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Fig.1 Nine types of isomerization reactions
1. R,=H, R,=H, Ry=H; 2. R,=Me, R,=H, Ry =H; 3. R, =Bu’, R,=H, R;=H; 4. R,=H, R,=Me, R;=H; 5. R,=H, R, =
Bu', R,=H; 6. R,=H, R,=H, Ry;=Me; 7. R, =H, R, =H, R, =Bu’; 8. R, =Me, R, =H, R, =Me; 9. R, =Bu’, R, =H, R, =Bu'.

2 #R5itR

2.1 HFHNSEBRM(ER])
R 1 W5 HR 9 DM FINEER N SONIEIRRE, 55 9 S145H T 9 AN N S0 [ f5 A e it A8
b, FUEFR SRR N, FERN 1, 2 f3 ) HA R, i E ERBUEEARR. iR 1M, 4R, I H,
Me F1 Bu'Bt, 134T 20 73 N Q5% SO I N6 AL RE 53 7R 228. 6, 204. 0 1 200. 6 kJ/mol. Horp
R, =H i, Q55RO TG fLfE i K (228. 6 kJ/mol). 5 R, A H AL, 24 R, i Me Al Bu'Bt, JZh;
TEALAE D HIFRAR T 24.6, 28.0 kJ/mol. TESZN 1, 4 F15 1, HA R, (8 FABUREEATR. 24 R, A H,
Me 1 Bu'li}, JZRiiEALBE > 5 228. 6, 249. 1, 246.2 kJ/mol. HH R, = H I, SR 207 (935 1L g B
/N(228.6 k]/mol). FERN 1, 6 F17  HA R, (i EEURIEARR]. 2R, & H, Me F1 Bu'Bf, KN {E
fLHEST I 228. 6, 223.6, 209. 0 kJ/mol. HH R, = Bu'lh, SU56RS N 1 iE fb e fe /).
Table 1 Activation energies AE, and reaction energies AE for the nine reactions

through the four different pathways(kJ/mol)

Reaction Substituent AE, AE
R, R, R4 Path (1) Path (1) Path (1) Path (IV)
1 H H H 228.6 112.4 36.8 165.9 48.5
2 Me H H 204.4 94.9 11.3 140.5 25.4
3 Bu* H H 200.6 93.2 12.1 20.9
4 H Me H 249.1 135.4 53.9 219.4 75.2
5 H Bu‘ H 246.2 137.1 51.8 70.1
6 H H Me 223.6 112.0 31.8 167.6 18.8
7 H H Bu’ 209.0 103.0 20.9 -11.0
8 Me H Me 197.0 91.5 5.4 136.3 -4.6
9 Bu* H Bu* 180.0 82.8 0.8 -40.0
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H—AHE Me, MiH—"H2 H). RIBETT RN 8, A Hod WS as M - 1 s ae. 450 R, &
N 8 BTG ALAE N 197. 0 kJ/mol, LN 2 AR 6 WO, HLEERN 1, 2, 6 F18 & B, M Me BUEL R, 7
B H, THILREREAR T 24. 6 kJ/mol (2% 1 F12). i Me BUR R, A& H, IHLAEFRL T 5.0 kJ/mol
(Swi 1 Are). i R, R, £ 1A H [R5 Me BUE, 1EILAEFEAR T 31.6 kJ/mol (Ui 1 F18), 24
LT (24.6 +5) kJ/mol, P CHEWT R I TE AL BEAY 52 M HLA A, SRk — 25 B UE s Fpoim A, 1%
TFT M9, 51 AHEE, SO 9 H R, AR, AINZE IRt HAE T Bu'. B 1 #1350, R, BI07
B HAEN Bu', TEALREREAN 1740 28 kJ/mol, HIJN 1 M7 AT, R, & i H AZ B Bu', 1E{LRERE(R
2519.6 kJ/mol, HICTM S I 9 A6 FL BE I Hb S b7 1 B&AIK (28 +19.6) kl/mol. L 1 FYTE fb AE &
228.6 kJ/mol, FIr AT I 9 HITHALAEZ H 181. 0 kI/mol. LG5 HRFEM], W 9 ii%LAE K 180.0
kJ/mol, 5HII 181. 0 kI/mol AMFF. XA 9 MorFNAFKRK N, MY ES, C—H
i, Re—C*—H“ B sk /N, WXy s ny 8, ¥ SR £ it P 2 8TSa, C—H* 4 iy 2 I ¥ v iy
0. 1094 nm K2 FESFH 0. 1544 nm( K 2) , Re—C*—H“8 A i W Wy iR 116. 9° /N B ad S
Y 66.3° (& 2), Wi/ T 50. 6°. i JEZS 8TSa HY Re—C*—H"§ A I 25 52 1 B0 A oy Bt e ke, it
PEZS 8TSa HAETER KK ST, FrLIHALAEIR 55 (197. 0 kJ/mol ). HL#E Re—C*—H* 8 £ I/ N B R R
S FNEHERIN 1 ~9, PRI IER, R, =Bu' (JLW 5) fl R, = Me( W 4) I} Re—C*—H"4#
/b %, 4k 58. 501 58. 10, XA I N B TR AL RE AR K, 23514 246. 2 F11249. 1 kJ/mol. 4
R, Bl R, [F20 Bu'Bf (LI 9) , Re—C*—H S/ D /b, S 46. 1°, ihfLagdag /N, 4 180. 0 kJ/mol.

8TSa 8TSb 8TSc
Fig.2 Optimized structures of the reactant and transition states for reaction 9

Bond lengths are in nm, bond angles are in degree.

2.2 REMEKSFEASEBRE(EEZNT)

WK R A KT, @R T REE S EE T 5Em. — KT 5H LS Y E R —AE
GY, BEMET—ASTUAREER, HON CURFRHEBREK ST/ 0 5+ I, [FE O i+ Ei—14
H R FHBRIGIEIE SR N JETF B 321 HE 6 SR AR N BTG TLRE.

XK FRAENEFEBR GER), fERM 1, 2 f3 d, HA R, (& FAECIEEAR.
1 AJAL, 24 R, M H, Me f1 Bu'B}, THR TG ILRES M 112. 4, 94.9, 93.2 k]/mol. HH R, =H
F, EEERL IOV TR AREE (112, 4 kI/mol) K. 5 R0 H BHAHLEL, R, 9 Me 5 Bu'fi, B IGLAE
HIBEAR 17.5, 19.2 k)/mol. FERNL 1, 4 F15 h, HA R, & EAEAIEAR. X4 R, B H, Me Fl Bu'
BF, A IS ALAE /5 112. 4, 135.4, 137.1 kJ/mol. HH R, = H B}, S I 19TGALRE (112. 4
kl/mol) Fe/>. FERN 1, 6 17 H, HA R, (V& EBUCIEAR. 24 R, I H, Me fl Bu'lf, 15153
AITEALRESS B0 112.4, 112.0, 103.0 kJ/mol. i R, = Bu'i), %558 0 5935 1L AE (103. 0 kJ/mol)
/. ATDAHEI , %f2hisae T EEER RN, 24 R, FI R, #F& Me I IHALAEZ LN 2, 6 (O, itk
BT T O 8 FFRHIEAREHEA T, RS SR, [ 8 MTEILAEI A 91. 5 kl/mol. XF£8 H kiR
SRS O, BUREEXH TG AL RE RS2 ma B AF 7E A, B an BLd s i 1, 2, 6 18 & B, R, {8 H
Me R H( R 1 F12) , TEALAEREAR 17. 5 k)/mol; R, A28 1 Me BU H( R 1 #16) , WEALAEAE 0. 4
kJ/mol. 1 R, F1 R, (2 & [T Me BUC H(SW 1 F18) , TEALAERAIE T 20. 9 kJ/mol, Z1%F(17.5 +
0.4) kJ/mol. & T HE—LIG UM AME, it TR 9. i1 AL, &9 H R, F1 R, £ E R
M HASHT Bu'. fHRN 1 M3 080 R, A& H H SN T Bu', 1 TLAEIEREARZT 19. 2 kJ/mol ; H1 R 1
M7 AL, Ry AEH HAEN T Bu', IGALEERRREARZ 9. 4 k)/mol. H TN 9 (3% ALBERT L 1



Ik

1446 5% F Rk FF R Vol. 29

FEAK[ (19.2+9.4) =28.6] kI/mol, N 1 MTEALARESR 112. 4 kJ/mol, I AR KN 9 TG FLREZ)
83. 8 kl/mol. THELEFEH] | RN 9 ATEALEE N 82. 8 kJ/mol, ST Y 83. 8 kJ/mol AHAT. LA 455
BY, £ R,, R, MR, {8 b, BUCHEE H, Me, Bu' X2 i I B9 S 5E R G L RE RIS I 5 %043 F N 5%
&) RGeS —2, R, 4 Me 8 Bu', R, N H, R, N Bu'lf R B iGAbfER/DN. X015
IKIBIEERE RN 1 ~9 R EE—A R, R EE IR, Re—Co—H B /N EUE AR L4 F N
SRS SN A N A /N2 300, Bl dn, i 8R H Y Re—C*—H B M~ 116.9°, i P75 8TSa H1 1)
Re—C*—H" #ff1 0 66.3° (12 1, F2), id¥EZ 8TSh 1) Re—C*—H 4 ff1h 94.9° (&2 1T, &
2) s RN ETES, B2 1) PH Re—C—H* AW/ 50. 6°, &4 (1) H11) Re—C*—H" 5
W/ 22,00 FRIATEPES 1TSh ~9TSh g i/, R 76 AL RESL /N (82. 8 ~137. 1 kJ/mol). X4 R, Fl
R, [ Bu'l (GRAZ 11 ), Re—C*—H S/ i/IN, AU 18 1°, TEALAEW /N (82. 8 kJ/mol ). 4
WR, T 5K B SR LA R 50T W A5 R T & AL BE(R 29 100. 0 kJ/mol. G0XFFR A9, 4 F
W R A TEFLBE R 180. 0 kJ/mol, Tii 4T [l B2 136 L LA 82. 8 kJ/mol.

2.3 KNS5 HCl HFESFHE R (RE)

WER R AR R PAEAE HCL 3 F, EFB v aEad s () e —A HCl s F 5 H kb & E
W—NEEY, EEMEE— ST IES, HC 2T H R PR RGPS Y h il N 5T
I, HON CJRTFHREE HCL 43T CLIET L. 321 HREs 7 SR AR SO A6 T RE.

Xtz te M A A SR, RV 1, 2 f13 o, HA R, AL B EBUCEERHE. 4R, W H,
Me H1 Bu' i, A5 R)H3ELARE S 90 36.8, 11.3, 12.1 kl/mol(F 1). Hi R, = H i, SHE# N
RATEILHE N 36.8 kl/mol. 5 R, i H B AL, X4 R, S Me 5% Bu' B}, SR 16 fLEE 20 i FEAK T
25.5,24.7 kJ/mol. 7ERN 1, 4 15, HA R, (i FBURIEAR. 24 R, A H, Me fl Bu'lif, 115
BRI HITEIERE M 36. 8, 53.9, 51.8 ki/mol. i R, = H B, &HEH A fie/ ML 36. 8
kJ/mol. TEJZN 1,6 F17 i, HAG R, i FABUCIEAT. 24 R, 24 H, Me 1 Bu'l, THEAS R AT AL
AE5r5I R 36. 8, 31.8, 20.9 ki/mol. H:if R, = Bu'I, BN A e/ INYTE L AE R 20. 9 kJ/mol.

HER 1 AT UL, X8 pas AR () AT A 0 o) S0 B S, U 386 X6F 358 1 B 1 52 i 0 7 26 i Rk 5
TER,, R, MR, V8 I, BURIE H, Me, Bu' X W #4rF5 HCI [0 S5 5515 AL RE A2 0 5 % 40T N &
R KI5 H,0 MIAHEBIEIAEM R —2, R, i Me 5 Bu', R, 4 H, R, i Bu'BH&EfLRER /).

315 HCl [B) S B ROV i EZS 1TSe ~9TSe H Re—C*—H* Bt A i 25 52 1 v AH I 880 FL it T 25
1TSh ~ 9TSb 1 Re—C*—H" B 1 fiw 25 YL /N 2) , KW 1TSe ~9TSe H YK I /N, i im AL REts 5
/N(0.8 ~53.9 kI/mol ). HELEFAFKI 43T 5 HCL (B 56 5 LA 4> 7 N A8 ir s s AL RE IR 2
190. 0 kJ/mol, HCAHRN 4T 57K BS54RS T 16 AL REMK 29 80. 0 kJ/mol. BIANKIN 9, 43F P9 RN 17 1k
fEH 180. 0 kJ/mol, 43T 5 /K8 KW B % AL AE A 82. 8 kJ/mol, 1435 HCL 8] 5 W (TG AL RE TR /N, X
70.8 kJ/mol, AILAZEAGIE T P 5e k.

2.4 REMSFRISEBRE(EEZEIV)

B 1R (V) £, WAV G950 T 0l BEE I i/ et S o-C T E A )
N Ery5eRs. IR F RIS RNARRER, Frll HXTER 1 iy 5 ANV IMERBET TS

TERN 1 A2 o, HA R AE ERBUREEARTE. 24 R, 8 H, Me i, HE SR 0915 LAE > 5N
165.9, 140.5 kJ/mol (W35 1). HH R, =H B, EEB N IELEER K. R, A Me B, S 1%
fLBE M 140. 5 kJ/mol, FEME T 25.4 kJ/mol. FESN 1 A4 W, HA R, M8 EAYBCIEATE. 4R, N
H, Me i, W IGALBESN B0 165.9, 219. 4 kJ/mol. Hod R, = H I, a-ZE 558 W TG IR RER /. 1E
K1 A6 B, HAA R, (B ERBUCEEARTE. 4 R, A H, Me BHTE SR H SN TG ILAES> 510 165. 9,
167. 6 kJ/mol, FLEHENT. XEW, R,, R, M R, MLEAPEACIE H A Me X R F 181 54 55 S 0 1%
feremsgm Sxt g 1, T, MRS RNTERER M —8. WA LRI &P 5 718
ISR Y, Bl —REB— SR F. KA 5 A IS (1TSd, 2TSd, 4TSd, 6TSd, 8TSd) 7£
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TREFH A — AN FUER S TR 90°ffi i) — S A RE R B &A=, FEMb R - SR AR, 45
RRI, BRI PEREE M SHEFRIN—H, B — KB — LA BT

FL A DU S N AR 1 B R TS AR RE R B, iR (V) B BETEARBE ik AR (1) B9/, (B2 s
() Fgfe () R, X RIIE VAR R & A KEE HCL, (Me),(NHR,)Re(= CHR,) (= NR,) fl
(Me),(NHR;)Re( =CR,) (HNR, ) Z M B b R 25 Zyad it i 4 (1) sasad i () Se k.
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A Theoretical Study on Isomerization Mechanism Between
Organorhenium Alkylidene and Alkylidyne Complexes

BAI Yun, WANG Fu-Dong, WANG Chang-Sheng "
(College of Chemistry and Chemical Engineering, Liaoning Normal University, Dalian 116029, China)

Abstract A theoretical study on the isomerization mechanism between organorhenium alkylidene and alkyli-
dyne complexes(Me ), ( NHR,) Re(= CHR, ) (= NR,) and(Me), (NHR,) Re( =CR,) (NHR, ), where
R,,R,, R, =H,Me,Bu', were carried out with the density functional theory B3LYP method. The optimal
structures of the transition states were located and the activation energies were calculated. The calculation re-
sults indicate that the intramolecular hydrogen transfer process is kinetically unfavorable because the high acti-
vation energies exists whatever the substituent is. The intermolecular hydrogen transfer process between two al-
kylidene complexes is less favorable either. The hydrogen transfer process between the alkylidene complex and
the water molecule is favorable. The most favorable process is the hydrogen transfer process between the alkyli-
dene complex and the chlorine hydride molecule where the chlorine hydride molecule acts as a bridge or a cat-
alyst. The calculation results suggest that the effects of substituents on the reaction barriers of hydrogen transfer
processes are almost the same for all the four processes considered in this work. For each process the most
preferable substituents are the methyl or ¢-butyl group for R, the hydrogen atom for R,, and ¢-butyl group for
R,. The calculation results also show that the additivity exists for the effects of substituents on the barriers of
the a-hydrogen transfer reactions.

Keywords Organorhenium complex; Isomerization; Hydrogen transfer
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