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Ring-opening Mechanism of 2-Phenyl-3-amineazetidine to
Form Thiazole or Oxazole

XU Xingyu', XIE Xiaoming, QIU Ping
(Department of Chemistry, Xinzhou Normal University , Xinzhou 034000, China)

Abstract Based on the density functional theory (DFT) , the Minnesota functional MO6-2X method was employed
to study the ring-opening reaction mechanism of (25, 3S)-2-phenyl-1-[ (S)-1-phenylethyl ] azetidin-3-amine reacting
with phenylisothiocyanate or phenylisocyanate. The amine reacting with phenylisothiocyanate generates an interme-
diate, which then undergoes proton transfer. Subsequently, the sulfur atom conducts a nucleophilic attack on the C2
position of the four-membered ring to give dihydrothiazole after isomerization from a five-membered ring. The amine
reacting with phenylisocyanate forms urea. Protic acid or copper trifluoromethanesulfonate is required when the
four-membered ring of the urea undergoes a ring-opening reaction.
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6-31g(d,p) B AT UM A5 A i A, Forr 3 J5i5~ 1 FH SDD I AL AL . [R5 R AR M e 224 it
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3-HILALIA T Hi (1) 5 A IRER (2) FE IR T Oy, A S e 549 (3) , AA s iRk
H41(4) (WLE 1), B 19 Path 178 H T RTRERI R BHLER . 55—, (L5910 2 2 i A B B A Intd
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B, 3-F AL T e (D) M FRR MR (2) B Wi, SRR ER Y C—N 1 C—S B 345
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C—N SRR I — A8 K, 1 S TS2 AT TS3 Fh C—N 8K 35124 0. 1282 F110. 1316 nm, 1M C—S KA
AR, T EAS TS2 FITS3 H C—SEEK 43 3o 0. 1721 F110. 1667 nm. Hor 33 8 25 TS2 Y C—N BUEER7 {1
JEBNTTS3, i C—S # AT K B Ry ad JE A TS2 KT 1S3, MR FHB R AR, TS2 2—4
TR PR, R S5EFREEE 0. 1317 #10. 1347 nm, FLIE B PUTTIRAY 5T 55 55 TS3 1 P2
PR (0. 1297 F10. 1322 nm) B¢ —2E | Sl id BB 4T A B0, DA @ W Ge A s filist , LRy A2 1 [
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Fig. 1 Possible path of the reaction

J % F 1 BE 224 89. 0 kJ/mol, A H B A Intd, 2% 0[] 442 (% AH X BB & R 55. 7 kJ/mol, %25 ) i W #4
55.7 kJ/mol; (2) FRIE}A Intl BUR T E AT Al 2 FhEk AR 562 . — R PRSI RN T hem 2R
F b, BIZad TS2 1 A, 7528 129. 9 k)/mol B fE &, Horb A B4 Intd 2] Int2 JET0 /2 N 19 A HHRE &
74. 2 kJ/mol, MR PN HICIHEER , A0 BT 6. 3 kl/mol REf 5 & Bl ik PUTC IR A T A
%, IR IE S 4, Bt TSI R, s AB M 136. 6 kJ/mol, P [AIMA Intl 24k 59 4 FL o0 ]
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FRIR T RE C2 0 B AT oEAZ MO, B4 ) o S0 A RS , B0 R TR 2 C2 T I, SR JE Ak
S2 M, TR TSA L PER, AT C—SHEK A5 4 0. 1757 nm, )5 X C2 J5i B Wi s i, 33k v A5 st
C2—S HE K 4 0. 2567 nm, 3-ZFE A IR T %e Hp C2—N AU A 0T AY 0. 1558 nm FI| TS4 i 9% 25 )
0. 1928 nm, B FFIR N BHET 7 e BT . R 5e DU eI i C2—N ST, Bt 1 Sk S Atk i
ZeR R 0 C2 47, TR BTG C—S B, 1538 FoCA A p AR Int3. Sead B R T4 TR A R I, s e it
7106. 2 kJ/mol , 5 o8 P 2 TS4 (1% B0 SN 1Y) F FHBEZ2 A 56. 8 kJ/mol, FI] Int3 H [H] 44 ¢ 5 fil it >
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1 kJ/mol, ZNiEHFIMIRE 22 (88. 1 kJ/mol) , VUK 71 BE 2244 =1 (89. 4 kJ/mol ). FLrr, TS2 3 i
B E ARSI 25 120. 4 kJ/mol, — 4 HI 4% 129. 9 kJ/mol, PUA LG 131. 3 kJ/mol. TS3 1AM A
I BB L TS2 B /R, 4301l i I 136. 5 kl/mol, 58 H 45t 136. 6 kJ/mol, PO WM 136. 6 kJ/mol. H i, A~
WA, SONATHI ] 38 o o A TS2 B P B AR Ine2, fe A1 3Bk AR . At A AR
225, ST oA AT A DM (A S 45 .38 S45~36 S55). AU R (2) B Rg Al ik i 7¢
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Fig.2 Energy barrier diagram(A) and the optimized geometric structures of transition states TS1(B), TS2(C),
TS3(D), TS4(E) and TS5(F) at the level of M06-2X/6-31g(d, p)-IEFPCM(dichloromethane)

Bond distances are labeled in nm.
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GAPT HLfif 1. 775) W B AH LURG R . 3R 6 AR PR, TR FELAr AT A, B ) 28 A 3atR) 1Ak, T
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Fig. 3 Energy change diagrams at the level of M06-2X/6-31g(d, p)-IEFPCM

Fh, BRI AR G IEAS TSS AL A9 3BRA1).

3FpEEF R, HE R I3 ) A B AT AL 2 P A TSS 75 2k 19 A i BE 222 K F 190 kl/mol,
U B R AR i3 AT BB IU IR AR R A TR RS 1 54l . DRI, A ] Rl o — R AR A 7 i 7
L IERS (WL 4). SERGH AT Hr A I3 7 S el b, LRI 20k 7 i 1 2e e i3 P A
ZER TS6, Hod 5 RS T P8 S A0 8K 4 310 0. 1406, 0. 1192, 0. 1668 F10. 1708 nm, Ff H IR shts
REW, 2ANEETHE T B sc . By, DL R I3 g3k, AT A e A 42. 4
kl/mol. % JESLPRSLIGIIRE , AT IS FIRN, AT W] RS LM K 7 P A AT I I e Al
ATST, ISR H [ HAE2 R 55. 4 kl/mol. Z 4651 R, TR AR il P S5 4 3o
0. 1234 F10. 1238 nm, JiTFIAU 12 AR 0. 1267 F10. 1266 nm. 3% F B H A —A i -25 5
A, A ER— AR FL BT A I3 i RAIER, siE K S SR AT
SR A B 3.
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Fig.4 Optimized geometric structures of transition states TS6(A) and TS7(B) at the
level of M06-2X/6-31g(d, p)

2.2 Z“EWEMIRAI R ALIE

FH LS o, 3-SR AR T he (1) MR IRER (5) TE =T F O, AR a1 (6), AN —
ATVEMAL A (7). DAL EAHT, e B 1 54061 5 BWisEin , SRIRRRIT C—N Al C—O #il
BAAARKES(B) ] MR 0. 2181 nm B 2RI A TSS, HLET A H1AE42 4 62. 5 kJ/mol, %A HETT
JE I 49. 1 kJ/mol B BEELAE B RIAR I, 25 TG TR A 2 S5 v RBIE A%, i 5(A) Fiow, JiF-nf
PUBRE R PEAS TS10 (5 3 AR TS2 2R A O ) F e B A T hE b, A HRER 132. 3 kl/mol, LA LA
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Fig.5 Energy barrier diagram(A) and the optimized geometric structures of transition states TS8(B), TS9(C),

TS10(D), TS11(E) and TS12(F) at the level of M06-2X/6-31g(d, p)-IEFPCM(dichloromethane)

Bond distances are labeled in nm.
AT S PE A TS (5 1 PEAS TSI KRR MU ICH ) 5645, A HBER 125. 6 kl/mol. Hrp, S AR TSOML T
TS10, Fr LA S Se A 1B 7 ) b s A TS, 2B RStk & 6, A i — A a5 917, M
SERL L A3 AT, 2 AR TS10 5T AR T EES 43900 4 0. 1333 F10. 1281 nm, FITS3 H AR 4 (0. 1317
F10. 1341 nm) AH F AL SRS A0 0, FRE0/N . (B2, AR TS3 th C—S AP, 7ELLIE A TS10
o, XN SR C—O B, S VA TSI AT TSAME Bl . 1 P A TS11 H C2—N #8440 1938 nm,
C2—O0 H#HK 4 0. 2074 nm, 3 P25 TS4 H C2—N 8K 4 0. 1928 nm, 1] C2—S ##K 4 0. 2567 nm, 1 &
1) 22 555 AU AR 7 I R/INA 6 L B30T R I el 2o U A TS10 158 H ] Int5(62. 5 kJ/mol ) ,
B B i PE S TS11(132. 7 kJ/mol) , Fk A A Int6, i #1524 &9 7 194 T AR DL P 1)
A HBE, IS5 40 BE i &M TS10, IntS, TS11, Int6, TS12 K717 09 H e m TR 4
WEMETS2, Int2, TS4, Int3, TS5 )" # 3 MR . @1 AR X BB BUE A& IR, Az (B4 Int6 1975 A1
Hr A HAE —46. 9 kJ/mol, 5 FALA Y 6 11-50. 5 kJ/mol , 31X 142 5 vy 56465 1) F-45 24k &9 6 iy 34 1 2%
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FF Bk, DL R R RE R 25 5 8 S nT DA H faf 40 A AR B0 R (AR SC SRR I8 28 S54 R
FS56). VISR VB MRS, SO ERR RS 2 B BB GAPT HLfar >y 1. 789, SRR 5 H AEA ik
i GAPT HiLfif Ay 1. 807, 24K, SRPRTE 5 B REFAIBR M IE L ME BT /5, SEAZ I i G M s w7 . SR Mulliken HE
far o HT L T A5 2 A [ A 4598 . SRR IR 2 1) F RE F18K Mulliken HLfaf 47 0. 158, SRR 5 F BE Ak
Mulliken i 47 0. 651. PRI, 23 PR TS8 B AL Tt JEAR TS1 B4 . Xt T H [ 4% Intd Fl Intd, H[a]
A Intd HA AR AR & 09 IR R SR F i R s/, SRR P8, I i 778 Tnd 544
B8R AT LIRS st LB A 2 . BRI R, AR Ind 25449, C—O0 B4 0. 1225 nm, C—NH#KH
0. 1290 nm, ¥ Hah 3 2% C—O0 8K (0. 1180 nm) F1 C—N K (0. 1241 nm) 43 WA B8 . 52k LAY
C—N 5K 0. 1600 nm, &5 . 1 o a4 Intl 454 1 C—S 8K 4 0. 1702 nm, C—N 4K 0. 1272
nm, A C—N K 0. 1542 nm. X Eb EREE v AL, a4 Intd  N—C—S (280 25 35 g e
[ Intd HH N—C—O (922, BONBLRT21A8 K, SN2 H0E Ao comi I 1T DS e i 2= .

1A TS3THE A RE R KT TS9, I Bl JF R 2 — . SR T | B TR0 U 5 i) i 4
Al 2 5 BR AR, T2 5 3532 e 1 R 0¥ . B GAPT HL i Al Mulliken H faf AT 1,
F552 I B BB 10 17 L sk P S TS9O (GAPT Hi faf—1. 561, Mulliken HLfif-0. 695) 2 T TS3(GAPT Hy
fif—1. 411, Mulliken HLfif—0. 624). M7 [H L5 5347, 2RI T U RR R AR L S B SsURR R 45 1) rh 2R B4R 7
PR AR T S R A R WA SO R 2 B S20 F1 S21). AR Intd Hfr, O—H KN
0.2551 nm, K Intl H S—HEEK A 0. 2962 nm; B FEEEAVEF, IR Tnid H 282K 546 B U8 1Y)
IAE ] — V1 5 WP R Il o, PRI TR AR, T4 A 26 BE R 2 8], PRI T AR BRI it S
PIARFEAEL) SO FE IS . FERDWER TS h, TR FH#6# , i Bl m AR 1, A% EREIR
(18 GAPT HL 7 1l Mulliken L), DRI, 3 O—H 8K (0. 2346 nm) 5 a1 4& Int5 (0—H 8 0. 2182
nm) LA TS10(0—H #4140, 2192 nm) 544 FP ) O—H B A FEmg . 3 P25 TS [R)AE i T 1 TR 1A A
JEF, BT B LT B AN, DR S—H B35 A0 AR B AR B, A 0. 2624 nm, IEF ISR R EER
AbF Rl — 1. X AAAE T TR R RO, AR Sk R AR A, SO ES
TS3 T 2L MR = Tl A TS9.

1 PEAS TS10 (U RE = o Tl JEA TS2, B T AR TR S8 BE 1 R F i i F X AN Ak, 22
5 1P R = 19 £ 7 N 73 2 ) R S 9 LR E T e [ 0 B o A28 31 S s o I e R o
MBS TS10 HA7 B m i RE . [FIEE, oA IntS (B8 & R AR Ine2. 172 P 25 TS11 (R RE
R TR PEARTSA, MM B Hr, S B R RIET, TS4 rh a5+ GAPT HLfif Al Mulliken HL
fp KA 43591 Jy—1. 189 F1-0. 388, i %8 Il 111 GAPT H, fuf £ Mulliken Hi, 4 78 15 98 25 TS11 Hp A4 500 (8 43 51)
H-1.592F10. 644. 485 B BR M L F80E , (2T ERER, e BEtR, Bf
BRSO R TS /A T e C2 )R 2 A A K (S—C2) iK1 0. 2567 nm B, 2 &
RRFIES . ERTFRERRAN, BTN, AR T 5 R4 TR C2 572 (B A
(0—C2)FFiE5 0. 2074 nm B, SOWAR R A RSP . [FIF, TE R oo P A 75 B v il — a2 (R Rk
11, FIRFHRELIR T ek R C2 E AR LT RN, Bk TR Behbh, AR A Sk A
B R FoE T, WSS IR S AR R EEE R . UL, VA TSI B RE L & T P
TS4. % b, LAY 1 56 ERRE SN, 58] R MEM R ZE 7; LAY 1 5 R ER v, 55
TRAIN T a5 IR G 6.

T AR AR R, B, 78 A Intd 205850 28 TS9 535 TS10 6%, L AT fEZ:
PR B E R T R — AR . W 6 B, AT R B, %A IS TSO1 (A X 5 A5
H H1 BEE 2 150. 4 kJ/mol , T 5 335 H A IntO1(26. 1 kJ/mol) , FFZ8 3 — W 755 5% 1Y 3 8 248 TS02
(140. 9 kJ/mol) , FJa ikt 596, v UL, HFRERK S, XIS ANEA s )12 H.

WFFE T A BE . DU RGN VA R 3-SR AR T e S ORI S g i At vp B AR AL Y 52
Wi . ph D7 AT, R I AR TSS, TS9O MITS10 A 1 fE 2 ARZMEN, M2/ T 6 kJ/mol. 1E ZIETHEH
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Fig. 6 Energy barrier diagram(A) and the optimized geometric structures of transition states TSO1(B)
and TSO2(C) at the level of M06-2X/6-31g(d, p)-IEFPCM(dichloromethane)

Bond distances are labeled in nm.
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Fig.7 Energy change diagrams at the level of M06-2X/6-31g(d, p)-IEFPCM
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Fig. 9 Energy barrier diagram(A) and the optimized geometric structures of transition states TS14(B) and
TS15(C) at the level of M06-2X/[SDD+6-31g(d, p)]-IEFPCM(dichloroethane)

Bond distances are labeled in nm.
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Fig. 10 Energy barrier diagram(A) and the optimized geometric structures of transition states TS16(B) and
TS17(C) at the level of M06-2X/[SDD+6-31g(d, p])]-IEFPCM(dichloroethane)

Bond distances are labeled in nm.
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