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2 2. (n>-Cyclopentadienyl)(®-1,2,3,4-tetramethyl-1,4-dibora-2 5-cyclohexadien@Nie  cyclopentadienyl(carbonyl)-
nickel dimeg} 1,2,3,4-tetramethyl-1,4-dibora-2-cyclohexeri3Sf WH-A)|7AA U AE2 ¢ic}. Di-allyl nickeR}
2,3-diethyl-1,4-dimethyl-1,4-dibora-2-cyclohexer®-% —20°Cel| 4] ¥F-£-A]# A bis)-2,3-diethyl-1,4-dimethyl-1,4-
dibora-2,5-cyclohexadiene)nickeb) (3152 15% 582 QA s}, 22)3 di-allyl nickek} 2,3-dimethyl-1,4-
diethoxy-1,4-dibora-2-cyclohexen@yg& 4 A] —20°CollA] HESAIAM 22%4~&2 bis°-2,3-dimethyl-1,4-diethoxy-
1,4-dibora-2,5-cyclohexadiene]nick&l)g A4d315iw}. ©]5 double-deckeBZRIEE-2 EokAale] Helslr] ol2$)
°m, NMR, MS, {434 o2 #qlalsle}.

FHo]: A B9y}t ZE, 1,4-dibora-2,5-cyclohexadierfe =4

ABSTRACT. (n°-Cyclopentadienyl){®-1,2,3,4-tetramethyl-1,4-dibora-2,5-cyclohexadiene)l§) (vas synthe-

sized as a main product by the reaction of cyclopentadienyl(carbonyl)nickel dimer and 1,2,3,4-tetramethyl-1,4-di-
bora-2-cyclohexenelj. Di-allyl nickel reacted with 2,3-diethyl-1,4-di-methyl-1,4-dibora-2-cyclohex&)eaf -

20°C to give bis(®-2,3-diethyl- 1,4-dimethyl-1,4-dibora-2,5-cyclohexadiene)nickgirf the yield of 15%. By the
reaction of di-allyl nickel and 2,3-dimethyl-1,4-diethoxy-1,4-di- bora-2-cyclohex@net 20 °C bis[h®-2,3-dim-
ethyl-1,4-diethoxy-1,4-di- bora-2,5-cyclohexadiene]nickél was obtained in 22% vyield. These double-decker
complexes were difficult to separate because of their unstabilities and were identified by ESR, NMR, MS and ele-
mental analysis, etc.

Keywords: Ni double-Decker Complexes, 1,4-Dibora-2,5-Cyclohexadiene Derivatives
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ol-g3le] of2] F79 sandwich] FE-2 AAdskeierse
T2 TUE FEE W] AL, oA IHE
FZHA AEE we] o83 4 sy wtelvtf 1
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Ake] A} el oA ASRES AT o 72
A g g glvh E GrAlME o]F A
3ER (CpNICOY 2 o] 43, 643 elal 1,4-
dibora-2-cyclohexenet=4] ¢} 2]70= W3k uh-gol] 2]
A Z23HES Al e, 71 she] ¢z} (CpNICO)
£} 1,2,3,4-tetramethyl-1,4-dibora-2-cyclohexgnéll-s-
Al# A Ni triple-decker 2-23H& 491, bis>cyclopen-

tadienylnickel)p-1,2,3,4-tetramethyl-1,4-dibora-2,5-

cyclohexadieng ¥ @z £2 —’FT%E sl 1 A4
AL ZARBIIE Y 21 W 8-S v A (Lt 2ol
viebd 571 glet.
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£ 7= WA FA AERHEEE (CpNiCOoyst) di-
allyl nickels- &4 242 o|&3}31, 1,4-dialkyl-1,4-
dibora-2-cyclohexenefr =4 & 2-4-A# 1,4-dialkyl-
1,4-dibora-2,5-cyclohexadieng =4 & 2|7t=2 F3}F
3= A 22- £5-9] double-decker]® #3}3HE-& A
Asle del A7 534E& Tk
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E A7E ] fgke] mE uhe 22k
Schlenk”]4-& o]&slgiow, 7A5% Aie}l Ar(dx
A= wl= WA. Hammond} A &3} datdl= 54
BASFA} A& BTSE]%S o]-&) 7|5 alol| A5}e]al
o}, gol= AldrichAl, Merckdl W =4 A1 ¥4 Ar 7
2% o] 94 potassium, sodiumiZz] . CaHeh
benzophenorg 713} 5 A7 FHFsle] AAE AL
Agstsdt}h. NMR 717]3= Bruker AC-200, Bruker WX-
360, "B-NMR-Z Jeol FX-90Q, mass-spectra Varian
MATCH 7& o]43l~] Z431932, ESRERIZ Varian

Instruments ESR spectrometer EE30] &3},
¥4 £ Carlo Erba Elemental Analyzer CHNS-O
EA11087171% 77 ZAAskdwt. 2 A= 42
o3=# Gallen Kamp. M.P. apparati$”] = 243l
o}, B Ao AHEE Aok Aldrichi}, Strem}, 22
32 Merck}t 5 AlFC2 A AA|sle] AMg-sls
om, AQE B2l Hate] AN IRl E ) E
2214 silica gel 605 Merckf\} AE)E 160°C
Z¥alel $25) AL F AREE A9] A3}
et
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(n®-Cyclopentadienyl)@®°®-1,2,3,4-tetramethyl-1,4-
dibora-2,5-cyclohexadiene)Ni (| &f4

100 mL Schlenk tubg Ar7t~2 X A)7]32 1g
(3.29 mmol¥ (CpNiCOYE %2 ¥ 30 mL toluené&-
2 Fol3, 100°CE 714l sv}. Al<shA 30 mL
toluenell 700 mg(5.22 mmol) 2] t= 181, 1,2,3,4-
tetramethyl-1,4-dibora- 2-cyclohexe®e 3¢l &9
T 2RAI A akg FRHEE 1.5A 7 Bt Al
RS AFIEA tic qkE-o] o] FoiRa-S Fjlssl
o}, gl 3-e] LS Xﬂﬂﬁ}_]_ silica gel® zLZ2r}E7
gl 2l sfA WS EIskadet A5 double-
decker%i @]*PE]L A 25 Relsiden, o
° =3hy HEOS Halal

o A},
48 250 mgihli 721 (0.98 mmol, 19%), m.p.:
78.5°C, 320mg 534 A4 4(0.85 mmol, 16.2%),
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1,4-Dibora-2,5-cyclohexadierg =32 2]7k=% zk= 1} Double-decke@ 2] ¢4

m.p.: 112°C
A AxAle] 24 At
'H-, "B-NMR(C:Ds, 8): AAH S22 spectr@& LA
E3
MS(EI): m/e(%) 255(M, 7.6), 188[(CENi)*, 100],
132[(M-CpNiy, 2.5], 127(M? 3.3), 123[(CpNi) 49.8],
65(Cp, 6.3), 58(Ni, 2.1), 41[(BMe)*, 24.4]
A4 EA: CiHi1B.Ni(255.6054)
calcd.: C 61.09 H 7.49
found: C 60.92 H 7.31

Bis(n°®-2,3-diethyl-1,4-dimethyl-1,4-dibora-2,5-cyclohe-
xadiene)Ni (62| g

100mL Schlenk tukg Ar 7k~2 X]8A)7]32 260 mg
(1.84 mmol¥] di-allyl Nig& ¥ 30 mL diethyl ether
E FHo|32, -20°CY #2232 W7zhA|zlvt. 600 mg
(3.7 mmoly] 2)]7r= 241, 2,3-diethyl-1,4-dimethyl-1,4-
dibora-2-cyclo- hexerg 30 mL diethyl ethed] 59l
SN G MM 3] 2R A A Wk ERHE-2 37 B9t
W& Al71EA ticR Whgo] o Foi3 & Felaly
v} 402 A Ask AA4ES 60°C/107 tore] Al
A F3AAA E=lslal, oA silica geld ZZalE
“zj =]l ofsiA AAdE-S AAsIsIE}. Double-decker
Al e A AAAE A9

=8 105mgZ#2!(0.28 mmol, 15.1%), m.p.: 796

H-NMR(C:Ds, 8): 4.23(s, 4H), 1.36(q, 8H), 1.11(t, 12H),
0.74(s, 12H)

11B- NMR(CsDs, 8): 33.3 ppm

MS(El): m/e(%) 378(M, 36.5), 218[(LNij, 100], 189
(M*2, 5.8), 160(L, 3.8], 58(Ni, 4.6), 41[(BMe)", 15.8]

4 FA4): CyoHaBaNi(378.437)

calcd.: C 63.48 H 9.59
found: C 63.32 H 9.44

Bis[n®-2,3-dimethyl-1,4-diethoxy-1,4-dibora-2,5-cyclohe-
xadiene]Ni (92| &

100 mL Schlenk tubg Ar 7k~2 X]3A)7]32 260 mg
(1.84 mmol¥] di-allyl Ni-2- Y32 30 mL diethyl ether
2 o), —20°CY o= WYAAZIG, Al A
30 mL diethyl ethef] 720 mg(3.71 mmo#] 2]7t= 3

al, 2,3-dimethyl-1,4-diethoxy-1,4-dibora-2-cyclohexene

L o)
=2 71T

Foe AAE] 2HA A e TR 12
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A)ZE F)E Al RS AFIEA] tick qke] o] e
A2 Folalgvt. nhe- EEE A o= #s)
G3L, F-2e] fulE A7 ek A ES A frellEl =
Z o2 0°CY] #& silica gel# Z2n}E a9
o] §A E2)sl9ic}t. double-decke®l &0l A2 A
A-g A%

=& 180 mg 3 A= (0.41 mmol, 22%), m.p.:
68.5°C

H-NMR(CiDs, 3): 4.78(4, 4H), 3.48(q, 8H), 1.50(s,
12H), 1.12(t, 12H)

1B-NMR(C4Ds, 8): 29.2 ppm

MS(EI): mle(%) 442(M, 66), 250[(M-L), 100], 221
(M*2, 7.9), 192(t,, 5.5], 58(NT, 10.4), 41[(BMe)", 29.8]

Zoy na

1,4-Dialkyl-1,4-dibora-2-cyclohexenef =&|2| A&

E QradME BE F RS 2350 o5 AT
& szt 64 3te EH3HEQl 14-dialkyl-1,4-
dibora-2-cyclohexendr=42] A4=lel] dlair B2

= afalod sheh 0 o] HRHES 7] AdEle] 14-dialkyl-
1,4-dibora-2,5-cyclohexadieng =4 $}= o}2 A 8]
A okl | F43 Whe-& A7) 5,6 913 AjHE
T N9 $47) olesle] 1,4-dialkyl-1,4-dibora-2,5-
cyclohexadienef- =415 Ash, 41 Al 3
AR 2gsle] F4 AAkel AES A} 53] 14
A 2= e F Y BE Uxle o7y 327
o AAE vlHA A AFER vl AT A543
ES AAAIZIC) o] 9} 7k A4l Siebert] 710 o
ME AR B 4 A9, A E o 4 R

o] Vel 5 9l

L
M 1
B\l_/Rl LM-Fragment y R
K-8 BR g R*-8( §> B-R?
R3>I!I_ ﬁ\Rg, --2H Rs/ \3
(3)

(n>-Cyclopentadienyl)q°®-1,2,3,4-tetramethyl-1,4-dibora-
2,5-cyclohexadiene)Ni_(®| &0l

2 (1A B3kEe] 1,4-dialkyl-1,4-dibora-2-cyclohexene
o] f=A2} (CpNICOYE HHs-A)Z =, (CpNICOYE
speko 2 =LA triple-deckergdE-el 49 33HE



216

o] F AAER odojx 3, double-deckedtEgl 52| 3}
T 1% o2 23 AFHS & F7F A 2
ATM e FRHE 55 wWol 97] $18le] #zi= 191,
1,2,3,4-tetramethyl-1,4-dibora-2-cyclohexénes} 2k 2
E bSAIFE] L AE] 19% A=Y FER o
Zet, oldoll= 2AFIE &) 16%0] TEE §F doiA]
22 b 5 AXFEe] Hi o] 9k&- (CpNiCO)ell
Al COL ol mA 1 Alele 2|zkErt A3k &
o Zhelal FZo] FHu}, i B|7kEe| o] FEEbw
CpNit 2=]=e] AA =7=s) A3¥val & 4= ¢
o} dojzl FE 5= Ux}r} A=} (valence electron,
VE) 55 191 ZA 22 A4 9-E NMRZ <l
slgdeh. £ QAlere #E 49 H7)ERbA e A
& ZARE vt glom B A ea = AAE 59
ESRZAE $8le] v 2 915 T3}
ESRZ4-4 probell 3= 55 932 AAE THF &+
2 =9l Fo| -60°CE Y& A]7]3L, potassiunv-E
# Wh-SA|FEA A ESRE SA s L A
<g>=2.063, ¢=2.17, g=2.03 28] g=1.99 gauss-
A #E 4°] ESREA ZAe) 2wt #jHE 4= A
A7b AR 390E AL glom, o] A2 v (anti-
bonding) HOMGI 4}e] A= 9 9lom= wk
$A el & W ol triple-deckerdERE 4
o] A AR 7L gl A st e
=22 o] #3FE potassiud] el 2JsiA A £
#ll3le] double-deckeRE= Fvh= 7o) o|n] A5}
ule} e} wleba] 2E 4l|A5E CpNit Zaisle] =}
& 59 radicalgol&o] AAHE Aol 1 HAHE
TR o] A (4= el 71 .

o=

< 7

—

Ni
HC <CH K-mirror Ni K-mi i
o H H; mirror Ni ¢y,
H;c8__B-CH, ——» G - H;C, 3
d H)—Niﬂ, ° -CpNi HSC’B>©<;:‘CH3 H;C-B:QHB-CH,
4 5 5
4)

o] AellM #z 47} Eafste] radical 5ol 57}
ok A2 A7) A3 Y o7 7k A7) sk el A
ARZA Zelo] Hoh M oju] £ QA AlA s
© tetra-deckerdE A AAHAME 72 AJ2E gt
3l w7} gleb B 1|3 #AERRE 49 xrayl] o3 24}
TR Bglom, 1A A Re Moyt 2

B AR B

AT AAE FE 5% potassiunv]-gdl sHl = o]
radical #re]2-¢] H17] wjiell, ESRZH A= 3}
TE ) Eeajsle] doixl Axel 2gke}. o3t A
< FUE sandwich#EjHE] AA& A 9
AME AR £ 5 ek oA AAE 59
Zof| CpNirt A, A& 49| 2o} 35 o
A et = F 3k b Aol 22 NMRZ &
Qo] #rhssiglont, 47] ESR349) oz 1 7
x2 %  UNom, o] e MS, Al ¥4 A
s o dsh SRIEUS FR1% 5 Qg

Bis(n®-2,3-diethyl-1,4-dimethyl-1,4-dibora-2,5-
cyclohexa-diene)Ni (52| =l

Di-allyl Ni=} 2]7F= 231, 2,3-diethyl-1,4-dimethyl-
1,4-dibora-2-cyclohexerfe 1:2¢] B]&& W3-8 A7)
W o A G 2 Ao AAE 60] doid A
22 o3k 4= leth

HsCy;  CoHs V HsCp _ CoHs
- —
H,eB B-CH, Ni Hes]  BCH,
= yE u, HC__ O B
Ni TC? H;68L___JBCH, W
V ) 5 H s
n
H,c-8L__JBcH,
Hyé; n; CHs
pa M cn,
H,c-B{__JB-cH,
W H
6
®)

Di-allyl Nio] eFAgt #|jhEo| ol =2 #]2ofA ut
& AAer, AHER 6718 3=l AFE alkyl 7]
o] H7F AA A Aolir} AgEm e - she] 67t
3 )7l AFE FASE A AL HA ¢
Ao AztEm | Sieber] Aror= 29} A AL
g E 5 b0 1R ASRME 62 134 o
3 Eo] obd& o 4t sl A’EE 62 1819 7
HAAHVEYS- ZHA 22 vkzl4lo]w] NMR, MS¥ <1
42 2 T gGA #E1E 4 lsih

Bis[n®-2,3-dimethyl-1,4-diethoxy-1,4-dibora-2,5-
cyclohexadiene]Ni (je| &l

A 2ol A] 1,4-dialkyl-1,4-dibora-2,5-cyclohexdiefie
B4 8led nido-carbaborarfe® ¥ 3clar gl Fslg o
kel e HE Yl A7 eAd = 2 WA
v} At AjtE wlwA s EAI 5 lekt
2R B el A 1,4-dibora-2-cyclohexeng-=
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1,4-Dibora-2,5-cyclohexadier@ =32 2]7k=2 zk=1]4 Double-deckeE2] &4 217

Al E3HE 7 7)o BE Aol ethoxy”]7} 23
RIE-S 2ZI=R o]E3ldv. o|v] AR 418 B
Al o] 23tEell ethoxyt amino”]7F Aj=w X
£ Ak A WEr) ks FEae] WA 5
= Ao| 2 95t ofslAlvia B 4 qlul® 1 ER o
= ABREE 3] Bekdsle] A 2, e
e olERe] AR, E FRlEle = ojuidol
glgict. #33ME bis[n®-2,3-dimethyl-1,4-diethoxy-1,4-
dibora-2,5-cyclohexadienel&i A4 5}7] $1&}e], di-allyl

Niz}  2,3-dimethyl-1,4-diethoxy-1,4-dibora-2- cyclohexene

& 12 wEE AR2elA SAIAN 23 AEE
75 A5 5 Adle o] BHES A4 AE o 4
(63 7o) eRiAet. 2 =R 24% BjME 30] 2
FHA = F2 AR EASE UB-NMR 3ol
53.8 ppne] Evh, AGE 74 22 AE-S e L
7kl 29.2 ppr & APIAO R o] FHE & 4= 3l
o oA HE A7t S e
Aot ® 21 9ol = o] F3HEe] NMR, MS 23} o]
23k 52 FARE A7 AR Fgske] 2, 1
Aol AR E 33T dAbele 7 e TS

1—1— %z}%] KN o]— lo%;}

HG H, g qu
H;C,0 B B-0C,H, Ni H;C,08. c,H5
T T  meNen i
—_—— —_——
VI/ 2 o, HSCZO—R&OCZHS 20 G,
1 M
B,C,0-8{__YB-0C;H,
3 3
HC,0-B{___JB-OCH,
H H
7
- (6)
2 B

4= 1 4-dialkyl-1,4-dibora-2-cyclohexeng=
AE A3, A F20A Z3gHEql (CpNiCOs}
di-allyl Ni-& Z-7F WhgAA A F5F-2 4 double-
decker 33& YBAA. o A HAshES

= AR e} F53 Eab 7E2E /A Jlens
A2 B2k sl

Cyclopentadienyl(carbonyl)nickel dingr 1,2,3,4-
tetramethyl-1,4-dibora- 2-cyclohexen®& 1h$-4 7w
1], double-decker] #33HE= (n°-cyclopentadienyl)

(n%1,2,3,4-tetramethyl-1,4-dibora-2,5-cyclohexadiene)Ni
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(5)¢} triple-decker®-23H2-2 bis(®-cyclopentadieny-
Inickel)u-1,2,3,4-tetramethyl-1,4-dibora-2,5-cyclohexadiene
@2 ALt ol YPES Hefow Abgsiy
double-decker@-&o] & WA EZ dojx v}, Di-allyl
nickek}  2,3-diethyl-1,4-dimethyl-1,4-dibora-2-cyclohexene
(2% -20°CY] A-2<l|A ukg-AHEY, bis(2,3-diethyl-
1,4-dimethyl-1,4-dibora-2,5-cyclohexadiene)nickel6) (
o] 159 &= WA=, 28] di-allyl nickek}
2,3-dimethyl-1,4-diethoxy-1,4-dibora-2-cyclohexer® (
& 2] 20°CY] 2ol A HESA|A B, bis[2,3-dimethyl-
1,4-diethoxy-1,4-dibora-2,5-cyclohexadiene]nickel 7) o[
220/&1 &2 deixgr}. o]% double-decke® 33
AR Fom A

ol 2
[=]

[

O
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