 2R S T AT R R )R R R L
FH 3 34N P X BOD 45 54 B 8 i 52 ) , PR )
PLE 3AS PR B AT IE 28 SE B sk IR R A 1 T2 5% A o
SN ISE ] E B 2, 4,8 hy S N il BE e B 25, 35,45 °C;
%) R R 20,30,40 mL, P ZEKEFR N 2 7
IR IEAE SIS e g g 3 fron o 3 a4 22 4 BT G
S A5 28 /N Y S 0 DR 2R+ S L BE > 2 N ] >
BRI BN T L& R Bt E N 8 h,
S FE Ry 45 °C L& 30 mL, 133K 94% .,

R2 IEEBHRKFE

Table 2 Orthogonal experimental factor level table

A B C
level )
time / h temperature / °C solvent / mL
1 2 25 20
2 4 45 30
3 8 65 40

Chinese _Journal of Energetic Materials, Vol.31, No.11, 2023 (1090-1096)

with a level of 2. k3 is the mean of the yield with a level of 3. R is

range.

2.4 BOD HyMERE

XF BOD #47 DSC il 2 ok 2 fiF H: 34 43 ik M 6E L T
T B E R 5 Kemin™, 4n & 8 B zx , 7] LLF i BOD
TE 50 ~ 350 CZ ], Se W ARl Ak , 5 i3 fi# . BOD
TE196.41 CH Mh @Ak, Al AL &R 7,8 197.18 °C, ¥
U I T, 249.98 °C, 4 Wi T, 278.37 °C,
AL TR Tl 239.74 °C,

ANFETHE T 1) BOD [ DSC 45 5 an & 8 fir
N, HE 8 AT LA 1, BOD A fill ke 0 3 76 K [ I i %
AR AE RN AE A B A TR R T o e TR
Bl 2 TH o 3R B T AR R R RN R i L
AN 5] R R ORREAR M 1, A7 A i Je P o B T TR
PR, 4 fifp 04 T A e, WA TR RO, W T A R B

7 425 BOD K DSC %4l o #3 4f5 I 45 1) DSC %X
Wi, 45 A Kissinger 2 /0] LLR H BOD W36 1L AE , #H ¢
AR (R(3)):
|n|:'BJ=_Ea+In(AR) (3)

72| RT, E,

P
o B R THIR K, KeminT'; T, #4041 4R IR
BE,°C 5 T, 2y 453 itk W (IR B, °C 5 R Ay B AR SO 8K,
8.314 J-mol™ -K™'; E, HififkEE,)-mol™; AN FE 1T N+
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— 20 K-min”

T,198.28 °C T,297.94 C
—15K-min”

T.197.47 °CL T,287.82 °C
—10 K-min”

T,197.38 CV
— 5 Kmin’ T, 27837 °C

T, 197.18 °cu

50 100 150 200 250 300 350
temperature / °C

B8 AIF T A T BOD i) DSC £k
Fig.8 DSC curves of BOD at different heating rates

%4 BODHY DSCH
Table 4 DSC results of the BOD

endothermal =— heat flow / MW —gxothermic

B T, T T 2

. P b n[g/72] 10007
/ K-min /°C / °C /k P
5 249.98 278.37 551.52 -11.016 1.81
10 260.06 287.82 560.97 -10.357 1.78
15 270.29 297.94 571.09 -9.987 1.75
20 278.41 305.04 578.19 -9.724 1.73

Note: B is heating rate. T is thermal decomposition starting temperature.

T is thermal decomposition peak temperature.
P

M P8 5 (3) A LI BOD WG fk i E,
131.71 kJ-mol™'(=0.989) , 8 /i K T InA N 27 .4,

3 & it

(1) 7K 1, BODM H fl—[ O ]—H i It i 7
5H,0M M HE OH---O &4, i 5 —[O]—[C—=0]—
HFE) O—CHEW 2, H,O H () H 1 —OH # 4> 3| T
—[O]—M—[C=0O]— i ¥ i,—OH f—COOH
SLH

(2) 3 3 B XRD L FTIR 4% 7% 25 % BOD 14 45 ¥4
PEAT THESE . 45 B3R BOD fY 24 5 45 M J& T 2a )
Z,% XX H CHNO,, =5l R C2/c, z=4, a=
15.0958(16) A,b=4.1594(5) A,c=12.799(3) A,a=
90°,8=105.361(7)°,y=90°, v=774.9(2) A’, D=
1.698 g-cm™,

(3) 38 1 AR 28 206 B AE 38 SE Al G T AR 0 T
&M N 45 °CF , BODM 1E B BR 41 Y P B2 9 TR
(30 mL) HK fif K1 8 h, 755 A 94% , A LL SCilik 2 38
1 T2 BT et .
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Hydrolysis Mechanism and Synthesis Technology of 3,3’-Bi(1,2,4-oxadiazole) ]-5,5'-diyldimethanol (BOD)

XUE Da', WANG Xiao-jun*, XU Zi-shuai*, WANG Shou-fei*, LI Yong-xiang', LIU Wei’, CAO Duan-lin’
(1. School of Chemistry and Chemical Engineering , North University of China, Taiyuan 030051, China; 2. Gansu Yin guang Chemical Industry Group Co,
Ltd, Yinguang 730900, Chinas; 3. School of Environment and Safety Engineering , North University of China s Taiyuan 030051, China)

Abstract: The reaction mechanism of intermediate 3,3’-Bis(1, 2, 4-oxadiazole) ]-5, 5'-diyldimethanol acetate (BODM) hydro-
lyzed to 3,3'-Bi(1, 2, 4-oxadiazole)-5, 5'-diyldimethanol (BOD) was investigated by theoretical calculation. The synthesis pro-
cess was optimized by single factor experiment and orthogonal experiment. The structure and properties of BOD were analyzed
by XRD, FTIR, NMR and DSC. It was found that the reaction mechanism was the lone pair electrons in BODM —[O ]— formed
an OH---O hydrogen bond with H in H,O, then the O—C bond in —[O]—[C=0O ]—broke, and the H and OH bonds in H20
formed —OH and —COOH group in —[O]— and —[C—=0O]—, respectively. and found that the crystal of BOD belong to the
monoclinic system, the space group is C2/c, the cell angle @=90°, 8=105.361(7)°, y=90°, the cell volume v=774.9(2) A’, the

3

density p=1.698 g-cm™. The melting point and decomposition peak temperature were 197.18 °C and 278.37 °C, respectively.
The results of single factor experiment showed that with the increase of reaction time and solvent, the yield of BOD increased at
first and then became stable. With the increase of reaction temperature, the yield of BOD increased slowly and then decreased
rapidly. With the increase of material ratio, the yield of BOD increased first and then decreased. In addition, the optimal process
conditions were obtained by orthogonal experiment: BODM hydrolyzed in potassium carbonate methanol solution at 45 °C for 8
h, in which the molar ratio of BODM to potassium carbonate was 15:1, and the yield was 94%. This study provides theoretical
basis and experimental reference for scaling up and large-scale production of BOD.

Key words: 3,3'-bis(1,2,4-oxadiazole) 1-5,5'-diyldimethanol;reaction mechanism;cast explosive carrier;process optimization
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