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Scheme 1. Preparation of Dienylsulfonate Fe(CO); complexes
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4
Table 2. Reaction of Dienylsulfonate Fe(CO); complex with AlMes
Entry Substrate (L.G.) AlMe; (eq.)  Conditions E/Z Yield (%)
1 3a (ONf) 15 eq. / Toluene, reflux, 2 h 5/3 24
2 3a (ONf) 5.0 eq. / Toluene, reflux, 2 h 1/0 21
3  3c (OMs) 5.0 eq. / CH,Cl,, 110° C, 2 h 1/0 10
4 3d (OSO,CgFs) 3.0 eq. / Toluene, reflux, 3 h 0/1 19
5  3d (0SO,CqFs5) 3.0 eq. / CH,Cl,, 110° C, 3 h 1/0 15
6 3e (OSO,-p-NO,Ph) 3.5 eq. / Toluene, reflux, 6 h - 0
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Product (%)

Entry  AlMe; (eq.) Lewis acid Conditions
27 2E

1 4.5 TiCly 0°C,6h 16

2 15 rt,6h 20

3 3.0 rt,12h 10

4 4.5 GaCls 0°C,6h 18

5 4.5 r.t., o.n. 23

6 1.5 rt,6h c.m.

7 3.0 rt.,12h c.m.

8 4.5 FeCl; -78°C~rt., 4h, 15

r.t., 12 h, reflux, 3 h
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Table 4. Reaction of Dienylsulfonate Fe(CO)3; complex with MX,

Entry MXp, Conditions X Yleld (%)
1 ACl3(1.5eq) /CH,Cl,,0°C,25h cl c.m
2 GaClz(1.5eq) /CHyCl,,0°C,1h cl c.m.
3 TiCly, (1.5eq.) /CHyCl, 0°C,1h cl c.m
4 ABrz(1.5eq.) /CHyCl,, -78°C,2h Br c.m.
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TW5,

ZORNTHY VEMFEAT L8 B KRIE, VBN OmE S 2 LSk
BIRBESOE NfEDLNTWLHEIT TR, ZhETREIN TV LS Ry
PEIRRE A ORISR L35 2 ERME I N TS, fil 21X, Friedel-Crafts 7 > /L {b/x
JSICBWTIE Y VR FICT D 2 8 T 78C2:bm%é%ﬂﬁ;ﬂ¢?f}im75> EIT 352 L
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wEEINTWD 10,

Fe(CO),PPh;  AICI; ,Fe(CO),PPh3
4 CHaCOCI N
- H COCH,4
ICH,Cl,, -78 ° C H
H +
"Fe(CO),PPhs P Fe(CO)PPh;
//, _H+ ’ |
—_— | (5)
COCHs COCH, 96 %
Scheme 3

Flo, XUV N AT AR REERBE T BALKISICE W TS IR U< ST
L TwW3 1(Scheme 4),

T, 2O00KGICHBEBLTEZRD I X, IF A FREKREZRE L CRIEHPHETT
HETHD, ZOHFHr~ Fe OBFTHIMWANVIATLLEEZEZ LN TWD A, BT 2BEFK
SIED BNV = VBN TiE Fe LOBEBFEEIFKT T D720, T4 ~EHIEiivia

LK 2D, —W(bRF(CO)VE Y VM FPH) D7 17 4 THUEZ L THD &
HOMO DNAA7 1% 4.4eVIZE PHs O FRE W12, Lo TY UELFIX, BifF72 o it 5K L
LC<, $7bb, VVEMTN Fe L2ETEEICTHIET, RIS DF A~
DEFOMWLIALDNBZD, FRERIKZER LT < 2o T D,

OH N-Methyl morpholine N-oxide _/—\\_’<H
) > MeO,C—/ | N+
MeOZC—//_:\\—/ F Y
' e.
Fe(CO),L ceo
& +
T AN R MeOZC—//_:\—CHO
— > MeO,C N _ ' (6)
F: T Fe(CO),L
Fe.
occo L=CO,5%

L = PPhs, 45 %
Scheme4

ST, 18 iCTHWEREED CORMFEZY VM FTBE2ZNE., TULVIFF o0
&k % A Fi ﬂ“é Lo FREEBEBAFEE LR o Fe oV ~DOWfikERNRE LD Y
v kb E BERoT, A ABMPMIMLLT K RE2ERENHEGETE S,
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2-2) B2 S

e CHbIRAR7e LIk = VRO SO m L2 B E L, 8 Lo LR = VEAL
TE2 Y VRN ~NERBT AL L, I CHRICHESRTWD K9 7, LAl E H
W B AR )S & B T o 7 9,

ZT., B FARHBDIFERE LTAF L ANF =V E RV EEZAET D 8¢ AT, 3a
iﬂﬁ%ﬁ MEW—FT, EFICALETHBILINSCT S, EENREBICX L TH BN
BN OROBDNNEG TiE oz, 2, 8d X 1 HICBWTEBRKIGZITY &, 7 v
FOA T EBBETLIALEMPBONTE O, ZORKIGOBBEELE L CidEy T
inotz, 8e B L CIIIG N A< AT L2, _@%iﬁﬁﬂa#%%ﬂ}iﬁi\%@: A I
WA E T e B VT,

Sc I LBEAE LT RYATFAT IV NAXFUREY VBN 727 N EEETT
ER&SE2 L, 8acafD 2 N TE=GEU7T7, Tableb), Z OIS IXEALAIAEE L v
R = VENLF & KB LTl CO, CO2, MesN 23 #4745 Z & TR AT & 72 > 72 Fe oV
YIREALTHEVNI DO THDL, LL, BE MOV VTS TR o TLE
ST ENHOLNT VWD, ZO®, BILINSLTWRY 7 x2=17 427 1 (PPha)X k
URAFNT A7 4 (PMe)ICENF 2 RBET 2HEIERTO=MOY O EIEH - T
LEILOINRIFET LTS, ZOXIRGAEITY Az S 5122 VR E
R TCE DN, ZZTIHUTORMGOHRERT,

Table 5. Ligand exchange reaction of Methanesulfonyloxy Fe(CO); complex

OMs Ligand (1.6 eq.) OMs
MesNO (2.0eq) _)—\_
C5H11_)/:_\\_ / Acet toti - CgHi1 /: \ ™
Fe(CO)s cetone, r.t., time Fe(CO),L
la 6a-c
Entry  Ligand (= L) time Product Yleld (%)
1 P(OMe); 2 days 8a 76
2 PPhg days 8b 68
3 PMej 9 days 8c 59

B 28 0 K D BRI

ST, Aol bt 8ae LT 8¢ d IR JIE ZAT WV I /L AR = /b OWUARED 2 >0 THl
T HIz(Table 5), € OfEER, Fe(CO)sEiRIZl~Y VBN FICZHB LG, WTiLd
BNV = ORPARENTEEZ S 7 P L TR, ZOEIFY) OB FHEMERR 2251
LR CTHEIZAR 7219, 2D 0D, aﬁ“%*%l PED T3 V7R = )VBLNL F % 8B W 5
DIFNWY UFRALFICRET H 2L T, Fe ERBEBFBEILR>TND I ERDND,
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Table 6. IR spectra

Entry Compoud (Ligand) Veo (em™)
1 3c (CO) 2046, 1957
2 8a (P(OMe)y) 1992, 1924
3 8b (PPhs) 1984, 1918
4 8c (PMes) 1978, 1903

F7-{bEY 8a IZEIL T BC-NMR ZHIEL 8c LA BTt A, VD 1
N AT DIRFEIT 8a DF N, ERBEICFDOE — 2 BWIEE LT (Table 7)., koTy=v |k}
BEFEBELRSTWVWAEIENSND,

13
OMs , OMs , Table 7 "“C-NMR spectra
2 _2)—\_ BC.NMR 5 (
4 4 C d ppm)
CsHi1 /: \ CsHi1 1/1 \ empoun C1 C4
1 Fe(CO)3 Fe(CO)zP(OMe)g
3c 59.2 48.0
3a 8a
8a 56.0 46.3

NSO AMERE L LTHOHIE LA ZABOM NN Z 0030 2 &2 R i
RTE D,

Flo. AT AR EARLIMNC S ZORZEWRICEN AN, T2bb, U UEAL
TR, BTEEICR-oT2 6T, kOB DML T D2 L 2R LI,
R, P(eBus e EDQ Y T RERET L8707 ASEERPKIGIEHETH LB 23 2
A TE D, ZOXHIRLREEL Y VENMN T OEBEFHEGEICEKFEL TEY, PMes &Y
W RIZAT LG 8 3 h » & b il Fe(CO)2PMes N #EfT LT 2o 72,

2-3) /LA ADEMNL AT L D E B S

BN % U ICRH L2k = VR 2 VW T 1 T B I o 7o /b A AW OB 11T
L oBHREGICOWTHRM Lz, EEE L TX, ZEESCYANRL0E2EE LT 8a %
Hwaonz k&L,

Bl 8% 79 )V AR = VAR D A Bk
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WhRUAFATAI=ULEERASERZEZ A, AT L HF reflux &9 g
Mﬁwmﬁfﬁm AT L7z, F70 A4 ABRIZ Me2AIOTHZ VS & 0 CTHH =R T
JIEHEFT L2, 1THITIE, 110 CEVWI RBALETH- a2 B2 0L, KSRER
T2 ENTERLZENDL, VA ABIZHT D OSERR EL TS EF R 5,

MSQ| Fe(COP(OMe);  Lewisacid (L5eq) MOy, Fe(CO),P(OMe)3
CsH1y /SN /CHZCIQ,Temp.Time' CsH1y \\_\
6a
Me  Fe(co),P(OMe); Me
/SN e/ . ®
9a 10a

Table 7 Reaction of Dienylsulfonate Fe(CO),P(OMe); complex with Alkyl Aluminium

Yields (%)
Entry  Lewis acid Temp. Time (h)
%a(E, 2) 10a(E, 2)
1 AlMe3 reflux 4.0 25(25, 0)  41(41, 0)
2 MepAl(OT) 0°C~rit. 5.5 20( 0, 20) 46(23, 23)

L2rL., Entry 1, 200566 HREEGY 9a 13 20%BETL2GELATE LT,
9a NOMEK I VR = AN HEIT LT 10a & EARD E L CEDIRBRER -T2, KGR TF
DE=HV 7LD, RIGOYHBERE TS 10a DAEREHR LI, £, KISIREL
BELTHHBKOERTHH-TZ, £Z T, 10a BREEKT 200 2R T H2DIT, K
DR FEREB o7,

Me

J Fe(CO),P(OMe)s AlMes (15eq) ﬂ
CsHip | CH,Cly, reflux, 3h~ CsHut 9)

10a

14 %

EEMIITH L NI AFATAI =g LEFHIE EEATF L o Preflux LI ZAH
10BN T DfERER ST, TORRIY, VA ABITREEWRK IS Z B Z T 08, [
BRICEE D VAR = b2 RIET D LD T &R oo T,

RAZ & S & Lk B v R = AL B O BOGE %é%%ﬁ@#iﬁ%éiﬁ%bi\ H Pz
FIETDNA ABOEZ FIZDR o TR E, REE WSO ERL I HEIT T 2IRE T
B 2 AT Z AL 77 VAR = WALBOSIZEIT LR WD TIE RV E WO R E 72 T Thi,
T TROR R 2B 2o T,

Slow addition T®D gt
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L&Y 9a O LA HIILLT O X 5 st a3 27 - 72 10, Table 8), % 7 Hifk
A F L reflux T AlMes & Me2AIOTH) ZEH X &, b A F L reflux TRIEZEBZ
2N BSOS FRER] 2 X T A7z (Entries 1, 2), & Of5 R Me2AIOTH % v 72356 SOG 1358
RNIZHETTHZ L 2R LT, £2C, SFEITHAE 8a b A F L H reflux L72H
5. % 212 Me2Al(OTf) % Slow addition L7= & Z A, 9a OULE A (A X W25 Z LT
L7 (Entry 3), 72k, ZOF 10a OAERIT T%ETMA bz, TAxFLVEEZTLE
IZ L7z EtAI(OTH % AW 5 & 56% C H W % 15 7= (Entry4), = Z T MeAl(OTf): <X°
BuAl(OTh): 2 EE#EASE DL ET AT NIERICI D REBBRK ST 2L ETT Lo T2

(Entries 5, 6),
R

Fe(CO),P(OMe);
MsO m.)/‘\sv\\—
S Fe(CO),P(OMe); Lewis acid (1.5 eq.) CsHa 9a-c
/A - R (10)
5011 6a / Solv., Temp. Time uj_\_
CsHyy 7\
10a-c
Table 8. Reaction of Dienyl sulfonate Fe(CO),P(OMe); complex with Lewis acid
Yields (%)
Entry Lewis acid Solv. Temp. Time (h R
Y Lewis ac P ") 9ac(E, 2) 10a-<c(E 2)
1 AlMej CH,Cl, reflux 45 a; Me 16(12, 4) 17(6, 11)
2 Me,Al(OTf) CH,Cl, reflux 15 min a; Me 6(0, 6) 43(27, 16)
32 Me,Al(OTY) CH,Cl, reflux 3.0 a; Me 49(38,11)  7(0, 7)
4% ELAI(OT) Toluene  80°C 3.0 b; Et 56(27, 29)
52 MeAl(OTf), CH,Cl, reflux 3.0 a; Me
62 'BuAl(OTf), CH,Cl, reflux 0.5 ¢;'Bu

& Lewis acid was added dropwise over the reaction time

CORERIBIROBICIER TE D, VA AP O LM UT=T UL F 4
MhE2E2ZTHD, ZOETLI=7 4 ER OTf 3 1> TEH S RAIOTHE . OTf
Koo TEMmEINT RAIOTHD: b DA L TH D & OTf HENMVNEF WS HETH 5 2k
IZ RAIOTD2 DIEF S MT NAI =0 A EOBFEEITKTLTWD, Z0O#E%E RAIOTD: E
DT NVFNLEROREHEITIZFELIEFTHZ L2725 (Fig. 1),

MsO Fe(CO),P(OMe)3 No\ﬂ_ -
\S\\_ Al-OTf Al- OTf
R ' R R OTf
Al-X R
X X
Nucl hilicit
Allylcation ucleophilicity

Fig. 1
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REEN/ NS WL ZABEHAWNWTS, REIZTIADFF 2R L THWHIEETTH 5,
P, 220 ABORAMFTIER VO KRB ZIERSEALZ L TILA ABD
BONL LIS TOREEBSS DA RETS v o 2 & RRe s h 5 (Fig. 2),

/_\Nucleophile

MsO

42;_5\e(i0)2p(ow|e)3 J Fe(CO),P(OMe);
CsHyy S\ - CsH1y

Al-OTf
R OTf

Fig. 2

2-4) REZANC K 5 B # B

Py R OREAEDORIEE LTIE, KOLIRbOBRHESATND, YVx /) —
v Fe(CO)s AT = =7 &7 — | Fe(CO)s $ifk7 K2 BLE & LTV, ¥ VB
L TOE FY F19.15.16) fRF 1D.18) FRFELER 19, 7 v R 20RPH R LOFITH D,

F

H

\\H \\H

| LY %t NaBH3CN/BF3 Et,O //\ Rl

5~ Fe(CO or Et;SiH/CF3CO,H /Fe co

R ( )3 \3 | DAST R ( )3
& 07 (CH,)
T™S \ H;
i | NV 1 R'= CHy(CHy),CH,OH "

-~ Z > A
5 Fe(CO); 2
BF; R HBF =5 | Fe(CO);

OR = OAc
OR = OH m
PhOCO
Me S
o AlMe, N
/(////\/\Rl R! = (CH,),NHCO,Ph | o
5 “Fe(CO); Rs~ Fe(CO)

Scheme 4

FUMRETIL, BROBE T VRIS W T, P UL TOEF R R B RIS
DINR LS HEITTHZERBICRARHBENR TS 2V, ZRa5F 2, T~ B RER
ERRET LT,

oTf 'BUAI(OTf), (1.5 eq.) Ph
Z N Benzene (5.0 eq.) Z N
HNE(CO > NIE(CO
(O / CICH,CH,CI, reflux 'F(CO)s (1)
1 11
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1R 38 SRAZF Ot
VA AR E L TIED E @ < SREZPED /N & 7 BuAl(OTD: & f 7z,
Nucleophile (5.0 eq.)

MSO_ Fe(co)P(ome); 'BUAI(OTH), (1.5 eq.) R\ Fe(CO),P(OMe);
CsH11 20 > CsHip 7S\ (12)
6a | CH,ClI,, reflux, 3 h 12-28

Table 9. Reaction of Dienyl sulfonate Fe(CO),P(OMe); complex with Nucleophile in the
presence of iBuAI(OTf)2

Entry Nucleophile Conditions R Yields (%)
1 Benzene reflux, 3 h Ph 12; -
2 Chlorobenzene reflux, 3 h %@'Cl 13; -
3 Furan r.t.,, 3 days Furyl 14; -
4 Trimethylsilylbenzene reflux, 3 h g—@ 15; -
5 Allyltrimethylsilane reflux, 3 h Allyl 16a; 83
6 Allyltri-n-butyltin reflux, 3 h Allyl 17; -
7 Vinyltrimethylsilane reflux, 3 h Vinyl 18; -
8 Vinyltri-n-butyltin reflux, 3 h Vinyl 19; -
9 Trimethylsilylacetylene erflux, 3 h 3 — H 20; -
10 :JQ%H rt., 1 day \_(\D,=_§ 21; -
11 Ethylvinylether reflux, 3 h ?%LH 22; -
OTMS o
12 AN reflux, 4 h ﬂ%J\ 23; -
OTBS O
13 AoEt reflux, 0.5 h £ okt 24; -
OTMS Q
14 /\/\H reflux, 3 h /:ka 25; -

p)
>—N/_\O ‘_>=o
15 _/ reflux, 2.5 h 26; -
16 @—< reflux, 0.5 h Q_/<_% 27; -

17 )\’% reflux, 4.5 h )ﬁ/ﬁ\) 28; -

Entryl 705 4 TIXEHEILAEY ., Entry5,6 TiX7 VAL &EILAEW. 715 8 Tl =/
ZEibAY. Entryd 05 10 Tlx 7o ey 7y TAF=1v 7, Entryll 05
15 ClE=/ — = —F7 A IV Entryl6,17 TlEA L7 0 VEEIEHA I, 0O
RT7TINT TVl EOROE L, MOREANISIE Lo T,

FIVKEA THLT I N T EREMEOEULET 70 2,3-VAXAF )L 1,3-7 4V <
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V. ELEKREEDONENWR By REEOENT UV AR ) — )b — T VTG
LR EWIFER -T2, ZOZ D HICKREEOMBERL T TR, AKSICHER
DB R RERVBMLETHDL EEZEZLND,
T )= NE—TFT N EREAMELTLLVWAKIGOREE LT, TVI=ylhx /) F—}
AL TRFIEZB Z o7 22,
o
Et,AICI (2.6 eq.) + Zn (1.5eq.) + Br\)l\ (1.1eq.)

Hﬁ&;

0/ OAIEL, MSO_  Fe(c0),P(OMe)

Br’—\‘ > 3 2 3
t \)l\ /\ + C5H11 /\ \
8a

Zn

o}
\Fe(CO)ZP(OMe)3
—AF> Cety /S\_ (13)
23
LrL, 2TORFHZBWNTH BREMEEME SR T 2ITIFEE-> TR,
T, AT aREAEZHAWERR BB Z -7 GU 14, Table 10), LML, W o
ALIFEERI D, RPN EMELE R DOHRT, BILEWERD Z LIXTERN- T,

MsO Lewis acid (1.5 eq.) R
\Fe(CO)zP(OMe)g . \Fe(CO)zP(OMe)g
_)‘S Nucleophile (1.5 eq.) _)—5
CsHys 7SN\ - CsHys 7SN\ (14)
6a / CH,Cl,, Conditions 20-32
Table 10. Reaction of Dienyl sulfonate Fe(CO),P(OMe); complex with Hetero Nucleophile
Entry Lewis acid Nucleophile Conditions R Yield (%)
1 Et,AISEt - -78 ° C ~reflux, 4 h SEt 29; (90)?
2 'BUAI(OT), Pyrrolidine -78 ° C ~ reflux, 4 h Q 30; (78)%
Als

3 'BUAI(OTH), _%EEH@NOZ -78°C~rt,4h _\52? : - 31 -

4 'BUAI(OTH), MeOTMS reflux, 0.5 h OMe 32; (14)%

(2 Recovery of starting material

T U N T N X DR E SR S
FAZB R 12 OBRFHCBWTREWHEREZRLEZT VLY T VDO RIIZOWTHE L
A ABORFEITH> Z L & LT,
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MsO Allyltrimethylsilane (5.0 eq.) Allyl  Ea(cO),P(OMe
\\Fe(CO)zP(OMe)3 Lewis acid (1.5 eq.) Fo(CORP( s

CsHg /;a\ / CH,Cl,, Conditions ~ CsHu /1\6; (15)
Table 11. Screening of Lewis acid
Entry Lewis acid Conditions Yield (%)
1 BF3'Et,O -78 ° C ~reflux,5h
2 TiCly -78 ° C, 5 min
3 EtAICI, -45°C,2h~0°C,2h 68
4 AICl3 -78 °C, 30 min 25
5  GaClg -78°C, 10 min 192

2 Deironylated compound of 16a

TINY T DRFERER~OMMEE DTES WLV, AETHD =7 vk
RURT =T VRN LT ¥ o TR E1T o 72 & 2T ARSI EITE TR & 78 -
0L FEERRSMRT AR o, TAI =T ARH I VLDV, AEHWZEZ A
EtAICL TIXE T EF T OMENE L7228, AICIs < GaCls 1T /v A A Ee M3 5 < B R 3 FE
FIZEN o2, 20X, WThoBEE LR 12, Entry 5 OIUEZB A5 H O EN -
7=

HE o BRE

WAT 5538 D G CHE — M DR 21T o 72, f5 R % Table 12 IR LT3, Yo d
1AL AT XNV CTEBRINTCEE, BEBROLE, 4 IZsmWERLEELFT 5K
B, - 3MbTAFAETEBRINZEEZHAOCTHRIEZTI EVTROHA BIER L
< BOGMHEST L 7= (G 16, Table 12),
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MsO ‘ Allyltrimethylsilane (5.0 eq.) ~ Allyl K

' 'BUAI(OT), (1.5 eq.
A ©Omasea) oy "
Fe(CO),P(OMe); / CHxCly, reflux, 3 h Fe(CO),P(OMe)s
6d-h 16b-f

Table 12. Nucleophilic Allylation of Dienyl sulfonate Fe(CO),P(OMe); complex

Entry Substrate Yield (%) Entry Substrate Yield '%)
MsO MsO
1 _)/;\\_ 6d 16b; 76° 4 )/?\\_Ph 6g 16e: 572
Fe(CO),P(OMe); Fe(CO),P(OMe),
MsO MsO
2 /> - \\ 6e 16c; 74 5 /> - \< 6h 16f; 76
Fe(CO),P(OMe); Fe(CO),P(OMe);
MsO
3 )T\_ 6f 16d; 78°
/5 |\
Fe(CO)zP(OMe)g

& NMR vyield (toluene as an internal standard).
PRx o @B 2 — DT VNV T v EHVT OGS
S OIS OE M Z NS D120 Mx B AT = DT Iy T TR ZITI Z
Ll L7, #ik% Table 13 1T/ R L TWD, ¥ A EDOy BB I NI/ aF L FY AF L
IRV TINDMNIAFATT U EMWTEGAETREDOIETIIH 5 08 EHRARY &

Allylsilane (5.0 eq.
MSO y ( q.) R

Fe(CO),P(OMe); BUAIOT), (15 eq.) Fe(CO),P(OMe)s
C5H11_}§_\\_ : C5Hll_}§_\\_ (17)

/CH2C|2, reflux, 3 ha
6a 16a-k
Table 13. Reaction of Dienyl sulfonate Fe(CO),P(OMe); complex

Entry Allylsilane R Yield (%)
1 A~TMS BN 16a; 83
2 A~ TMS M 169; 56
3 Pho~_TMS  S_~.Ph  16h;40
4 Y\/TMS W 16i; trace
5 )\,TMS oﬁ/& 16; -

OTMS OTMS

6 ATMs X 16k; -

8_ewis acid was added dropwise over 3 h at reflux
#5252 N TE = (Entries 2, 3), yL2S 2 EHIC/AR D L ISITIFEAEEIT LR D2
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EM o= (Entry 4), — 5. BINEBEINTZAX YL RN AF LT TRIGEITD
EF o EBRKNTIEIT Lo T2,

HE TE S B A

WE, TARBRLAX R EOT IV NLVERBILAWIT y L CREKENETT H, L, IV
A AMEDBBEHEPE ZNIE, a KBL yHBDOREWMERD, KO 7 v F vy
T I DERM NS 3D KD, TOBEWBKINE o KETHKISHEITL TS Z LI
%, EZTC2MBORISHBEREBEZ OND, 1) ET T ABNRNA AR L BRI AE R Z

L. TIATNAI = LANRER LR, VA ABRENO DT F U ~HET D,

Ph \/CTMS

Tio., B
}i — A +  TMSOTI
TfO Bu

Al F

. Ph
COTf

MsO MsO

_)*\F\e(iO)ZP(OMe)3 X Fe(CO)P(OMe);
CsHyg /SN Can‘gA_lTS\TT

/_<P:]B” Ph

\Fe(CO)zP(OMe)g,
7SN\

CsHyp

Scheme 5

2) VA RABRLDOBBRMITEZ ST HEBES A FD (L DI F A 2 ~OREKENE

T35,
TMSj/\Ph
MsO iBuAI(OTf)Z MsO

_)ﬁ:_F\e(iO)zP(OMe)s + \\Fe(CO)ZP(OMe)g,
CsHiy 2 42_?_\\*

CsH1q
~ AI-OTf
'‘Bu OTf

Scheme 6

T TR R DD RDOERFEREB o> Thiz, Thbb, THILA AL
VUTFTINVTUEBHBLTEBE, EBRAHBAE DT LEE., HBiEATF LR
L TCWaDEEHZ# F L72GE 18),
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Ph"X""TMS +

'BUAI(OT),
Added dropwise over 3 h at reflux
! CH,Cl,, reflux, 1 h (18)

8a — > 16h

9%
Recovery of 8a; 38 %

t, L Z Z C Table 13, Entry 3 X W ILEN M LT 57 512, DOKIGHEM THEITL TWVWD
ATREMED H WV, ZOFER 16h 1T 9 % & RINE T LG 6T, JFEHENR 2 38 % Th - 7,
ZOZEND, DOKISHEME THETL TS EIEB I WA, e Vo T 2)0 Kk ik
THITTHELEZIC WV, ZORISHBIZOWTIZSHEMICHHA L T TETH S,

2-5) A4 R RIRIC L D E RS
2DIZBNTHEYyr A FZRETCHEZTINT T U EHOERISITINE LS ETLE, 22
TR DO F A BRI 2 KAl & L CIEA &% TH7=(Table 14),

Reagent (1.5 eq.)

MsO,  Fe(co)POMe); R Fe(CO),P(OMe);
S BUAI(OT), (1.5 eq.) _4)1?
CsHyp / \\— - CsHyq 4 \— (19)
8a / CH,CI, , Conditions 9a-b

Table 14. Reactionof Dienyl sulfonte Fe(CO),P(OMe); complex
with Oranometallic Reagents in the presence of iBuAI(OTf)z

Entry Reagent Conditions R Yield (%)
1 MeMgBr reflux, 2 h 9a; Me
2 BEt;3 reflux, 3 h 9b; Et
3 ZnEt, rt.3h 9b; Et 68

KEMED VY Grignard FOGAI TIZHAMEEMITE O N o 72D, REMEZEE LT
NV ZFNRTBESCVZTLNER TN ERB IR 2 A, P FLHEMMPBEWERE
~ L7z,

A 1 HE B0 B 79 O B EE

AR RS AL E ORC e SOG N B B RRERFEICEN, AR OERZED T
WA RIGAITH D, BlziE, a-- v Bk =10 Reformatsky St (GL 2000, ¥ 7 L%
VHEEN & VA A IEMERANL - TO T VT B R~OfRBE AR 7L X LG 29, gy =
V. TRFLy, TATE R, VT AFIVEEO= v FOVRBETEE TSR D LAy

HOo, CH2COzEt

o
Zn
Br\/\COZEt + \éé —_— \64 (20)

26



BOG 2D E 2 #ign 7 — MERIC K DM 208 W oo b D TH D,

ZOMREROL & REHSITI VD TER & 722 A B 80 SOGAl THRET 21T - THITZ,
fER % Table 15 IR T, Z DR T AT ILHEMMNENE WS Z LRG> 7= (Entry 1, 2),
FENES CHRAERBIA< b TWni o F b7 VX L HEiEH 2D T, HFE D BVAER
R DHIENTERN->7(Entry 3-5), F-REMOE W T — MK~ T T —
NS R A VB, RITEME L 22> 7= (Entry 6-7), £7-. #ish L BREEEOITWT L F
NEBBTH T VI ALK D EITT D 2 & 2355 - 72 (Entry 8, 9).

MsO

_)_\\l_:\e(iO)zP(OMe)g, ;ei?fg;f()l.zeg) ) Fe(CO)zP(OMe)s
N u .0 €q. >
75\ & > CsHyy (21)

CsH11
/ CH,ClI, , Conditions

Table 15. Reaction of Dienyl sulfonate Fe(CO),P(OMe); complex with Organozinc Reagents

Electronegativity of

Entry Reagent central metal Conditions R Yield (%)
1 Et,Zn 1.7 rt,2h 9b; Et 68
28 Me,Zn reflux, 3 h 9a; Me 80
3 EtZnClI reflux, 3 h 9b; Et 10
4 EtZnl reflux, 3 h 9b; Et
5 EtZnOTf rt.3h 9b; Et <46
e Meznli  rt2n 9 Me om
70 MesMnMgBr rt.2h 9a; Me c.m.
8 Me,Mn (5.0 eq.) 1.6 reflux, 3 h 9a; Me 72
9 CpoZrMe, (5.0 eq.) 1.3 rt,15h 9a; Me 42
10 Bu,Mg (5.0 eq.) 1.3 r.t. 9d; "Bu c.m.

2 MeAl(OTf), was used. ° Lewis acid free
® Reaction was carried out inTHF.% Reaction was carried out in Et,O

TV X VELER UG AN K B (& G

TRV D ﬁ%&&bfi THAXNLDFULE RSOOSR, 7Y =
Y — U EA & THAVHESN O A B A o F N E L. UATFAEN L AR
FREOBBZWILE R EN— N TH 5 29,29,

FIT, KBEHREOSICEWT, a2 7 vVl RISH 2V, TV b RS &
ik #7=(Table 16), 7'V = ¥ — VAl (@BuMgCl & b n bR L AP T
MgClz ZH Y R\ 7= #BueZn ZRKEHIE L THWEE X, VA ABERML 72 < TH G
IFZHEIT L2, 2K E LT, sBuZn IV EO MgCLaMIBALTWAH EEZ . RD XD
IREBREAT ST,
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MSO ' FecO),P(OMe),  EtZn (15eq) EL Fe(CO),P(OMe);

N MgCl, (0.1 eq. N

Cabins 7\ gCl> (0.1 eq.) - 73\ 22)
8a st 9b

/CH2C|2, reﬂUX, 6 h

41 % (E/Z = 31/10)

Y

fihfit B o> MgCls & EteZn TRIGEZB IR W F bz R AT, T O ERINEKRTIEH D
DRISTHEIT L2, L2l MgCle Y &% 0.5 FEICHOLTH, RO\ EXAA LR
oo Z EMND, 1BugZn I[ZIRTEL TW2 MgCle Z I BNRE Tl Zewnwe B2 6 b, 7
U= — LRI, T AFVHE., CTAIA TR L, ~aF U ALT VXV EES D
MABADLET, MEPDOAFEENER L THDLIOTIERWNEEZLSNSHA, NMR Tl
BHTECHRT I ENTERNoT, FETAFVR AT VEREZ AT S
SRR A Wz & 2 A RS IEHETT L7 2> o 72 (Entry 4),

ORI, ATFAEL, ZFAEOBEAFTTELHLOD, —HNRT VX L0 AL
THREECTH-T-, Zhidk, RERSBOMETH D,

MO, Fe(Co),p(OMe), ~ Reagent (1.5 eq) R\ Fe(CO),P(OMe);
7S\ BUAI(OTf), (L5 eq.) _4}15\
CsHiy /5 \ > CsH1p 73\ (23)

8a / CH,Cl, , Conditions 9a-f

Table 16

Entry Reagent Conditions R Yield (%)
1 Et,Zn rt,2h 9b; Et 68
22 Me,Zn reflux, 3 h 9a; Me 80
3P "Bu,Zn® reflux, 3 h 9d; "Bu 49
4 (AcO™~"5 zn reflux, 3 h 9e; Et
5 "Hex,Zn® rt.2h of, Me

& MeAl(OTf), was used. P Lewis acid free
¢ Prepared by halogen-grignard exchange. d Prepared from alkyliodide and Et,Zn in the presence of

Zn-Copper copple. ®Prepared by borane-zinc exchange

BB — M O B
FTEOTTNXRNEGHEHNTET VR AALKISIZEB WD TR L RSB EIT L2 A F vk
TFNMERIGIZB W THEE B IEOmF 21T o7, R EZHZE Table 17(X F 1
{fk)Table 18(=F LANZR L TWD, AF /LI L TiX, Y= O 3fICERLEZHT
% 8h #HWEHE, WRIFKETTI2H00, OKEZ2HWHEINE L < ST #ET
L7,

FloF ALIZE L T, EEICE o TREN ) ELETT DO L EIREOENE O
N o7,
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MsO . Me,Zn (1.5 eq.)

Me ’

MeAl(OTf), (1.5 eq. )—\
)/;\\ (0T (1.5 eq.) = -/ =\_. (24)
Fe(CO),P(OMe); / CHxCly, reflux, 3 h Fe(CO),P(OMe);
8d-h 33a-e
Table 17. Reaction of Dienyl sulfonate Fe(CO),P(OMe); complex with Me,Zn
Entry Substrate Yield (%) Entry Substrate Yield '%)
MsO MsO
1 _)/?\\_ 8d 33a; 62° 4 )/?\\—Ph 8¢ 33d; quant
Fe(CO),P(OMe); Fe(CO),P(OMe),
MsO MsO
2 />_\: \ 8e 33b; 94 5 />_<: \ 8h 33e; 57%
Fe(CO),P(OMe); Fe(CO),P(OMe),
MsO
3 )T\_ 8f 33c; quant
/E N\_ipy g
Fe(CO),P(OMe)3
& NMR yield ("Butyraldehyde as an internal standard).
MsO K Et,Zn (1.5 eq.) Et K
'BUAI(OTf), (1.5 eq. )—\
AL Omet5ed)  _ _/=\.. (25)
Fe(CO),P(OMe); / CHxCly, reflux, 3 h Fe(CO),P(OMe);
8d-h 34a-e
Table 18. Reaction of Dienyl sulfonate Fe(CO),P(OMe); complex with Et,Zn
Entry Substrate Yield (%) Entry Substrate Yield '%)
1 _)/?\\_ 8d 34a; 25 4 )/?\\_Ph 8 34d: 67°
Fe(CO),P(OMe); Fe(CO),P(OMe)3
MsO MsO
2 />_\: \ e 34b; 52° 5 />_<: L 8h 34e; < 25°
Fe(CO),P(OMe); Fe(CO),P(OMe),
MsO
3 )T\_ 8f 34c; 732
/5 A 'Pr
Fe(CO),P(OMe);

3NMR yield("Butyraldehyde as an internal standard).
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TV —VHERIT K D 5 R SR A

HIFEDODTTNAF LR E RN T VXNV R IS EITLIZZ 20D, T U —
VR 29% W T FRREERRIC R LT, WThofHaEL T —1 ) Fouae
THALHER DR THE LD O & H\ iz 29,30

2 AL+ ZnCl, ArZn +  2LiCl (26)

e —
[ THF

FOFERE Table 19 12 R LTWA, RUBURF AT =, 75 00 LA BRI ITIE
I<EIT L, —FH T, GEZFEHRILAWICEL TX, BUSEY E<EIT Lo T,
IR, BERNVA ABIZELS AT EINLEEEZEZTWVD

MsO Ar,Zn (5.0 eq.) R

\Fe(CO)ZP(OMe)3 . Fe(CO)ZP(OMe)3
_}3\_ 'BUAI(OTH), (1.5 eq.) _)/3*\\_
CsHyy > CsHy 27)
8a / CH,Cl,, Conditions 35-39

Table 19. Reaction of Dienyl sulfonate Fe(CO),P(OMe); complex with Diarylzinc

Entry AryZn Conditions Ar Yield (%)
1 Ph,Zn rt.3h 35; Ph 90
2 < /S\ Zn rt.3h 36; /@ 78
2
3 <E_§>Zn re1th 37 Y 86
o'/, o
4 < /N\ Zn rt. 16 h 38; /Q 11(5)*
Me 2 Me
5 <(>\/\\>zn rt.13h  39; m
N /2 N
SO,Ph SO,Ph

()* Deironylated compound of 36

Flo, BB IOV TO R ERB I Rol, 22T, SH B8 ICHL T p b=
VEEATDHZ LT TE T, Bis(ptolyDzine 12 X o THEEO SN Z > TWi=, Z i
Bis(otolylzinc # W T HRI LR CTH 72, £ CHREICMER D EEZ VD1
M AR T AFNVETERI ATV RNWEE 8e M TN ER I oo & 2T A, K
FSRNTEIT LTz, 8 ZHWVWTHRWHRAZ R L7z, KIZ 8e Ik L., Hx ol
EE2AT OB TORBERNSZB IR o7, AV ML A FILHER, /\"?m:%
REATDHHOTIE, BRINELRDL, BERLEMERGLIZENTEL, —H/NTLITA
XUREREATOIRECIT.EFERME LT ILAW46 2/ DR LR -T2, 2D Entry5
6IZBNTIE, BILERME LTHEEM 4T 2R/ TWD, T, dinildEs 5> £ MR T
ThiE, ABINEROMERNRAD D EEZ TS,
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MSO)*\F\e(CO)zP(OMe)s 5 A/:fzonﬁ(cs'oleg') R Fe(CO),P(OMe)s

S u 5eq. 3

I\ L (OTh2 (A5eq) A\ (27)
8 [ CH,Cly, reflux, 3 h 40-44

Table 20. Reaction of Dienyl sulfonate Fe(CO),P(OMe); complex with Diarylzinc

Entry Substrate AryZn Ar Yield (%)

1 8a <@Zn 40; —©—§ c.m.
2

2 8e <@Zn 41; _Q_g 97
2

3 8f <@Zn 42; —@—g 67
2

s (Gt O
2

5 8e <Meo—©>—2n 44; Meo@—g
2

6  8e <CI@—Zn 45; C|—©—§ 44
2

Br OMe
H
Fe(CO),P(OMe)3 Fe(CO),P(OMe);
7\ )/ S\
46 47

R ME O R E
Table 19 12 W T, WR LI KIENET LRV P77 I I ABMKIG A, BEx 7
BT R E LB NWTEB IR o Th, #EiR% Table 21, Table 22 (Z/R L T\ 5,
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Ph,Zn (5.0 eq.)
'BUAI(OT), (1.5 eq.)

Ph ’

Substrate : = (28)
[ CH,Cl,, reflux, Time Fe(CO),P(OMe);
8d-h 48a-e
Table 21. Reaction of Dienyl sulfonate Fe(CO),P(OMe); complex with Diphenylzinc
Entry Substrate Yield (%) Entry Substrate Yield (%)
MsO MsQO
1 />_\E\ 8b 48a: 95 4 ):\\_Ph 8e 48d; 78
Fe(CO)ZP(OMe)3 Fe(CO)2P(0M9)3
MsO MsO
2 /> _ \\ 8c 48b; 90 5 /> _ \< 8f 48e; 612
Fe(CO),P(OMe); Fe(CO),P(OMe);
MsO
3 }T\\_ip 8d 48c; 82
= r
Fe(CO)ZP(OMe)3
@ NMR Yield ("Butyraldehyde as an internal standard).
(2-Furyl,Zn (5.0eq.) ©O
'BUAI(OTT), (1.5 eq.
Substrate UAI(OTD ( eq:) -- (29)
| CH,ClI,, reflux, Time IEe(CO)ZP(OMe):.,
8b-f 49a-e
Table 22. Reaction of Dienyl sulfonate Fe((CO),P(OMe); complex with Bis-(2-furyl)zinc
Entry Substrate Yield (%) | Entry Substrate Yield (%)
MsO MsO
1 /> E\\ 8b 49a; 90 4 )/:\\_Ph 8e 49d; 86
Fe(CO),P(OMe); Fe(CO),P(OMe);
MsO MsO
2 /> _ \\ 8c 49b; 90 5 /> _ \< 8f 49¢; 882
Fe(CO),P(OMe); Fe(CO),P(OMe)3
MsO
3 )/T\\_iPrSd 49¢; 85
Fe(CO),P(OMe);

a8 NMR Yield ("Butyraldehyde as an internal standard).
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2-6) Bk DY = K~
BIROSGKY = VR ~DO T FUALRISIZFIF EINRIT LIS L, B0 1,2-Y 7 nox

ZromkorsmufbsniAbEMRELND,
oTf Et

IF(CO)s

\J

NNE(CO
/ Conditions 31F(CO)s  (30)

1 50
ZZ T, koY UK ToOARKERORIGEEHA L TAHADLZ LIZ LT, HEE LT
LB S SOEAL - & 0 2 THRET R 1T o T,

L.G. Lewis acid (1.5 eq.) Et
Z N Et,Zn ZZ
HINE(CO),L > NIE(CO)-L
JIF(CO), / Conditions )F(CO), (31)
1 50
la; L.G. = OTf,L=CO 50a; L=CO
1b; L.G. = OTf, L = P(OMe); 50b; L = P(OMe);
1c; L.G. = OMs, L = P(OMe)3 50c; L = PMej
1d; L.G. = OMs, L = PMe3
Table 23
Entry L.G. Ligand (=L) Lewis acid Conditions Yields (%)
1 oTf  CO 'BUAI(OTf), r.t.~80°C,2h -, 802
2 OTf cO AlICl3 -45°C~rt.,05h - 63°
3 oTf  CO EtAICI, -45°C ~r.t., 2 h 7,53 9P
4 oTf P(OMe), 'BUAI(OTf), reflux, 4 h 11, 272, 3P, 20°
5 OMs  P(OMe), 'BUAI(OTf), reflux, 4 h 35, 262, trace®, 10°
6 OMs  P(OMe); 'BUAI(OTF), reflux, 12 h -, 242
7 OMs PMes iBuAI(OTf)Z reflux, 1 h 44, 20°
8 OMs  PMes 'BUAI(OTf), reflux, slow addition 3 h 46, 11°, 11°
then reflux 6 h
9® OMs  PMes 'BUAI(OTf), reflux, slow additon 3h 61, 8°, 15°

then reflux 3 h

2 Yield of starting material. ® Yield of chlorinated product. ° Yield of reducted product. dReaction was
carried out in 1,2-dichloroethane. ®Et,Zn (10 eq.) was used.

MU ZNANFBR AL ANVEKE BT AT NVIEEG T 5 Fe(CO)s 851K Tl = F /L i §n ok
DZF AL ENTALEWITHE LT, BRI, VA 2RO, WEEHkD 7 v e
fban=bontg s C& 7~ (Entries 1-3), & Z T, AL+ % P(OMe)s (ZAHA 5 & 1
WCHBLEWMESRD Z LN TE 7 (Entry 4), S HICHBEERZ A X A VAR V= AT LK
2T 5 EERom ENR LN (Entry 5), 2 THEREZ K L Lz b Bb 59, RIsH
HEITLTWDZ D, ZORISIEMBEEOBBERE LY b v A AR T Y= 1
NMRFEOBTEENPRKRELEBLTHDDOTIE AW E NS ZENRBEIND, Entry 4,
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5 TlE. BEEINA®H S Z &b, NREZ B, OSSR ZES L THRFEZEBZ 8-
7o L2L, IEOm LFEREONT, HICERMEEmIIELNT., K EZ 24 %EIILT 5
DHTH-T=(Entry 6), 2D LD, YT UENMNTNE BT 2ARY 50 (358 FEH
ERSTHERFTEATHS EEXOND, 20 Entry 4,5 OFFREZEE 2. WITEDY
o 5 F DYy PMes ~ & B &2 2ZH L, BET 21T o 72 & 2 A BOG REfE] o 5 i & IR %
M ESE5 2N TE(Entry 7). fRMICEDEN S TZ&MELE LTE, YVoFAlifh %
10 EHWEELETHho7, N TH HRULEWIL 6 BIRRE LG o3, i@k
MELNDMR L RoT,
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KBRHE

General. All reactions were performed under a nitrogen atmosphere with magnetic
stirring. Column chromatography on silica gel was performed with Fuji Silysia
BW-127ZH. Preparative TLC was performed on Wakogel B-5F/TLC-cards (20X 20X 0.7
cm). Fe(CO)s and ZnClz were purchased from Aldrich. AlMes, AlEts, DIBAL-H, Et2Zn
and Mez2Zn were purchased from Kanto Chem. Co. Ltd. CH2Cl2 was distilled from P205
and CaHz. Other reagents were purified by standard procedures.

NMR spectra were recorded on JEOL JNM-A500 spectrometer at 500 MHz ({H-NMR),
126 MHz (13C-NMR) or on a Bruker Avance 400 spectrometer at 400 MHz (\H-NMR),
101 MHz (13C-NMR). Chemical shifts are reported in ppm relative to TMS as internal
standard. MS were recorded on a JEOL JMS-SX102A system.Infrared spectra were
recorded on a JEOL JIR-WINSPACES50 spectrometer.

General Procedure for Synthesis of Dienyl sulfonate Fe(CO)s complexes

4-tet-Butyldimethylsiloxy-2,4-decadiene Fe(CO)s complex (0.1 mmol) in MeCN (1 mL)
was added to a suspension of 1.2 equiv. of CsF in MeCN (2 mL) at room temperature.
After stirring several hours, the reaction mixture was cooled to 0 “C. 1.1 equiv. of
sulfonyl chloride or sulfonic anhydride was added to the mixture. After being stirred
for 0.5 h at this temperature, the reaction was quenched with phosphate buffer (pH =
7). After usual workup, the crude product was purified by flash column
chromatography on silica gel with EtOAc/hexane mixtures as eluant to provide titled
products. The yields were summarized in Table 1. The compounds had following

properties.

OTf
C5H11_)/:_\\_

Fe(CO)3
3-Trifluoromethane sulfonyloxy-2,4-decadiene Fe(CO)s complex 3b: brown oil; '1H-NMR
(400 MHz, CDCl3): 8 0.52 (1H, dq, Ja= 8.2 Hz, J; = 6.2 Hz), 0.91 (3H, t, J= 7.1 Hz), 1.09
(1H, ddd, J=9.4, 4.4, 0.7 Hz), 1.28-1.40 (4H, m), 1.45 (3H, d, J= 6.1 Hz), 1.50-1.55 (2H,

m), 1.64-1.72 (1H, m), 1.94-1.99 (1H, m), 5.51 (1H, d, J= 8.2 Hz);
ONf

C5"'11—)/.'_\\_

Fe(CO);
4-Perfluorubutane sulfonyloxy-2,4-decadiene Fe(CO)s complex 3a: brown oil; IR (neat)
2940, 2859, 2059, 1984, 1429 cm'l. TH-NMR (400 MHz, CDCls): § 0.54 (1H, dq, Jq = 6.2
Hz, Ja = 8.1 Hz), 0.91 (8H, t, J = 6.8 Hz), 1.07 (1H, dd, J = 9.0, 4.5 Hz), 1.30-.39 (4H,
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complex m), 1.45 (3H, d, J = 6.2 Hz), 1.55 (2H, br s), 1.66-1.70 (1H, m), 1.95-2.11 (1H,
m). 13C-NMR (101 MHz, CDCls): § 14.9, 19.7, 23.3, 29.9, 30.7, 32.2, 48.6, 59.9, 81.8,
129.3; 19F-NMR (500 MHz, C¢Fe) & 36.1 (2F, t, Jr-r = 12 Hz), 41.0 (2F, s), 52.5 (2F, d, Jr-r
= 54 Hz), 81.2 (3F, t, Jr-r = 10.5 Hz); MS(FAB) m/z 576 (M*);

OMs
C5"'11—)/:_\\_
Fe(CO)3
3-Methane sulfonyloxy-2,4-decadiene Fe(CO)s complex 3c: yellow crystal; 'H-NMR
(500 MHz, CDCls), 0.55 (1H, dt, Jt = 14.3 Hz, Jd = 6.3 Hz), 0.91 (3H, dd, J = 8.7, 4.4
Hz), 1.07 (1H, dd, J = 4.6, 4.6 Hz), 1.31-1.40 (4H, m), 1.43 (3H, d, J = 6.1 Hz), 1.51 (2H,
br s), 1.65-1.73 (1H, m), 1.94-2.01 (1H, m), 3.24 (3H, s), 5.55 (1H, d, J = 8.2 Hz);
13C-NMR (126 M Hz, CDCls) § 13.9, 18.7, 22.4, 28.9, 31.2, 31.5, 38.5, 48.1, 59.2, 81.5,
125.0, 211.4; MS (FAB/NPOE) m/z 372 (M+);

0S0,CgFs
CsHi1 /.' \

Fe(CO);
3-Pentafluorobenzene sulfonyloxy-2,4-decadiene Fe(CO)s complex 3d: 'H-NMR (400
MHz, CDCls), 0.52-0.59 (1H, m), 0.90 (3H, t, /= 6.8 Hz), 1.03 (1H, ddd, J = 9.2, 4.6,
0.73 Hz), 1.24-1.35 (4H, m), 1.43 (3H, d, J = 6.2 Hz), 1.45-1.50 (2H, m), 1.60-1.68 (1H,
m), 1.76-1.85 (1H, m), 5.49 (1H, d, J= 8.2 Hz); 13C-NMR (101 MHz, CDCls): § 13.9, 18.8,
22.3, 28.9, 31.2, 31.5, 48.2, 58.7, 81.3, 126.0. 19F-NMR (500 MHz, CsFe) & 4.52-4.70 (2F,
m), 20.3-20.4 (1F, m), 29.0-29.2 (2F, m); MS(FAB/NPOE) m/z 524 (M*);

0S0,(p-NO,-Ph)
CsH11 /:\

Fe(CO)3
4-(p-Nitrobenzene) sulfonyloxy-2,4-hexadiene Fe(CO):P(OMe)s complex 3e: yellow
crystal; tH-NMR (400 MHz, CDCls), 0.51 (1H, dq, Ja = 8.2 Hz, J4 = 6.2 Hz), 0.87 (3H, t,
J=6.9 Hz), 0.97 (1H, t, J = 6.6 Hz), 1.23-1.29 (4H, m), 1.39 (3H, d, J = 6.2 Hz),
1.51-1.57 (2H, m), 5.32 (1H, d, J= 8.3 Hz), 8.22-8.26 (2H, m), 8.45-8.48 (2H, m);

General Procedure for Nucleophilic Substitution of Dienyl sulfonate Fe(CO)s complex
with ligand of Lewis acid

Dienyl sulfonate Fe(CO)s complex (0.1 mmol) in CH2Cl2 (2 mL) was treated of 1.5
equiv. of Lewis acid. The reaction conditions were summarized in Table 2. The reaction
was quenched with phosphate buffer (pH = 7), the reaction residue was filtrated
through Celite. After usual workup, the crude product was purified by preparative
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TLC (EtOAc/hexane = 1/10) to give 4. The compound had following properties.

csH11~>/:_\\—

Fe(CO)3
4-Methyl-2,4-(E)-decadiene Fe(CO)s complex 4-E: yellow oil; IR (neat) 2962, 2917, 2859,
2036, 1995, 1452, 1376 cm’'1; 1H-NMR (500 MHz, CDCls): § 0.88-0.95 (5H, m), 1.26-1.41
(8H, m), 1.55-1.63 (1H, m), 1.69-1.79 (1H, m), 2.11 (3H, s), 4.96 (1H, d, J = 8.0 Hz);
13C-NMR (126 MHz, CDCls): & 14.0, 18.4, 19.1, 22.5, 30.7, 31.1, 31.7, 53.6, 64.7, 86.6,
98.3, 212.9; MS (FAB/NPOE) m/z 292 (M+);

Fe(CO)s

Y
CsH1q

4-Methyl-2,4-(2)-decadiene Fe(CO)s complex 4-Z yellow oil; IR (neat) 2939, 2865, 2346,
2044, 1972 cm'1; TH-NMR (500 MHz, CDCls): § 0.78 (1H, dd, J= 8.8, 5.5 Hz), 0.89 (3H, t,
J=6.5Hz), 1.26-1.32 (6H, m), 1.40-1.45 (1H, m), 1.48 (3H, d, J= 1.5 Hz), 1.61-1.70 (1H,
m), 2.04-2.17 (1H, m), 2.54 (3H, s), 13C-NMR (126 MHz, CDCls): § 13.9, 19.3, 22.4, 27.0,
31.6, 31.9, 32.2, 60.1, 64.9, 89.6, 97.3, 202.1; MS (FAB/NPOE) m/z 292 (M+);

General Procedure for Ligand Exchange of Methane sulfonyloxy Fe(CO)s complexes

Methane sulfonyloxy Fe(CO)s complex (0.1 mmol) in Acetone (0.5 mL) and 1.6 equiv. of
Phosphorus ligand was added to a suspension of 2.0 equiv. of Acetone (2 mL) at room
temperature. After completion the reaction, the residue was filtrated through Celite.
The solvent was evaporated in vacuo and the crude product was purified by flash
column chromatography on silica gel(EtOAc/hexane = 1/5) to provide ligand exchanged
products . The reaction condition and yields were summarized in Table 5.The

compounds had following properties.

OMs
C5"'11—)/:_\\_
Fe(CO),P(OMe);

4-Methane sulfonyloxy-2,4-decadiene Fe(CO)2P(OMe)s complex 8a: yellow oil; IR (neat)
2960, 2927, 2854, 2046, 1990, 1957, 1440, 1369, 164, 966, 990 cm'*.; tH-NMR (500 MHz,
CDCls): 8 0.04 (1H, br s), 0.60 (1H, q, J = 7.1 H), 0.90 (3H, t, J= 6.7 Hz), 1.31-1.32 (7H,
m), 1.48 (2H, br s), 1.65-1.72 (1H, m), 1.85-1.91 (1H, m), 3.21 (3H, s), 3.69 (9H, Jp-u =
11.3 Hz), 5.34 (1H, d, J= 7.0 Hz); 13C-NMR (126 MHz, CDCls): § 14.0, 18.2, 22.5, 28.9,
30.9, 31.8, 38.3, 46.3, 51.7, 56.0, 80.9, 125.4, 212.3 (d, 2Jp-c = 17.6 Hz); MS (FAB/NPOE)
m/z 368 (M+);
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OMs
C5H11_)/:_\\_
Fe(CO),PMe;
4-Methane sulfonyloxy-2,4-decadiene Fe(CO)2PMes complex 8c: IR (neat) 2940, 1978,
1903, 1363, 1162 cm'!; 'TH-NMR (400 MHz, CDCls): 8 -0.57 (1H, br s), 0.88 (3H, t, J=7.0
Hz), 1.24-1.37 (8H, m), 1.46-1.58 (12H, m), 1.90-2.04 ( 1H, m), 3.23 (3H, s), 5.36 (1H, d,
J=5.9 Hz);

OMs
I\
Fe(CO),P(OMe);

3-Methanesulfonyloxy-2,4-hexadiene Fe(CO)2P(OMe)s complex 8d: IR (neat) 2956,
1990, 1924, 1454, 1363, 1168, 1029; 1TH-NMR (500 MHz, CDCls): § -0.016-0.07 (1H, m),
0.59-0.66 (1H, m), 1.33 (3H, d, J= 6.0 Hz), 1.48 (3H, d, /= 6.0 Hz), 3.71 (9H, d, J/p-u =
11.5 Hz), 5.34 (d, 1H, J= 8.0 Hz); 13C-NMR (126 MHz, CDCls): § 14.6, 18.6, 38.0, 46.0,
49.9, 51.8 (d, 2Jp-c = 5.2 Hz), 81.3, 126.3, 212.5 (d, 2Jp-c = 12.4 Hz); MS (FAB/NPOE)
m/z 412 (M+);

OMs
VA

Fe(CO),P(OMe);
2-Methane sulfonyloxy-1,3-btadiene Fe(CO)2P(OMe)s complex 8e: IR (neat) 2944, 2848,
2001, 1947, 1471, 1369, 1205, 1168 cm'!; 'H-NMR (400 MHz, CDCls): § 0.18-0.20 (1H,
m), 1.31-1.35 (1H, m), 2.09 (1H, dd, /= 4.0, 1.3 Hz), 3.19 (3H, s), 3.63 (9H, d, Jo-u = 1.7
Hz), 5.50 (1H, s); 13C-NMR (126 MHz, CDCls): § 30.8, 34.9, 37.7, 51.6 (d, 2Jp-c = 3.1 Hz),
79.9, 128.4, 211.6, 214.5; MS (FAB/NPOE) m/z 384 (M*); HRMS (FAB/NPOE) calcd for
C10H17FeOsPS (M+*) 383.9731, found 383.9724.

OMs
)/:_\\—iPr
Fe(CO),P(OMe),

2-Methane sulfonyloxy-4-methyl-1,3-hexadiene Fe(C0O)2P(OMe)s complex 8f: IR (neat)
2956, 2848, 2001, 1930, 1797, 1731, 1375, 1182 cm'; 'H-NMR (400 MHz, CDCls): §
0.05- 0.11 (2H, m), 1.09 (83H, d, J= 6.7 Hz), 1.11 (8H, d, J = 6.7 Hz), 1.54-1.65 (1H, m),
1.90 (1H, ddd, J=10.9, 1.7, 4.1 Hz), 3.15 (3H, s), 3.63 (9H, d, Jp-u = 11.6 Hz), 5.42 (1H,
d, J=5.4 Hz); 13C-NMR (126 MHz, CDCls): § 24.5, 26.1 (d, 2Jp-c = 3.1 Hz), 33.6, 35.1 (d,
2Jp-c = 9.3 Hz), 37.6, 51.7 (d, 2Jp-c = 3.1 Hz), 61.8, 81.7, 125.7, 211.5; MS(FAB/NPOE)
m/z 426 (M+); HRMS (FAB/NPOE) caled for CisH23FeOsPS (M+*) 426.0201, found
426.0209.

38



OMs
Fe(CO),P(OMe),

2-Methane sulfonyloxy-4-phenyl-1,3-butadiene Fe(CO)2P(OMe)s complex 8g: IR (neat)
2950, 2842, 1995, 1941, 1797, 1749, 1706, 1598, 1454, 1369, 1187, 1054, 1018 cm,
1H-NMR (500 MHz, CDCls): 5 0.41 (1H, dd, J = 12.7, 4.4 Hz), 1.03 (1H, t, J = 7.0 Hz),
2.17 (1H, t, J= 3.8 Hz), 3.23 (3H, s), 3.56 (9H, d, Jp-u = 11.6 Hz), 6.07 (1H, d, J= 8.2 Hz),
7.10-7.24 (5H, m); 13C-NMR (126 MHz, CDCls): & 35.6 (d, 2Jp-c = 9.3 Hz), 37.7, 51.2,
51.7 (d, 2Jp-c = 3.1 Hz), 79.4, 125.7, 125.9, 126.2, 128.3, 141.0, 210.3, 210.5, 213.5; MS
(FAB/NPOE) m/z 460 (M*); HRMS (FAB/NPOE) calcd for C16H21FeOsPS (M+) 460.0044,
found 460.0066.

OMs
Dt
Fe(CO),P(OMe)3

3-Methane sulfonyloxy-4-methyl-2,4-hexadiene Fe(CO)2P(OMe)sz complex 8h: yellow
crystal; IR (disk) 2950, 2842, 1978, 1924, 1459, 1357, 1176, 1047, 962 cm'; 1H-NMR
(500 MHz, CDCls): § -0.06- 0.00 (1H, m), 0.56 (1H, dq, Ja = 15.6 Hz, Jq = 6.2 Hz), 1.36
(3H, dd, J=6.3, 1.1 Hz), 1.52 (3H, dd, J = 6.2, 0.68 Hz), 2.28 (3H, d, J= 3.3 Hz), 3.24
(8H, s), 3.70 (9H, d, J = 11.2 Hz). 13C-NMR (126 MHz, CDCl3): § 14.1, 15.5, 15.8, 39.3,
48.2 (d, 2Jp-c = 7.5 Hz), 48.4 (d, 2Jp-c = 7.2 Hz), 51.7 (d, 2Jp-c = 5.2 Hz), 94.1, 126.4,
211.7 (d, 2Jp-c = 7.3 Hz), 212.6 (d, 2Jp-c = 8.2 Hz); MS (FAB/NPOE) m/z 426 (M+); HRMS
(FAB/NPOE) calcd for Ci13H23FeOsPS (M+) 426.0201, found 426.0169.

OTf
= 1

- rFe(CO),P(OMe);
5,5-Dimethyl-2-trifluorimethane  sulfonyloxy-2,4-cyclohexadiene Fe(CO)2P(OMe)s
complex 1b: yellow oil; 1H-NMR (400 MHz, CDCls): & 0.92 (3H, s), 0.99 (3H, s),
1.66-1.69 (2H, m), 2.24 (1H, t, /= 6.0 Hz), 3.25 (1H, d, J = 2.4 Hz), 3.58 (9H, d, Jr-n =
11.8 Hz), 5.30-5.33 (1H, m);

OMs

/ 1
-7 Fe(CO),P(OMe);

5,5,-Dimethyl-2-methane sulfonyloxy-cyclohexa-1,3-diene Fe(CO)2P(OMe)s complex 1c:
yellow oil; tH-NMR (500 MHz, CDCls): § 0.88 (3H, s), 0.93 (3H, s), 1.63 (2H, dd, J= 4.9,
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3.1 Hz), 2.15 (1H, t, J= 6.3 Hz), 3.11 (3H, s), 3.14 (1H, q, J= 2.6 Hz), 3.51 (9H, d, Jp-n =
11.9 Hz), 5.21-5.24 (1H, m); 13CNMR (126 MHz, CDCls): & 30.9, 34.5 (d, 3Jp-c = 5.2 Hz),
35.0, 37.8, 43.8, 51.5 (d, 2Jp-c = 3.2 Hz), 53.6 (d, 2Jp-c = 12.5 Hz), 64,0 (d, 2Jp-c = 5.2 Hz),
77.7, 127.2;

OMs

= )
-,-Fe(CO)ZPMe3

5,5-Dimethyl-2-methane sulfonyloxy-cyclohexa-1,3-diene Fe(CO)2PMes complex 1d:
yellow oil; TH-NMR (400 MHz, CDCls): & 0.94 (3H, s), 0.97 (3H, s), 1.31 (9H, d, Jp-u =
8.9 Hz), 1.62 (1H, d, J= 3.6 Hz), 2.09 (1H, dd, /= 6.5, 3.1 Hz), 2.95 (1H, t, J= 3.5 Hz),
3.19 (3H, s), 5.15-5.18 (1H, m);

General Procedure for Alkylation of Methane sulfonyloxy Fe(CO)2P(OMe)s complex
with ligand of Lewis acid
To a solution of Methane sulfonyloxy Fe(CO):P(OMe)s complex (0.1 mmol) in
CH2Cl2(Toluene) was added dropwise over 3 h ,at reflux(80°C), a solution of 1.5 equiv.
of ReAI(OTE) prepared from 1.5 equiv. of AlMes(AlEts) and 3.0 equiv. of TfOH in
CH:Cl2(Toluene) (2 mL). After addition of the Lewis acid, the reaction was quenched
with phosphate buffer (pH = 7) and filtrated through Celite. After usual workup the
crude product was purified by flash column chromatography with EtOAc/hexane =1/50

as eluant to provide 9a-b. The yields were summarized in Table 8.

CSHHJTM

Fe(CO),P(OMe);

4-Methyl-2,4-decadiene Fe(CO)2P(OMe)s complex 9a-E: yellow oil; IR (neat) 2939, 2842,
1978, 1918, 1459, 1380, 1259, 1182, 1024, 782, 734 cm'!; 'H-NMR (500 MHz, CDCls): &
0.39-0.44 (2H, m), 0.88 (3H, t, J = 7.0 Hz), 1.25-.39 (9H, m), 1.60-1.65 (2H, m), 2.10 (3H,
d, J =2.7 Hz), 3.67 (9H, JP-H = 11.0 Hz), 4.76 (1H, d, J = 8.2 Hz); 13C-NMR (126 MHz,
CDCI3): & 14.0, 18.5, 18.8, 22.6, 30.7, 31.2, 31.8, 51.3, (d, 2p-c = 3.1 Hz), 51.7 (d, 2Jp-c =
5.2 Hz), 62.2, 86.3, 96.5, 214.4 (d, 2Jp-c = 12.4 Hz), 215.7; MS (FAB/NPOE) m/z 388
(M+);
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Fe(CO),P(OMe);
71\

CsHi

4-Methyl-2,4-decadiene Fe(CO):P(OMe)s complex 9a-Z yellow oil; IR (neat) 2962,
2848,1990, 1924, 1683, 1029 cm'!; tH-NMR (400 MHz, CDCls): § 0.26 (1H, q, /= 8.4 Hz),
0.88 (3H, t, J= 7.0 Hz), 1.02-1.10 (1H, m), 1.26-1.32 (4H, m), 1.37 (3H, d, J = 6.1 Hz),
1.45-1.67 (3H, m); 2.00-2.05 (1H, m), 3.72 (9H, d, J=11.1 Hz), 5.33 (1H, d, /= 9.1 Hz);
13C-NMR (126 MHz, CDC13): § 14.1, 18.9, 22.6, 27.1, 31.8, 31.9, 32.1, 52.0 (d, 2Jp-c = 5.2
Hz), 59.2, 62.1, 90.6, 106.4, 203.7; MS (FAB/NPOE) m/z 388 (M+); HRMS (FAB/NPOE)
calcd for Ci6H20FeOsP 388.1102 (M+), found 388.1099;

Et
C5"'11—>/:_\\_
Fe(CO),P(OMe);

4-Ethyl-2,4-decadiene Fe(CO)2P(OMe)s complex 9b-E yellow oil; IR (neat) 2939, 2854,
1978, 1913, 1459, 1375, 1259, 1182, 1024, 765 cm'l; 1TH-NMR (400 MHz, CDCls): &
0.35-0.52 (2H, m); 0.88 (3H, t, J = 6.7 Hz), 1.25-1.41 (10H, m), 1.54-1.68 (2H, m),
2.20-2.29 (1H, m), 2.43-2.53 (1H, m), 3.69 (9H, d, J=11.2 Hz), 4.72 (1H, d, J= 8.2 Hz);
13C-NMR (126 MHz, CDCls) & 14.1, 15.1, 18.9, 22.6, 25.2, 30.3, 31.3, 31.9, 51.4 (d, 2Jp-c
= 4.1 Hz), 52.3, 61.8, 84.2, 101.9, 214.4, 214.5; MS (FAB+) m/z 402; HRMS
(FAB/NPOE) calcd for C17H3:1FeOsP 402.1259 (M+), found 402.1255.

Bt Fe(C0O),P(OMe);
I

CsHi1

4-Ethyl-2,4-decadiene Fe(CO)2P(OMe)s complex 9b-Z: yellow oil; IR (neat) 2944, 2358,
1984, 1930, 1695, 1454, 1043 cm''; 'H-NMR; 0.26 (1H, q, J= 6.2 Hz), 0.87 (3H, t, J=6.9
Hz), 0.98-1.09 (1H, m), 1.20 (3H, t, J= 7.3 Hz), 1.26-1.33 (5H, m), 1.37 (3H, d, J= 6.1
Hz), 1.43-1.47 (1H, m), 1.59-1.66 (1H, m), 2.00 (1H, br s), 2.85-3.00 (2H, m), 3.72 (9H, d,
Je-u=11.1 Hz), 5.32 (1H, d, J=8.9 Hz); 13C-NMR (126 MHz, CDC13): § 9.0, 10.9, 14.1,
18.9, 22.7, 31.8, 31.9, 32.1, 51.9 (d, 2Jp-c = 5.2 Hz), 58.6, 62.0, 88.1, 89.6, 206.7; MS
(FAB/NPOE) 402 m/z (M+); HRMS (FAB/NPOE) calcd for Ci7H31FeOsP 402.1259 (M+),
found 402.1242.

General Procedure for Nucleophilic Methylation of Methane sulfonyloxy
Fe(CO)2:P(OMe)s complex with Mez2Zn
To a solution of Methane sulfonyloxy Fe(CO)2P(OMe)s complex (0.1 mmol) and Me2Zn
(1.5 equiv.) in CH2Cl2 was added dropwise over 3 h ,at reflux, a solution of 1.5 equiv. of
MeAl(OTf)2 which was prepared from 1.5 equiv. of AlMes and 3.0 equiv. of TfOH at 0°C
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for 0.5 h in CH2Clz2 (2 mL). After addition of the Lewis acid, the reaction was quenched
with phosphate buffer (pH = 7) and filtrated through Celite. Followed by usual workup
the crude product was purified by flash column chromatography with EtOAc/hexane =
1/560 as eluant to provide 9a, 33a-e. The yields were summarized in Table 15 and 17

The compounds had following properties.

I

Fe(CO),P(OMe);
3-Methyl-2,4-hexadiene Fe(CO)2P(OMe)s complex 33a: yellow oil; IR (neat) 2956, 2859,
2341, 1978, 1918, 1446, 1380, 1037 cm'l; 1H-NMR (400 MHz, CDCls): § 0.32-0.49 (2H,
m), 1.27(3H, d, J=10.7 Hz), 1.33 (3H, dd, J= 6.3, 1.3 Hz), 2.10 (3H, d, J= 3.4 Hz), 3.68
(9H, d, J=11.2 Hz), 4.80 ( 1H, d, /= 7.7 Hz); 13C-NMR (126 MHz, CDCls): § 15.8, 18.3,
19.0, 51.4 (d, 2Jp-c = 4.2 Hz), 55.5, 55.6, 86.2, 97.6, 214.5 (d, 2Jp-c = 9.3 Hz), 215.9 (d,
2Jp-c = 5.2 Hz);

I

Fe(CO),P(OMe);

2-Methyl-1,3-butadiene Fe(CO)2P(OMe)s complex 33b: yellow oil; IR (neat) 2987, 1984,
1924, 1446, 1187, 1054, 1012 cm'l; 'H-NMR (400 MHz, CDCls): § -0.40- -0.34 (1H, m),
-0.044 (1H, d, J = 2.8 Hz), 1.39-1.42 (1H, m), 1.63 (1H, m), 2.16 (3H, d, J = 0.76 Hz),
3.62 (9H, d, 2Jp-u = 5.8 Hz), 5.03 (1H, t, /= 7.6 Hz). 13C-NMR (101 MHz, CDCls): 5 23.0,
37.3 (d, 2Jp-c = 3.5 Hz), 42.0, 51.3, 83.5, 100.4, 213.7 (d, 2Jp-c = 10.0 Hz); MS
(FAB/NPOE) m/z 304 (M*); HRMS (FAB/NPOE) calcd for Ci0H17FeOsP (M*) 304.0163,
found 304.0199.

Fe(CO),P(OMe),

3-Methyl-1-phenyl-1,3-butadiene Fe(CO)2P(OMe)s complex 33d: yellow oil; IR (neat)
2967, 2842, 1995, 1924, 1598, 1454, 1029 cm'l; 'H-NMR (400 MHz, CDCls): § 0.20 (1H,
d, J=6.5 Hz), 1.26 (1H, t, J = 8.8 Hz), 1.70 (1H, s), 2.24 (3H, d, /= 1.6 Hz), 3.51 (9H,
2Jp-u = 5.8 Hz), 5.62 (1H, d, J= 4.3 Hz), 7.03-7.19 (5H, m). 13C-NMR (101 MHz, CDCls):
523.2,42.4,51.3,57.8, 83.9, 96.8 (d, 2Jp-c = 1.0 Hz), 124.9, 126.0, 128.1, 142.5, 213.1 (d,
2Jp-c = 5.8 Hz), 214.0; MS (FAB/NPOE) m/z 380 (M+); HRMS (FAB/NPOE) calcd for
Ci6H21FeOsP (M+) 380.0476, found 380.0471.
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>/'_\\—iPr

Fe(CO),P(OMe)s

2,5-Dimethyl-1,3-hexadiene Fe(CO):P(OMe)s complex 33c: yellow oil; 'H-NMR (400
MHz, CDCls): 6 -0.11 (1H, d, J= 5.6 Hz), 0.36 (1H, t, J= 8.3 Hz), 0.94 (1H, s), 1.06 (6H,
dd, J=6.8, 2.5 Hz), 1.38 (1H, d, J= 5.8 Hz), 1.41-1.58 (1H, m), 2.09 (3H, d, J= 1.3 Hz),
3.60 (9H, 2p-u = 5.7 Hz), 4.87 (1H, d, J = 4.1 Hz). 13C-NMR (101 MHz, CDCls): § 22.3,
24.3, 26.3 (d, 3Jp-c = 1.2 Hz), 33.6, 42.0 (d, 2Jp-c = 5.0 Hz), 51.4 (d, 2Jp-c = 1.6 Hz), 68.6
(d, 2Jp-c = 3.7 Hz), 85.3, 96.7; MS (FAB/NPOE) m/z 346 (M+); HRMS (FAB/NPOE) calcd
for C13H23FeOsP (M+) 346.0633, found 346.0602.

DaS

Fe(CO),P(OMe);
3,4-Dimethyl-2,4-hexadiene Fe(CO)2P(OMe)s complex 33e: yellow oil; IR (neat) 2956,
2848, 1972, 1913, 1791, 1446, 1375, 1187, 1029, 754 cm'}; tH-NMR (500 MHz, CDCls):
$0.23-0.30 (2H, m), 1.36 (6H, dd, J= 6.5, 1.0 Hz), 2.11 (6H, d, J= 4.0 Hz), 3.67 (9H, d,
J=11.5 Hz); 13C-NMR (126 MHz, CDCls): § 14.9, 16.7, 51.4 (d, 2Jp-c = 4.2 Hz), 53.7 (d,
2Jp-c = 6.3 Hz), 95.9 (d, 3Jp-c = 2.1 Hz), 214.4 (d, 2Jp-c = 6.2 Hz); MS (FAB/NPOE) m/z
346 (M*); HRMS (FAB/NPOE) calcd for C13Hz23FeOsP (M*) 346.0633, found 346.0623.

General Procedure for Nucleophilic Ethylation of Methane sulfonyloxy
Fe(CO)2P(OMe)s complex with EtsZn
To a solution of Methane sulfonyloxy Fe(CO)2P(OMe)s complex (0.1 mmol) and Et2Zn
(1.5 equiv.) in CH2Cl2 was added dropwise over 3 h ,at reflux, a solution of 1.5 equiv. of
BuAl(OTf)2 which was prepared from 1.5 equiv. of DIBAL-H and 3.0 equiv. of TfOH at
0°C for 0.5 h in CH:2Cl2 (2 mL). After addition of the Lewis acid, the reaction was
quenched with phosphate buffer (pH = 7), the mixture was filtrated through Celite 545.
Followed by wusual workup the crude product was purified by flash column
chromatography with EtOAc/hexane =1/50 as eluant to provide 9b, 34a-e. The yields

were summarized in Table 15 and 18. The compounds had following properties.

Et
N
Fe(CO),P(OMe);
3-Ethyl2,4-hexadiene Fe(CO)2P(OMe)s complex 34a: yellow oil; 1H-NMR (500 MHz,
CDCls): 6 0.38-0.45 (2H, m), 1.25 (3H, t, J= 7.5 Hz), 1.31 (3H, d, J= 6.0 Hz), 1.33 (3H,
dd, J=6.3, 1.5 Hz), 2.20-2.30 (1H, m), 2.44-2.52 (1H, m), 3.69 (9H, J/p-u = 11.0 Hz), 4.74
(1H, d, J = 8.0 Hz);
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N

Fe(CO),P(OMe);

2-Ethyl-1,3-butadiene Fe(CO)2P(OMe)s complex 34b: yellow oil; 'H-NMR (500 MHz,
CDCls): §-0.38- -0.33 (1H, m), -0.11 (1H, d, J = 6.7 Hz), 1.28 (3H, t, J = 7.5 Hz),
1.40-1.44 (1H, m), 1.61 (1H, t, J= 1.67 Hz), 2.35 (2H, q, J = 7.4 Hz), 3.63 (9H, d, J =
11.6 Hz), 5.05 (1H, t, J= 7.6 Hz). 13C-NMR (126 MHz, CDCls): § 15.8, 30.4, 37.4 (d, 2Jp-c
= 7.5 Hz), 40.9, 51.3 (d, 2Jp-c = 2.9 Hz), 82.1, 106.6, 213.7 (d, 2Jp-c = 18.7 Hz), 215.8 (d,
2Jp-c = 10.5 Hz); MS (FAB/NPOE) m/z 318; HRMS (FAB/NPOE) calcd for Ci11H19FeO5sP
(M+) 318.0320, found 318.0341.

Et
)/:_\\—Ph
Fe(CO),P(OMe),

3-Ethyl-1-phenyl-1,3-butadiene Fe(CO)2P(OMe)s complex 34d: yellow oil;'H-NMR (400
MHz, CDCls): § 0.15 (1H, dd, /= 13.1, 1.5 Hz), 1.28 (1H, t, J= 9.3 Hz), 1.34 (3H, t, J =
7.5 Hz), 2.42 (2H, q, J = 7.4 Hz), 3.51 (9H, Jp-u = 11.5 Hz), 5.61 (1H, d, J = 8.7 Haz),
7.04-7.19 (5H, m); 3C-NMR (126 MHz, CDCls): § 15.6, 30.4, 41.3 (d, 2Jp-c = 8.3 Hz),
51.3 (d, 2Jp-c = 3.1 Hz), 58.1, 82.5, 102.8 (d, 3Jp-c = 2.1 Hz), 213.1 (d, 2Jp-c = 11.4 Hz),
213.8 (d, 2Jp-c = 10.3 Hz); MS (FAB/NPOE) m/z 394; HRMS (FAB/NPOE) calcd for
C17H23FeOsP (M*) 394.0633, found 394.0657.

Et
)/:_\\—iPr
Fe(CO),P(OMe),

2-Ethyl-5-methyl-1,3-hexadiene Fe(CO)2P(OMe)s complex 34c: yellow oil; IR (neat)
2925, 2848, 1984, 1924, 1459, 1375, 1182, 1029, 759 cm'l; 1H-NMR (400 MHz, CDCls):
§-0.16 (1H, d, /= 11.7 Hz), 0.36 (1H, td, /i = 8.69 Hz, Ja = 3.17 Hz), 1.06 (6H, dd, J =
6.6, 1.3 Hz), 1.25 (3H, t, J= 7.5 Hz), 1.40 (1H, d, J = 6.24 Hz), 1.50-1.58 (1H, m), 2.28
(2H, q, J= 7.5 Hz), 13C-NMR (126 MHz, CDCls): § 16.5, 24.3, 26.3, 30.1, 33.6, 40.8 (d,
2Jp-c = 9.3 Hz), 51.4 (d, 2Jp-c = 3.0 Hz), 69.0 (d, 2Jp-c = 5.2 Hz), 84.2, 102.8, 213.8 (d,
2Jp-c = 21.8 Hz), 218.0 (d, 2Jp-c = 7.2 Hz); MS (FAB/NPOE) m/z 360 (M+*); HRMS
(FAB/NPOE) calcd for C14H25FeOsP (M*) 360.0789, found 360.0779.

Et

7\

Fe(CO),P(OMe),
3-Ethyl-4-methyl-2,4-hexadiene Fe(C0)2P(OMe)s complex 34e: yellow oil; 'H-NMR
(400 MHz, CDCls): § 0.22-0.36 (2H, m), 1.21 (3H, t, /= 7.3 Hz), 1.33 (3H, dd, J=6.2, 1.1
Hz), 1.97 (3H, d, J= 3.2 Hz), 2.81 (2H, q, J= 7.3 Hz), 3.71 (9H, d, Jr-u = 11.1 Hz);
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Et

= )
BT Fe(CO)2PM93

5,5-Dimethyl-2-ethyl-1,3-cyclohexadiene Fe(CO)zPMes complex 50c; 'H-NMR (500
MHz, CDCls): § 0.87 (3H, s), 0.97 (3H, s), 1.22 (3H, t, J= 7.3 Hz), 1.28 (9H, d, /p-u = 8.2
Hz), 1.52 (1H, d, J = 14.6 Hz), 1.67 (1H, d, J = 14.3 Hz), 2.07 (1H, t, J = 7.0 Hz),
2.11-2.31 (2H, m), 2.71 (1H, s), 4.62 ( 1H, t, J = 5.8 Hz); 13C-NMR (126 MHz,CDCls): §
15.3, 20.2 (d, 1fe-c = 26.0 Hz), 29.3, 31.4, 34.2 (d, 3Jp-c = 5.2 Hz), 35.5, 44.5, 57.1 (d,
2Jp-c = 8.3 Hz), 70.2 (d, 2Jp-c = 6.2 Hz), 80.5, 106.2, 215.9 (d, 2Jp-c = 23.8 Hz), 221.8 (d,
2Jp-c = 9.3 Hz);

Synthesis of 4-2Butyl-2,4-decadiene Fe(CO):P(OMe)s complex 9

A solution of “BuMgCl in THF (0.7 M, 10.0 eq.) was added to a solution of ZnCls (5.0
eq.) in THF (2 mL) at room temperature. After stirrinng for 1 h, excess 1,4-Dioxane
was added. After stirring for 1 h, MgClz-1,4-Dioxane complex was filtrated under
nitrogen and then a solvent was transfer THF to CH2Clz (2 mL). The 2Bu2Zn in CH2Cl
(2 mL) was added to a solution of Methane sulfonyloxy Fe(CO):P(OMe)s complex in
CH:Clz (1 mL) over 3 h at reflux. After the addition, the reaction was quenched by
addition of phosphate buffer (pH = 7), and filtrated through Celite. After usual workup,
the crude product was purified by preparative TLC to give titled product.

"Bu
C35"'11—)/:_\\—
Fe(CO),P(OMe);
4-2Butyl-2,4-decadiene Fe(CO)2P(OMe)s complex 9d- £ yellow oil; MS (FAB/NPOE) m/z
374 (M*);

"Bu Fe(CO),P(OMe)s

71\

CsHyy
4-nButhyl-2,4-decadiene Fe(CO)2P(OMe)s complex 9d-Z yellow oil; MS (FAB/NPOE)
m/z 374 (M*);

General Procedure for Allylation of Methanesulfonyloxy Fe(CO)2P(OMe)s complex
with Allyltrimethylsilane

To a solution of Methane sulfonyloxy Fe(CO):P(OMe)s complex (0.1 mmol) and
Allyltrimethylsilane (5.0 equiv.) in CH2Clz was added dropwise over 3 h ,at reflux, a
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solution of 1.5 equiv. of iBuAl(OTf)2 which was prepared from 1.5 equiv. of DIBAL-H
and 3.0 equiv. of TfOH at 0°C for 0.5 h in CH2Cls (2 mL). After addition of the Lewis
acid, the reaction was quenched with phosphate buffer (pH = 7), the mixture was
filtrated through Celite. Followed by usual workup the crude product was purified by
flash column chromatography with EtOAc/hexane =1/50 as eluant to provide 16a-i. The

yields were summarized in Table 12 and 13. The compounds had following properties.

Allyl
C35"'11—>/:_\\—
Fe(CO),P(OMe);

4-Allyl-2,4-decadiene Fe(CO)2P(OMe)s complex 16a: yellow oil; IR(neat) 2940, 2852,
1978, 1918, 1029 cm'!. '"H-NMR (400 MHz, CDCls): 0.37-0.56 (2H, m), 0.88 (3H, t, J =
6.8 Hz), 1.21-1.30 (7TH,m), 1.32-1.43 (2H, m), 1.55-1.71 (2H, m), 2.98 (1H, d, J = 15.1,
5.3 Hz), 3.19 (1H, dd, J = 15.0, 6.6 Hz), 3.69 (9H, d, Jp-n = 11.2 Hz), 4.71 (1H, d, J= 8.2
Hz), 5.14 (1H, d, J = 10.0 Hz), 5.22 (1H, d, J = 17.1 Hz), 5.99-6.09 (1H, m); MS
(FAB/NPOE) m/z ; HRMS (FAB/NPOE) caled for CisH31FeOsP (M+) 414.1259, found
414.1225.

Allyl
D
Fe(CO),P(OMe);

3-Allyl-2,4-hexadiene Fe(CO)2P(OMe)s complex 16b: yellow oil; IR (neat) 2950, 2854,
1976, 1914, 1033 cm'}; 'H-NMR (500 MHz, CDCls): § 0.39-0.50 (2H,m), 1.30 (3H, d, J=
6.0 Hz), 1.33 (3H, d, J= 6.0 Hz), 2.98 (1H, dd, J= 15.3, 5.0 Hz), 3.20 (1H, dd, /= 15.0,
6.0 Hz), 3.69 (9H, d, Jp-u = 11.0 Hz), 4.74 (1H, d, J= 8.0 Hz), 5.13 (1H, d, J= 10.0 Hz),
5.21 (1H, d, /= 8.3 Hz). 13C-NMR (126 MHz, CDCls): § 15.4, 19.0, 36.4, 51.5 (d, 2Jp-c =
3.9 Hz), 52.3 (d, 2Jp-c = 5.9 Hz), 54.9 (d, 2Jp-c = 5.4 Hz), 85.5, 99.0, 116.0, 136.8, 214.1,
214.2; MS (FAB/NPOE) m/z 358 (M+); HRMS (FAB/NPOE) calcd for C14H23FeO5P (M+)
358.0633, found 358.0641.

Allyl
78\
Fe(CO),P(OMe);
2-Allyl-1,3-butadiene Fe(CO)2P(OMe)s complex 16¢: yellow oil; IR (neat) 2944, 2842,
1984, 1924, 1024 cm'1; TH-NMR (500 MHz, CDC13): § -0.39 (1H, t, J= 9.8 Hz), -0.15 (1H,
d, J= 6.0 Hz), 1.39 (1H, br s), 1.54 (1H, s), 3.00 (2H, br s), 3.56 (9H, Jp-u = 11.5 Hz),
4.97 (1H, t, J= 7.5 Hz), 5.05 (1H, d, J = 10.0 Hz), 5.14 (1H, d, J= 17.0 Hz), 5.94-6.02
(1H, m). 13C-NMR (126 MHz, CDCl3): § 37.7 (d, 2p-c = 7.1 Hz), 41.2, 41.4, 51.3 (d, 2p-c
= 2.0 Hz), 83.1, 102.7, 116.3, 137.1, 213.5 (d, 2Jp-c = 18.6 Hz), 215.5 (d, 2Jp-c = 10.4 Hz);
MS (FAB/NPOE) m/z 330 (M+*); HRMS (FAB/NPOE) calcd for CizHi9FeOsP (M)
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330.0320, found 330.0304.

>/'_\\—iPr

Fe(CO),P(OMe)s

2-Allyl-5-methyl-1,3-hexadiene Fe(CO)2P(OMe)s complex 16d: yellow oil; IR (neat)
2950, 2848,1984, 1924, 1454, 1187, 1043 cm'; 'H-NMR (500 MHz, CDC13): § -0.12 (1H,
d, J=11.6 Hz), 0.42 (1H, td, Jt = 8.5 Hz, Jd = 3.5 Hz), 1.05 (6H, d, J= 6.4 Hz), 1.40 (1H,
d, /= 6.1 Hz), 1.54 (1H, q, J= 6.5 Hz), 2.97-3.06 (2H, m), 3.63 (9H, d, Jp-u = 11.0 Hz),
4.86 (1H, d, J = 8.5 Hz), 5.09 (1H, d, J = 10.0 Hz), 5.18 (1H, dd, J = 17.0, 1.5 Hz),
6.00-6.08 (1H, m). 13C-NMR (126 MHz, CDCls): § 24.3, 26.3, 26.3, 33.6, 41.1 (d, 2Jp-c =
11.2 Hz), 51.5 (d, 2Jp-c = 3.9 Hz), 69.3, 85.2, 98.7, 115.9, 138.0, 213.5, 217.7; MS
(FAB/NPOE) m/z 372 (M*); HRMS (FAB/NPOE) calcd for CisHz25FeOsP (M*) 372.0789,
found 372.0771.

Fe(CO),P(OMe),
3-Allyl-1-phenyl-1,3-butadiene Fe(CO)2P(OMe)s complex 16e: yellow oil; IR (neat) 2939,
2859, 1984, 1930, 1737, 1066, 1024, 771 cm'’; 1TH-NMR (400 MHz, CDCls): § 0.18 (1H, d,
J =13.3 Hz), 0.13 (1H, d, J = 0.9 Hz), 1.69 (1H, s), 3.11 (1H, dd, J = 14.8, 6.3 Hz), 3.19
(1H, dd, J = 17.5, 5.5 Hz), 3.51 (9H, JP-H = 11.5 Hz), 5.17 (1H, d, J = 9.8 Hz), 5.26 (1H,
d,J =17.2 Hz), 5.59 (1H, d, J = 9.0 Hz), 6.08-6.14 (1H, m), 7.06-7.24 (5H, m); 13C-NMR
(126 MHz, CDCls): § 41.3, 41.4 (d, 2Jp-c = 8.3 Hz), 51.4 (d, 2Jp-c = 3.0 Hz), 58.6, 83.5,
98.8, 116.7, 125.0, 126.0, 128.1, 136.9, 142.4, 213.0 (d, 2Jp-c = 11.3 Hz), 213.6 (d, 2Jp-c =
4.2 Hz); MS (FAB/NPOE) m/z 406 (M+); HRMS (FAB/NPOE) calcd for Ci1sHz23FeOsP (M+)
406.0633, found 406.0619.

AIIyI/ : \:

Fe(CO),P(OMe);
3-Allyl-4-methyl-2,4-hexadiene Fe(CO)2P(OMe)s complex 16f: yellow oil; IR (neat) 2963,
2848, 1972, 1913, 1731, 1641, 1454, 1380, 1182, 1024, 910; 'H-NMR (500 MHz, CDCls):
5 0.25-0.40 (2H, m), 1.35 (6H, dd, J=6.3, 1.1 Hz), 2.09 (3H, d, J= 3.0 Hz), 3.14 (1H, dd,
J=15.8, 5.8 Hz), 3.36 (1H, dd, /= 16.0, 6.0 Hz), 3.68 (9H, d, Jp-u = 11.0 Hz), 5.08 (1H,
dd, J=10.1, 1.5 Hz), 5.16 (1H, dd, J= 17.2, 1.7 Hz), 5.93-6.01 (1H, m). 13C-NMR (126
MHz, CDCls): § 14.1, 16.0, 16.6, 33.4, 51.4, (d, 2Jp-c = 4.0 Hz), 53.0 (d, 2Jp-c = 7.2 Hz),
54.2 (d, 2p-C = 7.3 Hz), 96.3, 96.5 (d, 3Jp-c = 2.0 Hz), 115.1, 136.1, 214.2 (d, 3Jp-c = 3.2
Hz), 214.4 (d, 3Jp-c = 3.2 Hz). MS (FAB/NPOE) m/z 372 (M*); HRMS (FAB/NPOE) calcd
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for C15H25FeOsP (M+*) 372.0789, found 372.0811.

\

CsH1g /: \

FE(CO)2P(0M6)3
4-(2-Butene)-2,4-decadiene Fe(CO)2P(OMe)s complex 16g: yellow oil;

Ph

\

CsHig /: \

Fe(CO),P(OMe);

4-(3-Phenyl-2-propenyl)-2,4-decadiene Fe(CO)2P(OMe)s complex 16h: yellow oil; IR
(neat) 2956, 1972, 1913, 1459, 1024, 746 cm'!; 'TH-NMR (500 MHz, CDCls): § 0.38 -0.57
(2H, m), 0.87 (3H, t, J= 6.6 Hz), 1.25-1.40(10H, m), 1.60-1.75 (2H, m), 3.14 (1H, dd, J =
15.6, 5.8 Hz), 3.35 (1H, dd, J = 7.3, 7.3 Hz), 3.69 (9H, d, J = 11.0 Hz), 4.76 (1H, d, J =
8.2 Hz), 6.40-6.46 (1H, m), 6.57 (1H, d, J = 15.6 Hz), 7.21-7.42 (5H, m); 13C-NMR (126
MHz, CDC13): § 14.1, 18.8, 22.6, 30.5, 31.2, 31.9, 35.4, 51.5 (d, 2Jp-c = 4.1 Hz), 52.9 (d,
2Jp-c = 6.2 Hz), 61.7, 85.6, 98.1, 126.1, 127.1, 128.5, 128.9, 131.4, 137.6, 214.1, 215.6;
MS m/z 490 (M+); HRMS (FAB/NPOE) calcd for C24H35FeOsP (M*) 490.1572, found
490.1611.

General procedure for Arylation for Methanesulfonyloxy Fe(CO)2:P(OMe)s complex
with PhsZn

10.0 equiv. of ArLi and 5.0 equiv. of ZnCl: in THF (3 mL) were stirred for 1 h at room
temperature. Solvent was removed in vacuo. Methane sulfonyloxy Fe(CO):P(OMe)s
(0.1 mmol) in CH:zClz (2 mL) was added to the reaction mixture. BuAl(OTf)2 (1.5
equiv.) in CH2Cls (2 mL) was added dropwise to the reaction mixture over 3 h at reflux.
After the addition, the mixture was quenched by the addition of phosphate buffer (pH
= 7). The solution was filtrated through Celite, Followed by usual workup the crude
product was purified by flash column chromatography with EtOAc/hexane =1/50 as
eluant to provide 14a-k. The yields were summarized in Table 19, 20, 21 and 22. The

compounds had following properties.
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Ph
CsH11—)/:_\\_
Fe(CO),P(OMe);

3-Phenyl-2,4-decadiene Fe(CO):P(OMe)s complex 35: yellow oil; IR (neat) 2962, 2883,
1972, 1936, 1743 cm'!; 'TH-NMR (500 MHz, CDCls): § 0.55-0.65 (2H, m), 0.85 (3H, t, J =
7.0 Hz), 1.18-1.31 (4H, m), 1.34 (d, J= 6.1 Hz), 1.42 (3H, ), 1.67-1.75 (1H, m), 3.75 (9H,
d, Jp-n = 11.0 Hz), 4.90 (1H, d, /= 8.2 Hz), 7.26-7.35 (3H, m), 7.57 (2H, d, J= 7.6 Hz).
13C-NMR (126 MHz, CDCls): § 14.0, 18.8, 22.6, 31.8, 31.9, 32.0, 51.7 (d, 2Jp-c = 6.2 Hz),
51.9 (d, 2e/p-c = 5.2 Hz), 61.3, 89.9, 102.9, 127.1, 127.8, 130.4, 139.5, 213.5 (d, 2Jp-c = 9.3
Hz);

Ph
N\
Fe(CO),P(OMe)3

3-Phenyl-2,4-hexadiene Fe(CO)2P(OMe)s complex 48a: yellow oil; IR (neat) 2950, 2854,
1978, 1918, 1700, 1446, 1375, 1182, 1049, 734 cm'; 'H-NMR (500 MHz, CDCls):
5 0.54-0.69 (2H, m), 1.34-1.38 (6H, m), 3.74 (9H, d, Jp-u = 11.3 Hz), 4.95 (1H, d, J= 8.2
Hz), 7.26-7.36 (3H, m), 7.57 (2H, d, J= 7.6Hz). 13C-NMR (126 MHz, CDCls): § 17.8, 19.1,
51.6 (d, 2Jp-c = 4.1 Hz), 51.7, 54.0 (d, 2Jp-c = 6.2 Hz), 89.9, 102.8, 127.1, 127.8, 130.2,
139.0, 213.4 (d, 2Jp-c = 7.3 Hz);

Ph
A\
Fe(CO),P(OMe);3

2-Phenyl-1,3-butadiene Fe(CO)2P(OMe)s complex 48b: yellow oil; IR (neat) 2950, 2834,
2358, 2335, 1990, 1924, 1459, 1176, 1037, 777, 728 cm'!; tH-NMR (500 MHz, CDCls):
§-0.12- -0.08 (1H, m), 0.02 (1H, dd, J = 6.9, 2.0 Hz), 1.64-1.67 (1H, m), 2.17 (1H, s),
3.60 (9H, d, J/p-u = 11.3 Hz), 5.64 (1H, t, J= 7.8 Hz), 7.27-7.34 (3H, m), 7.63 (2H, d, J =
7.3 Hz). 13CNMR (101 MHz, CDCls): & 38.1, 38.6 (d, 2Jp-c = 3.6 Hz), 51.4 (d, 2Jp-c = 1.5
Hz), 83.8, 101.0, 127.0, 127.6, 128.2, 140.6, 213.0 (d, 2Jp-c = 18.8 Hz);

Ph
Fe(CO),P(OMe);
1,3-Diphenyl-1,3-butadiene Fe(CO)2P(OMe)s complex 48d: yellow crystal; IR (disk)
2950, 2358, 1990, 1930, 1700, 1608, 1066, 1018 cm™*; tH-NMR (500 MHz, CDCls): § 0.21
(1H, dd, J=13.1, 1.8 Hz), 1.45 (1H, t, J= 9.0 Hz), 2.16 (1H, t, J= 1.2 Hz) , 3.42 (9H, d,
Jp-n = 11.3 Hz), 6.08 (1H, d, J= 8.9 Hz), 7.02 (1H, t, J= 7.3 Hz), 7.13-7.31 (7H, m), 7.65
(2H, d, J = 4.1 Hz). 13C-NMR (126 MHz, CDCls): & 38.3 (d, 2Jp-c = 4.6 Hz), 51.4 (d, 2Jp-c
= 1.5 Hz), 58.8 (d, 2Jp-c = 7.0 Hz), 84.5, 97.5 (d, 3Jp-c = 1.1 Hz), 125.2, 126.2, 127.5,
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127.7, 128.2, 128.3, 140.8, 142.4, 212.5 (d, 2Jp-c = 11.3 Hz), 212.9 (d, 2Jp-c = 7.3 H2z);

Ph
)/;_\\—iPr
Fe(CO),P(OMe)3

5-Methyl-2-phenyl-1,3-hexadiene Fe(CO)2P(OMe)s complex 48c: yellow oil; IR (neat)
2956, 2848, 2364, 1978, 1930, 1446, 1369, 1182, 1024 cm'1; 'H-NMR (400 MHz, CDCls):
§-0.07 (1H, d, J= 5.8 Hz), 0.68 (1H, td, <& = 8.7, Ja = 1.7 Hz), 1.11 (3H, d, J= 3.1 Hz),
1.12 (3H, d, J= 2.9 Hz). 1.69-1.73 (1H, m), 2.00 (1H, d, J= 3.2 Hz), 3.50 (9H, Jp-un = 5.7
Hz), 5.52 (1H, J = 4.2 Hz), 7.22-7.32 (3H, m), 7.63 (2H, d, J = 3.6 Hz); 13C-NMR (101
MHz, CDCls): & 24.2, 26.3, 33.9, 37.3, 51.4, 70.2, 85.6, 96.0, 126.9, 127.3, 128.0, 140.5,
214.2, 215.2;

Ph
Dad

Fe(CO),P(OMe)3

4-Methyl-3-phenyl-2,4-hexadiene Fe(CO)2POMe)s complex 48e: yellow oil; IR (neat)
2950, 2859, 1978, 1913, 1797, 1724, 1386, 1029 cm'l; 'H-NMR (500 MHz, CDCls):
§0.42-0.58 (2H, m), 1.10 (3H, d, J= 6.0 Hz), 1.37 (3H, dd, J= 6.5, 1.5 Hz), 1.86 (3H, d,
J=3.5Hz), 3.73 (9H, d, Jp-u = 11.0 Hz), 7.29-7.56 (5H, m); 13CNMR (126 MHz, CDCls):
515.1, 16.6, 18.3, 51.7 (d, 2Jp-c = 4.2 Hz), 51.7 (d, 2Jp-c = 7.3 Hz), 52.7 (d, 2Jp-c = 8.2 Hz),
99.0, 104.6, 126.8, 127.7, 131.0, 133.6, 137.8, 213.5 (d, 2Jp-c = 4.2 Hz), 214.3 (d, 2Jp-c =
9.3 Hz); MS (FAB/NPOE) m/z 408 (M+); HRMS (FAB/NPOE) calcd for Ci1sHa25FeOsP (M+)
408.0789, found 408.0789.

=z
o //
CsHis / ' \
Fe(CO),P(OMe);

3-(2-Furyl)-2,4-decadiene Fe(CO)2P(OMe)s complex 37: yellow oil; IR (neat) 2944, 2854,
1995, 1918, 1459, 1029 cm'!; 'H-NMR (500 MHz, CDCls): 8 0.43 (1H, q, J= 7.1 Hz), 0.72
(1H, m), 0.89 (3H, t, J/ = 6.9 Hz), 1.30-1.33 (4H,m), 1.37 (3H, d, J= 6.1 Hz), 1.41-1.50
(2H, m), 1.75 (1H, td, <& = 15.0, Ja = 6.3 Hz), 1.93 (1H, td, & = 13.9, Ja = 6.8), 3.66 (9H,
d, Jr-u = 11.0 Hz), 5.34 (1H, d, J= 8.5 Hz), 6. 38-6.42 (2H, m), 7.40 (1H, t, J = 0.8 Hz);
13C-NMR (126 MHz, CDCls): § 14.1, 18.7, 22.6, 31.6, 31.8, 31.9, 51.4 (d, 2Jp-c = 4.1 Hz),
53.8, 59.4, 85.0, 107.8, 110.9, 141.3, 153.4, 213.6; MS (FAB/NPOE) m/z 440 (M*); HRMS
(FAB/NPOE) calcd for Ci9H20FeOsP (M+) 440.1051, found 440.1069.
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=z

N,
7\

Fe(CO),P(OMe)s
3-(2-Furyl) -2,4-hexadiene Fe(CO)2P(OMe)s complex 49a: yellow oil; IR (neat) 2925,
1984, 1913, 1465 cm'l; 1TH-NMR (500 MHz, CDCls): 5 0.46 (1H, dt, & = 17.9, Ja = 6.3 Hz),
0.67 (1H, ddd, J=13.2, 7.2, 4.8 Hz), 1.38 (3H, d, J= 6.1 Hz), 1.54 (3H, dd, J= 6.4, 1.5
Hz), 3.69 (9H, d, Jp-u = 5.5 Hz), 5.38 (1H, d, J= 8.5 Hz), 6.38-6.42 (2H, m) 7.42 (1H, d, J
= 1.2 Hz). 13C-NMR (126 MHz, CDCls): § 17.7, 19.0, 51.5 (d, 2Jp-c = 2.1 Hz), 52.9, 52.9,
84.4, 88.7, 108.2, 110.8, 141.5, 153.0, 213.5 (d, 2Jp-c = 2.1 Hz), 214.4;

=z

o4
7\

Fe(CO),P(OMe)s
2-(2-Furyl)-1,3-butadiene Fe(CO)2P(OMe)s complex 49b: yellow oil; IR (neat) 2950,
2842, 2341, 2001, 1924, 1724, 1454, 1162, 1024 cm'; 'H-NMR (500 MHz, CDCls):
5-0.06- -0.01 (2H, m), 1.62-1.65 (1H, m), 2.09 (1H, d, J = 1.2 Hz), 3.56 (9H, d, Jp-u =
11.6 Hz), 5.74 (1H, t, J= 7.8 Hz), 6.36-6.42 (2H, m), 7.39 (1H, s). 13C-NMR (126 MHz,
CDCls): & 34.7, 38.0 (d, 2Jc-p = 2.6 Hz), 51.3 (d, 2Jc-p= 1.6 Hz), 80.2, 90.8, 105.1, 111.2,
142.0, 154.4, 213.4 (d, 2Jp-c = 10.3 Hz), 215.5 (d, 2Jp-c = 5.2 Hz);

=z

oY
T\

Fe(CO),P(OMe),

3-(2-Furyl)-1-phenyl-1,3-butadiene Fe(CO)2P(OMe)s complex 49d: yellow oil; IR (neat)
2944, 1995, 1936, 1440, 1024 cm'1; 'TH-NMR (500 MHz, CDCl3): § 0.21 (1H, dd, &= 11.3,
2.1 Hz), 1.66 (1H, dd, J= 4.6, 4.6 Hz), 2.13 (1H, s), 3.46 (9H, d, J=11.3 Hz), 6.32 (1H, d,
J=9.2 Hz), 6.39 (1H, s), 6.46 (1H, d, J= 3.1 Hz), 7.10 (1H, t, J= 7.2 Hz), 7.21-7.32 (4H,
m), 7.45 (1H, s). 13C-NMR (126 MHz, CDCls): § 35.2 (d, 2Jp-c = 10.3 Hz), 51.4 (d, 2Jp-c =
3.1 Hz), 57.9, 79.6, 87.1, 105.5, 111.3, 125.3, 126.2, 128.2, 142.0, 142.1, 154.4, 211.8 (d,
2Jp-c = 19.6 Hz), 214.6; MS (FAB/NPOE)
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=
N,
/ ' N 'pr
Fe(CO),P(OMe);

2-(2-Furyl)-5-Methyl-1,3-hexadiene Fe(CO)2P(OMe)s complex 49c¢: yellow oil; IR (neat)
2962, 2854, 1984, 1905, 1459, 1369, 1187, 1029 m'1; 1H-NMR (500 MHz, CDCls): § -0.10
(1H, dd, 4= 9.5, 2.1 Hz), 0.75-0.79 (1H, m), 1.14(6H, d, J = 6.7 Hz), 1.69 (1H, dt, J =
22.3, Ja=6.7Hz), 1.84 (1H, dq, Ja = 9.9, Jy = 1.3 Hz), 3.44 (9H, d, Jp-u = 11.6), 5.62 (1H,
d, J=8.2 Hz), 6.35 (2H, dt, J= 7.0, 2.7 Hz), 7.39 (1H, s). 13C-NMR (126 MHz, CDCls):
524.5,26.2 (d, 2Jp-c = 2.1 Hz), 33.9, 35.2 (d, 2Jp-c, 6.2 Hz), 51.3 (d, 2Jp-c, 1.5 Hz), 69.0 (d,
3Jp-c = 5.1 Hz), 81.3, 86.6, 105.4, 111.4, 141.5, 154.5, 212.6 (d, 2Jp-c, 11.3 Hz), 219.2;

=z

o/

8\
Fe(CO),P(OMe);

3-(2-Furyl)-4-Methyl-2,4-hexadiene Fe(CO)2POMe)s complex 49e: yellow oil; IR (neat)
2956, 2848, 1990, 1924, 1459, 1375, 1168, 1114, 1037 cm'; 'H-NMR (400 MHz, CDCls):
5 0.42-0.52 (2H, m), 1.22 (3H, d, J=6.24 Hz), 1.36 (3H, dd, J= 6.3, 1.3 Hz), 2.03 (3H, d,
J=3.2 Hz), 3.72 (9H, d, J = 11.2 Hz), 6.41-6.44 (2H, m), 7.47 (1H, s). 13C-NMR (101
MHz, CDCls): § 15.4, 16.4, 17.5, 51.6, 53.3, 54.2, 90.4, 100.0, 110.3, 111.6, 141.9, 142.0,
152.3, 213.2, 214.0;

=z
S //
CsHi / ' \
Fe(CO),P(OMe);

4-(2-Thiophenyl)-2,4-decadiene Fe(CO)2P(OMe)s complex 36: yellow oil; IR (neat) 2944,
2854, 1984, 1924, 1037 cm'!; 1TH-NMR (500 MHz, CDCls): § 0.61-0.53 (2H, m), 0.86 (3H,
t, J=6.9 Hz), 1.21-1.30 (4H, m), 1.34 (3H, d, J= 6.1 Hz), 1.40-1.46 (2H, m), 1.60-1.65
(1H, m), 1.80-1.88 (1H, m), 3.72 (9H, d, Jp-n = 11.0 Hz), 5.16 (1H, d, J = 8.2 Hz), 6.96
(1H, dd, J = 5.2, 3.7 Hz), 7.15 (1H, d, J = 3.4 Hz), 7.21 (1H, d, J = 4.9 Hz); 13C-NMR
(126 MHz, CDC13): § 14.0, 18.7, 22.6, 29.7, 30.0, 31.8, 51.7, 52.4, 61.9, 89.7, 93.4, 124.6,
126.6, 127.4, 143.8, 213.1; MS (FAB/NPOE) m/z 456 (M+); HRMS (FAB/NPOE) calcd for
C19H29FeOsPS (M+) 456.0823, found 456.0827;
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4-(N-Methyl-2-pyrrolyl)-2,4-decadiene Fe(CO)2P(OMe)s complex: yellow oil; MS
(FAB/NPOE) m/z 454 (M*+ + 1)

7\
Fe(CO),P(OMe);

2-(p-Tolyl)-1,3-butadiene Fe(CO)2P(OMe)s complex 41: yellow oil; IR (neat) 2952, 2840,
1982, 1930, 1461, 1186, 1025, 792, 742 cm'l; 1H-NMR (500 MHz, CDCls): 6 -0.22- -0.17
(1H, m), -0.07 (1H, dd, J= 6.0, 2.0 Hz), 1.54-1.57 (1H, m), 2.09 (1H, d, /= 3.5, 1.8 Hz),
2.27 (3H, s), 3.53 (9H, d, Jp-u = 11.5 Hz), 5.54 (1H, t, J= 7.5 Hz), 7.06 (2H, d, J= 8.0 Hz),
7.45 (2H, d, J = 8.5 Hz); 13C-NMR (126 MHz, CDCls): § 21.4, 38.1, 38.4 (d, 2Jp-c = 7.3
Hz), 51.4 (d, 2Jp-c = 3.2 Hz), 83.2, 101.2, 126.8, 128.9, 137.4, 213.0 (d, 2Jp-c = 17.6 Hz),
215.0; MS (FAB/NPOE) m/z 380; HRMS (FAB/NPOE) clecd for CicH21FeOsP (M+)
380.0476, found 380.0489.

/: \ 'pr
Fe(CO),P(OMe);
5-Methyl-2-(p-tolyl)-1,3-hexadiene Fe(CO):P(OMe)s complex 42: yellow oil; TH-NMR
(400 MHz, CDCls): § 0.08 (1H, dd, J=11.7, 1.8 Hz), 0.65 (1H, td, & = 8.7 Hz, Ja = 3.7
Hz), 1.11 (6H, t, J= 6.5 Hz), 1.61-1.75 (1H, m), 1.97-2.00 (1H, m), 2.33 (3H, s), 3.51 (9H,
d, Jp-u = 11.4 Hz), 5.49 (1H, d, /= 8.3 Hz), 7.11 (2H, d, J= 8.0 Hz), 7.52 (2H, d, J= 8.2
Hz); 13C-NMR (126 MHz, CDCls): § 21.4, 24.2, 26.3 (d, 2Jp-c = 2.0 Hz), 33.9, 37.3 (d,
2p-c = 10.3 Hz), 51.4 (d, 2p-c = 4.0 Hz), 70.0, 85.2, 96.5, 126.8, 128.8, 137.1, 137.3,
217.1;
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Fe(CO),P(OMe)s

2-(0-Tolyl)-1,3-butadiene Fe(CO)2P(OMe)3 complex 43: yellow oil; 1H-NMR (500 MHz,
CDCls): & -0.23- -0.18 (1H, m), 0.26 (1H, d, J = 11.0 Hz), 1.57 (1H, d, /= 6.5 Hz), 1.88
(1H, d, J = 2.0 Hz), 2.50 (3H, s), 3.69 (9H, Jp-u = 11.0 Hz), 5.28 (1H, t, J = 7.5 Hz),
7.10-7.24 (4H, m), 7.60-7.62 (1H, m); 13C-NMR (126 MHz, CDCls): § 20.7, 36.8 (d, 2Jp-c
= 8.3 Hz), 42.4 (d, 2Jp-c = 4.2 Hz), 51.5 (d, 2Jp-c = 3.2 Hz), 88.4, 105.2 (d, 3Jp-c = 2.1 Hz),
125.7, 127.3, 129.9, 131.3, 137.3, 139.4, 212.6 (d, 2Jp-c = 13.5 Hz);

Cl

7\

Fe(CO),P(OMe)s
2-(p-Chlorophenyl)-1,3-butadiene Fe(CO)2P(OMe)s complex 41: yellow oil; 'H-NMR
(400 MHz, CDCl3s): § -0.10 (1H, t, J= 8.8 Hz), -0.01 (1H, s), 1.65-1.66 (1H, m), 2.10 (1H,
s), 3.61 (9H, d, Jp-u = 11.5 Hz), 5.60 (1H, d, J = 7.9 Hz), 7.29 (2H, d, J = 8.5 Hz), 7.56
(2H, d, J= 8.5 Hz);

Br OMe

7\
Fe(CO),P(OMe);
2-(3-Bromo-6-methoxy)-1,3-butadiene Fe(CO)2P(OMe)s complex 46: yellow oil;
1H-NMR (400 MHz, CDCls): 6 -0.12 (1H, t, /= 10.2 Hz), -0.05 (1H, d, J = 9.4 Hz), 1.66
(1H, d, J= 7.0 Hz), 2.01 (1H, s), 3.65 (9H, d, Jp-u = 11.5 Hz), 3.85 (3H, s), 5.65 (1H, t, J
= 7.6 Hz), 6.79 (1H, d, /= 8.7 Hz), 7.36 (1H, dd, J= 8.8, 2.4 Hz), 7.68 (1H, d, J = 2.4
Hz);
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