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STUDY ON SYNTHESIS OF a-PINENE-MALEIC
ANHYDRIDE ADDUCT AND ITS NOVEL DERIVATIVES

ABSTRACT

Firstly, 1-isopropyl-4-methyl-bicyclo [2.2.2]-oct-5-ene-2, 3-dicarboxylic
anhydride (o-terpinene-maleic anhydride adduct, TMA) was prepared via
isomerization of a-pinene and Diels-Alder reaction with maleic anhydride in the
presence of DLB as catalyst. The main Influence factors were studied and the
optimal conditions were found by orthogonal experimental design to be as
follows: dosage of catalyst DLB 3.5% (based on the weight of a-pinene),
reaction temperature 145°C, reaction time 1.0 h, molar ratio 1.4:1 (a-pinene:
maleic anhydride). As a consequence, the yield of TMA (88.2%) was up to the
level in literature. Furthermore, the reaction time (1.0h) was shortened three
times and the purity (92.7%) increased by 7% at the optimal conditions
compared with that in literature. Beisides, the TMA product was analyzed and
characterized by IR, TLC, GC and GC-MS methods.

Secondly, N-(1-isopropyl- 2-carboxyl-4-methyl-bicyclo[2.2. 2]-oct-5 -ene-3-
carbonyl}-N- aryl-(thio) ureas were synthesized by the reaction of TMA with
substituted phenyl (thio) ureas under solvent-free condition. Mecanwhile, the
synthetic methods and purification means were also investigated. The four
prepared novel TMA derivatives which may have potential biological activities
were analyzed and characterized with TLC, IR, UV, MS, 'H-NMR and “C-
NMR methods. )

Thirdly, di-2-ethylexyl a-pinene-maleate which may be a kind of novel
plasticizer was synthesized from TMA and isooctyl alcohol using toluene-p-
sulfonic acid as catalyst. The optimal conditions were obtained by using the
orthogonal experimental design to be as follows: molar ratio 1:3.5 of TMA to
isooctyl alcohol, reaction temperature 130°C, reaction time 180min, catalyst
dosage 1.0% (based on the weight of TMA), The esterification rate amounted to
93.0% under the opimal conditions. The target product was analyzed and
characterized by TLC, IR, MS and 'H-NMR methods. Besides, di-2-ethylexyl a-
pinene-maleate was also synthesized under microwave irradiation. The result
showed that it was more light-coloured with the esterification rate of 91. 0%
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within the reaction time of 30 min comparing with the product synthesized by

traditional heating method.

Finally, a-pinene-maleamide ethanol, a kind of novel nonionic surfactant
was prepared by TMA and diethanolamine with no use of catalyst. The optimal
synthetic conditions were investigated and found to be as follows: molar ratio
1:2.2 of TMA to diethanolamine, reaction temperature 140°C, reaction time 4 h.
The yield was above 81%. It can be concluded from the critical micelle
concentration (CMC) of the target product (CMC=0.3x10"molL" ,
corresponding surface tension Gemc= 32.0mN-m™) that a-pinene-maleinamide
ethanol has satisfying surface activity.

KEY WORDS: a-pinene; «a-pinene-maleic anhydride adduct (TMA);
TMA derivatives; synthesis
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Z. BUER TMA, ANEHESKEBENTREARIZAY, *AERAH GC-
MS 3t TMA $EREL 2R AT T 2447,

2.2 WS

EXEBEFMEET, U DLB AR, oRERHK oS RENS T kRN 2
LD-AMMNRRE, 5/ TMA. RN ZRIMGF.

b2k of

o~ JRH o-F5 i



FRA¥T LRI o-FE-DRMA MR L FEUHENHERIR

2.2.1 TERY, AHIRNE

T (CHEEMRERNERAT, GC AR/ 97.36%) « L DLB: 5l
WRTH —MEF (AR, HED ¢ N, N-THEXK (AR) ; #EEER Y (CP &R
HEATERAT) « RIKEE FARERN ) ¢ ZXZ-0.5 HRERFAEER
(T RETEEFRKT) « KQC BEBBEIMMTE (AXTRIBTFHLRE
7y« ZNHW B (A XA REFEK8E7) ; DE-1018 SAXEE M
R (ALTRETENSET) .

Nicolet Nexus 470 FT-IR £Z14h i {% (£ [E Nicolet 2 &) ; HP6890 H (A%
(£H Agilent A7) ; GCMS-QP5050A B4R il i~ it EHLKA R (AF 5
AT .
2.2.2 o-FIEH GC A4

GC & EHAESEN HP-1 (30mx0.53mmx0.88um) ¢+ BFEAEN 80T
(3min) —== 5230 C (4min): mZE Ny E. Hw TREEFHH 45, 30,
300ml/min; {SHLESHPMBREF R 250C: FHHA 50:1. *

2 2.3 TMA BIE R SE1E

G, MEESRL, ERAEERE R R 250mL DG
JERA 40g B G RME, BRENAEDRMRARMEE, BATHRE 145C, WA~
B DLB AR, FIRESRMIEN a-E, M FHite. KGR, 25
R, 4 30—40min ARWEE, FRSHHLEER, RR-EHEE, B
N, NoBEEXERBTLOANREELRN. BER, BEEAN, A 10% NaCl %
RIS EREGALE 2-3 K. £EF/EXN 0.096-0. 098MPa ?ﬁﬁﬁtﬁﬂﬁkﬁr“
WwER, EETREBREFHMMERE,

*

2.2.4 EFRE
A2-1 BALKE
Table 2-1 List of the factors and levels

A B C D
KF  REERHE(T) RACHANE  HELHE®  RERTE G)

level reaction temperature  catalyst variety  catalyst dosage reaction time

Bl B2 B3

1 135 HC1/36%-38% 1.0 L0 0.5 1.0
2 145 DLB H&#dk# 1.5 2.0 1.0 1.5
3 - 156 p-CH:.CH,80:H 2.0 3.0 1.5 2.0

IEX A, DLB. X HEHE. AMSRARNNERRE, BRE=H ML
#l, EEURSLERE (A) « MR (B) . RAMMRC). RENE D) EHNAE

12



AR A L e B 3 A B R kR L gD A

E FEMEERHZAKT (BE2-1D) , B TMA BEASDRMAEMRRS
FHIER, BA LOHYTFXRBTETRE, FERREESHHNE 2-2.

£1-1 L3 ERRBHE S 4
Table 2-2  Experimental results and data analysis of the orthogonal design L, (3*)

LRT B4 (%) B 48
trial No. A/C 8 /% D yield verification
1 135 HC1/36%-28% Lo 1.0 60. 2 (+)
2 135 DLB E&M#4H 2.0 1.5 67.1 (-
4 145 HCL/36%38% 1.5 2.0 61.6 (+)
5 45 DLBE&HH#MAN 3.0 L0 85.6 (-)
6 145  p-CHyCsH8SOH 0.5 1.5 83.2 (-
7 155 HCI/36%-38% 2.0 1.5 66. 3 (+}
8 155 DLBES#4H 1.0 2.0 141 -
g 186 p-CH;CH,SOH 1.0 1.0 79,9 (+)
K; 201.5 188.1 217.5 225,71 652.2
K; 230.4 226.8 208.6 216.6
K, 220.3 237.3 226.1 209.9
Ki/3 67.2 62. 7 72.5 75.2
K3 76.8 75.6 69.5 72.2
Ki/3 73.4 9.1 75.4 T0.0
HER 9.6 16. 4 5.9 5.2 -
HkE Az B, Cy D,
EREE B>A>C>D

(+) ARLASAKNR, (<) AFBHAENR (+) A7 LAMNKAFAE,

225 TMABIIR S
0T R R =

2.2.6 TMA &) TLC 547
FIRERE AR, RRITHIN 15% (w) ZERZBGH 85% (w) FikRE, BUKSERP,

2.2,7 TMA B GC 447"

fEH HP-1 EAEH (30mx0.53mmx0.88pm) , HENE. BFEHAHE: 100C
(2min) —E2 5 260 C (4min) ; i3 K 30ml/min: BERE DI PE Y 250°C iEHE 0. 2uL
(0. 5g # & /2ml A E)

2.2.8 TMABIGC-MS 94 ~
GCHMHT 414 DB-IBHEH (30mx0.25mm=0.25um) , FAZTHES, &K
CHEEREH250C, BREFHRI00T Cmin) —2E% 4 260°C (4min) , HAjES0KPa,
SMUREES0: 1 HEHEO. 6ul (0. 5giE S /2mLARR) .

13



IRKETLFM T o~ TR A% - I KRG AT I A B E B AT AE N T 5T

MSOHr & BT HEHR (ED ; #FHE70eV; FEEE250T; KiYaE
L 2kV: FEHIHAIE35-600u; F3HilE FRO. 5s.
B IRIEE B S P NISTEE 5 H AR ERE TR, Jhsame
ki AT et

2.35R51He
2.3.1 TR GC 7

MEH a-JRMETHEE 6 FAESY, RS o-FE (EENTAR 9. 035min) #1480
FEBEEIA97.36% KBRS (1.65%) A p-JEIE (0.46%) .

538\ - HST 15X

T w 128 k- J s m min

#min

M 2-1 o-#MHeGCH

Fig.2-1 GC chromatogram of a-pinene

232 HiF4mmE

MER2-ZHERTR, BELAERKD, HEEMMERTAT Y. BLRMHE
(B) >RAHAE (A) >ELFAR (C) DRMME (D) . HEHFHERXSRAR
MEEZWME, TEMLR B GIPERRMABF C) fLK B, (DLB B &4k
T TMAWESST, ERMELT B T4 TMA B E B,NER, BEHER
BA, HREFESCEUEENEL, MEDLBAEA MM, XnRELRE. RN
EEU 146°CHE, BEIRREIASSBR DA, WERE. e FEE8m,
TMA BZ 45, EMERK. RMEN AN, WRRTATED, ZTREEK
BRI RN E, WTMNAIENERRE R, BERERRESH: ABCD).

ERBREMS, HITZKIARELR, TMA REPHN 88.2%, S0RFN 92. 7% M
BEHE TMA BREMRE&NKD: 7 DLB HARMNT, REEE 145C, RNH[E
L. Oh, #4kf DLBAE 3% (Bl a-®EHETH) . W2 88. 2%, A1[F 92. 7%, (WK%
85-90%, 4L 85%, KN A(E) 3. 5-4h"),

14



FEAERLSRY | o-FA- DM R DA E BN & AR
2,33 TMABIROH

2961 om™ R 2876cm™ APHOBIR S S PR AT P EMA RN R BE R E,
1463cm™ A8 1372 om™ 4539 BT RS RS IR B B R ENME . 1372 om?
1386 o ERCRWML, HREEHAZHEDE: F 183em! F 178Bom™ AT
B TR FE R TR C=0 MR 122lem™ HEHE C-O M GE BT Kk,
702 em™ HAWE LN CH BRSFHRDG. RS s8R hibiEs

Wn

PG
4

o (,,v-«f\r\f\

-

o

30 4

<t
X
ot 2l
1788
1224

1 Y T ¥ ¥

3 T v T *
3500 3000 €500 2500 B0 1000 00

vhem’

B2 TMAS IR #E
Fig.2-2 IR spectrum of TMA,

2.3.4 TMA B TLC £4F
MERMLERAL—MEREN (Re~0.60) » BE2-3.

----------

A 1-3 TMA B B &FE
Fig.2-3 The Thin Layer Chromatogram of TMA
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;R RF A o - T SRR DR A B L B AT AR A & TR
2.3.5 TMA BRI GC &7
MEESH TMA 2B 8 F 4, FRAD TMA (REFIFASY 21, 309min) BYHXT
&8k 92. 78%.

nw

Y T T r
? s 3 » s P .

fimin

H2-4 TMAGIGCH
Fig.2-4 The Gas chromatogram of TMA

2.3.6 TMA B GC-MS S 47 &R
ML TMANRE TR EIER (TIC) fRiEE (MS) HT08, HeFERSE
EERTINE 23, '

£ 2-3 & TMA 4 GC-MS s R
Table 2-3 GC-MS analysis result of TMA

e {RENE A g E e G- 3 72
Ne. /min Compound M.W. Content
1 13.533 |-SAE-4FE-HCO H2. 3 _HEE 206 .10
2 13.917 o K-SR B A S (PMA) 234 1.98
3 14, 458 o #A M-SR AT I (TMA) 234 90, 57
4 15. 185 R R 272 1. 66
5 15. 363 B _EY 2712 2.32
6 15. 788 B _EY 272 1.35
7 21.363 >33 @ 3. gk 332 0.67
8 23.792 EE_RY--TREFNRY 370 0.35

16



ITEXERL PR X

oS- SRR I B AR EY N S BETR

3
121 4
56 7 3
o\ A s
L} I T T T T 'I T T T T I [l L L L] l F b L] L3 ' L] T L T '
125 158 175 200 25 50

tmin

B 2-5 TMA #) TIC B
Fig.2-5 The total ion current chromatogram of TMA

u It 26
%o T T T T

B 2-6 1-FAE-4-F4-5, 6-RT=MH-2, 3 R MSH 1 54)
Fig.2-6 MS spectrum of |-isopropyl-4-methyl-5, 6- cyclohexadiene -2, 3-dicarboxylic anhydride (Peak 1)

)
F I
TN il
T T T T L) T L T T '_rl

R T T T T

B -7 o KA H-SRB S wRY (PMA) 6§ MS B (2 54)
Fig.2-7 MS spectrum of 5-methyl-7-isopropyl-bicyclo [2.2.2}-0ct-5-ene-2, 3-

. dicarboxyiic anhydride (Peak 2)
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EREH EEMIE X a- RS- DRME DAY R HEAEONE R

%

100 04
750
500

1

00

S S TS VA
1250 1500 1750 who 250
B 2-8 TMA & MSE (3 &%)
Fig.2-8 MS spectrum of TMA (Peak 3)

4 )
Llﬁr‘w; !15 T R 2|}2| LI I B gn
RO T TR T TR T

B 2-9 B4 Kt MS B (4 54)
Fig.2-9 MS spectrum of diterpene bipolymer (Peak 4)

Bp o W

0 Ko Me me e S Me we 0 I

H 2-10 8% 05 kM E KD MS B (7 545)
Fig.2-10 MS spectrum of terpenyl-bismaleianhydride (Peak 7)

10

i

?

m

151
g by P ”LQ’T‘ W g Zi’ ® g
bk Rk

B 2-11 #EFRA-B R BATh R A4 MS B (8 §4)
Fig.2-11 MS spectrum of diterpenyl —maleic anhydride {Peak 8)



ITEXFE LR o-FEA- S REM N R ARG EYN S BT

MESFAEN 8 A%, HhEERSAHEEHNMAY TMA (90.57%) , #
oYl 5.33%, EFLEMEEDREHMAY. | S (1-REE-1-FE-
5,6-F 2 "H-2, 3 ZHREAF) THEREM TMA REF S REER SR, 2 S
MS Bl5 PMA I MSBRI—1" 4 =, 5 5. 6 SEAGEZRY, HTEH 272, #
ELLEMHT, MHEETER a-ils, oKAE, v RS, BRGNS L
ENMRHE, “RYOTSERENMER, KATEREE - RY-5REE msy®,
m 8 Bi#, HFE 370, TMA THRSENR, LTI 5 DR MEH &M,
7 S, H MS BPREBMESFEFE, ATREREBHERAAE. BSREMEIR
DEENFRTREERN, PhESEERIHITHNRE. o-fHEERE, TIR
RE ik tE, BAENRELELBEHARAY, BEAELZRENT, £KU o
HORBETHLEY, R KRB NED.

F9 TMA K o-85 2% 5 Dok MEATR D-A REM EXEUmAY, EEHTHRS
B, HEMRE, SR ERNNETIE, THEEHA T

IQr=O—

s 0]

[}

@ : - [C‘?]@“" iy —0

=] e, —[OT,

|__—-— mz 162 —» miz
147

g3

= miz 191
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FRRF B AR o - SRR M Ak R LB R T A A & AR

R D REB DI (7 S#) AT R@ET AT

o
V)
&
g
d
miz 332 miz 268
CH
® 3
0 . miz244
<o CaHg. CHs.
0 - MZ216 . miz201
@
e —e—a——
m/z 288

miz 161

HE—RY-DRMEMSA (8 518 MWRERBHALT:

HC o He
Hy — Hy o
O
miz 370 miz 342
miz 327 miz 299

miz 272

WS R AT RS .
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Pl b U4 S a-HAE-DREFEMBAYR AT ENNERAR

CHg

o
Hy

2.4 /£ ,

Ll DLB A #EAH, o-FRFELELRESLRBAIET Diels-Alder RN Al #&
TMA, BUR7E 88%, ML 92%Ll E. HKERATZXEHTEM TMA ) FEHN A
E, HBEUTHERESHEAN: EBULAFE 3% (Ul o-BEHRED) » RMNERA 145
'C, RNEHE 1.0h, REWERLSY L4 (o DRERD . REREHT
TMA B R A BT KT, HAERS ™% REMESEET 2.5h.

BREA GC-MS 3 TMA BITTHEAREIN, KMR T EXEHIMED
TMA FIHRSRHE oK AH-LSREBEMEY (PMA) 5t BERF=REHR
1, —FREH BTk BRE MR RS S R A . '

21



[EAFEMHFRe T o BE-DKEHNAY R RN EYHERTA

B

(1) i, FhE SHR.MELNRAESRES IR MY ™k VENR,
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(31 8 %8R § LRS- LrelnloRsBNEnsa— 2 RDHEBL. AsEE
#, 1994, 12(1) :61-66

[4] BAg, F B R o- RS0 AR R BT %5 Tk, 1998, 18(3):1-11

[5] W&, FEL, THE, § ocBE—-SE8ENEDREHAGHRLTL et 5Tk,
1986, 6(2) :9-18

[6] Ftii, REE FHERENES 027/T 1 O & AFE S-Sk ME R ] kT
1999, 161):34-37 .

(7] AAL, F E, REE oK ﬁﬂﬁmm&wm)&n—ﬁ%ﬁmﬁmm) & (J].
HLE 5 T 0 1904, 14 (4D :61-85

(8] Mki, FXF, I & % ﬁﬁf&%%Hi%ﬁﬁﬁﬁﬂﬁm;ﬁﬁmﬁﬁﬁﬁiﬁﬁfﬁmﬁaﬁ@fmﬂ.

© bR SN, 2000, 12(3): 311-323 ,

[9] HBL, FHE Ha—RMERANERDRABEHFRII 7ML, 1999, 27(4) 14845

2



[TEAEEEEMRY o R -DEME AR EFYRTENN SRR

=% N-(-BFE-2-BE-4-BETIR[2 2. 2]-5-%H
-3-5E) -N-FE () BRHNSHMR

.15l

LU TMA A IREE B b= N-(1-R A E-2-RE-4- WA TIF(2. 2. 2]-5-F M-
IBE)-N-FE (F) K (la-1d) , KRZU BB ABERSREUEWRE N-
ML R LB BT, AR RN AR TAKER, BATHE. hamRilt
FETHERE BN, BAEE A ZRRAEY R RN ER, BEERMK
RRRK. LBIERER. AALHEH. ALEESRE. FCRAEBHEZESE TMA
HESBRAZE G REE N-BARNEREF>Y la1d, REHTHRIEAFRR
e .
ALK ERGEHEAIIA TMA, 8T IHRFHEEYBRMOFTURAE
(B RETAY, FRA TLC, IR, UV, MS. 'H—NMR I "C—NMR §E# kst
BT MRIE. AXEETRETHBFRUEALES, FRUE G MR
RERBGFT M. SR E Y la-1d R L XRME.

3.2 LWERS

3.2.1 TEEH. AL

TMA(BES); %BZ (AR) ; MHFERE (AR) ; T EEK (AR) ; RE (AR) ;
HEBRY (AR) ; “®IFEHW (AR) ; ZJ (AR) ; L/KZ M (AR) ; BHE
(AR) ; SELH (AR) ; 38%IKEM (AR) ; ZM (AR) ; A& (AR) ,

X4 EEEMEANEN CERBRUBERAR, BEITHRLE) ; DE-101S &
ARER A B 2E (AT R FHLR) 5 Nicolet Nexus 470 FT-IR 40508
% (XM Nicolet 27 ; HEEMFER GFasa (CP, FRMF LI HRAF) ; UV-
1200 R HKET (XAEEMSTAELE) 5 GCMS-QP5050A A S -JFECA X
(B&SEAF)) ; ADVANCE AV 500MHz ZBARNK FHLagwAq).

3.22 N-(1I-BAE-2-5R-4-PE-TR[2. 2. 2] 5-FH--BE) -N-FEBRH AR HEE

BLTMA AR H, EEARTERAERESE N-BLREARBARFSY la-le, £
HEREAREWNT: :
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IR KFHLFAR X a—?"ﬁ-Q*@ﬁﬂu;ﬁ%&ﬁ%ﬁ"ﬁii%ﬁ’lﬁﬁiﬂﬁ

Hel N 0
R NHp —»= RONH2H01 ....-—..2 RQ'NH—ELNH;

B &% WK AR
0 0 :
9 4 00 | [
9 3 C‘NH’C‘“NH
o + RQ—NH—C——NHz et 3
_OH
1276
0

TMA BALER la-le

1a R=H; 1b R=CH3; 1¢ R=Cl

3.2.3 N-(I-BR#-2-58-4- PRI [2. 2. 2]-5-FH-3-HR) -N- S RERFRN SR %

BLTMA R K, TRENT 5N FERBRE N-B R SR EH759 1d, K
WERMAFENT:

KSCN s
NH, —m CH3 NHaHC! . s GHg NH—C—NH;

M PR * P Kk X B 2 AR

NH—C-NHz —

CH3
o)
' 3 5 Cui ;O
I NH “NH
0

TMA o3 id



PN R JUA S a-FAR- R IS R LG SRR
3.2.4 DEEER. BPER, MEEROSHSLK”

EXEFERAGRS, RHER, BFHA 250mL S ORMNEPMA 9.31g
(0. Imol) JE, 8.OmLISKAYIKERES, AAWHISEMA 50mL ZIBK, 6.6¢ KE,
AR IAE AL 30-40min 5T 45 3G . Th Gt A omL K LEE
e ER. ERAHE, FHRAEHE BRI,

HERBEAGOHESELEER, FHUNTHEETRSEHNHKD, N—
EER, EEw, LSEATTEANNONGE, —HEERTERTENRY, FERTR
HEHE, SAERES:, BEEEANRTLETERTRESRER, CHESRSG
EAAMTF T8, HFE. THAES0LLE. SPES 147-149°C (XCIRE 117C)

HeApl ek A At TR AR . A RCERR, KRB ASFIA 174-176'T (CHKE 180C)
F 198-200°C CXEHME 200°C) o H=AFRIEHETT IR 217

3.2.5 gk R ERR AR 541"

AR RY, s, B/ 250mL =0 KRHET IMA 10.7g
(0. 1mol) XFERL, 8 OmL3SKHIIKEE, RAMEAEHMAZIEK, FB PH R4
BmiB P, A 9.7 g (0. 1mol) FiRARM, Hi#E FAEFW, KN 3h ERUE
i, S, . ESREELIMITTRES G, =% 0wl . TRIES
185—186°C (3Cik{H 188°C) . Xt H#fT IR 4447,

3.2.6 BR™ 1a-1d AR 54k

% 3. 4g (0.0125 mol) TMA HAMMT 120C, AL IG S HBAFRERE
Kﬁim,%@ﬁﬁ.%mm¥mFAﬂ£%ﬁ@ﬂﬁﬁéﬁw%ﬁl% e3Py
HEH 1b-1d.

Hﬁ#%mmaﬁﬁﬁ,ﬁﬁ?ﬁ%F%ﬁ&i%ﬁzﬁ HHAR MR 2-3
%, BK 10mL, EERMEMEAL, WELEE, RBLHAREARKTY la
g gl b,

Kbtk 16-1d.

3.2.7 la-1d MIS4F
3.2.7.1 ta-td B TLC 94k

AR ECH: KRR 0.50g MALS:, FTFRSW, HBE simL FEMHMH

=2

EERME Ghy OHBEAER. TAESN, BRINIZBRIE:BME 1.
CL5(v/v), FRJFEM 1520min, BATRAEZTHRAF[SEBEBLET. B
(A=254nm) Rf&.
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I RRET SR o RHE-SRRE AR LTV EDNERHR

3.2.7.2 ta-1d B IR 2247
FEHKBr ERH.

3.2.7.3 la-1d B MS 94F
mTEHE (B . AEEE 3500C, E8EE L2kv, FRETHKEE 35
600AMU, F3sI58 0. Bs. FEeS#i & 10. 00L/min.

3.2.7.4 la-1d B UV 2K RTE ST
AEE 0.000imol/L 7 la-ld FBill, BHLAFEHW.

3.2.3.5 1a-1d 8 "H-NMR 5 "C-NMR 447
L CD5OD %5 #] (1d B #I% DMSO), 7E 500MHz &% BI3L IR (X b #4747

3.3ZRSHIE

3.3.1 chaKER. 7 PELR, WHUFR. WEEREN R 9

3431cm™ A1 3313cm™ AL HIRIUE okt N KR P MR N-H gzl ig, &
1652cm™! b B FL) SRR Wi BREE C=O MR R5VE; 1604cm™ . 1497 cm’' I 1454em™
% EF RS B4R T5lem A 696cm™ HRERER C-H IS MR TER
W

MHEXR, FEERBAESXREEAFTERNET: 1380cm™ LHMHE C-H
T 3RS, 8llem™ &5 820cm™ MHEHMBT 1, 4-=BURZEHKS C-H WS
pRES TR . SMFEREEAL, FPERROTHR C=S BHEkzIBEE
1812em”, BN C-S SIRILEMT C=0,MIR MM LIS £1E:1524 em™, 1266cm™
1062 em™ 4 0 B B5E] N-C=S & 1. II. OI B9, po4hia ik R BRFE 3-1
ZH 3-4,
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vieni'
B 3-1 £¥é IR B#
. Fig.3-1 IR spectrum of phenylurea
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Fig.3-2 IR spectrum of p-tolylurea
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1665
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Fig.3-3 IR specirum of the p-chlorophenylurea
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Fig,3-4 IR spectrum of the p-tolylthiourea
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IR REW AR o- TR M- DR AT A R B AT A & TR

3.3.2 lald 8 FEHMITE

ERRBRESKBEEY, —REMARF KSR, Moy, EFW
[ F R 10h Bl E, H4EFEEE 60—65C. RAEMAR L —F KR
B H, hvkAks R, ik, BEAERGBSRPL BAARNAMA B, B et
¥, f#dEARAWD, EERH. ALRALATESRKR, EHEAIRAT, BEER
HEAE (5D RS 35 SRMARMER, HRNBRPIFEASRTYN RE
B 5ERL, K HG AN AR Bl

REHSEHE 1200, BEMKT 100CHHTRAEMET:; FREST 150C, X
KB SBRNERNETE. YRMEEHN 110-120C, RNE 30-40min . Hid
20-30min J5 B ALEAT T — AL AC 2R,

3.3.3 4k la-1d B EELR

A 31 B4 la-1d A5 ik 4R
Table 3-1 Comparison of the purification methods of 1a-1d

e T =

1 - PHAA R ES S~~~ >50%

RRER . .

2 PR e BT gy 8%
o R

3 28 PRE AR IR N > ey 92%

4 20%NaOH —TFMA y A BB 85%

3.3.4 1a-1d A TLC 5347

TLC RFUERFNS IRt RHTHRN, RERK, M LS ESE D).
BT TLC 4B ENEREEREANNESE. 235 REARATTRAMNALEL
e ik 1:1. 5(viv) .

WS e ERERIE -5, HPRRREEKR, BANSAEE, RAEEK
A, TMA BIHEHER D, BETHYRIE, ReEBK (Reh~0.80) , i la MRIEEEIZE
(ReA~071) . T la PERERREHREN TMA BB, 1a-1d 8 RAEF T# 3-
2.
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SRR FREEA R o EE-DREM AU REGRAEDO SRR

- o
@
»
el T DR P
1 2 3

B 3-5 1a(l), ¥ (2), TMA (3) & TLC 24
Fig.3-5 The Thin Layer Chromatograms of 1a (1), phenylurea (2), TMA (3)

A 31 fa1d® Refl
Table 3-2 The R values of 1a-1d
JIMA KR NPER MEER MFERE 12 b ic id

R, 080 013 0.15 0.13 - 012 071 076 073 0.62

3.3.5 la-1d&) IR 554F

L la MILLAMEE 1], 3326 cm™ 4 N-H BB HSE, 1709 cm™ BB BH L
P B GRAEE; 1596 cm™, 1549 em™, 1496 cm? W EH B R M IHEHE,
1176 em™ AMTRE C-N B4R 754 em™, 698 cm! HF R HEUE C-H HHh iy
R, 5 TMA #BMA, TMA DEEHMEEREE 1863 cm!, 1834 cm’,
1786em™, 1221 cm™ A 930 em™ #2k, WU EFRSMNEME BRSO BH K. 25 1b A
IcEEPARERT 12 ERANRIBHE, TERMET b B 1o BHE 812, 823
om’! ALAYEIF 1, 4— ZEURBRE, 1dFESE C=S &, M 1515 cm. 1251 cm®

'L 1127 e SEHEEEE N-C=S M I, II. I §9RiKI% . 1a-1d 04 IR [ RLIE) 3-5 2/ 3-
8.
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Fig.3-6 IR spectrum of 1b
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3.3.6 la-1d IMS AR
BT TMA 9 EL-MS B FRRHMTRAEES R, FBETRBERRET g
i, FORY la-1d TEEHRE AL, 1a-1d 7 MS H LI 3-9 7 & 3-12.
la A EERIE A R T -

-OH
miz 327 —~—" m/z 308
-CH
mrz 255 HE &
o H l:
3 T
miz 370 miz 342
l miz 327 I
o' 0"
Il + . I coon
£O — T 161
— OH
miz 189 m/z 161 o miz 206
@gj"j\" |: )J\ /@:I——n—rmlzns—-mlzm
méz 135
miz 370 »

B 39 ladi MS
Fig.3-9 MS spectrum of la
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HiL ¥
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miz 384

+
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lmﬁ;
o |* ) "’
| + It
-CO
—_— oH
miz 191 miz 163 miz 205
+
0
CHa,
J\ m/z 135
HN" N
miz 150

B 3-10 1bsy MS B
Fig.3-10 MS spectrum of 1b ;
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Fig3-11 MS spectrum of lc
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Fig.3-12 MS spectrum of 1d .
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3.3.7 la-ld B UV 2 RAK S
R B AR 1a-1d HEAT UV 4047, BRI 190-400nm, 4 RR T % 3-3.

A 3-31a-1d 85 UV S2ER
Table 3-3 The UV analysis results of 1a-1d

& A /I & max /m>.mol” ¥
222.8 1104
ta 264.6 776 i
223.2 219%
tb 265.2 1474 i
lc 262.0 1296 Sl
Id 220.5 6040 A
4 Abs «
164
14
121
1.0: '
08
:
06
04-
02
00
02
w0 20 0 30 400
A /am

# 3-13 lath UV
Fig.3-13 UV spectrum of 12
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Fig.3-14 UV spectrum of 1b
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Fig.3-15 UV spectrum of lc
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13+ Abs
124
114
104
094
08
0.7
0B -
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044
034
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M /nm

H3-16 1d65UVH
Fig.3-i6 UV spectrum of 1d

AT 33 R, HEZY la-1d PHBCERH o -2 REEREK E R
B Buk#, M emx EF, BELRAR (B BiNE, ORERLEDS, HAE 220
nm F 260nm FAKLFEBRTE AR HEERHHSEH, —EEABSERAE
%% ERA, NEFHNATFERRHTRE, EH, BHAH, HBHEHL K%
#BEED, RN FEAFNIS BRI S kT,

3.3.8 laldfy 'H-NMR 5 "*C-NMR &R

i 25
20 R
Q X 32
iy
14 ~NH 17 >NH 19 2
18 u

1a R=H, X=0;1b R=CH3, X=0
1¢ R=C), X=0;1d R=CH3, X=8
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£ 34 1a-1d 9 'H-NMR %48
Table 3-4 The 'H-NMR data of 1a-1d

Compd. m.p/T Yield% Sy(ppm)
0.87¢d,J=6,7H.H-C10),0.97¢d, J=6.7THz,H-C11),0. 93(s,H-C12),
ta 203206 92 1.40(m, H-C7),1.80(m, H-C9),2.94(s, H-C18},3.10 (m, H-C2,3},
5.75(m, H-C5,6),7.03-7.44(m,C¢Hs) ,7.11(d,1=7.5Hz,H-C15)
0.88(d,J=6.3H2H-C10),0.94(d,J=7.3Hz,H-C11),1.04(s,H-C12),
b ol g L7HEmHCD249m HC9), 231(6H-C25)279, HCIB),
1.02(m, H-C2,3), 5.83(m, H-C5.6), 6.92-7.43(m,CsHs),
7.25(dJ=8.0HZH- C15),9.8(s, H-C16}
0.87(d F=6.6Hz H-C100,0.97(d,J=6, THz H-C11),0.93 (s, H-C12),
ic  108-111 85  1.40(m, H-C7),1.79 (m, H-C9),2.94 (s, H-C18),3.08m, H-C2,3),
5.75(m, H-C5,6),7.28-7.47(m,CsHs) .7.14(d,J=7.5Hz,H-C15)
0.88(d,}=6.8Hz,H-C10),0.93(d,}=8.5SHz,H-C11),0.90 (,H-C12),
4 vers g5 A0 H-CT)250 (m, H-C9), 232 (RH-C2)281s, H-C18),
3.14(m, H-C2,3), 6.05(m, H-C5,6), 6.96-7.24(m,C;Hs),
7.37(d,}=8.0Hz,H-C15)
A 3-5 12-1d ¢ C-NMR 4448
Table 3-5 The C-NMR data of {a-1d
Hppin)
la ib e 1d
ccn2 13,7 173 18.6 17.2
c-Ci0 19.4 195 L 194 18.7
cCli 20.0 20.8 19.9 21.1
cC9 303 30.5 302 29.6
C-C4 33.1 33.2 33.0 31
-2 35.7 35.7 35.7 34.1
cC3 38.2 383 382 369
CC8 43.5 434 . 43,5 436
cCl 45.0 446 45.0 464
cCr 45.8 45.8 45.8 50.1
CC24 119.0 119.1 120.2 120.1
C-C20 1i%.1 1193 121.6 120.2
C-L21 1283 120.3 128.3 129.0
C-C23 128.4 129.3 1283 129.7
cC2 126.5 129.8 128.7 135.8
ul 1323 130.2 133.8 136.7
C-Cé 1390 138.4 1379 137.3
cC17r 154.0 153.5 153.5 . 180
C<Ci4 178.8 ¢ 1783 1784 176.7
cC13 179.0 178.4 178.6 1771




FrR R AR a-TEM - I K AT A B H AT AE 0 & R A

i 1a-1d ff "H-NMR %GB8T 1, #6447 1a-1c P&+ CONHCO I CONHPh Ff N-
H /AT, CONHPh B FRLEM L FEABACE LW, fteh TEASMIN-H
WP, EUSUBREZES, ES5kYES, BEALRBEWRERENLER T
VR E TR, &Y 1d B FH CONHCS A1 CSNHPh B F N-H 7T 7, ai& Z 3B
BHNEWRA, EESHFMERMEREA, X5 LEATFHHEEBSMAR®R
THEERLEEBREEEC, TRERRATFIGZTEREFHEDFERNS
.

e 1a-1c BERF EEURAFZE PC-NMR ML f B LB Bk, PEMRER
FRBACEAFER LR B REF (C22) (LB H M, wihin St
MEE, AREMBAMNEATFHET, BRAEBNTIAIMLELBIBEFFIK.

la-1d #1 '"H-NMR & >C-NMR %23 1. % 3-4 fI& 3-5.

3.4 IhE .

ELHAEET, TMA SBUEE (5 BENSRNHFRMAFRESE AT
BIE 1a-1d, iR T SREMLEHBEIRAFE, A TLC. IR. UV, MS, 'H-NMR
F1 BC-NMR Xt B T 4 ARE. AXABNIH TMA BB EMAK
RYpEMEEY.
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(13 WL, BEF N-EAERERATRE) SO - PREEASAT). AHLF. 1993,
{1): 72—74

(2] 3HE75, MM N-Q-FRRE) - TR Y OSSR )], s K2 asiEFR, 2003,
25(1):1-11

[3] BxH, gHE TH_EMERAZRMMARGEOEEL]). MIMET, 1992, (1):6—9

[4]1 FEWL, waR, #%60, 5 N-OAER R EDERRERASRLT]. BHEFE, 2003,
23 (HT) :80
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U KEE AR a- - R MA R R R FE N AN S MR

BOE o-HRAE-IR-_BM-FEEHSRTR

4.138]8

- FEH-DR MR Qo) MAREBF - ARE SERRLRN (R
O—BHLRR) » BARMATAAE R EREHER, Wb D RTENERN, B85
EREE— SR ER R, b TR B RS, 70 B 0 2 A o R
EREEEE, EANNERENRREEEFEREEERL BHREBLAER
PR R, RN, SEEMS. IRMEANIEARSRENY. &
By, BHARALYS, T —ERAREEHY, BEQERRELFY. B
FA RS, BRERATTFESMMEE. BiwE. FRETRERA TH
BRI ARBRENER. ERENE, BEECHHEER. RARESHYE. &
T REMFER AN, THRSETRANEE. XHRS. RAETLEER
#HD, R TEELERERBITER - FB-DR-M - BFRHHERLES.

BRI ST (Microwave [rradiation) fL2 BB R T RBRE N~ TR NS
XX AH, TR b T — 5 0 % B E R A AR IR R+ BRI
HHLRN B ENEN —RERR, ETUR KRGS E R, MI986EGedye &
HAEE RIS T UM MUR R BLOR, 42 BATTR B B A (bl B B0 R
NEBRBRDANETNEL. SHENLEREAL, EREEHTHLER
RE, MEGRER, RACEAHR, TUARAKKREEENSE. TRESETRD K
RIS ILER, SENERD, TARENENESR,

EXRRAMEES SR T BEY 2, HULAEMBMER, XAGETRE
B, MEEZEH, EREFEE. SREBRERAMMENESHE 2 RERNZE
hERBL—,

4.2 S8 IR 4
HTMAR B EE 0 EE, AP ERBRELEANER2e, LERNRENT:

o i j
Et
0 + ZHO\A ;L O~ Bu L Ho
' Bu OWHIJ
- Et

TMA ayM 2e
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NP Er A P a- TR -TL R MF IS A F AT LN ST A
4.2.1 FEFRH. RAFIFEE

TMA(EED: BEM (AR) : SITPXGIM (AR ¢ AEEH (AR) .

DE-101S S aUiaim pnam A % (R LTS+ ) o BaHRaE
(KM REHLT) ¢ ZXZ-05 BEARETR WTHE TERET /AT D ¢ MASI
% G B A /R BUUNAR (Bl H B ER AR LA  Nicolet Nexus
470 FT-IR ZL4p3%384% (% Nicolet 2%) : HMERVIEKH (CP, FHBHELLAR
AT GCMS-QPS050A IS - FEFF (X (HAS#E) ; ADVANCE AV 500MHz R
HE(RLHAERAFD) .

4.2.2 2WMER

AEGREE, BT, BRAEY, F5ATARGMER 250mL POFERT
A 20.0g B9 TMA RAERBE/R HR 08, A FHB B BUE (S AT R TR, i
B, FEAVET, RS, i REGRORERHNRARNAER. 2IHE
IR RS R . A= HE R 3% (W) NaOH dmEs, K 2-3RETE
10kPa-11kPa Wi R BB £k At B B EREERY, AWNRHEEREE.

4,2.3 BLEROAR .
‘ #RHK 0. 500—0. 700g (OREALA4 T 260mL ER M, AL ZEE S0mL Ak,
BiMA 1% M, REM 1 Omol. L* BRI RTEE T RAE 30s TREN 1L,
B FR I e M (mgKOH/g) JE B 7 Rk (%) .
M{E=-VxCx56.11/M
Rrf;  V-—R EENE R E RS A, mbs
C——-E AL EF S A R R HE, mol/Ls
- MBI R, g
56.11—1mol . L' SEALE M ImL HIEZHE, mg.

Mx 100%

Bafbde= N,

424 EXXW

SEHEXBOREFRRAR, BNENEE (A) . R R (BY . #E4kiAIA
B(C). TMA SEEYHERIL D) EANITEE, #MENMEERH=DKE (B
®4-1), UL EtbE AR, &M Lo GHE X RHITFE AR, nmﬁﬁ%ﬁﬁ'ﬂiﬁﬁ
Rk 42,



I EAFRLFEMIRT a-FE AR - B R MIAT Ik A B B RUAT A i & AR

41 BixBKF
Table 4-1 List of the factors and levels
A B C D
AR RMEEZ(CC)  RAsEmn) EEAMNEG GRLIEHT
leve] reaction temperature  reaction time catalyst dosage ratio
1 120 60 1.0 I 3
2 £30 120 L5 I+ 3.5
3 140 180 2.0 1: 4

A4 L(HELAE IR 5 oA
Table 4-2 Experimental resulis and data analysis of the orthogonal design Lo (3%

RS AIC B/min Cr% D BEiLE (%)

trial No. yield
1 120 60 1.0 1: 3 87. 64
2 120 120 L5 1: 3.5 85. 12
3 120 180 2.0 1: 4 91,11
4 130 60 1.5 1: 4 91.02
5 130 120 2.0 1: 3 87.33
6 130 180 1.0 1: 3.5 93, 00
7 140 60 2.0 1: 3.5 92, 37
8 140 120 Lo’ I: 4 89. 69
9 140 180 1.5 1: 3 90. 77
K 263. 87 271.03 270.33 265. 14 808, 05
K, 271. 35 262. 14 266. 91 270. 49
Ks 272, 83 274,88 270. 81 271. 82
K/3 87. 96 90, 34 90, 11 88.58
K:/3 90, 45 87.38 88.97 90. 16
Ks/3 90. 94 91. 63 90.27 90. 61

#ER 2, 08 4.25 1.30 2.03

k¥ Ay B; C Dy

FRFEE B>A>D>C

42.5 2ef1TLC ¥4
AR RNEE. BRFR 0. 50g R, AREER, #1 % s0mL ARIEHR

HEILE.
FREK H HHNEEGEEE. SAESE, BFNALKRIME: AmEE=1.

8(vv), FEFEHIE 15-20min, JRFSEAUSEREATMBLRT. WHERLE
BAHREC.

4.2.6 2eByIR 4
KBRS
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4,27 2K MS4HH
BFELE (B, AEEAKF 350C, FEAE LKV, REF#HTEE 35-
G600AMU, F3%5[E]B& 0. 5s. TS #HE 10. 00L/min.

4.2.8 2e# 'H-NMR #H4f
] CD;0D MiE#|, 7£ 500MHz ERIFLRAL LHETT 247

4.2.9 WHEEM 2e
FREXTMA20.0g (0.0854 mol) 145 SmLA9 R ERE(0.2989mol), #HH AL,

BMA2gfELF, BEBAS, BRERTHPfd L, & ERRYE, kTR
BAS, BB, E130°CHRET, ABANSERY1360W B BAEH 30min, KH
£,

RESER CAG KA R ER, A% WHENOHF B P, K23
WIETE10kPa-1 1kPaiJE Z B £ A ML B R TR E~Y, SMHRECEVHIE T
#Z90%LL L, FEALZE91.9%. FTLC. IRFEMWHT HTMRIE, JHFEMEZEME
F i E B2 T R .

4.3 HR511L
4.3. 1 AR2eMILRHNHE

hE4-2MERTR, HELZERKD, REERNEXEFY: REHE

(B) YRMERZ (A) YPEERKE (D) >ELAAR (O » RENENGIELES
—EfER, RNMETES 180min; REEFE 130CTHHE, REIHSFEEF
wid%, SHERENE. BARRRYREEHE D, e L% BEFERKE
4 R: A;B;CiDa

. R ER & ﬁﬁ_&ﬁﬂt%%, Baib &7 93%eL k. ﬂﬁz%ﬂﬁﬁ%ﬁ:ﬂi%ﬁ:
%, AMNFERBEAT, REEE 130°C, REME 180min, EAMHE 1% (LA
TMA BB , 7% o0%id b, B 9% L,

4.3.2 2eMITLCSHMF
FEE 2 Bt EAFER— A EEHEAPL (R0.70) , THITHE
§ TMA £, REFWRERALER TMA, SEERREERLE 4L,
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B 41 26105 TMAQY S ER R

Fig.4-1 The Thin Layer Chromatogram of 2e (1) and TMA (2)

4.3.3 ZH0REH

B 3-1857 7 A 2e IR

v

o 1748 e SEMERUOH R R MG 18, R

E: 1170 cm' 51034 e BFC-ORMMZEIREI Rl E, |AER K, 1460 em™, 1380
em’ BPEFHHAHROE AL MiRzHE, TMATRRESERKILI863 om”, 1834
em’, 1786em™, 1221 cmHI930 ek, MO ERRE, BEEHOSER.
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1T4E =
1462

b4
o
-
-

3500

] v ¥ v T ¥ U
3000 2500 2000 1500

vheni'
B 4-1 2084 IR B

Fig. 4-2 IR specirum of 2e
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4.3.4 2:0MSSHT
RIBERARE LA, El2e BB X T:

o} Et '—|+ OH +
O—ABU EEREH OH
O
s by

-CgH
gHy70 miz 364
m/z 476

l miz M6 EREH

OH

OH H,0

/z 235
A o )
Fa) Et

m/z 318 ot miz253

*%
wo: 57

N 3{-
450

43 28 MS A
Fig.4-3 MS speetrum of 2e

4.3.5 2e#5'H-NMR 5 ¥
12 6CH,

6] |
I 2 CH,
C~0—CHy~CH-CHy-CHy—CH,-CHg

18 2o N 2 23 24
72~ s O—CHy—CH-CHy—CHy—CH,~CH3
ﬁ 13 14 45 16 17 18
o 27?*‘12
10 o 11 28CH3
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£ 4-3 2e 6 'H-NMR £4%
Table 4-3 The 'H-NMR data of 2e

Compd.  Yield®% Bu(ppm)
0.84 (d,J=6.5Hz,H-C10), 0.98 (d,J=6.5H2,H-C11), 0.954 (s,H-C12),
0.97-0.94 ( m, H- C24,18,26,28}, 1.20 (m, H- C7), 1,52 (m, B-C8),
2e =90 1.34-1.40 ( m,H-C21-23,15-17,25,27), 1.84 (m, H-C9),
3.00 {(m, B-C2,3), 3.80 (m, H-C19,13), 3.96 (m, H-C19,13),
5.75 (d,H-C5.6)

H 2e ) 'H-NMREGETT I, (L&Y 2e PEF R AWRAIBEE, &3 HUNME C19
LFHRTHTRERWD, RBULTE RS MR F B RAEAES. 2¢ 89 'H-
NMR ¥ % 4-3.

. 4.3.8 KA Heitit

WA 2e (F584 2e-mw ) B TLC BRA1 IR B LI 4-4 B1& 4-5, 54 s
. TLCH RE/LF—8, REBAA—H, EHAREINTHH TMA TbH.
SRR R, RS T iR, B RR MARGERE R T AN, Bathdeik 91%
BlLE. ’ .
AR AR A EE U R T — iR 8, IFH R R LA R B R
P, TOESERMA REGE TR, RS SEYNEE,

B 4-4 Zemw(l) & TMA) ¥4 & & #%E
Fig.4-4 The Thin Layer Chromatogram of 2e-mw (1) and TMA (2)
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A 4-5 2e-mw 49 IR H %
Fig. 4-5 IR spectrum of 2e-mw

4 4 & v

L ¥ TMA 58 EBRE, 2R T —HFLHEHENY o RE-DTR_-BRZFF
85, FRETERRLT SRNIEENS, HFMA TLC. IR, MS. 'HNMR 3 BA
YIREAT T 4 BT RRAL. .

2. REMGEHEARTEEEY, SEEMBERL, KXEET REMHE,
AL, mH~ReREE,
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EIN-BiL R . S@3f THER L, OEXHENEEERE. XRERELSM
TMAR —HBsk —Z 0, B 2Rt &4 TRE, KARTERER EY
WHE, RAESN, - EEs R MR EKOHM B TEE S “ L
RS, fhETERA, BAME, EFROEEERE. BRsUaER ERRAKT
ek, HTATERANTEREOESRTEMTEE, £RFM 7 HEZEET Lk
4 Bk ERKOH, EHEESEHTEANKEMNRG, ROFHEMEHDS
BZE— e,

AXETRWATRAELZESREFTYM, MARRNETSMA=Z8KH
EXEERENEENRESSGRE, FNEREHSTTUFNER. RE>Y
BEHE, FATLC. IR MS. 1H-NMRZ £ M % E#T T HTARE, HHET™
W RER SR RRRIRE . Fia RNk LY MREREHHEEFREEMTE
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5.2 XS
5.2.1 EEEM. RHF{LE
TMA(B%): T“4EE (AR) : #8 (AR) ; A% (AR) .

DE-101S M2 EE MM H S (R HESFEEE ) BafiE
BN EER) 5 ZXZ05 BMIEAREFR (WILRETEETER D
Nicolet Nexus 470 FT-IR £L4h iy (RE) ; HEEHHER H (CP, BHBHFLTH
RAF) ; GCMS-QP5050A RS- A (AAB#E) « ADVANCE AV S00MHz

BRENRLARTARD.

5.2.2 SRS
BITMARI — Z R N EH, ELMRARNT SR o -7RE- T RBEEZFEG), 1k,
ERMREWNT:
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0

g N(CHZCHzOH)Z
+ 2 NH(CH,CH,OH)y —— CH20H20H)2 "0
0
T™MA —ZRE 3

5.2.3 3f ISR

ERAHES. REW. HRAEE, AS5ETREHEN 250mL T4 OEE R
A 0.085mol B TMA REE/RK ZZEK, MEABEWREARS, RE—P/N, F
A 0. 102mol ZZ.B2R%, ACHES (0.026-0.030MPa) , ¥WAKHRENY, FWME
fIetEl e ik M. R RIRA AR IE, RAKERETNREENAHE.

5.2.4 3f IS BRIT
5.2 4.1 3f B IR 547

KRB

" 5.2.4.2 3 0 TLC HF :
SEMOES:. BERE0.50g WS, AFRERE, HBZE inl AREHR
T BEIZIE.

FAHK H BHEEGIRR. TAESE, BFMNIPR:ZBLE=1:1(wW),
BHmA 1-2 9K, RIAFE 15-20min, B REGEEZE LTS FELET, H
SR e,

5.2.4.3 3f By MS 54
MTHEEE (ED , RWEE 350C, FH¥HBE 1.2kv, RESHERE 35-

600AMU, F#iER% 0. 5s. FHRSME 10. 00L/min.

5.2.4.4 3f § 'H-NMR 47
% DMSO, 7E 500MHz #%8 Lk L7 547 .

5.2.5 3f MEARHHIERBFCRECMOBHIE
ABASHENZRERAY, —EBHERHPEREKER, REE SOmL
RERTER, 4HEEKEN 0.1 (mol/L) . 0.05 (molL) « 0.03 (mol/L) . 0.01
(mol/L) . 0.001 (mol/L) , 0.0001 (mol/L) . 0.00001 (moVL) HIKFH.
RWMEEEKORER S, JHUBHITRIE. R BIHRAE K E ¥ KR
EEH (o). RRKAOHHELLMT:
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0 =0.5*Pgr shm=KAhm

EETHEETP. g 1 AEY, 4 K=0.5*Pgr ({LH#EHD , abm b UREHH
PiLERE, B cm.

ME K (o) SHIE (C) BRI H 418 ik F TR B (CMO).

5.3 BERMNIHL
5.3.1 & 3f I ERHEITHE

AR N, —ZEREIRERE TMA BREM 22 6, XK L8
BRERT R, hi{RHRNETRS, FUNREL DR, mREKEEREE
7. FERIALELT RS, SR S0%M —ZEE, RN-—ENFEEBDAFRHN
B, SREATROBRENER. ACTEET RN R RSEERN MRRNZ
¥, . > .

A 5-1 B ELR A Aou} ) oF 3OA YA )
Table 5-1 The effect of reaction temperature and time on the yield of the product 3f

B/ RMRE/C . N
100 110 120 130 140
1.0 - 707 72.5 74,1 74.1 76. 4
2.0 21 ' 158 74.6 ) 75. 4 76.5
3.0 72.8 6.1 15.4 76. 6 77.9
4.0 73,8 72.9 4.5 74.6 81.5
5.0 75.6 76.3 71.8 71.8 82.6

Hi% 5-1 0T 0L, BEEeRVERBE 140°C, RAZHT[RITE 4-5h, 3TAHCRRIX 81%LL
b ERMEEEST 150C, 2REENFCREME, BIFYHRNEFNA. R
Rl B, MERMEMELRKT, RREKFEEHTE 4-6h HE.

5.3.2 3f By R &4

3369 em AAHERBBERE O-H WMAEEME, ek B ER: 2048 cm™
hFEAEF RN C-H HERIE, 1647 om™” NBEEHHE C-0 44 ik = B,
B MR, 1054 e B C-N BHIMG RS, RERFTHE 1. .
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Fig. 5-1 IR spectrum of 3{
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Fig §-2 The Thin Layer Chromatogram of 37 (1) and diethanolamine (2)
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o-BH-LREEMEY R RV ED N S MHFR

2 3 4 15
o] —CH.—
4 i N"CHZ CHy-OH
3 AT N~CH,-CH,~-OH
5 @ b
5 _~CHy—CH,-OH
3 2 ﬁ N\ 07 202 21
O CHy—CHg— OH
10 s " 22 23 24

£ 5-2 3745 'H-NMR 448
Table 5-2 The 'H-NMR data of 3f

Compd. Yield/%

Su(ppm)

0.85(d.J=6.7Hz,H-C10),0.88(d J=6.6Hz,H-C11),1.00 (s,H-C12),
3f >8l 1.15 (m, H-C7),1.38(m, H-C8), 1.80 (m, H-C9),2.09 (m, H-C15,18,21,24),
3.05 (m, H-C2,3),2.71 ( m,H-C13,16,19,22),3.44 {m, H-C14,17,20,23)

308 'HNMR BIET R, &YW b EERALKBNIEE, #IREEEE
BETEFEHEERD, SRTEFE EMET (0 C-14 LHREF) AFUBREES
#3. 3fE<J'H-NMRwEJL,§ 5-2.

5.3.6 3f mﬁiﬁiﬁmﬁﬁi;&b MG RRENNESR

HHE 1SOCHEET, HildE B %7 s MK 2 HSKERNEREK
. BB AR §E S iEHAhm=-0536 kPa, TR EANEERGKEREKD
=T349mN.m™", HAR o=Kahm i B H K= -137.108. FAHK o= -137.108

shm, BTN abm EK NN o, WHERFITR 53

B 54 % o-lgC X AE, EPiSALMKENR CMCH, MEFHAF AN CMC

% 0.3%x10 'mol . LY,  RRE R A A ocmc=32.0 mN.-m™'.

A 53 HHLKEAMRBRAMLER

Table 5-3 Determination result of surface tension of 3f water solution

WA (mol-L")  [RAEYS (kPa) REHKSH (mN-m™)

0. 60001 -0.532 72.94
0. 0001 -0.475 65.12
0.001 -0. 374 51.28
0.01 - -0.276 37.84
0.03 -0, 234 3208
0.0 =, 233 . 3194 -

0.1

=0.231 31.67
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Fig.5-4 The relationship between surface tension of 3f water solution and concentration
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WaRY, ELEAFTFTITRAEEEAN N HFRTRMEAS, BIRENIZ
LM%, MNS-ZEEEERLS 1:2.2, REEK 140C, RIEE 4 DE, 3FEH
2k S1%LLE, HeAh, MAEEHEIS RBRKE CMC (3 0.3X10 ' mol - L', it RIEHK
77 oomc=32. OmN-m™") AR, Frdi%&a BiFEmaE RIFAEREFE. FaRiHE
B FREFER R LR HRIE.
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3 ELEENEGT, % TMA 5EICE (B BRES, AR THNARHUEGAFEE
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o, BRAMEEMESRT 2e SHAMMKEH, RERNMEZE 30min, B
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