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T ALl AA E-E(racemate) F dvle] o)A A A
(enantiomer)WHS o] 83 ZAdko] AA Foprta ok A
Hz 712F4AS /X Y w7 T dAHed ot
(enantiomer %+ diastereomer) ¢E = 28 Foko] AL&
EX(ATA, AFA, AzA7A) SetAA "ok o5
ol a3t FIHEHL pAFl EAste HAES
e At ALEEHETL oW AgAto|HAAE HES
A e gk 3] o3 A& o) itk #EA 35t
o FAUF 7P aHAd L EuE o] &3tE Ao
2 FA F1EgEoklA 7 Bl thideln T3 gt
3] APEI QlE Bokg oty 1 F
= A AEolL Eeld EAE o]&3l= Hol

¥ & A

7 giEAR1 ¢t
homogeneous catalyst= ©]-&3t= ¥l /s &
o, 7 £83% ¥go=2 = vt hydroformylation,” hy-
drogenation,” hydrocyanation,” allylation,” hydrosilylation,”
hydroboration™” 5-°] Itk o] ok, oo & HAE §
A7 #AH3L] pyrethroids,” ¢-amino acid® % mentholdt
AAWe 1 EARL o2} 3

o] Hh-3-Eof o]-8-5+ homogeneous catalyst= T2 4
2% Pd, Rh, Ru ¥ Cu $°]9,” 2|1zt =2 % phosphine,”
phosphite,” diamine," amino alcohol” ¥ oxazoline™” 5 <
2, o]&2 o}F &#fH0]ojA mentholt} 22 FAEHA
o) o] &% 7% gt} 8215} bisphosphoniteE B 7I=E 0]

%H=" © bisphosphonite-rhodium complex, hydroformylation
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AAG & o] &3P BE AL 22 AL WS
471 (schlenk flask)ollA F3P3tc). BAl o] &3 7]7]
Z¥ 'H, “C¢ "P-NMR ¥ E3.2 BrukerAH200 MHz
g 300 MHz) Rp7iF@&371E, A7 #4471 Fin-
nigan MAT 82002, GC/MS+ Finnigan MAT SSQ7000&
o]-&3ttt. GCE= HP5890% o]&3le EAsiart. X-
ray AR 73Z+E= 5¢ Max-Planck 97204 S35
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Chlorobis(diethylamino)phosphine (3)2| €4 (Eq. 1)

100 g(0.73 mol) PCl(2)2] AN HZ -§<4(800 mHell 0°Col
A A A3} 213.6 g(2.92 moD <] diethylamine(1)<] ol €2
£94(400 mDE 713kt W3NS SRR A2l A mRk
g ohE Y E dEEES AA8tL, AdE FEEF F T
&S AFstel A BETFIAHTE=110g, 71 %).

'H-NMR (CDCl,, 300 MHz); &(ppm)=1.07(t, 12H),
3.03(m, 8H)

“C-NMR (CDCl,, 50 MHz); 8(ppm) = 13.4, 40.9
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Scheme 1. Synthetic procedure of bisphosphonite - thodium com-
plexes

“P-NMR (CDCl,, 81 MHz); 8(ppm) =155.1

1,4-Butanediylbis[bis(diethylamino)phosphine](5)2| &t
H(Eq. 2)

21 g(100 mmol)®] chlorobis(diethylamino)phosphine
(@)= 100m/ THFel xo|il -25C2 HAA)|7]HA 50
mmol®] 1,4-butandiylbis(magnesiumbromide(d4) THF -&
AL 1Akl ZA Hrlsldot A7 2d3 228 4L
7HA) A E 8 H Aol 1217 7 kgl g 150

A5 o] 14-dioxan 7131 AAE Fo] HAH =)
ol A& ol2 & A Al I A= oJe{wlol] A pen-
tane 2.2 M AH3IGT) AHS gl W o]l I3 L
£ 2HEW 5 APEL QMRS AAsd ok b =
125C/3 X 10°,5€ =10 g, 50%).
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'H-NMR (CDs, 200 MHz);
1.68(m, 8H), 2.94(16H)

¥C-NMR (CiDs, 50 MHz); 8(ppm) = 15.4(d, J=3.5Hz),
27.5(d, Jo» = 37Hz), 43.0(d, /= 15.5Hz)

¥P-NMR (CDs, 81MHz); d(ppm)=289.15 (lit.*=87.9
toluol))

MS(EL 70eV);
104(100%)

&(ppm) =0.99(t, 24H),

m/z(%) : 406(M"), 334, 263, 175,

Bisphophonite 72| g (Eq. 3)

2.76 g2 1,4-butandiylbis[ bis(diethylamino)phosphine]
(5)2 20m/ THFel %ol o}7)ol| 2, 3-dimethyl-2, 3-
buthanediol(pinacol) (6) 1.613 g2 THF(30 ml)ol| 351 7
& H7psla o2 et A B FA A Diethylamme-% iy
Aol FA=H BulE AAT FH kst EEFTFAIA
AA s

'H-NMR (C:Ds, 200MHz); 8(ppm) = 1.12(t, 24H), 1.49
(m, 4H), 1.63(m, 4H)

BC-NMR (CiDs, 50MHz); &(ppm)=24.25(d, -CH.),
40.12(-CHy), 41.10(-CH,)

“P-NMR (CDs, 80MHz); 3(ppm) = 206.3, 206.9

Bisphosphonite 99| €M (Eq. 4)

1.96 g(4.83 mmol) ©] aminophosphine 53} 2, 2'-dihy-
droxy-1, 1'-binaphthyl(B-binaphthol)(8) 2.77 g(9.66
mmol)2 100 m/ THF ¥ 11 o]& EFES SFA|7|HA
QoA e} Zho] HRGA|Z|HA] WA= °“j‘4°}‘“ etk
&g ol&3te] AAANZTE vHg-o 1‘ AP H= litmusEo]
g olg3te] &1 4 U=l pinacol®] 73—?—13} Qh3-0)
et g A% 7FEEE vhg-o] A EH AT S At
sloll AAAFI Hol Y= FAle] ua) MAELS EtO+
pentane 3-EiE HAA A HT&E= 2.7 g, 81%)

'H-NMR (CDCl;, 200MHz); 8(ppm) =1.7(m, 8H), 7.8
(m, 8H), 7.3(m, 16H)

P-NMR (CDCl,, 81MHz); 8(ppm) = 214.3, 214.4

Bisphosphonite 7 2| Bis{cycloocta-1,5-dienrhodiun
tetraborate [(COD),Rn'BF,] (10)2}2] &t : Rhodium
Complex 11 €} (Eq.5)

150 mg(0.429 mmol)] bis(cycloocta-1,5-dienrhodium
tetraborate) (10)2 50 m/ CH.Cl,ol 5<% -78°CE WdZHA
71 ©}& <3719l bisphosphonite 7 174.21 mg(0.429 mmol)
< 10m/9] CHCLA =4 Ae 308 24 #71stdoh
HWvr Bd i?‘—oﬂ dry ice bathE A|A3td A3 25
HAL7HA &9 ¥ 303 B¢ wEkAH Y. CHLLE $H43]
AA% 3 15 ml THF$ 15 m/ hexane2 7}5led wHkA 7]
7 AZE EEES AGAAND F oo r% ii‘v?l A3
AE @] AGES AU o)A %
QAo /‘W 8] &g delEue 24

M‘:]'( =280 mg, 98%).
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*P-NMR (CDCl, 81MHz); 6=195.82 (J/me=194.4
Hz)

"B-NMR (CDCls, 64MHz); 6=-1.14 ppm ,

MS (ESI/Pos in CHLl,) =648(M"), 561(cation) = [M-
BF4]"

Bisphosphonite 92| Bis(cycloocta-1,5-dienrhodium-
tetraborate [(COD).Rh'BF,](10) 2}2| HtS : Rhodium
Complex 12 €M (Eq. 6)

Bisphophonite 9 124 mg(0.181 mmol)®} (COD),Rh'BF,
10 73.4 mg(0.181 mmol) & AH&-3t complex 11 A%
ol w2t 33HE 12 & FA sk

“P-NMR (81MHz, CDLCL); &(ppm)=196.0(Jansr=
206.0Hz), 190.0(Jawr = 206.0Hz)

"B-NMR (64MHz, CDCl,); 8(ppm) =-1.03

MS(ESI, m/z) =1475(M"), 897(M-BF,, 100%)

Rhodium(l) complex 111} 128 =oj= 35+ Uzl9|
Hydroformylation(Scheme 2).

714<] styrene = 2-vinylnaphthalene 4 mmol& &%
A 14 mioll Fojn WE AR Aol 712 AATE T o}
E2E Afe 2245 A ¥ ¥HE3 o2 97]9 rhodium-
bisphosphonite complex(CH.CL%| =¢%1) 0.003 mmolES &
7vatith olA g zd"Elx siehikgrldl &2 ¥ CO/H,
7}22& 2 1(100 bar) 60°Col A wutstgdc), vkdo] 2o}y
PHE-gHS A7 Aoz HAZ & GCE £A43}19
& 9 iso/n o] ZA B &S =455

A3 A o

1,4-Butandiylbis[bis(diethylamino)phosphine] (5)2| &

Chlorobis(diethylamino)phosphine(3)8] ¥4 PCl, &
A7te v 2= 48 4o F AFHFHA A7
FHGB6%) EE 22 F8(71%)E 4L 5 AU} o)uke
o FRgE 8% AL v T E 71583 0CE #
AAAF= Aolgfa £,

*]2-9] bisphosphonite $43-2 PCls$& pinacol# BH-&-A| A
2-chloro-4,4,5,5-tetramethyl -1,2,3-phospholan (13)2 &
AJsta ©o]R-& 1,4-butandiylbis(magnesiumbromide)(4)<}
HESAI7E o R A %3t tH(Eg. 7, 8). 284} phos-
pholane #4-2 4T3 21} Grignard A 2F}2] wk-g-olj A
H1E § gl FAGEC] ol dojHu}. olvl: phos-
phine 5] F A E0] opdrt A= o] R},

Chlorobis(diethylamino)phosphine(3) 2] bisgrignard A
oF 49}9] Wk2-2 1,2,3-phospholane 127}¢] Z9-9= &
ArteHA JAHAY AESHToEN 52 £59 14-
butandiylbis[ bis(diethylaminophosphine)1(5)& @& <=
AATE. o] BN A= Grignard Alete] H7kEE F wkS
¥ dioxanes 718le] A E BAE 2 4L AANA F=
Zol Tttty Eoh. qusid dif2e] FrSEEE

o] Aban} Fol wizhe ¥t ohuE} Fol| oA E 37}
£0]3}7] Wiol FAES AANRA ol FFAAA F
&o] AFsA A APl A7) A&l 7g 9%
24 FFES ol&3ste WHE o A Ao
AR AAE F71033HE 37 59 A% 0} LAl
diamine®] Z2&¥ A& FA3} I3AE 3= AR
A7 ST & d42YA7E dEHAJE BAZ UP-
NMR(155.1 ppm)oll A 33E 5(89.15 ppm)Eth 3}8H3
olFo] A Az &S & 5 Utk

Bis[bis(diethylamino)phosphine](5)2| diol 6 % 82|
Hr2

3132 52 diol¥} THF ¥ EFqlo] Y3 o223}l A
FHAFIA = XS] o3 of¥le] frE]EHA am-
inophosphine®] bisphosphonite 2 &-°]3}7 A=}, o
B2 A4zl wbgold o™ o] wWHel o3t bis-
phosphoniteE 433 o= 2 Ago] ASolvh v o]
TS HA wkg-o] dauAo] 1t Eitolzt &
olv} = oA $-F3th. 4Rk O F phosphonite”}
o} Ab4ol| oRist sl3HE9S AZkgrd of Wb 9
& phosphonite®] AW 7HF o) d ezt & & A
7t= X ghel] o]8" diol®] 7%, aliphatic alcohol?! pi-
nacol]t} aryl alcohol?) B-binaphthol®] 7-¢ 25 Aqt3}
Al 2889101} B-binaphthole] Z-$-7} A 2 =3}, o]
2L HH3kE A& ol aliphatic alcoholol] B3] R At=7) =
7] d&Q Aoz ALZ &) Pinacole A3 phosphonite
79] *P-NMRel A+ phosphonite?] A3 %<1 196 ppm2] 3}t
g4 o)5g 7S 2 F ok t$<] pinacole] B7|HA
o]7] ufjoll Y40l 23t peaks B3] 3ltolofot &
t}. 2281y} B-binaphthol& ©]-8-3t bisphosphonite 994
338 8o] 7)&Ajol7] W&ol bisphophonite 9 23]
FEA o] d dAlolth. weA] “P-NMR] peak®= B33
EZ YehJo} =t 23 EHo| A= 206.3 ppm Z 206.9
ppmel Z e 18-& ¢ 4 dth

Bisphosphonite 71} 92| (COD),Rh*BF,2}2| ¥t2

24tA o 2 phosphine, bisphosphine, amine ¥ diamine2
oAeigefe] HolgE }ET 8ol3tA complexE FAAE
t}. 0|27 FAE complex E& T3 F718A Zuj2 o]
|53 qlvh 2 A3elA 3Ad38H bisphosphonite 77 9%
(COD)Rh'BF, %+ CHCLAA vh&-3te] &-o|31A complex
113} 128 FA3IAT) o] FFFES oj= A= o}t Aa
of HAg @A AHoF *P-NMR AHEZA 335
1] 79 9] 338y o]F2 195.82(J =194.4Hz)°] 1L,
complex 129 §loJA= 19598 ppm % 190.01 ppmoE
Rh-P7}e} coupling constant= 205.9Hzo]$1it). 53] 33E
11 CHLCl/toluene EF-EMojlA] AR o E & o] 7 F
25 g 71 A=l o)A rhodium(D-bisphosp-
honite 33HE2} #x9] X-ray 7+3°]tiFig. 1).

919 Fig. 1 287X FALTE P-Rh-Pe] Z=7}



Fig. 1. Crystal structure of compound 11

Bond distance (4) : Rh(1)-P(1) 2.227, Rh(1)-P(2) 2.230, Rh(1)-
C(51) 2.297, Rh(1)-C(52) 2.268

Bond angles (°) : C(56)-Rh(1)-C(52) 92.0, C(56)-Rh(1)-P(1) 151.8,
C(56)-Rh(1)-P(2) 92.8, P(2)-Rh(1)-P(1) 89.4

90°l 7HTh= AL ek Apoltt. dhkstw P-PAbold)
butyleneol 9lo] o] A & Ao| glo] olnul= Agt
Zto] EQ 2 ZAoR dAF Y7 wj¥o]rl. Scheme 2049}
#ol o|% Rh-complexE ZwjZ & hydroformylation ¥t
oMo LulBl=e) &3 iso/n WAE B1&S Table
13} Zf.

Table 19} BEnlel o] EAFA A48 5734
ZvhE2 hydroformylation ¥+&o) o) €3 ZAa s =
& Fgol WS- EeWole, o) AA ] AAIY (iso/n)ol
JAXNE F2 iso-aldehydeE WA= Aoz wra ok
BiphosphiteZ ©]&3 7$o= EA¥9 HA$HT} iso/n
Bl &o] ¥3kou® 279+ ligand/rhodium®] H]&o] 2.5-
1002 B& 49 =g ALg3n.

CHO 0

/—: +C
om0
R R/\/“\H

R = Phenyl, naphthyl iso-product n-product

Scheme. 2

Table 1. Rh-Bisphonites catalysed hydroformytation (Rh/Lignd = 1)

Pressure

Time Yield(%) iso/n
Entry Substrate Catalyst C(g:;gz (h) (Aldehyde) Ratio
1 Styrene 11 100 20 76 11.2

2 Styrene " 100 48 72 113

3 2VN 12 100 20 94.6 10.3

4 2VN 12 75 48 93.7 8.2

5  Styrene 12 90 20 947 119

6 Styrene 12 100 18 97.6 13.2

7 2VN 12 100 18 96.6 12,0

Temperature = 60°C 2VN = 2-Vinylnaphthalene
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BisphosphoniteE ©]-8-3 B]tRA FHA) Zu)j7} AL A
g Aoz Mg wE B A7 Faps o|Eo 7|2 A
1 A A 7 2AdFE ATSvhs oA ZA 295}
2et Heth A28 Fefe] F8A bisphosphonite?] 3HA]
33 olE9] o 7pA] {7|FS 22 Adste) YA
#3 hydrogenation, hydroformylation 2 hydrosilylation
of S-&3t7] A ATV 533 Fol ek

HZAel 2

B A7E 19969 TG n oA (Quka
T)A Y3t 5 Max-Plank 97 2:(Muelheim)olA] 423}
g A7 Aake] dFeln oo ALE EIrh
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Synthesis and Application of New Type Organometallic Catalyszt

-Synthesis of Bisphosphonite-Rhodium Complexes-

Suk-Hun Kyung(Department of Agricultural Chemistry, College of Agriculture, Kon- Kuk University, 93-1, Mojin-

dong, Kwangjin-ku, 143-701, Korea)

Abstract :The new type ligand, bisphosphonites, were easily prepared through ligand exchange reaction of bis
(diethylamino)phosphine with diols. These bisphosphonites reacted with (COD)Rh'BF. to corresponding
bisphosphonite-rhodium(I) comlexes, of which X-ray crystallography was for the first time investigated. This
organometallic compound was applicated in hydroformylation reaction as catalyst, and proved to be very ef-

fective one.

Key words : bisphosphonite-rhodium complex, hydroformylation.



