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8 °k Hydridonitrosyl complex?] Zv} &4 7}543} 4% mechanism® FA}s}r] §)shed RuH(NO)
(PPhy);9F RuH(NO)(etp)oll 2] & ketone} aldehyde®] =43} Wb-3-& dFaleit), o] Zuj e ketone#} alde-
hyde®] =223} Wh-g-ol] thalod o) 84S MolT glom, BAL 7)A9) lalge] ¥ M Qalo] o&s)w
Ak 5, A A7t AL4E Zoje] BA4do) Frlslel, MAbY gale] AIE ketone®] A$- carbonyl
carbon®] FEFH3s}e] oke] F7144+%Z, aldehyde®] 7Z-$= carbonyl group?] double bond character7}

AETE A o] 2= w2 Yehlw git) o]aﬁ} A= ketone#} aldehyde 2] ¥H¢ mechanism©]
o2 Whed sk qlek &, RuH(NO)(etp) 2t H2) 9] PPhy &2 3holl 4] RuH(NO)(PPhy),7} 20 842 Mo]1
5& NO ligand®] ZAghale] Wists S8 B2 27 2AFS Bska gle). 240) o) PPhy: Zul o))

AX

217} W gol] me} 2hg-2) Wskligand®] $2) WA - %37) - ligand)7h Lhehibe Zo) R4Jo] Jepe u] X
ek ol & BHAE olafa}r] 9lsted 2t Zvlol & 7F5¥ ¥HE mechanisme A A)sheich. @, Eoldt
7138 9loi4 RuH(NO)etp)®] #A-2 34 RuH(NO)PPhy)oll wlste] Ygton] o) 2 e 1z
Zpolol 7191gk How sfMEm, AAubgol gleixE olefin®] 423} uhgo] carbonyl group®] 443}
E-Eoh Adeog s w 9o}

ABSTRACT. Catalytic hydrogenation of ketones and aldehydes by RuH(NO)L; (L3: PPh;, PhP(CH,CH,
PPhy),(etp)) was investigated to examine the reaction mechanism and the competence of hydridonitrosyl
complexes as catalysts for organic synthesis. RUH(NO)L; showed catalytic activity for the hydrogenation
and the activities of catalysts were dependent on the steric and electronic factors. The less the steric
demands of the substrates become, the more activity the catalysts show. For the electronic effect, the
more the partial positive charge on the carbonyl carbon atom in ketones becomes and the more the
double bond character of carbonyl group in aldehydes becomes, the more active the catalysts are. These
results reflect the difference of reaction mechanisms of two substrates, ketones and aldehydes. Catalytic
activities of RuH(NO)(etp) and RuH(NO)(PPhy); in the presence of extra PPh, toward hydrogenation
showed the existence of a reaction pathway accompanied with the change of the bonding modes of NO
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ligand. The roles of excess PPh; change with increase of the mole ratio of PPh; to catalysts; prevention
of ligand dissociation from comlexes — bases — ligands. The activity of RuH(NO)(etp) was lower than
that of RUH(NO)(PPh,); toward the hydrogenation of the same substrates mainly due to the structural
difference. These catalysts showed the selectivity toward olefin hydrogenation over carbonyl! groups in

the competitive reaction.
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Aol F& A5 f7ukg 22 A & 7HeA
oJ -9} Zv] HFS mechanism® o)dl& 7S5

o) 22 AT Fobsl sfolch 53, oINS F

2= 3Pk &(hydrogenation) 2| 2742 713 #el
ATH I 45T QYE ok F shfolch. Alkenes]
03 ubgoAE @S hydrido complex, 53
RhH(COXPPhy), & E 3% cjokgt HeolF43Heol
AHEEg] o, 0] 59 ¥4 mechanism ¥|23 A
olaixlz glew wfA  FAshub-g(asymmetric
hydrogenation)®} 7+-& ¥H-% %3l L¥7i7HA
229 gtale) 4383 9lev} carbonylated orga-
nic compound(ketone, aldehyde )¢ G243 43
& AgAEeg & AFFHT e ¥ AAelnt!
239 #80] o=@ [Rh(nbd)L,]CIOL=PEt; or
peralkylated diphosphine); [Co(dmgH),-2H,0]+
amine,> [RuHCI(CO)PPh,);],* [Rh(nbd)Cl]+ PPh,
+NEt,’ [Fe(CO)s] +NEt,° [RuH(PPhy),],” [RuH,
(PPhy);]~ 7 cis-RuCl,(PTA)® 5-2] mononuclear co-
mplex®} Rh, Pt cluster complex’7} aldehyde =
ketone®] FA3hak-o] Fvujg {430 o5 vt
¢ mechanisme] ZAEIch AHE" oyt Aol
Z4 3485 )¥¥ phosphine "i$izE 7Hx|1
9l o]& alkyl group?l W3S F3le] HAMH
(electronic), 31 & A(steric) A2 ] nlAlE37} 75
stod ZE2] Yol i o] 5 FEFE ol&3lrv}
A=, W P st tdd o QY=o 7)A
(substrate)e] W $i7} 75yt 2x3bE AES] A4
o] o)ty uhg- ¥ YA E sfele] F=7} 7He3}]
W 2o2 A=z ook ¥, NO wisizxE 7122
gE HolF&aEe 7%, 7hiA wiwAe] wis}
(linear = bent)& F3te] EX33Ee] YAol 7}
=3}7] w-Zo)| phosphined 7Ale FHEF= thE
A28 F3lo] Zojab4-2 & 5 sl 7FeAde] SV
o 2ol QHHRE FEG o}l gfom AAE HE

Ao Zaf|2b4-g B 9okt 2eht Zt ek
de] A3z} bsst el ke AAdFH e
AlAelt), w3k 22| 3Kchelating) triphosphine li-
gand & 7}A& #E9] 79, ligand 9 sl 754l
A Bz w#6kS-4 % (intramolecular exchange
rate) R Aujdol i bRt AR FF ATY
% o)== EAIF} wel3} triphosphined] 2] =7
(ring size)7} FHE-9| v|Ag F23 WHIE F=F
4 9l-&-& o] gl!ste] olaiel RUH(INO)Py(P,: r2f3}
triphosphine) & 4 3ted NO9| AjhAls} +29
W stol]l v] X w2k L Btk o]y
12} phosphined 7HA& 7 -$oll= e 73
monophosphine$- 7}x]& #E3= o} vHE me-
chanisme] <45l Bianchini 55-& 713 9] wi$| &
=x23t7] Yty A #le 73 H, = N &
WAt 2 Zhe FEo Eepubs-& A7skct 3,
Osborn =" RuH(NO)L.(L: monophosphine)&
P43ty T2 galstglem olefin o)A 33
(isomerization)# 43} Zojuk-go] FAo] Q&S5
Bysty goh a2y o 23} sEY E)
uh-g-o] AAA a7 % 4 mechanism®) <77}
Aojgo] girt. b £ ATl 7P A Ao
7% NO Wi $12HE 71| Hold4 3, 53] hy-
dridonitrosyl complex®] 433 Zof 7}15-A) o}
Hh-2- mechanism& %A}sE7] ¢138ke] RuH(INO)P,(P,
=PPh;, PPh(CH,CH,)PPhy(etp: bis(diphenylphos-
phinoethyl)phenylphosphine)) & ©]-4% %3} +
718359 448 vheE& AT

4 H

Aol ALgg fuje TP oz} YA sl
54917, RuH(NO)(PPhy),'® RuH(NO)(etp)' &
28 9] upo] n}e} vacuum lined ©]£% Schlenk
technique-& ©]-8-3te] A3tk o] 7ol 3l
NO/NO, 713 & 7] ¢isted ol o} 2o Wy e
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A8tk

2 NaNO,+2 FeSO,+ 3 H,S0, —
Fe,(SO,);+2 NaHSO,+ 2 H,0+2 NO

AH8-gF #7]4h8E, PPhy, RuCly:xH,0, etp 59
Aleke Aldrich Chemical Co.¢] GRF A& T4
alo] B3l adge] g ASE AYstae AFA
ol 22 Alg-stet. A HolF&AELS H,
3p{1H} NMR(Bruker AM-250 FT NMR spectro-
meter, TMS#2} 85% H,PO, & 77t 71F o2 A3}
IR spectroscopy(Nicolet MX-IE, KBr pellet)E |
83} sl

£A8 B2, 200 mL sus316 e mghikg-
71ol THF 20 mLe} A9 aldehyde =& ke-
toned Zuf(Zv|= 500: 1)} A glove boxellA
83 45 o435t APt (Y, 6, 871%D)
© 2 31 oil bathE o]&-3}e] 2%(50, 80, 100, 120
)& 213184 magnetic stirrerE o]&3le]
wslA A whg-g A A FHk vhgo] AFPsE =F
o] AAA|7} 71A .2 A8 E F3lo] Gas Chroma-
tograph(Youngln 680D, FID detector)@ -5}
t}. Column& OV-101, carbowax-20, porapak Q
=g A3, 71AE9) retention time} 'H
NMRZ AAES s wH-E7 YAE9
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Fig. 1. Dependence of the hydrogenation of acetalde-
hyde catalyzed by RuH(NO)PPhs); on pressure.
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relative weight % 2}e]7} & 7Z$ole #7re] GC
Respond Factor(R)E F-3la, o] & WA=
W59 GC yieldo] B A3l ubg-9] APA=E
#gqlsdr)

dxt % 2@

£ Ao Me ofee] 43 whgel] tidt Zu)
(RuH(NO)(PPh,);, RuH(NO)(etp))2] &4l m|A=
8913} ¥k$ mechanismg A3kt
RCHO(or RCOR')+H, ;T‘RCHZOH(or RR'CHOH)
Fig. 13} 20l 4= RuH(NO)(PPhs); 9} acetaldehyde$&
ALg-sle] 43t Zofulgel dg 229 Ay
9] <dgg ehsich 1A B ¢ slRe]l 7
Z9He) 24 zA| 4t mrt FUhEkd
w42 FA3) F7Fska et whebr] A <
Favl Bk ASde 284S Lxd A
3 &8l &S & 5 stk Table 1, 26X =
RuH(NO)(PPhy);2} RuH(NO)(etp)&- +18-3t 7%
aldehyde$} ketoned UAHA1ZHEAIZD) FF 48
w83t 9] alcohol29] A#--E& Yehlidc) o)
FEoA o = g)5%o] A2 aldehydes} ketoneol]
w]3le] wk-g-A o] = v, RuH(NO)(PPh;);7} RuH(NO)
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Fig. 2. Dependence of the hydrogenation of acetalde-
hyde catalyzed by RuH(NO)(PPh;); on temperature.
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Table 1. Reduction of various aldehydes with RuH
(NO)P;

Catalyst : 0.054 mmole
Substrate : 0.027 mole
Reaction temperature. :120C
Reaction time : 5hr
Hydrogen pressure : 8atm
THF : 20 mL
Catalyst Conversion (%)
Substrate RuH(NO)PPhy); RuH(NO)etp)
PhCHO 7948 52.54
p-O,NCH,CHO - -
p-MeCH,CHO 40.09 55.16
MeCHO 93.03 55.30
MeNCOMe - -
MeNCOH - -

MeNCOPh - -

(etp)E.ch Zvll GAo] & AF¥E Kol 3Urk Ke-
tones) Y& wkSAe FEAHOE QlAAH Ao 8ql
(steric factor)dl] 7|sl= AR Bl &, ke-
tone< carbonyl group F99l alkyl groupe] 27
dedl ¥l aldehyde®] 7= sh4=t 2Uo] me-
tal centerell®] wi9]7} B} 4& Rolw wiebx wb
ey 2718 Zog oAaEich olEE AL
aldehyde®] 7% benzaldehyde®] ®}-8-Alo] acetal-
dehyde® c} Zolx|w glew, ketoned] 7] 3l
014 uhg-Ade] §Z2] alkylute] bulkydtd == 7
$7} % 25 bulkydle x| 7o vlste] HA L
9] © nj(metylpropylketone ™ diethylketone) *]&t
717} ARFE wbgAlo] Ftadhe ARAFH I
X o} 3}lcHmethyl alkylketone: methyl>pro-
pyl>i-butyl>phenyl, ethyl alkyl ketone: ethyl>n-
butyl). €8, cyclohexanoned] 7-$-°ll& acyclic al-
kyl ketoneol] uv]3led v g uhIAE BAFI
sl |+ cyclic ketone®] 73-% metal center 5
$19] steric demands] H-E F e FLAol
A A2 FAF sle AR FAH) F cye-
lic ketone®] 7$~= ring strain w-Feoj X]517]9
ZH--3] H(free rotation)o] AIYH =2 H-§ frdde
ZH28be ojeba] metal centerel] 9] v $)7} oj&) ¢
Zeole}k. M, dhgAdo] u|X+ electronic effectd

Table 2. Reduction of various ketones with RuH(NO)P;

Catalyst : 0.054 mmole
Substrate : 0.027 mole
Reaction temperature 11207
Reaction time : 5hr
Hydrogen pressure : 8atm
THF : 20 mL
Catalyst Conversion (%)
Substrate RuH(NO)(PPhy); RuH(NO)(etp)
MeCOMe 32.60 2540
n-PrCOMe 2941 28.93
1-BuCOMe 2522 10.31
PhCOMe 21.22 4.04
p-0,NC,H,COMe 75.99° 67.36
m-0,NC:H,COMe 62.33 11.33
p-MeC¢H,COMe 19.03 5.24
m-MeOCH,COMe 5.42 1.50
»-MeOC;H,COMe 351 -
EtCOEt 19.78 3.59
n-BuCOEt 7.64 433
Cyclohexanone 2.14 -
Atgi R 7] 913te] para-substituted acetophenone

I+ benzaldehyde & ©]-8-3ksith o} A3} ketone
7d% electron withdrawing $%o] AASFE w¢
o] Z7}3}L meta-substituted acetophenone?
¥l-g-Al o] para isomerel] ¥]&}od nitro 34§22 7h4,
methoxy 3}§HE-2& Z7}5lx glr}. b aldeh-
yde9] 73 X187]9] Al Aglo] benzaldeh-
ydedl] ®]&to] HF-g-Alo] 71438} Au} electron withd-
rawing =Ho| S5 A9 74 Axr) Az
gleh o]2)¥t A= ketoned} aldehyded) 747}
92 mechanisme] & 7}5AS AAbslz 9ot
Z, 712 2] w$lol) 9Jol A ketone n! type o, al-
dehyde 7’ typeo.2 77t theA wigge A4
s glch

H
H
| R '
Ru 0—c . Ru——O—?—R
R' R
y M
H R B H
L e :
Ry + |l Ru< —— Ru—0Q—C—H
[o] 0 R
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ol&|jt FAL $dA AdFF steric factorE T
g3l d@Ade] glth Ketone?l %9, para 9
2]9] electron withdrawing group& resonanceol
2|3}t carbonyl group®] carbon atom3} NP7+
phenyl carbon®| partial positive charge(3')& 2
7V5}3 w2} A carbonyl group®] carbon atom2) pa-
rtial positive charge(6*)2] Z7}5 %3} metal
2 HE]9] hydride transfer& %313}A v, methyl
I methoxy group®] #H-$elle uithe] nERg-Ajo)
vepub g8 A9E 4 ook £ meta 139
nitro 3322 ¥h&A A3} methoxy 3}3HE9]
WA Ft AEE e wyer M9 s
vl aldehyde?] 7ol w3 7ol % carbo-
nyl group9] double bond character& ZF4A]# uf
AE oAA 224 WS HaAE A=
& 5 Uk RuH(NO)(etp) & AHE-3h= 7-Fell=
A9 AFgAHL AAR KA HL gler} RuHNO)
(PPhy);8] 7-%-Erie ubgAe] ZHAsix 9ok ol
21g e 27X R #Me] ekt shie
72 monophosphine?] 7J-¢ phosphine?] &z}l
23t 712 2] v §17} B} Lol dhy] wFoln, = o} 2
AL 7 PgEY FERAo)A 7 2AA wkg-
3o zlelell 7]Q1E7] wFo g FAHRc] o]t

Table 3. Effect of extra phosphines on the catalytic
activity

Catalyst : 0.054 mmole
Substrate : 0.027 mole
Reaction temperature 1120
Reaction time : 5hr
Hydrogen pressure : 8atm
THF : 20 mL
Mole ratio Conversion (%)
(PPhy/RuH
(NO)PPh,),) PhCHO MeCHO PhCOMe 7n-PrCOMe
0 794 93.0 21.2 294
3 56.6 98.9 49 46
6 878 100 34.2 84
12 100 100 10.8 48
24 98.5 954 9.6 43
RuH(NO)etp) 52.5 55.3 4.0 28.9
PPh; only 7.0 89 - -

“Mole ratio=4, °4.5 hr.
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HA Foll i AA F249¢ gslr] 93t RuH
(NO)PPhy);oll free PPhyE 7}Qlsted wh-g-Ade] W
35 289 cHTable 3). Propylmethylketone®]

+E AYdlae wgAe]l Hisidrt 2rlsln
] Fadhe A¥E BT gk 349 free
PPh; A& #&9] PPh; #8]& «4lstm2 RuH
(NOXetp)®l w4 FAME Aoz oAAs|=x|=t
AA S Ag- o]idt oAt} YA s}A] P BAA
T2 Zolef 7|17 Aoz vyl MY 5 ¢t
AAZ o] F 3}§HE9 T2+ Eisenberg®e} Lee
Sl oste] zlel7} 9leS HolFm 9lom(4]
(2)), Osborn 52 RuH(NO)(etp)®] Fx9} f-Akt
RuH(NO)(PPh,Me);7} olefin ©] 443} uhg R 4243}
HE-g-oll thate] Zelj 2] FAdo] gl&2 A s gl

H
| PPha mPth
Phap"_"lm Ph, Ru_ 2

PPh I o

NO A
T4, RuH(NO)(etp) H #}e) ] PPh; &z 3ol 4]
©] RuH(NO)PPhy);7} 4423} uk-g-ol cthsfed Zuj
B4 BolE 72 NO ligands] ZAguta] H3K(i-
near — bent)Z g ¥k-SA 2oL 2A4%E 39
Sl UtHScheme 1, 2). ©] o uF-gAol Z] sl
free PPhy k] #stel] atE Zv) &4 H3le 7}
5 M4 F9 shte o 2ok 289 wheA
ZHa+ NO ligand 234 o] WstE pubshe it
€7 2(path 1Y &-&o] PPh, sjelr} Fulb== ub
€7 2 (path DX} Foix|&= Zlligand sz =)
g)e® M=, 2 o)F 9 ¥4Z7l= PPhyol
23t H, ligand 251 9] deprotonation(?] (3))oll
£ gAsle] 2744 PAF} reductive elimination
uh-gol| 23t o] F7kA 24-E19] aleohol o] £o]
(A71H2.8 FA4 H, $7A < ujste §o)0]
HH AAdsrs) F838lo reductive elimination©]
o)l 7194712 28)3k3 1 o] 4] PPhyrt
EA 8 A ZE metalol] vl 93t 7<) w9
A& el 71Ud(ligand®2 Ay Aoz F
A"t H, ligand? acidic character®= o]w] &
o2j2l AMde]H, Fe(CO)s 5] amine F)3}olA]
43} HkS-o] AP 7464 deprotonation}
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H
| p «PPhy
PhsP—RQ
| pPhy
NO

H H
PhaPu,, | . PPhy

U
[ c¢o' | “PPhy
l N
R \0

-1~ 7

-RR'CHOH PhPa,  .wPPhs
]
PP RR'CHO”” | YPPhy
PhaP—RG L R NO
S
No
R /
H
H; \ 2
H—-H
H-T-H
T APPhy Ph,P/,,.,hl .aPPhs

RR'CHO™ | “YPPhs
NO N\O

path | path

R C/
\
"
Ph /
thi{T_\\\\Pth

Ru
7 o

RR'CHO
Scheme. 2.

ASD 71A3e] gl A7 Faspyl AYPHT
A& 7FeAE Bty QUok’ ieFUAE gal
3t7] $13te] NMRE °]4-3h= A%, ¢48 £3¢

Table 4. Competitive hydrogenation of mesityl oxide
with RuH(NO)(PPh;),

Catalyst : 0.054 mmole
Substrate : 0.027 mole
Reaction temperature 1120
Reaction time : 5hr
Hydrogen pressure : 8atm
THF : 20mL
Products - Conversion(%)
Time(hr) Me,C= Me,CHCH,- Me,CHCH,-
CHCOMe COMe CH(OH)Me

3 34.3 64.7 1.0

4 11.7 86.8 1.5

5 7.0 90.9 21

6 4.0 93.4 2.6

“Mole ratio=4, ?4.5 hr.

NMR tube®] sealingell el EA7} gloe.mz of
g HML FH37I7E 4xe @9 path 119
E&AstHth= deprotonationo] 2% wHEA =7}
7} 84 Acke ZHAskelA £ AT At 4]
& Hh=A] 2| A sleo} & Aolc), e 7h 79
WUelA] Ir Zv) HF-H e} phosphines] &) s}el A
o]&2] Buld uje} MZ o} ubeF7A 7} AP
=3 glxe] W uhg F7A 7 i S
S wAE7]e ofe-E Aol
H H
peny || +
P Ru—O—(l?-—-R [HPPh3]

R

(3

1
o

H
-
R
H
i + PPhy
Ru

8, amided] 7 A3 -34S Bolx 4
edl olv $AlMem AirUAE EF wigr)
2352 AL YAZ S hydride transfer7} 18 7)
WEoletr Mgt olzigt A¥¥A-E Rh 29i&
0] -4-3}4] cinnamic acid FEA9 WH-SAE =43}
£ FANME Bas3 glu)? Table 4= olefin}
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carbonyl groupg EA)el 7}Ale A$ A uke
A& 2R AFE £ESNeT olefing] A9
hydrogenatione] A E 2 31S-& & F U} o=
RuH(NOXPPhy);7} Ru(0) #E=2 HAApt FH-31o
n-acceptor?! olefin®] n-donord! ketoneX.c} 47
WAE 5 Ade AP ZIdsin ok A
T 9& Aelth ol2d A9 Rh FujAd Mz
43 el g Ir 2o A%} Ru 2o A
e 7% wa} carbonyl groupd FAFl-go]
Aoz vehlr|e ghoh”

2 8

RuH(NO)(PPh;);¢} RuH(NO)(etp)+ ketone} al-
dehyde®] 422} h-gol Bhate] 23] B4& Holw
slom, olF v A AAF SM= 7]
Aoy glAA o] Y HA}H 8919 gL vw 9SS
d g slch F A Zelrt HE5E, FYTE o
A Ao 7} 243 7d-9-ol| = ketone-Z carbonyl car-
bon®] H& FH3le] g FI/HXAUSTEF, aldeh-
yde carbonyl group®] double bond character7}
s vl FHEL qck o33 A3
ketone™} aldehyde] ¥F-$- mechanismo] t}&-& <
4 9le.m, RhH(NO)(etp)2} 3ol 2] PPh, &3}l
Al RuH(NO)(PPhy);7} &v) A& Holi g2
NO ligand®| ZgAle] WstE 53 WA=
EAE gastz g} 7)o PPhye Eujj9)] &
vz} wgtell mheb 2H8-2] WsKligand o] szl WA
— 947] - ligand)7} vebb o) @4 &g
vlX 3 gleh eoleldt AFAE ol#dlr] st 7+
Zojo] g 7bsF 28 mechanism$ A3}t
gHH, 43 7148 sle1 4] RuH(NO)(etp)] ¥4
314+ RuH(NO)(PPhy);o)) w]3te] wopon o F2
g F& Aol 7Q1g ZeE HAEY, AA
uhgoll gleJHE olefin®] 4A3huk-go] carbonyl
group®] FashbgRTh Ao Y F
£ HAFa gith

28 2 ¥
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