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YEF , & B AY BR B AF B it B vh 2 5 RO, B B4 s R 5 A i B 17 A B R BR R, R T 2 BRIk B B (R AT 5 I AR BR B, 4Bk
LI RREART 18% ~41% ,
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5.5 7L I 3.5 TR AR g (TAT LT SRt AL 1 TAT 4 L7
AHMNX ) A TSN TAT B M gy s P SIRIIRERAE ARSI CwE LB e
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3SR L3S T WA RUR (3.3 T B " % e
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Fbe | S8 A 4 L B R U B (AR, AR i B e 4k T3 )
J7) , TeK B R 5 (AR [ 25 48 AL~ iR A R 2 | ) o

AVANCE Il %1 500MHz #% % 2L 98 1 ( # 4 Bruk-
er 7)) ,GC-9860 AR @AY ( [ ifgar FHAE B RHA
MR H]) , Trace 1300 GC-1SQ MS “SAH (4, 3% - it 1% 1K 1]
I (£ E Thermo A #] ), Finnigan TSQ Quantum ultra
AM B BTEAYL ( 55 [ Finnigan 23 H]) o
2.3 MENEREWLRE

BEAR A Bl 1 5 WY Ak B N 2 BR SR [ 6 ] 7 ik
17

0.1 mol ff & in A e, 2212 3 A 0.1 mol
37 % By WKW, FE i b . IR 1 h 5, THER
£ 65 CYhLL/ N 2.5 ho R E5H )G, 6] ) 44 &
T — 7€ 1 1 SR A, B A J5 v 20 2 = I
N s 4 S Sl N = = I X BT D VNS R NS R U 3
1 A R X TR A5 0 1) LU 491 0 AT 2 A AT

N-ZH I E TR (2a): '"H NMR (500 MHz,
CDCl,) §=4.18 (s, 2H), 2.66 ~2.62 (m, 2H),
2.47 ~2.43 (m, 2H), 1.49 ~1.28 (m, 8H), 0.93
~0.90 (m, 6H); "C NMR (125 MHz, CDCl,) §=
83.5,51.9,29.4,20.8, 14.1,

n(N-F2HETTFETRE) : n(ZIETH)=0.48 : 0.52,

N-5H I3~ FHE(2b): '"H NMR (500 MHz,
CDCl,) §=2.96 ~2.88 (m, 2H), 2.15 (s, 2H),
1.03 (d, 12H, J=6.6 Hz); "C NMR (125 MHz,
CDCl,) §=50.1, 31.3, 19.8; MS(ESI) m/z ; 132
[M+1]7, 4y,

N-¥2H 3 — &N B (2¢) : "H NMR (500 MHz,
CDCl,) §=5.88 ~5.79 (m, 2H), 5.22 ~5.09 (m,
4H), 4.16 (s, 2H), 3.31 ~3.26 (m, 2H), 3.16
~3.11 (m, 2H); "C NMR (125 MHz, CDCl,) 8=
136.0, 117.2, 82.5, 53.8,

n(N-FHEE IR © n( —MNE)=0.33 : 0.67,

I e ) 2 FH Ak s 0 2 IR SR [ 7 -8 ] 7 ik il AT

3 (0.1 mol) ZRHEEIM AR, vk -
TEMEHA 8.71 g(0.1 mol) mhukk, Jil ZU 4 ¢, I 5¢
MRS d L vk . RO 2 h i E 60 C e
B10 he BHIZE SR A CH,CL, A A @ AT
b UE WO DR, U 1R o 2 NS S B R B
A o 3 b A e X TR A 0 0 LB AT E AT

N-% B gk (2d): '"H NMR (500 MHz,
CDCl,) §=4.14 (s, 2H), 3.75 ~3.69 (m, 4H),
2.72~2.67 (m, 4H), 2.04 (br, TH); "C NMR
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(125 MHz, CDCl,) §=87.3, 67.0, 49.8,

Rk B kg (2d): 'H NMR (500 MHz,
CDCl,) §=3.75~3.69 (m, 8H), 2.91(s, 2H),
2.50(br, 8H); "C NMR (125 MHz, CDCl,) §=
81.6, 67.0,52.0,

n(N-FEH k) © n( —igpkHBE)=0.47 : 0.53,
2.4 N-ZHRENRDNZEHH RN

B 5 N-F2 LR TR A 4 (35 5 mmol) Al
LRI (6 mmol) KU hin A B Be il b, 3 £ 34 27, i
ZE85 CMi2h®, RE4HRE, HERAHES
W, A CH,CL B, A LA IR A NaHCO, % i
VR TR FZ TR IR B BR K S b U 8 s 78
TR 50 A5 B L0 RE AR, T3 4" H NMR |
" C NMREGI , I 5 STk HE A A

N,N-"IE TR e (3a) " . "H NMR (500 MHz,
CDCl,) §=3.30 (t, 2H, J=7.7 Hz), 3.21 (t, 2H,
J=7.7 Hz), 2.09 (s, 3H), 1.58 ~1.47 (m, 4H),
1.37 ~1.27 (m, 4H), 0.95 (t, 3H, J=7.4Hz),
0.92 (t, 3H, J=7.4Hz); "C NMR (125 MHz,
CDCl,) §=170.2, 48.6, 45.5, 31.1, 29.9, 21.5,
20.3,20.1,13.9, 13.8,

N,N-"S2 N (3b) . "H NMR (500 MHz,
CDCl,) §=3.92 ~3.87 (m, TH), 3.53 (br, TH),
2.08 (s,3H),1.37 (d, 6H, J=6.8 Hz), 1.21 (d,
6H, J=6.8 Hz); "C NMR (125 MHz,CDCl,) &=
169.6, 49.3, 45.5, 24.0, 21.0, 20.6,

N, N-"J@&NIEZ B (3¢) ™ . "H NMR (500 MHz,
CDCl,) §=5.80 ~5.71 (m, 2H), 5.22 ~5.10 (m,
4H), 3.98 (d, 2H, J=6.0 Hz), 3.87 ~3.85 (m,
2H), 2.10 (s, 3H); "C NMR (125 MHz,CDCl,)
8=170.7, 133.3, 132.7, 117.3, 116.6, 50.0,
47.8,21.4,

N-Z, fit gk (3d)™ . "H NMR (500 MHz,
CDCl,) §=3.68 (q, 4H, J=5.3 Hz), 3.62 (t, 2H,
J=4.8 Hz), 3.47 (t, 2H, J=4.8 Hz), 2.10 (s,
3H); "C NMR (125 MHz, CDCI,) §=169.2, 66.8,
66.6, 46.6, 41.7,21.1,

3 H#REITRR

3. “ETREEEREMEVHZBURE

U5 mmol WY ( ZIE T B S =Lz WALfT A= 4)
A 6 mmol B Z BRI T 85 CJ ) 2 h, % ZL i g
Bl o IV B RS, S5 RN R 1 TR .
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®1 TIETHS NRWIETIET RH LB S
Table 1 Acetylation of dibutylamine and N-hydroxymethyl-

dibutylamine

NH, NO. ield
entry  substrate ¢ ’ yie

/mmol /%%
IS
1 H - 83
1a
IS
2 H 5 85

1a
P YN N Ve NN

+

3" H - 100
1a HO™ 2a
P YN N N N
4" H N 5 73
1a HO™ 2a
Note: 1) The molar ratio of Ta and 2a is 52 : 48. 2) Isolated yields.

M PR LU LT IR T R SRR R
BZHIMA S 15 % BB 25 R TG W W . 5 A N-R
B TOE T M A A, TCRE R B, £ mE Ak 7 A2 ] 3k F)
100% , LB N-J2 L —OF T e b A7 S ek is ve s T
AR R T, XS B RN U T v R T A
PP 43 BT — B, 5340, T H NMR fil GC-MS 3
TRE W CWEAL BN PR AT B , 45 2R s S i AR i
— BB N, N-"1E T 5 L BE (N-BEAL ™= 1) , IF %
A I B HE 2 MR (O-BEAL 7= W) o Ui W £ It 2
LR S, T AT R A T e AR R AR B
X — A AT LU A Ak i 20% JEE R Y Y £ R AR
AT LLAR ] 100% 7 AR 45 R B e W] . H2, A N-2EH
e AR T AT ARSI AR R B 2 AR £ I AL Y )
WeR B R RRAR , DLW AN R B k) N IR IR T IR &

POt e S I ELAT 41 1 4
3.2 R¥MWRRE

WA R P9 %) 2 kA 5 14 5% i, B 5 mmol
PP M A S 6 mmol (i 4 7.5 mmol) iy £ 1R
Jif i F 85 °CR N 2 h, 255 5k 2 o,

MR 2 ] DUE AN IR I R P A 2 kA
ML T R B L A BN N-Z A=, A Y
S RYFR BT, TR AL 7= 0 A WA AN [R) A 1 B A1
Ut B Z Al R e X AN [R) 45 40 N33 R LU 1) & Tk e 2 o
(R i R LA o M . AE T A S T 3 R B, s A%
PR RS R B AE £ TR I v A s i AR 22, B N-FR TR
AU A7 A B, LI S0 445 o T i B TG ) A s T A
N-32 F RS AU I, 2 10 495 R i 2 e 4 0 1 ik, T L 44k
oy el TR PR L, X AT B N M AE R S
N-J22 TP A0 T A Jd T 1% PR R 22 ) & A T B, A B
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T ALY, I G R 5 R A e i R A F)
BEAL TG A F R /N AT 2B B B 22 4T

R2 AR N-FRERUL B 2 A B )5
Table 2  Acetolysis of N-hydroxymethyldialkylamines

ald?) vield?)
entry substrate product ?:)/eold y'?i;:
1a+2 P TN
a+2a
! (52:48) AO 3 100 73
2. 2b A 51 24
/&0 3b
0]
3 Tc+2c N (00 o
(67 :33) AN 3
HO N, NN ~0
K/O O\) K/O N
4 2 2 [ j a8 69
0
(47 . 53)
Note: 1) Isolated yields. 2) In the presence of NH,NO;(5 mmol), isolated
yields.

3.3 BENZEBUERMNEM

T B Gy MR S0 2 SR N B TAT (9 G sl 3
R L, AR S ig e Ak 7R 31 3 5-= 2
B JL-1,3,5,7 -0 & 2% P02 e 1T S R AL 1) el bk 5 T
B 454 P2 R ¥ 5 mmol 1Y N-3 G e ok il —
ek F ks IR S i A B 7.5 mmol 14 28R B o S
2 h, B E TR X R AL RN B S, SRR A5 R LK 3

&3 MREEX 2 WAL RN R

Table 3  Effect of reaction temperature on acetylation reaction
entry . temperature/°C  reaction system yield/%*’

1 0 (CH,CO),0 58

2 25 (CH,CO),0 66

3 25 (CH,CO),0—CH,CI} 63

4 25 (CH,CO),0—NH,NO} 64

5 85 (CH,CO),0 87

Note: 1) CH,Cl,(10 mL). 2) NH,NO;(5 mmol). 3) Isolated yields.

MR 3 rhoal LU, il BE X B N 45 2R 5 A K
56 3% VY A AR IR o W R 3 AT B A B0 T R B
P Ak R AR AT B 3G . A S, SN 4 i vk B e
%, AW LT AR AL, U ITZ BN i & PEAR & . & i
FF A TG i 2 e A7 AE O AN 5% el s g 45 5, PTRE 2 i T 3%
T I i R B A BB 5 S g 3ok 8 v 7 A ) /N g3 RO, TR
R A Z AR .
3.4 ZEit RNHLE

MG KA, N-F2 HH U A A5+ F AR+ PR
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ARz B S R I 3EAT £ B Ak SN A7 7R 9
Al REYE (Scheme 2) : DVER itk Bt (3 2oy X
a) s LV R oy kB GERO X b) o R LA
J A R B W S A s R v ) A4 4 SR R
FIEE R LS 3 N-C B ™) 3, W IE s 14
i A B H 5 G SR DL S R by DU A o B R
N B & R A AL G 5,8 5 DLV E IR T &
A AL SO A5 B N-CBEAE 9 3 . R iR, H
ERIE b 53 B, U U 09 53 A DR T A AR
T e EOT K a e OB T BEPE B R, 5L
b FETIE TR N-JR O TR TR & A N,
FI'H NMR H1I GC-MS X ) i #1785, % B & Ik A 2
MR TR R A A TR AR RN

B R\N /‘\O)J\ %’I-\ 8 fg R J‘I\ )l\ )K
more nucleophilic be Fl{ 5
a
R \3. // \)J\ ﬁ notdetected 3 not detected
; e o 9
2 S0 — R A+ g HCHO
Y N OH NH,4NO.
less nucleophilic R R N
CH5COO soluble compounds
4 3

Scheme 2 Mechanism of the acetolysis

Sy i — 2 UE S bR O G R, BT T P AL S
(1) L 7R R i 11 3 R Ak 7= o DO, 78 2 1R T - il
BR%E I N, AR B 0.5 h B — kR, 2 @3 ik
(TLC) BREE , A MT MR R ALY 5 (2) S CHk[14 ],
il & — TR W H R, 5 RN iR & i A o EA T X H

TLC BB R A 45 50 8% ,0. 5 h B JEORE ST 2%
HEBWELR] N-Z b= i, 1,1.5 h fl2 h iy TLC
G55 0.5 h AP A IR o Al R 4 5, N-2 Tk iz Wi R
SREAR H 3o AR R R & BLISURL A . BT LB A S IR
A S5EIR TN WAL RN . 2 5 A L TR I
HE W LW RGPS N, N-"%¢ 3t 2, B i
— B A AE N-F2 B R4 H A5 ™ P 00 A% i L PR b O
KER WA BEAEAE. 5o % N, N-ZIET
Jii 5 N-¥2 PR3 — 0 T e IR A W Ik A6 J5 R &b 3
HCRERE I, HONMR 8 R IR AW hER T N, N-—
IET 3L SNEA LR EEIREE N 1 2 1,

I T2 e J AT 4 3 o v A B3 W £k R A
Y R R G IR — R F . R
A IR TR S5 A, 2 IF T B iRk . —F
TR AR P 2 AU R A B 2 AR R s A
ULASRR B M AT RE A PIANE . — 25 C Bk

Chinese Journal of Energetic Materials, Vol.23, No.11, 2015 (1079-1083)

JO7 7 A ) RS A 5 A BN AR 1 T R
PR A Y, RIS S RV G T R R
5 g R, DT A9 o 3k — 2 20 WA SR R AT .
X A HE TS HR WL S 06 B G ANk R S P A b LR
LAk 7= 4 N-32 3B (TR & 9 i AT & Ak s i
fR 3 R e A R e 2 Bl SN EA T IR T O i L 2 1
b 7= R BRAR R Z AT Pl e 1 R R A7 E

ZF TR, S0 45 A B /R T B R R T A
B R T, SR BN 13 1 27 38 a SE
3.5 DAPT Z B:ifig il & TAT B & B

R FE R W] LU T B DAPT £ Bt fif 5 1k
TAT (R HLEE . BF5E B, DAPT 78 LK &1 (2
PR IR 2R ) B I I, = R ARAIE , 3Rl 10 £% 24 & 1Y
TR B ad O TR R DL B A A R Ok 4R T R
Lukasavage %' 4% DAPT 7£ Z IR T -/K -4 )& A ALy o
KV, ATA 2] 81% 19 TAT, & BUK A9 I A B i A il 5
Foa e s o AT e, KA 4 R A W 1
NAEALT, =R AE 80% £ A7, TS m LB, #
RIS IEATAEAR T, 72 110 °C ) i 5, AL fE 45 5] 20%
B TAT; 25 A — & B A KR, Je R T ki 3 42 = 5]
74% o ZEA LA b SCRRIRAE AT 0L, 2K A A KT B 45
A K 52, RE G PR SR I B R LA
I L5 A SCRR 25 2R, UESE T DAPT & Mt i i B2 b i
PErf AR 7-B P L1 ,3,5-= 2 1,35, 7-TU A
e ERE(8) , N IR Scheme 3 T 7R

OAc
Al\c

N
N
V( T g ] Ac,0 N
Ac— N\AC—> Ac—N N—ACWAC—N N—Ac
LN/ N unfavorable LNJ
DAPT A o /‘I\ TAT
! C\H\;O r roi0” ¢
N7 avorable
Ac—N N—Ac
\
Ac 8
more reactive
Scheme 3 Proposed process to prepare TAT from DAPT

DAPT 1 [ 7 B 98 15 IR I & A= I B 0 e 4+ 31
7-C B -1 ,3,5- = O WERE-T,3,5,7-D0 A 4R
Warke(7) 7% SRR T LB R A7 e RS 7 -0 R
TR T =BT B, it — 20 & 4 Sl AL 520 T
A PR X, A0 S O R HE AT, 5 210 AF i L
B, I BRI BE 4 45 AR 110 CCRY Sl 24 m A K
Ja ACGW 7 K AK R B R AL Y 8, 5 Z A EK
MRS TR AL S 5, B 5 et WAL SR . SRR
B, 7K 5 B AL SOV AE 30 °CZe A7 3t Al RUBTA AT o
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Acetolysis of N-hydroxymethyl Tertiary Amines and its Application in the Reaction of TAT from DAPT

ZOU Po, WAN Zi-juan, LUO Jun
( School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract. In order to understand the reaction mechanism of TAT from DAPT, N-hydroxymethyl tertiary amines were prepared with
secondary amines and formaldehyde as starting materials. The effect of ammonium nitrate on acetolysis reaction of N-hydroxym-
ethyl tertiary amines was also studied. Results show that the acetolysis reaction occurres via N-attack instead of O-attack, then the
N-hydroxymethyl is removed to obtain N-acylated product. Preparation of TAT was accomplished by hydrolysis and acetylation of
7-acetoxymethyl-1,3,5- triacetyl-1,3,5,7-tetraazacyclooctane, which was converted from DAPT. The acetolysis reaction can be
deactivated by nitrate, which is obtained from secondary amine and nitric acid, which is generated by acetolysis reaction of am-
monium nitrate. The acetylation yield reduces 18% —41% in the presence of ammonium nitrate.

Key words: acetolysis; N-hydroxymethyl tertiary amine; N, N-dialkyl acetamide; 3,7-diacetyl-1,3,5,7-tetraaza bicyclo[3.3.1]
nonane (DAPT); 1,3,5,7-tetraacetyl-1,3,5,7-tetraazacyclooctane (TAT) ; reaction mechanism; ammonium nitrate
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