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M L E 735 Shilov & B 4L HE

THI  KRE  IWH

(PEPR¥RERBRVAETRT B 610041)

MWE Shilov RMTE CH, AL &A POMAL, EH AR o BRI BHLE. AR
KEH KK HPR T X PRI KB , A% Shilov BR324 AL I VLI 4T .

XA HREN, KEAE, AXK

s CH, REBMEE LI/ FZ—. ATERE, Shilov A PrCE™ #1 PCE™ HIKY
BEZETEHRT CH, WGk, £ CH;Cl #i CH;OH. X — R MG TS BB EHLES
Y173 S 4 T AR AL TE 1 BB 5% 60 37 B30 . AR 2 Shilov 2 B 5%, Shilov & &2, Crabtree!?!
HHIFR T Shilov RMMWEBEEEXMZERHRRHE.

f F Shilov & M AR C—H 83k 5.0 AL, BEF T 2N LB T T #
MEBFR. BRT LB —RELRL,

PtCl;~ + H,O = PtC1(H,0)~ + CI” (1)
PtCl;(H,0) ™ + H,0 = PtCL(H,0),+ Cl~ (2)
PtCL(H,0), + CH,= (CH3)PtCI(H;0),+ H* + Cl~ (3)
(CH3)PtCI(H,0), + PtCEE~ = (CH3)PtCE~ + PtCL(H,0), (4)
(CH3)PtCLZ~ + H,O0—>CH;Cl (or CH;0H) (5)

B 12 LR IFE R B AL R BB R R PtCL (H,0),[1 . CH, L85 B, th 2%
RELBWRRNL(3), 80 CH, f C—H BHEMINHF LR P—C &, X FiX — RN A #EHL 3
HAEAREN.

Shilovl VAN ZE R F B BR CH, 8 C—H B U c B FRAB P(I)RED L, 5
AN B FF 46 B Br AR AN, (B 3F R BT AL in B Pe(IV) 5 8] ™= %) (CH; ) Pt (H) CL, -
(H0),, TR E FRERFME R Pe( 1) # R 7= (CH; ) PtClL(H,0),. Bk & Fib ¥
R HIMRS. ZXNELBRAERNBETF, AN RA, BERETETETRMG)H
Z R b =Y A, AL RO T B A BB, AR Shilov RIH,C—H &L W&
YHEREMLB P EFE HEFEEIBIMHSH CLEFL, RAEHEIBIKSFL, K
# o EB R B Labinger Z 4k X FHLIE.

B — IR BT 58 1SR 3 R R B AN L. 4% & B HCL7E — 78°C B 4L bR
B[ Pt(en) (CH,Ph)Cl]_E (en= ethylenediamine) , £ 1% [ HPt(en) (CH,Ph) CL, ] ¥ [ {& 8R /& 4 1%,
CH;Ph #1 Pt( 1 ) BC S . th ik, V& HE T 3038 RO, e J i b 2 Ak I R L3 .
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BT XA R AL (o EB R EAMER) 8 P B R A LR FBRNESE, WX
B X R Shilov R B XEE T, 2 A B F NS — BB IE R R AP,

1 SRR

FXBRAEREBNT

(CH{PtCl13:(H,0);3] [(CH,)PtCI(H;0);]17C1™
| 3

/ niijj.':‘-:».._ CI

[(CHJ)PtC13(H;0)]H0~— cl \lPt ol H;0 —= [(CH,)(H)PtC12(H;0):2]
2 8

e
: |

(CH;)PtCI(H;0); + H* + CI™
8

. |

[(CH3)(HC1)PtC1(H10)]H0

7

W1 REARREREE
KW FER ARSI B —EAR, FERZSRTE KRB

KB, CH, B SE 38 A B B0TE R S AL WS 1R E R BN & 9 1. CH, ¥4k
MHTRRERRMBMELN L, R o RAY. ARMAM, —R CH, 5 B0 #ITREZHY
B 2; =R CH, 5 OV RHXHRB R 3. HHRET 2 HIRE cBAY 2 THEEFUMRR
REY = it WA 4, 36 TR R LIRS B F A 4 PR A 6.0 EAY 2 f17T 1)
R o B R RIE OB 5, TR A PR E 7. shE 6 71 7 E XK EAR
HiEE. EREE— 5 R RBE=Y 8.

TG A R4 RN B AR AL BB Pr A Ol R T L #8458 Hay F1 Wadt S 94 %4
W, BRI R I g B4, P d JUBG A= ¢4, LA~ d RALERS, PLilifE
$ 0.6. % C,0,H, Al Dunning X { Z47, 3%t C,0 1 d -
AL B, 35304 0.75 F1 0.85, % H i p AL EE, 4800 B
1.0. X A4 K Crabtree!? 8/ i 2 41 B K. (CH,) PiCh
(H,0), R RILH 14 MEF,135 MR RB. HE A RHF
ML, B ¥ 2 GAMESS®.

FEAT 1~7 BERANHERHOAGTALEE o0
#17E RHF RSHAHERE KEFHRSMHFFINE 2.8 B2 AFFRTHSA
LEHEN T ES A ERIIFR L HFIR R

0(2)

\\

Cl(l)-——-Pt —Cl®
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N1 REARPESFORENTESHNAER

@F 1 2 3 4 5 6 7
1A% 88 & (kI /mol) 0.000  93.894 144.262 182.296 217.985 126.859 132.494
&+ (nm) '
Pt—C 52.37 25.06 25.51 21.16 21.36 © 20.35 20.26
Pt—H 41.53 18.42 19.10 15.07 19.27 14.86 30.68
Pt—CI(1) 23.69 23.73 23.16 23.43 24.72 23.52 25.98
C—H 10.85 11.33 11.23 17.45 15.19 24.12 29.02
Pt—Cl(2) 23.69 23.52 37.50 23.63 23.49 23.52 23.33
H—CI(1) 48.54 30.60 29.92 28.42 15.21 28.06 12.70
P—O(1) 20.69 20.73 20.28 22.21 21.72 23.43 23.18
P—0O(2) 20.69 43.57 20.99 37.04 40.95 24.09 39.18
#24()
C—Pt—H 0.43 24.70 24.12 54.49 43.54 84.95 65.78
Pt—C—H 1.65 42.79 44.03 44.67 60.87 37.87 74.66
H—Pt+—CI(1) 92.07 92.20 89.60 92.58 37.97 91.08 24.11

2 HERMITiE

2.1 CH, 57 PtCL(H,0), BB ik

WEBRE WA, 5T 2 LT 3 BEEES0. 4k] /mol. BERABEFI K 4 FRIBALBE S tb
CloEH, 85 TH# CH, B#%. &1 F CH, RERIE, T HO AR AKMIRE, 5 U H0 Kl fL
B8tk CH, E3&.CH, B% H,O WA B/5,2 Lt 1 BERE H93. 9k] /mol. BATIFK CH, h o
BB TRAIPRFLELHEREY, M2M3IFCH, Mo AW . 1%, Pt—CIE%52.37
nm, EAX FBAEHEEM.E 2P, Pe—CEBZET 25.06nm,# AH— BB, 45T
—A~ H,O B2/ B Pt B9BEES B3 20. 69nm AN KB 43. 57nm, 4 T4 A A B . 75 CH, BB o
A& 2 i, BRI C—H @K B 10. 85nm MK B 11. 33nm, B W5H K BE , Bt — C—H
BRECE T & 4.

MXNFoEAEW3, —HHEBRL 2R, AETAR, B —FHE P—CRIEWK 2 K, Wi C—
HEBEL 2 8. XEBAFFH#E—H C—HBWEL. BT, TERIH 2 R ARBE
C—H W3 B SR
2.2 C—H@EnmR

X—HRENRNKXESE. R\A T SRR, AR EOPLE. — & 284N
BN BER, B =P O0MES 4 XBIRNPEEG6. B —RR c EBRN, B WP OTHE
& SHBRBLPE T

4~7 RALRMBESEOMT B R K2 1. AR MM e B T 1 3.

NEERE , B MBBEABRT «c TBHE. P03 BES I NP LIBSSERTE
35. 6KJ /mol. EALIMAR Bl 1k 6 Lt o T B & 7 EFES. 6k] /mol.
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MNEIFH,ZPOLEESH EEREP—C,Pt—H,Pt—CI(1)4 51 £21.16,15.07,
23.43nm, H P AT A4 $148 0.20,4.20,1. 29nm. XA IR F B E= P00 BEA KGR
BEMK. BRANPLEES HCI(D)EEL/D

(E=4O0dESMEL),BEHTFHE CI()ZE . 200.0F _;‘

WAE AR, H s EHBRE T CDMRAE ' I

7,8 P—C()REB. MANFLARERE 8 50,0l

B Pe—H 1, 57 A B SR e} ~ heA
TR 4 55 R, —BOA N _/ 6

#LWREMHCAXRES R, 1000 /2

2.3 FEHBE 00 _ll';action Coordinate
B Shilov [ B2 24 MK MW o AT 40,

B LA SRR B RS 1. FEH MR, RATE B3 REG)HRMERTRE

BT —MNKAFHEZEAE, C#AHR T RN H B0 . Onsager ARt T a8
7 B R AE TS IR R M K B BIRIER . BRI RS FRBEIERETRR N
E = (e—1)p?
(2e +1)R?
Ho e REFNNMBES R EBRES TRAEBANSEEE, n RBERZ THBBRE.
P TES 4 715 FBRIESBR2.75D #13.27D. AMMBHIFIRE , 4 THRENZHHAS
WK, FTUBERERBASHZE 4 115 HREKF.
% RHF/DZP R AN MM L3, 3% 1R T % RIBR , Shilov SN I % R 3 & 4 10 6% L 38
7.
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Ab Initio Study on the Mechanism of Shilov Reaction

DING Fu— Jiang* ZHANG Liang—Fu  JIANG Li- Kui
(Chengdu Institute of Organic Chemistry , The Chinese Academy of Sciences , Chengdu ,610041)

Abstract The Shilov reaction, alkane oxidation using soluble platinum salts, holds a central
place in alkane activation chemistry. The mechanism of the elementary interaction between CH,
molecules and Pt( [[ ) complexes deserves well attention:
PtCl,(H,0), + CH, —>(CH;)PtCI(H,0),+ H* + CI~

The real mechanism of this reaction still remains to be explained. We have looked at the
oxidative addition and s bond metathesis pathways for this reaction in this paper. Quantum
chemical calculations have been carried out at RHF level using DZP basis set for all the
intermediates and transition states in this reaction. Our study suggests that the Shilov reaction
goes an oxidative addition of the C—H bond at Pt( I ) and yield an alkylhydrodridoplatinum( V)

species.

Keywords alkane activation, reaction mechanism, ab initio calculation
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