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AR XN X—RA OO THHIREEE
{22\, Hemming H3= 7 3 ALAHOEER
R Lo THEE LA e BEEMOMIic L a
AR LN & LTWAY, EETIIREFLN1-T =
ZATF P/ BHEBLUTAXNVERBT T
S=MIONWT, BBREOBREEMICHT IR LH
?‘]’ L_Cll\é'i).s)o

L L= pj ¥ —HHOPTH T ML ORE
EMED 8, FHHIC HRIESIRE RN 5 DICEY
RREIBAELICLL, ThETHoRZRMMEMN
BTV, £ TANETHMNRL TR
X—$H L LT, HdiMEE2H 15 4 foEBAH
7TIoAHN,-CH,-R(7¥ k=¥ :R=CH,;, 7%
RAFAAFLZ—=F)N : R=0CH,, 7L K7k}
73 F:R=CONH, 7Y K7+% k> :R=COCH,)
(Fig. 1) B, M3 - RERBREL S ERVESR
M@ TETAMRERLD L L BHIZ, HTFEED
DOEBEN, HRT J(eHORETEEICKIZTREIC
DNTRM LI, Fo, BREOELSSFIHERR
BT RN X —ILEZ D EBIZHOWTRNT D128
I, THaHEE{To 7,

2. REBELUEH
2. 1 A7 IEPOSH
ThoDFRT Cemidv-h b, BEEOBRICL



Azidoethane
Ns—CHz—CHg

Azidomethylmethylether
N3—CH,—O0—CHj

Azidoacetamide (]
Na_CHz—C’-’NHz

Azidoacetone 0O
Ng—CH,—C—CHj

Fig. 1 Chemical structures of substituted organic
azide compounds.

DRBENTWVWEEREEBEILITH1, 208
Z2 OO, MPSECHIEARRELZ RV
WTCBREIT> 1. BT F7E M7 2 FILE
HCEEK, Totho{bdBhitikiEThoTz, RO
HORIEKILX, HRORENGRS, T 1ELE2H
Y~
ARICL > THONLEMIT, BHRERT ) ]
D7 — ) = EHHRA R FT-IR8100, H R
v k77 78 &5 HE GCMS-QP5000 % AV Tl
ETHEELIZ, SEE, AFREFEROTa b
BB A 4y 63 INM-EX 270 FT-NMR #Alvy, R
Mo —rsOFECL VR L, REZAVWEE
BT 1 vol% DT FFAFAL T EELI TN
FYyFTx (R DEAFL aafrv sz
IR Y A

2 1.1 FUPFTH9 V08

T R & DERE Nielsen 5D FEEIZ L DT~
728, Fi, TYREEARME LTAWET FF A
FAYLT == LT Y Rl Papa DHHEI L - TH
LI,

50ml DAKIZHERIET-3.3g DT LT FY O u%k
KB LAAS 2050 THI4AmI 2|/ TLT, 7
{bA#FELEREYE, PoFre—FNITBERIETR,
1000mID=Fay 7 {{&FRAT7FAaPT58gDT
b AFNIT 2V ZMAT P FNT—FT VIR
30ml KB T THRE L, Zhic7 HbkFoo
Frz—F NVEEE IFREHNT TR, TO%—BE
B EGHT 2, ERLET R AFA ST =CULT
CRIEFH T —va s Lo TR E RV E, R
NIRRT 2 30ml ICER S, 5B THIET Gt
BRI L UBRERELE, BOohRET + T
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AFNTT =P GhT Y R/AATT AR T— R
TH2.6gFMAT, I0MHIBPLI-H, MET TR
REBCEERE LT o 71Tk T 5 &, E@KkD
TV RzFUoRBLNnT,

I3 0.70g, IEIX59. 2% TH-7~, 'NMR
(TMS, CDC3) DRIERERIL § (ppm) : 3.29(2H, m),
2.20H,t) Ch o7z, E-HESHHOBETCIIMS
(m/z) : 28(100), 27(84.1), 15(76.0), 42(53.0),
26(23.8), 71(18.41:M" )i — 27 A3 Lh i,

2 1.2 PUVFAFLAFAI—-FLOEGRE

TV RAFARAFA—FADOEME, ZhETHE
[P LD FENRRENRTWEY, 220, ABF
FTiE Nielsen HIZ L2 D57 2 K& 08k iE% 7
CRAFNARAFNT—FNICERLTER L=, 44
A— FAFARFAT—F L EFTEHIAN TS 2R
A=, BRBHERBON o, #Z T, Zun
AFNAFAT—TFAZRAWL A, TERAFL
AFNZ—FTABELN, AnlZaa AFALiF
Ne—F L 1. 0g Chotz,

X 0.5g, WEIX60. 7% ThH-7, 'NMR
(TMS, CDC3) DRIERLRIL 6 (ppm) : 4. T0(2H, 5)
3.55(3H, s) Th»o7=. E-HEHWHOBE T
MS(m/z) : 28(100), 14(75. 5), 45(48. 6), 30(28.9),
31(8.1),872. : M) Iz v— 2/ N{L NI,

2. 1.3 FUoFFPE MNP FOEH

TYER7E M7 2 FOAR N, Foster bR 7T
CREHRL T T T AKDRBIC LB FEERRLT
W3%, LhL, TOHELRED COMBRENRS
EFRTEY, Tk, SROBIBATIADEBRENE
EThHd, TIT, EFRTIXI7unT7E LTI NE
Bz ToFRaRiEE Ay,

100ml E—H—FC, 50mlOKiZZ/aaFE 7
I RATgETUbF MY O L3 g R BMREY, il
THIBLEBSOKEEREE S, 71 h100ml
EMARBLAE MEzBEACTHELTTEIN %2
MEIRETHRLS &, TYRTE b7 I FOEBIERE
MG ohis,

i fkit4.5g, INRIL89.5% TH-7, 'NMR
(TMS, CDC3) DRIFERERI% 6 (ppm) : 3.99(2H,s) T
Hotz, FERSHHOME TIEIMS(m/2) : 28
(100), 44(87. 4), 14(28.5), 100(9. 1: M )iz £"— 7 1§
b=,

2. 1.4 FUORPEIMUDER
7 KRTE b rOERIL Foster 5O FiE#BEC
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(TMS, CDC3) DRIERERIL 6 (ppm) : 3.99(2H, 8),
2.203H,8) Ch o1z, ErBHEITHOMERERIT
MS(m/z) : 28(100), 43(88.7), 15(95.8),99 (7.1:M")
ite—o 2B ohi,

2. 2 RRBUEOHE

MEERHOREEE LTI, #en —REEBERE
HE (SC-DSCH T & 5 FA5r AEBRASIRIE (T\ygc) AV
oo Tpsc PBEIE Mettler #1.(8F) Bl R ZE AR
LR DSC20 v, i, BEEMIBRILE
EBDRT > L AREEE A B e, BIEBEHE
1 mg OFEBE A, RIBFEE 10K/min THE%
T,

2. 3 SHFHRERH

—RA R RN —GPBR ORI TIE, ART S
BERT CINTHIIDRIEREITHEIcH->Tx
FAF—HREKL, RPRT—EIRD, EOLDBES
OHEFT Lod S ORBEEIIE, RISROZFA¥—E &
BEBTFIIKREL RATRIEDERBOT RN X —
LDE, EIIEMT CHINERERE DI RNLX—
DEERAWEY, L LT ok, £+
BENERDFLTA PV ThI-ORSERICE
T3 A NXEF—ZBKENRD Y (Fig. 2), REOHTT
LT S 2 BT 5 0IziEE b x A ¥ —2 A5 =
LBTED, 7 IAHDHRRREDOTEH (L R X —
ZRDOB 70, FPHECITERSBREES S & X (ChRg
THN-NGEORESIGEBEL LT KEYE, #4T
RISEEUAD BB W TRaEE 2T o7 86
N XNX¥—T a7 4 — L TOEBKA2BBIRIEL
FTHBELEEL, BOonMELIMEEL LTH
WTUBBRIEMERELETY, &LICRART%
T CHBBRIERZRE LY, BRIRIE L RSN
IS & OERBOEETFEE LI X — L LT,
TG L RN X — 5RO D 53 FEEH BT R FUREKR
BRI 5IMz > #—0 HITACHI MP5800/320 i L ¥,
YEREBNSY FINAIE T 0 7 5 b3y r— MOPACS3
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H
A=——C4——N3ITTIN2==N1

H

azide
|
H—C‘i—NS +  Ne==w1
H
pitren  Ditrogen molecule

Fig. 2 Decomposition products from substituted azide
compounds

SmwW 1
Exo

N,CH,0CH,
mme
4q

,CH,CONH,
IOmWI

v
Endo N,CH,COCH,
20mW

200 250 °C

N,CH,CH,

S0 100 150

Temperature

Fig. 3 DSC charts of synthesized azide compounds.
Heating rate : 10K/min
Sample weight : about I mg
Sealed cell : stainless steel
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T, RETEEO7 L F7E b7 I Fidi#4+ 2 &
55 CHHEIC BV TRARICHIST DBRAL— 7 ARG
hi,

Toscld7 VR H PR 25C, FOVRAFALAFNL
T—FARIBC, TPV FTE M7 I FA157C, 7
VETEM/RI0CERY, BEBRIECEETRE A
Frkk, A MR, TIFRE TEFALEONECR
PAERT L ORRER LB T SE38R8 K& <
B Rbhot,

3. 2 BRBRRMLOLE:

RKELIZTFT b/ —ABHICHWT, AT
Hammett OEBETEOMIC RIFREMAH D Z &
ZRLEDMY, Zhid, 7 by ABOREREE
B DHHREEN, RREPHRICL>TET B8
THDLEEINTND, AFETHWET LIz
BBV, FHARA LI R itk TH
EEMENE L2 L b ERESRVPFELTVS
LEZLNIS, 22T, BEOHRIZLYRREN:
MREER L BOMRMSRE 2B L7, ThETR
BESRERRATHME LTRESh TE Lt
L7-%#AiTable1 THD, o, o, id Ay FOEE
EFEETHY, Flo 37 ab R BOARH
HEEED O BEHS N RRETHTHED Y, B
EEBRIEOMMAKREWIZVEFESIMAKEL, Ao
DERKENIZEBEFHREENRRENIEEZRLTY
Do BSRBAMMIEE & DB S, BTRSIMEOKE
WEREEILT ¥ FEERERELIEEMICHD &
W

Table 1 Comparing Tpg with experimental substitu-

ent constants.
‘ g, Om t g, 7Tosc
-CH, | -0.05 | -0.06 , -0.14 | 225
-OCH, 0.26 0.10 | -0.12 173
-CONH, ! nodata 0.28 0.3t | 157
-COCH, = 0.28 | 0.36 | 0.47 | 130

3. 3 SFHERAZE

BEEREHERELOERET S ks, TUF
7 b7 2 PSR R — i i A HE A R
b=, TP R7E b izb M EmH SR
WElfRONR, EBITORAFAAFALAZ—FN
I N1-N2-N3-C4- #4530 _HmHAN49° 22 LT
Y, FTEEICERD L) RIBRITIFEELRN L
Bhhoai,

Hemming Hix= b 2 {LE&#HD N-NEL D&
AR EBREMEOIMIZHMEAH D L LTSS, L
7= oT, TIBIZBNTHRLPVER 0L
KL RALZEEOMICIBNASH S = LS h-
N, AETHAWEARBOT o N2-N3 &4 E
FHEBELTHET0.BARKETHY, BRIEICLS
ZRIIEARICIEBREN o1,

BREEMIC OV TR GIX, B LISV S DBZN
HEBPEIZ R D RN X —HIZHOWT, DTAICL
DI HEBASIREE Tony & [AREIED S 5 — B O E
THIRE LERILIZBE, ToaMRbB/VEE o
CRET RN¥— L WP B L LTWBY, 7o
BT RS AR B B R — PRI RIS
B LRI H D Z L NSNS, AR XL
F—DROLYICTEHL R ¥ — % BREICH LT
HBLTHIEEZA, TR H TP RAFL
AFNE—=TNDENNSVD, BREEHEOETIC
o TR IAX—RET T2 EAR A LN
(Table 2),

4. 8 B

TRLF—PEE L TRAEERT JIeh i8S,
FOLRNX—REEEWOERGEHED 1 > THBHR
LEHIZHA L, ATEMICRITTRRBEOREICH
WAL, BBRELLT, AFLE, A M%Y
E 7TIFEBIUGTEFALELHTS 4 REORIR
BT AL HONWT, BREEEORBIEL 2 3R
BHAGIELEE Tpse 2 I L1,

FORER, BIBRENRAFABORCE - & LBV
BEMERL, HOTA VR, TIFE, 7&F

Table 2 Comparmg Tnsc with activation energnes

Heat of formation (kJ/mol) F -CH;

-OCH3 | —CONHZ -COCH,

Ground state | 272.89 | 128.10 | 146.89 | 164.34
o Transmonstate 378.91 231. 06 22855 216. 327 7
7 Activation energy 102. 96 82. 06 1 51.98
T | P s | 10
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A study on the thermal stability of organic azides

Mieko KUMASAKI', Yuji WADA', Yoshiaki AKUTSU™,
Mitsuru ARAI™, and Masamitsu TAMURA™

Four organic azide compounds (N,~CH,R, R:CH,, OCH;, COCH,; and CONH,) were synthesized
using a new safe method without heat and distillation procedures, and identified from their IR and 'H

NMR spectra.

Then their thermal stabilities were evaluated from T),s; measured with SC-DSC. As a result, the
Tpsc values for N,-CH,-R (R:CH,, OCH,, CONH,, and COCH,) were shown to be 225°C, 173,

157°C and 130°C, respectively.

As compared with substituent constants, thermal stabilities were suggested to become low due to
electron withdrawing group. The bond lengths of trigger linkages were not affected by substituent

effects.

Ground states and transition states were optimized for four azide compounds and obtained activa-
tion energies. The activation energies increase accompanying an increase in thermal stabilities.
("Department of Chemical System Engineering, School of Engineering, The University of
Tokyo, 7—3—1 Hongo, Bunkyo-ku, Tokyo 113-8656, JAPAN
“Institute of Environmental Studies, Graduate School of Frontier Sciences, The University
of Tokyo, 7—3—1 Hongo, Bunkyo-ku, Tokyo 113-0033, JAPAN)
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