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2 % F5EYA WEI)E AHEste By 4579 13-butadiene FEAME HHEAIAM (74-CH,
CRCR'CHz):Mo (R, R'=H =i+ CHp & #Adstglen, o] of A% §7]24831E) i’ 1,3-butadiene
FrEA S vdA] 7] Al Azt =atgich. 28| BREAl F4557]9) e 9 AR vl AstEe
HHAIAN F71E58Ee] ¥48S Bdslgdon o5 3] F9 AL A s =Hok w3
(7*-CH,CCH;CCHyCH;);Mos}t U 4tstetag whEAIAX (CeHiw)(CO):Mos FAstdon o] 35tz
B5-270E Aol W3l =sigith

ABSTRACT. Various tris (n+-diene) molybdenums were easily synthesized by the reaction of various
1, 3-dienes and molybdenum metal vapors by using metal atom reactor. The methyl substituent effect
of the tris (74-diene) molybdenum produced were discussed. And some alkadiene-molybdenum complexes
which were easily decomposed in the air at room temperature were also formed. (C¢H,,), (CO);Mo were
synthesized and its molybdenum-diene bond type were discussed.
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£ Aol M= dlle] F4Ae) A AR W
A5 18- AAYPATE EFA 7|2 v]EH AR
F71 2434 ES J4E el e VIbS =
42 d3lgdr}l. 35 Z2jHdy) gige iy
FHogA BE FHA(4H® >150 Keal/mol) &
7R QA ol FEF F5dUA AdelAe
si3ta AAe] A2 ZA dEejziy d4dEch £
Ao F 2o dx Eejud FE4& FHAAHA
o2 7} 7o GAgE} uhEAT| L o] 2N
B AAEE SgES gelinid, 5929
2 Ao} -G AFEAF Sl A A
B4 9 A5 AAFE Adete] ARAAE
A3l otk $21€ 1,3-butadiene FE=AE0]
Eg)dd dxtel A3 A /U185 HEES
FAPcE Ae Bag wp glels

B x=no Eajug F2(0)o] 1,3-butadiened}
2o FN3tE diene ¥ ohE} FHEE A @2

9 7}4] diene 47131318 z8]3 YA H o F bulky
g 1,3-diene 3§E S} o FA whE3h=A o o
sto] AtHyn ol2ig wigovRE AL {735
§E9 hdAF o) E9 ¥l uhg v)Fel| A3t
A2 {ch

4 H ‘

Z2ug F4& £5 999% o)Al 10mm F
719] F448& AMgslglon], BE3l wdlpas
AHg3l7] Aol ZFAXE o] 83te] degassing FF
% abgstgich B3EA.e UV-Vis. Spectrometer
Jobin-Yvon Duospac 2033} Beckman Spectropho-
tometer IR 42308, 94¥F42 Perkin Elmer 240
CE, Z8juq §skEA2 LCP. Atomic Emission
Spectrometer(Jobin-Yvon JY-38 plus)&, &k
< Finnigan MAT 212§, €%4& DuPont 1090
TA/95/GA/910 DSCE, #2713 #4-& Bruker
AC 300& AH&-3hoich

Eejuy F5%719 £¥3) wh3pad 1,3-bu-
tadiene, isoprene, 2,3-dimethyl-1,3-butadiene, 1,3-
pentadiene, 14-pentadiene, 1,5-hexadiene2 719
FAd3 uhg o2 Aol Ao ofEARI
tris(n*-diene) molybdenum 3433} (C¢Hy)2(CO)s
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Mo2] 3ol o’ bl whgrke 7]E3ch
Tris(7%-1,3-butadiene) molybdenum2| 4.
Skell® 5o YD WhH-& AHg3lalen & A
Holl AHSR F-8F w719 A e ZEAC
Zajudgl F44(1mmX80 mm)E Uzl Rofo
T 4S|4 4% AT dFs 48~50A
(33~35V)9 AFE FHAAAM EelEd 5
<2 29(05~1m mol/hr.) A1 712, FAlo} Schienk
tubedll %71 ¢F 15m/¢] 13-butadiened 355
uhe-7)4 0 8 33](50~100 m mol/hr.) A Fc}. 14]
7t Fot EejBdl F4%7|9 butadiened HAA
28 Y7t kg7 @A S$FAI F w3
252 —20C(ethanol bath)® & ¥ =aFe
butadiene® AFAAE o83t whgr] yrom
A AE I wHg-7) Wupetel] F AFEE 53H(70T,
1074 Torr) A A+ YA E-L 207 o]7% n-hexane
S5 Alg-sle] AAAAAM =22 By A
A& ddck o] ZA oF 5mge 10m/9 n-he-
xaneol] ¥4l F lcm AodAde] =<2 £9& o
UV-visible 29 53-8 ZH3cy. AP 73
EAFFA T Tmge AEE FREl I
o) o] FA-E AT £ 10%S LAE 23
Aoz HrEh 8% 20~40%, mp.125~130T
(dec), A=E2(m/e, 4HA71%) ; Mo(CHe)s*
(260,40), Mo(CHs),* (206,53), Mo(C,He)*
(152,18), pmr ; (C,Hs);Mo 4.58(m, 6H), 1.56(gut,

6H) 045(dd, 6H).

Tris(n*-isoprene) molybdenum®| #4. $j¢} 5
dF wh o2 Al ubgr| upstel e AR
& 713K(50T, 10 * Torr) A|AA A-gellA 284
Ql AAEZ At & 30~40%, mp. °F —40T
AR (m/e, ANA7] %) 3 Mo(CsHs)s" (302,
34), Mo(CsHs)?"(234,68), Mo(CsHs) " (166,7),
pmr 5 (CsHg)sMo 4.30(m, 3H), 1.63(m, 9H), 157
(m, 3H) 1.32(m, 3H), 0.37(m, 3H), —0.29(m, 3
H), $¥484(A4A) C; 60.00, H; 810, (HdA)
C 6009, H: 811.

Tris(7*-2,3-dimethyl-1,3-butadiene) molybdenum
o giM. Sl9} FUF wo g At wkg]
ulebel 2 AHES £3H70C, 1074 Torr) A1 AA
AAEE Row o]ZE& n-hexaned| ¥o AHHA
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A|AA o] Haly AA0g dgich 8 60~
70%, mp. 150C(dec.), HFEA(m/e, A7)
%) 3 Mo(CsHyo)s* (344,28), Mo(CsHyp),* (262,73),
Mo(CsHyo) *(180,2), pmr ; (CsHyo)sMo 1.58(s, 18
H) 127(d, 6H), —047(d, 6H), 9424 (A 4kA])
C 16315 H; 883 (A&8=x) C:6351, H; 882
(1,3-pentadiene), (1,4-pentadi-
ene), molybdenum, (1,5-hexadiene), molybdenum
(n=1~3)2| #4. e} U3 whges A8}
o &5 vhe7) wigte ¢ AF-EE 713507,
104 Torn) AlAA Aol 2240 Agql YA
S 2tk $& 20~30%, 37 FelA 1~29
Tl Ao 2 Wity Zojxch 3gHEe] ¥
HARsled o EFEA AEE QA Eedch
(isoprene),(CO), Mo(m,n=1~3)2| 814. &
glud F£27)9} isoprened tris(n*-isoprene)
molybdenum$& A€ uleo} 22 "oz Fe&
H37lel 9 FEFA)7| 2 F F A4k (CO)
5 kg7l FRYAIAA ] 2RE ARSE
#Fo]3 650 mmHge] d4kslera sf=stel A 1417
T4 7S ole 492 AHANE AE-sle]
gk wkgAIZl F ou(ubge] dAbslerAel isop-
rened HHE7) ¥lo 2 Al Asta wk-g7] uldell e
FE2 £3H35C, 107* Torr) A1 AA AAES A
Adrk T8 20~30%, A2oA A7 2EHe] HA

molybdenum,

(Cals )3Mo
1 2

™~

1,3-butadiene

T

Mo

(CsHs )aMo

isoprene

o] Q= HAlo)aL F7) Foll X A8 Ease] 5~
6417t 9 A wWzte] ZojAh HYdaH ey
Vo3 1955cm™Y, 1995 cm™!, 3gHEe] EAsle
e FEadEyS dx] Ealgr

(2,3-dimethyl-1,3-butadiene), (CO);Mo2| #H.

Stel Fdd wHeg gAdsled wkgr) uidel
¢ ARES 7)3H50T, 107! Torr) A1AA AAE
< Aok T8 20~30%, A2 A 22YS
W 3y dFlo]m F7] Foll A 3] Eal= o
2~3do] Auw Zolzir). AHgMadHE o, !
1950 cm™!, 1860 cm™!, HAEA Mo 27.9%,
pmr ; (C¢Hio)2(CO);Mo 1.66(s, 12H), 1.40(d, 2H),
1.21(m, 2H), 0.85(m, 2H), —0.34(d, 2H), A E-H
(m/e, AA7] %) ; M-2H(344, 26), M-3CO
(262,89), M-3C0-6H(256,.100), M-3CO-CsH,-4H
(176,13), CsH,(CO)(123,13), Mo(98,11), CHy
(82,68), CsH,(74,95), C:H,(67,87), C;H:(55,45), C,
Hs(54,26), C,Hs(53,24).
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Fig. 2. The UV-Vis. spectra of tris (1,3-butadiene) mo-
lybdenum, 1, tris—(isoprene) molybdenum, 2, and
tris—(2,3-dimethyl-1,3-butadiene) molybdenum, 3, in
n-hexane at room temperature. *The molar absorptiv-
ities.

(1,3-butadiene) Mo (1)¢} tris(2,3-dimethyl-1,3-
butadiene) Mo (3)% n-hexaneo| =ojx A3
ARoga] 77 e fale i A
AL A8 4 9l Tris(isoprene) Mo (2)&
Agod 224 A Az Qo] Fow F=
el oF —40T o]atel7] wjFo AA el 3t
FEEA BHEA ok 3EE 4, 5 22 6%
Qx| AF Arepe] FiHEot Ao A=}
w]$ ol HA] EastEE 1 stoichiometryE Z
g 4 glgdck. 22yt EAN Ruleg 2@ o
3H3HE 1, 2 28)3 33 ulariR R n=32 A=
o ArElcl 8% 1, 2 22lx 3 o2 diene

Zenw F535HE0l7] Wi 4 ol5S ¥
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Table 1. Infrared spectroscopic data for the complexes.

ve-c*
cm-!

Mo(C4Hgz 1 1490w 1440(1437w)e, 1375vw 3050m
Mo(CsHg)z, 2 1410m 1448m, 1377m  3040m
Mo(CgH1g), 3 1413m 1445m, 1380m  3040m

V-CH
cm-l

V-CHOT CH
cm-!

*Intensity: vw=very weak, w=weak, m=medium,
s =strong ¢P.S. Skell, E.M. Van Dam, and M.P. Silvon,
J. Amer. Chem. Soc., 96, 626 (1974).

Aqgstaz} gk #3E 1, 2 282 38 47 n-
hexaneo] 5o zAgAdrdHErS 2AHJ A
Fig. 28} 3}, 2izte=2ye] Eejud dxp29] A
slo] o] 7]Q1% Fr2aHEd o] 220~280nm M
el AAA FFaA el BelBq 4314 d-d
HAAAole] dAFshe Hd FradEFe] 747
314, 322 18] 330 nmel| A viehied o] wf zt7he
B3 e 97,158 28] 3 2050)¢0ch 45493t
o} t)al 2)7+=(1,3-butadiene) 2] A& 359 de.
2 4, Axdre} e b A=t A3l
g » AUen 35 do dy LB do-y
AxgS5et g7tee] r A5 HA A
233 (2a, 2eNel &34 o]FeiAck 1,3-buta-
diene @]7k=2] B4 29H(%+) 3 1ol WH7)7}
A s e dier]e) Aapdelwr] Ao 2siA
g)7tee] r Al DEr} Folx|A & Zlelr). wehA
g|7te g F&5Ax2e] Az} AF) 3 22
e 73En F5UR2HE e A
A} HEHe 2g AP, 2¢)-& 43k A
ot vt 3hgtEe] AEs} wid ]S X je
A ZrtEle A AT Bt 94 A2T
o] ¢kstE AR Frlsle AR B 4 gick -
Agre] ezl 1,3-butadiene?} gkt 29} 39 $1x]]
welr)7l 2)8gol ule}l d-d Ho] (2e—3ar, 2ev)
Fradedgo] Ang Hog olFHe AR u
ehtx it

e 25kr]e] ok HAagey] ST
vebdch Table 16l o5 gl oig A4
2RANE qoFsigdrt. 3AFE 29 3dMe Wd
)& 7)ol 23 r-Ae F7LE 'hA-whA: o] F A el
g A% 2EFe] & oA Fog o]F (1490
ecm~'=1513 cm D E S Yehd 78S o & ok
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Fig. 3. TGA and DSC of tris-(1,3-butadiene) molyb-
denum, upper, and tris—(2,3-dimethyl-1,3-butadiene)
molybdenum, down, in nitrogen, heating rate,
10 °C/min.

o
3el4 v A7) AxlEAD elw AAE #7]
FEHGES] T2 AT FFgL F2 UL 9
T Atk F, BE3} vzl k=] w4 13
4ol AR Fxo] AR7)FH A EFHo) b 29}
3 1A FE7]7 LR o 32 oA
AAE o2 o]%(1 Ha; 045 Hs: 156, 2 Ha:
029, Hs: 129, 3:Ha: —047, Ha: 1.27) 5] 1}
el o7l C29} C3o 2&% wedr|el g3
7)) 94 C1-C2-C3-C47} o) Fn w3} Cl-Mo-
C47} o]F+ dihedral Z4=(9%s AHAL o928
T U},

SHE 17} 39 9FA 249 AaFAE R4
AFE Fig 3o vepdiddel 3EE 12 125C ¥
2l A Bzl AR =L BSR4k
th 160T ol A Al ddukgo] dolyta F4
a7t 43%< o128 UdAIA fAsT e A
©2 2 Wol M3 monomerd 13-butadiene ¥ EA}
7} FaEle] "ol vk ¢’ £x19 1,3-bu-
tadiene-2 E2lBql F47 ¢4 A Ju 2 o}
e AR A7e 4 )} HIYE 3L < 150T
NAKE EaH7E ARSI 172CAH Fdo 5
Z7} vebded o] Exold S-§=HA )
Azt ZAeg B 4 sk oF 200C o)AM=
F-A ZHazgde] oF 57%< 2t AAsHA A
de Aoz Bol 33HE 13} {4181 monomer<l
2,3-dimethyl-1,3-butadiene F B2} Fe 3 &
Z19] 2,3-dimethyl-1,3-butadienesl|x] 5 7§2] w<d

Fa d2r)EE FAAS SgE 1, 2 29w
Z
A

o o
N E
[ o
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>
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Fig. 4. Solid-state infrared spectrum as KBr disk of the
residue after heating tris—(1,3-butadiene) molybdenum
to 160°C.

717} "elz 7}l 1,3-butadiened] Z#Hule] E=)
Bl F4ate) 7 Fol 9l Ao B 5 gk
dislE B B3 ARE A7) sl B
13 3 2248 9F 10 mg #3te] NMR tubeol] 91
A3 Foll A 200C R 7ldste] GERA F Fo}
€ 3dEo dg F4 #Ar|3y AdEedys
F3tdct ZHzbe] A Azprlgy A"Edye
21~06ppm WHel AAH wlxw FasiA ehd
o 23E 19 i vid 4 ey
2FER]o] glojxic). 3E 14 FEHAZ Fo
A Bl N HJ A e Fig 49} 7o) 1630
cm7'o|A] C=C A&3F o2 Q7 F¢vt 2z
970 cm '3} 735 cm o4 1,3-butadiene?] ol
7191 %o 8 Wole F4UF vehd o g Hol
AE-ajA] EejEel fAxls A2 AFPsts 2Yn
H Aol ErbA] got ld § BRI 2=
2B F4% E=eA FHEE ez g5

282 Z437]9} 13-pentadiene, 14-penta-
diene 28] 15-hexadiene z}7] ukgA)AA A
2ol 4 2EA 0] A HAYEQ 33HE 4,5 28
62 Ao olF BT Ao A B
B2 o} o]4te] B33 Hqle] Erbsslych 1,3
butadiene 2]7b=9] C4 $1x)9) vy Az} 2
AWl Adrchs dAFe] axrt of =24 zHg
gteo] F8&E wbgo 2 HE] PAR F3H§E9 b
=ol dejAlc). Eajvdl F4%7)¢9 25-dimethyl-
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Fig. 5. Liquid-state infrared spectra of (CsHg),(CO),-
Mo(A) and (CgH 19)ACO)3Mo(B) as KBr windows.
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Fig. 6. 300 MHz PMR spectrum of (CgH¢){CO)3Mo at
room temperature in benzene-dg.

24-hexadienes 355 HHSAIZS o+ wHA)7
g AFEZHE ofF-& 7|3y AZo] dojx|x]
%= ALE Hol {7154 35tEe] A471A 4SS
& & 9lev o] o 27t=9] terminal ¥7]|
213 A Aol Azl AAE Yo} T AdEr}
o ZA gt JLe ¢ ¢ sk 33LE, 4

5 283 6ol iyt Ab2elxe ’—194’5&-’—‘15%‘3%
E 19 38 dEEATIE F AAES A
¥ e (Fig4)et A9 dAza U&g Hol 3}
FE 4, 5 282 62 A2 IV FelAM 44
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yle-1,3-butadiene-& F5FA)17]2 7o U4tsied
A5 7h3ted olel ubgAo Mg} zbo] wEEA|AA
318 79 8% Ak

isoprene Rt

Mo+ (2 3-dimethyl-
1,3-butadiene)

[solid matrix]

CO, 650 mmHg ( )
S0, m,n+1~3
warm up to rtE %csHm'sz(C(g% MO. !

e 78 Al A% 2E 49 HAoe] e
HAHZ 5~6A17 o] Aupm He Mo wWaiel o
G3tA 22k 3H3HE 8 22WE 9 kPge
A2 Aol F7] FollA] 2~3de] Atd e
Yo g Wl FojAct HFPE 77 8 iy
AAAHEH S Fig. 59 Asich 25 COo 9%
¥ 92 Adstac HPE 13 39 HAx
HePT} FAdF B2 E ez ole A= Mo}
ol& 33HE 7, 8 Z7te] s F2E I WA
Beg & 7 Utk BHIE 8o I A YY)
9 ~AEYs] A} Adege 237 Fig 6 18]
3 Fig. 73} 3}
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82 a2 AT AMEHoHE] F /)9
2J7k=] Fig. 6949} o] A2 o} ez A
ol 35E & & vk F —034ppm Ha, 0.85
ppm< Ha, 121 ppme Ha, 1.40 ppm-S Hsell &t
Y2715 AHEHYS I § JoBE, o]ZHE
3I3HE- 89 F E7t= & & Bake 4 Eeludl
Ax}2} n-interaction® & o} & ¥-A= o-interac-
tiono 2 ZAys o o= A2 A7 4= irl 89
AF ~HEPe 3FE 39 Agk A=HEeEysy §
Al o} & Ho g gzke CHy,d COz =282
272 Qg A=} 9o 53] HJPE 3ol
veh =] = G Aol A’ AsF 5327} vehta
e Aoz Hol FHPE 8o M9 2izize} F4
Zeledizte] Ayl 24 A S
4 g 3Uth

S3E 7S FFE sEch dHog ksl
o]zl AL 7t7] S5 AEE 29 39 A
HERREHE dZ&5s vlelcl

2 £

Zendl F55719 okt Bxs g3leLs
F5YA W75 ol &l ubEAIZE o A
tns(dlene) molybdenum 3}35¢ 2L £ U
E£3 B33 =344t 1,3-butadiene FEHQ
745 A 29} 3 A Wdr)r) S o vz
#7]9) HAFE Ade} A AnE HQg F
s}t Eelng F4%7)+= 1,3-pentadiene, 1,4-pen-
tadiene, =+ 1,5-hexadiene 3% ¥H$-3lod 7 co-
mplexE FHTL Hdglon o]5FL BF AR
9] F7] FolA A3 Es=le] Eejud F43)
AEs FHE FEAE JAEE 4 § Uk
33, tris(isoprene) molybdenum} tris(2,3-di-
methyl-1,3-butadiene) molybdenum& CO%} Hh-%
A)AA (isoprene),,(CO), Mo#} (2,3-dimethyl-1,3-
butadiene); (CO); Mo (8)F #Adstelon 35
844 2= —Mo Ao & EAh= - AEE ke
g FAe o-ATE I US4 & Uk

2 d7e g23etAgke] dpn) 2ol o)l
o]Ze]R o, old ZL ZHAE =’hth
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