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Fig.1 Report on the synthesis method of 1,9-nonanedial
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Fig.2 Synthesis of oct-7-enal
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F£ 20 h. R4S, UK (3 L), LR OPRFARIL (3x3 L).
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Fig.3 Synthesis of 1,9-nonanedial from oct-7-enal

PR T

LTR-T-F 45 -1- (2): LW AA; 'H NMR (400
MHz, CDCL,) § 5.86-5.71 (m, 1H), 5.04-4.88 (m, 2H),
4.05 (t, J = 6.8 Hz, 2H), 2.12-2.00 (m, 5H), 1.67-1.56
(m, 2H), 1.45-1.28 (m, 6H). "C NMR (101 MHz,
CDCl,) 6 170.61, 138.50, 114.03, 64.17, 33.39, 28.49,
28.43,28.31,25.51,20.57.

7-45-1-B% (3): LAWK, 'H NMR (600 MHz,
CDCl,) § 5.87-5.71 (m, 1H), 5.03-4.90 (m, 2H), 3.61
(t, J = 6.7 Hz, 2H), 2.48 (s, 1H), 2.13-1.97 (m, 2H),
1.63-1.48 (m, 2H), 1.44-1.28 (m, 6H); "C NMR (151
MHz, CDCL,) § 139.00, 114.19, 62.72, 33.67, 32.62,
28.87, 28.83, 25.58.

TV (4): LAWK ; 'H NMR (600 MHz,
CDCl,) 6 9.76 (t, J = 1.8 Hz, 1H), 5.87-5.74 (m, 1H),
4.99 (dq, J = 17.1, 1.7 Hz, 1H), 4.94 (ddt, J = 10.2,
2.1, 1.2 Hz, 1H), 2.43 (td, J = 7.4, 1.8 Hz, 2H), 2.05
(q, J = 7.0 Hz, 2H), 1.71-1.57 (m, 2H), 1.48-1.28 (m,
5H). "C NMR (151 MHz, CDCl,) 6 202.56, 138.49,
114.32, 43.64, 33.34, 28.43, 28.42, 21.75.

1,9-T- % (5a): (A i/AK; 'H NMR (400 MHz,
CDCl;) 5 9.76 (t, J= 1.8 Hz, 2H), 2.43 (td, J= 7.3, 1.8
Hz, 4H), 1.68-1.58 (m, 4H), 1.37-1.30 (m, 6H). "C
NMR (101 MHz, CDCl) & 202.45, 43.52, 28.80,
28.62,21.67.
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. 3% K-S HP-INNOWax. K BUFE 7 THE: %)
40 °C, {75 1 min; 10 °C-min”' FHEZ 60 C, 4
2 min; 5 C-min ' FHEZE 110 °C, {45 1 min; 10
°C-min ' FHEZE 170 C, {3 2 min; 20 °C-min ' Ft
T2 250 °C, 1% 3 min. FERE IR E R 250 C.
Wik 2.2 mL-min . FID JRE K 260 C.

PR BRI TE]: 7-F RS (4). 1,9-T 8% (5a). 2-H
51,82 % (Sb). 1-T- (5a). 6-F/ilE (Ta). 5-
FEEE (Tb), A-FEEE (Te) M 3-E 45 (7d) 43 5]

%
P,

A 11.09, 23.23, 21.86, 9.60. 11.39. 11.79. 10.68
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S (7, T R R R 3.5%(F 1, Entry 5).
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h, %2R A] Rh(T)/L HBI%T 7-3 s & H BE AL s i
B, 455N 2 Frzn. Rh(I)/L Fefildy 1/1.2 R4
2 1/3 i, BRI R B 47% B Wi T 5] 79%, B
FEYIE St 28 2 W T B ST, ELAE IR
39% 12 i T = 2 71%, Ak PICREH 1.0% THis
| 3.4%, S PICER R 5.5% FEAKE 3.3%(F 2,
Entry 1-3); 4kZ2[%AK Rh(D)/L FLBIE] 1/10, R (L
FH 79% B WAL E] 50%, B2 YIE S L 51 3%
R 33, HAFREWCE R 71% B HTFEE] 43%,
LA HICR A 3.4% FRAKE] 1.2%, SEHLF= 21k
R 3.3% FEARE] 1.2%(3 2, Entry 3-5). X & H T
T2 IR 2 H 4 T RTCAAR A ELAGI 2 DR A T A7~ i 52 Mg
LR AL A R R 53, DT 5 T G 2 iy 1
IX 35, % 6 1. Xantphos 5 Rh(T) 4 fit {37 2 7] 36
0y, R SRR, B CO(FE) Al H, 7 F+ A FR
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Table 1 Effect of phosphine ligands on hydroformylation®
Rh(acac)(CO),
H,/CO (Llig(;rlldo MPa) GHO
by .0/1. a
MOWO/\@{\0+)\@(\O+/\MS/\O+/‘M/\@{\)
4 Toluene 5a 5b 6 7 mtn=4
Linear Branched Hydrogenation ~ Isomerization
thp\/\/\PPh PPh,
OO o
PPh, DPPB BINAP
H
sVUsNoselooclose
o 0 0 0
PPh, PPh, PPh, PPh, PCy, PCy,  PPh, PPh,
DPEphos Xantphos Cy-Xantphos Ni-Xantphos
c J0,0 Sa/5b" Yield of products/%b
i onv. a
Entry Ligand V./70 5a b 6 7

1° PPh, >99 2.6 72 28 0 0
2 DPPB >99 2.9 72 25 0 1.0
3 BINAP >99 2.0 52 26 1.1 18
4 DPEphos 97 2.5 59 24 0 13
5 Xantphos 99 36 90 2.5 1.9 3.5
6 Cy-Xantphos 1.4 - 1.2 0 0 0.2
7 Ni-Xantphos >99 59 88 1.5 53 4.2

a. Reaction conditions: Oct-7-enal (1 mmol), Rh(acac)(CO), (0.01 mmol), Xantphos (0.03 mmol), H,/CO (1.0/1.0 MPa),

toluene (3 mL), 85 °C, 16 h;
b. Determined by GC;
c. PPh; (0.1 mmol)

% 2 Rh(D/L bE B SRRBEL & BB 220"
Table 2 Effect of Rh(I)/L ratio on hydroformylation®

Rh(acac)(CO),
Xantphos CHO
H,/CO (1.0/1.0 MPa) +
NN s en =07 ¢ 0 )\{\M%*”&/\W\o
4 Toluene 5a 5b 6 7 mtn=4
Linear Branched Hydrogenation Isomerization

C J0" 5a/5b" Yield of products/%b
Entry Rh(I)/L onv./% a ” 5 p 5
1 1/1.2 47 28 39 1.4 1.0 5.5
2 1/2 63 36 61 1.7 2.0 3.6
3 1/3 79 51 71 1.4 34 33
4 1/5 64 37 59 1.6 1.8 1.6
5 1/10 50 33 43 1.3 1.2 1.2

a. Reaction conditions: Oct-7-enal (20 mmol), Rh(acac)(CO), (0.002 mmol), Xantphos (0.002 4~0.02 mmol), H,/CO (1.0/1.0 MPa),

toluene (20 mL), 85°C, 16 h;
b. Determined by GC

MM KK i AY Xantphos BCAARTT HE4+HE Rh(1) R0
BeA s, s & AL S i AT, 285 SR IR R, 4
Rh(D)/L HBIA 1/3 B, S5y 35 R e .

2.3 BT R AR
7E Rh(1)/L A 173, EfiEbarI s MY 1/10 000,
H,/CO 4% 1.0 MPa, 85 °C ' JZ i 16 h, & ZEA[a] ¥
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FIXT 7 s P M b S oy A AL TR PR B 52 e, 45

SN 3 Fron. AR B AR IR, R AR
I fE, FRHE LN 79%, BEF=)IE SR 51, BbE
FEWCN T1%(3K 3, Entry 1). it HAEBAEE FIEC
Bt B PEVE I THF . DMF 8¢5 P75 MeOH Y,
JFOBHFE AL | T = ) 1E S U RN LA IS ACR ELAA AN )
T T (3% 3, Entry 2-5). R, 0k F 46 M5 7

38 %
AT G AR L.
2.4 RNREMEEAT RS RN

1E Rh(I)/L Ky 1/3, Hy/CO %% 1.0 MPa, H 25} i
M, BREEEE] 16 h 55T, A AR &0 R
i) 1/10 000 B, 5 %2 I vy it BE 7F 85~120 °C ¥ il A
X 7-F A T S A S W AR TR R S ) (% 4,
Entry 1-3). 2§/ W iR 85 C B, OB Ny

3 BRI S RBAL R AR
Table 3 Effect of solvent on hydroformylation®

Rh(acac)(CO),
Xantphos
H,/CO (1.0/1.0 MPa)
Z>No SoC 16h 07 N * )\M/\) /\(V)/\) /H,\/\M/\O
4 Solvent 5a 7 mtn=4
Linear Branchud Hydrogcnauon Isomerization
c 107 5/5h" Yield of products/%h
Entry Solvent onv./% a 5a 5h 6 7

1 Toluene 79 51 71 1.4 34 33
2 Hexane 63 35 56 1.6 1.8 3.7
3 THF 34 39 24 0.6 2.5 6.3
4 DMF 33 40 28 0.7 0.4 4.4
5 MeOH 52 34 38 1.1 0.9 3.9

a. Reaction conditions: Oct-7-enal (20 mmol), Rh(acac)(CO), (0.002 mmol), Xantphos (0.006 mmol), H,/CO (1.0/1.0 MPa),

solvent (20 mL), 85 °C, 16 h;
b. Determined by GC

®4 REBEMEEATASNEREBL R LM
Table 4 Effect of reaction temperature and Rh catalyst dosage on hydroformylation®

Rh(acac)(CO),
Xantphos
27N * 0/\6))/\0 )\M/\ /\(v)/\o AN N0
4 Toluene 7 mn=4
Linear Branchcd Hydrogmatnon Isomerization
b . . Yield of products/%°
Entry S/C T/°C Conv./% 5a/5b 5a b 6 7
1 10 000 85 79 51 71 1.4 34 33
2 10 000 100 86 34 78 23 1.4 3.8
3 10 000 120 99 31 90 2.9 1.7 5.2
4 20 000 120 99 29 89 3.1 2.7 4.1
5 50 000 120 99 28 76 2.7 2.5 17
6 50 000 130 99 28 85 3.0 2.0 9.1
7 50 000 140 99 27 85 3.1 32 8.7
8° 50 000 150 99 25 75 3.0 3.0 17

a. Reaction conditions: Oct-7-enal (20 mmol), Rh(acac)(CO), (0.002 mmol), Xantphos (0.006 mmol), H,/CO (1.0/1.0 MPa),

toluene (20 mL), 16 h;
b. In (mol oct-7-enal) (mol Rh) ';
¢. Determined by GC;
d. Rh(acac)(CO), (0.001 mmol), Xantphos (0.003 mmol);

e. Oct-7-enal (50 mmol), Rh(acac)(CO), (0.001 mmol), Xantphos (0.003 mmol), H,/CO (1.5/1.5 MPa)
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79%, BLBTEEE =) IE S bRy 51, BN iR BE T, TRk
AR, EAEEREWOR T, B IE 7 LR AR
KW IR 120 °C B, FUBHE AR IR F] 99%, Ak
WRIA E] 90%(F 4, Entry 3).

h T AR A TG P, 78 120 °C FH¥EE
FEAL T 2 B 2 JFURHE 1/20 000, JEURHE 6% K
99%, FLHE WS WOR ANIE 5 HE BEAR R AR (6 4,
Entry 4). 4kZEREATES AL FH &2 2 R 1/50 000
i, FORHE AN 99%, (H EAEFEICRAl 76%, 5
F AR = PR RIS InE) 17%(3& 4, Entry 5). &
PR Bt Ak S 0z, DRk i) S A2 FE BN S S 2
— BEARAL T R AR, & WAk S 0 R
B B ) SRR, OB SR A A s . (AR
BEARAR T BN IFORHT 1/50 000, 28T ) i i
FE 120~150 °C i il N A S 45 5 . Bl s 1o ek B T
1o, EURHEE AL AR EE 99%, HAEREICRTE 130~140 C
T B KAl 85%(F 4, Entry 6-7), Mi7E 150 °C T
BB MCR AR 75%, SFADALE] =R K iR
FnE 17%(F% 4, Entry 8), H WP A s8R AN, £
A T T A AL R R, BEAS T &0 WAk s s i ik
7. 3 BHEMZETC Rh()) FE7E R, SEAa4k 52 i, m] LA
BEATET e, ST T AN 4 BTR B SLE, 7R
WA MR AT, o imEE fmH RIR G, 78
H,/CO J£ 71/ 1.0/1.0 MPa, 120 °C F X W 16 h, 45
SR AT B K & S A, =T A R A
H,/CO 16, A Rh ALY Fh 5k v] 444k
BI7E 7 R B ) (120~140°C), SRk 2 3 %
B e TS P IEAL S0, AT Al = i A
%, (3 4, Entry 5-7); RV IRE S5 2 150 °C,
AL SIS, AR ORI/ (3R 4, Entry 8), 11
SRS AR T, SRR RN, £ 55
R4S R, TEEE AR i o JEORE 1/50 000 B, 21
TR F N 130 °C, IBHT TON 34 49 500.

H/CO (1LO/L0MPa) O N0 N
200 —20°C.16n 7a 7b

4 Toluene 50.7% yield 21.0% yield

AR,
+ W\O + W N0
Te 7d
12.8% yield 3.4% yield

4 7- AR SR AL S
Fig.4 Isomerization of oct-7-enal
70T A T AL SN R R, H, A CO AW
THFE, RN NS 2B FEAR, AN S AR N

22T4FE Hay, (5 5 HeBUN (<4%), TS Ak Bl B2 0 A
THFE H, A1 CO. HUL, 38 48 i W A4 2R R ) i R
SRAT AW A W S0 ek S B 1 . Ry itk — 2B A
G RN i X U Ak S R g ), AT HL A TR
IFi) Js2 17 905 BT S IO A4 2 P g I s o ] 4 73 4k, 2
5 Fis. ARV IRE T (120~150 °C), N #74
(%9 20 min) 2V & 2 JE J1 M 3.0 MPa F} 5 3.4~3.6
MPa, 3% f2& S 1A R FHE T80 2S5 SO A 5 R 7P
TR REAI, S 7 ek R v, S N AAR 3R e 7 AR A T
PR, 3 A s I R A A 2 I TR R g R
BCIEAH TS, 456 L5 R (3% 4, Entry 4-7), &
AL N o E BN R, — @A, VAR ZR RS
B E . RN 120 °C 1), 29 12 h J5 W
JE S F8E T 1.26 MPa; [ Nl JE 130~140 °C B, £y
10 h JG R W ERE T 1.14 MPa; RUWIE N 150 °C
ff, 29 4 h J5 SOV JIF80E T 1.42 MPa. TEAN AR B2
T (5% 4, Entry 5-8), & RA AL 52 4, {H 120
150 °C J V45 SR 285 F 130 1 140 °C Hf
45 5, X R 120 F1 150 °C B, S0 0 Ak
Rz, R Ak AN AE H, A1 CO.

4.0

——120°C
—130°C
—— 140 °C
—— 150 °C

\

0 é 4‘1 .6 é 1‘0 1.2 1‘4 16
Time/h

P 5 ANIA] RS BT SRR 28 e g Bl I s ] 6922 £

Fig.5 The variation of reaction system pressure with reaction
time at different reaction temperatures

Reaction conditions: Oct-7-enal (50 mmol), Rh(acac)(CO),

(0.001 mmol), Xantphos (0.003 mmol), H,/CO (1.5/1.5 MPa),
toluene (20 mL), 16 h. Determined by GC

2.5 H, #1 CO [E 1134 /= B B &2

1E Rh(I)/L R 173, B bR MR 1/50 000,
IR, 130 °C R 16 h, %< H, F1 CO J&
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FIRF B (IR, 45 AN 5 TR, i e B8R
H, FE 3% 7-27 s & B mk Ak R s . S5 COo
JE71°8 1.5 MPa, 243K J1°0 1.0 MPa B, JFURH
2R 97%, ELEERECRAL 65%, Sk Pl

ik 28%(3 5, Entry 1). ZUH B 23 R MR 52 &
AL S 3R T, ARSI R 1.5 MPa B, J5URHL
TR SE A, HEEREWCR N 85%, Sk = iR
4 9.1%(F 5, Entry 2). 4 H, JK /11 1.5 MPa & i

%5 H, 1 CO ENAXSRB K BRI
Table 5 Effect of H, and CO pressure on hydroformylation®

Rh(acac)(CO),
Xantphos CHO
H,/CO
AN —Toec.ien 07 o t )\M(\) M S s /H"\/\M/\O
4 Toluene 5a 5b 6 7 mtn=4
Linear Branched Hydrogenation Isomerization
H,/CO Yield of products/% b
Entry ? Conv./%" 5a/5b" °

/ MPa 5a 5b 6 7
1 1.0/1.5 97 24 65 2.7 1.1 28
2 1.5/1.5 >99 28 85 3.0 2.0 9.1
3 2.0/1.5 98 28 84 3.0 3.1 8.2
4 2.5/1.5 >99 27 82 3.0 5.2 9.3
5 1.5/2.0 >99 27 86 32 2.1 8.6
6 1.5/2.5 96 25 86 34 1.1 5.2
7 1.5/3.0 96 25 84 34 1.1 6.4

a. Reaction conditions: Oct-7-enal (50 mmol), Rh(acac)(CO), (0.001 mmol), Xantphos (0.003 mmol), toluene(20 mL),

130 C, 16 h;
b. Determined by GC

P 5] 2.5 MPa(3 5, Entry 2-4), EL SRR AL,
SALEI =Y CR R E, R 1.5 MPa MR A
SIES AR H, JE S8 1.5 MPa, CO JE/IM 1.5 MPa
B =3 2.5 MPa(# 5, Entry 2, 5-6), W) iF
SR 28 FRARE] 25, EAERE IR B 85% 11 = £
86%, SALRIF=HIBCR B 2.0% FEARE] 1.1%, HH1k
FEICR R 9.1% FEARE] 5.2%. 224 CO FE 138
| 3.0 MPa, HAEREIS LT 84%, FAufbIicR Tt
3l 6.4%(F 5, Entry 7). W& 6 R[F CO KSR,
JNARZR R (SER R TT p—RI16 T po) Bl S0 B
6] i A AL T 7%, CO R 3G TN, Js o 38 5632 8 AR,
AL TG P 8T T R, HEI CO 5 e A5 4
Ficfy; Rh(l) T 80 6 76 4 41 53 082> . CO e 1
1.5~2.5 MPa i, [ W AK 2 19 %4 1.58~1.88 MPa;
CO JE 710 3.0 MPa i, J i 4 5 (1) FE [k 1.07
MPa, B BAKF CO JEJ1H 1.5~2.5 MPa Bsf [ b {4 55
() FE R, 2R EBH CO Ji Jy st vey 23 BEAS 2 Y I Ak S 1 1)
HEAT. LA 245 1, 24 Hy/CO JE /14 1.5/2.0 MPa
i, SRR A

— — 1.5MPa
1.0 - ——— 2.0 MPa

p—p/MPa

0 é :I .6 ili 1.0 1.2 1.4 16
Time/h
6 ARl CO JEJITF WA R ERE (SR p—HI iR R
Po) FE SR I 8] i) 224k
Fig.6 The variation of pressure drop (real-time pressure p —
initial pressure p,) of the reaction system with reaction time
under different CO pressures

Reaction conditions: Oct-7-enal (50 mmol), Rh(acac)(CO),

(0.001 mmol), Xantphos (0.003 mmol), H, (1.5 MPa), toluene
(20 mL), 130 °C, 16 h. Determined by GC
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2.6 7-3FWREEIR EEXT R N B RS

7 Rh(L)/L iy 1/3, BEAEARI RN L 1/50 000,

H,/CO JE 1 1.5/2.0 MPa, H £ 5, 130 C F
SR 16 h, 25 ZEANIR] 7-F I [ Tk B 6T i g 1) 52 i,
LRI 6 FIT/R. X4 7- SIS 1.0 mol-L ' B,
JFURHE AL R R 82%, ELEERE IR N 72%, SCHEREIR
R 2.6%, DA IR R 1.8%, FAL Pl
H 5.4%(F 6, Entry 1); X4 7-F M BEW R 1.75

mol-L ™" i}, JFURLLT- 1k 58 45, BEF= W) 1E St A 27,
ELAERECR N 86%, L HEREITCR A 3.2%, G Abr=¥)
WEHh 2.1%, AL YR 8.6% (5K 6, Entry
2). Gk SRR T M TE VR BE N 1.75 B T 4 5.88
mol 'L, B~ IE S LU 27 BRIRE) 14, B RS ICR
M 86% T B2 58%, AL It 8.6% Kl
Hafn|] 35%(3% 6, Entry 3-6). I, 7-3E MBS ik FiE
3R 1.75 mol-L .

&R 6 T-FHEEREN S REL R AR

Table 6 Effect of oct-7-enal concentration on hydroformylation®

Rh(acac)(CO),
Xantphos

Ao R oo ¢ L o
4 Toluene 5a 5b 6 7 min=a
Linear Branched Hydrogenation Isomerization
4 b b Yield of products/%b
Entry Conc./(mol-L ) Conv./% 5a/5b s . p -
1 1.00 82 28 72 2.6 1.8 5.4
2 1.75 >99 27 86 32 2.1 8.6
3 2.50 >99 21 75 3.5 1.8 19
4 3.00 >99 22 71 33 1.5 23
5 4.00 98 22 71 32 1.4 23
6 5.88 99 14 58 4.1 0.9 35

a. Reaction conditions: Oct-7-enal (50 mmol), Rh(acac)(CO), (0.001 mmol), Xantphos (0.003 mmol), H,/CO (1.5/2.0 MPa),

toluene (1~50 mL), 130 °C, 16 h;
b. Determined by GC

2.7 [ R B X 2 R B 0

TE 7-2F 9 T JEUOR M 2 R 1.75 mol-L ™, Rh(I)/L
R 173, BEAEAR TR FH & o JERRY 1/50 000, H,/CO &
J170 1.5/2.0 MPa, H 28R, e v it R 130 °C
B ZAE T, 25587 g B[] X6 sz Iz 1) 5 i), 45 S 4
T PR YR E A 6 h, TR IR E R 79%,
P 7= 4 IE S LRy 28, BELBEIEICR A 69%, A IR
A 2.5%, DALY N 1.5%, SRR 5.6%
(% 7, Entry 1). BEZ& KR A E] N 6 h Bl sE K 5 14
h, JEORRZT RN 56 4, BE PP IE S L L AR, B
TN 69% 12 25 1] 86%, L HERSTE M 2.5% 42
] 3.2%, AL PICR N 1.5% B3 = E 1.9%,
SERAE T P CFE N 5.6% $2 1 F 8.5%(F 7, Entry
1-5). 24 2 )W I iE) A 12 h, JBORH L34k 58 4, it
P P W IE S LA 27, ELAEBECR N 86%, A% RE
RN 3.2%, GALFEHIR 1.9%, SFALF=H R 8.5%

(# 7, Entry 4).
2.8 RMHERR

ZE4 SCRRIRE™ ! RS Ie g, 7 A
Pk Ak T B8 Y S AL ER AR = 4 A LR dn &l 7 B
7K. T 5, Rh(acac)(CO),/Xantphos £ H, fEFH T, 4
ALY A, BEAEILYIFD A £ 1 207 COJE
WA 1 AZ ALY B, BES ) 0
BCAL B G b, TR A C; HhEAR C 4 A
B RUBEE A JM Y o B B D1 LR B B A
LR EEE H EA D, FISCEE Dy; CO AT S0
B B A B, 2K Ey; Hy X E R K, 5 E, A
AR 2 A F, 5 Fy; R F 5 F, £804 )5
TH 53 2 5 L T B S T 7 0, [) I B A A0 i T
R B, AT —AMEE A R

FEREACTEIA T, M) dh AR IX Bk B, 22832
) 2 Ra e RN BN ) 2R e ME R R s . X T8 rh
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Table 7 Effect of reaction time on hydroformylation®
Rh(acac)(CO),
Z o HZ/COXE??; T N )Cj:/\q F N0 AN
4 Toluene 5a sb 6 7 min=a
Linear Branched Hydrogenation Isomerization
. b b Yield of products/%b
Entry Time/h Conversion rate /% 5a/5b 5a b P 7

1 6 79 28 69 2.5 1.5 5.6
2 8 89 27 78 29 1.7 6.4
3 10 96 27 83 3.1 1.8 8.1
4 12 >99 27 86 32 1.9 8.4
5 14 >99 27 86 32 1.9 8.5

a. Reaction conditions: Oct-7-enal (50 mmol), Rh(acac)(CO), (0.001 mmol), Xantphos (0.003 mmol), H,/CO (1.5/2.0 MPa),

toluene (20 mL), 130 C;
b. Determined by GC

H
OC~ o
Xantphos /th_p

R

Rh(acac)(CO),

: CHO l-co ST
H Z & + i H
NS TR NTEN i . _
H N H . NN
: Linear Branched : =/_ . ~0
Isomerization
o

Hydrogenation

P 7 7= deTi T B A S I K S 4 T RERILER

Fig.7 Proposed hydroformylation and side reaction mechanism of oct-7-enal
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/L BH B BCAR IS, Rh Ji] Bl 25 8] Bf e /b, el ik C
AL ER D, F1 D, FRE AT, BUEA 5155
AT A RE B SCHE P R Dy; 5 A B 1
P, Rh & [l 25 (8] 5 i 22, A BRABCR A MG 2 p-Rkidi
AF] Rh—H S Y BE 22 HE A A A LR /I B Jfs s i 57

fik I BE 22 3 5, W0 Bh )2 B A 5 A9 B B BE v A
& D,.

PEARARE A v 1) SR A 400 1 SR DR 2 A0 5 4 o
A2 (1) Rh LRI A D, B B-H WHER; (2) 40
HISCE 4 SEER R, T-F s RO TE R TR AL T
PR R . 76 =i T B AL b AE ke DR T
J&, BIARCRLE S AR (2) Y. TR
A=W R IR, HhElA D, Al D, A5 7E CO i AR5
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H, AL, WA EH E A G, M G,, B R 8 J5UH
BT RIS Rh B S 1. H, T 38, HhiE)
R D, M1 D, 5 H, A AL AL AR 5, S AL 4
Jin; CO FeF73m, el Dy A1 D, 5 S 1 o R 4
i, A AL A A AL R s b, 2 Co kR,
CO FIREZ B i R IR IO AL AR, S B AL T 1R ) ol
Ul U A NEG I S N PRI 52 €2 v e
Yo

3 &it

PLT M Ui v TRl —7 -2 Js A R, & R
T —Fh Rh(I)/Xantphos f# ft 1) &0 H Bt £k 52 A5 i
1,9-T- R 7 vk . 2558 T AN [ 1)l 15 A % Ak )
PERERSZR, XF RV T 25 56T T iR ge Mt Ak, ¢
Ak i % BE 4 T OFUBE #E 1,75 molL
Rh(I)/L=1/3, H,/CO J& Jj 1.5/2.0 MPa, H < Jy % 5],
130 °C, M 12 h), [ W RCR e f, BLAE T iR
86%, MW 1 S+ 1k 27, TON ] ik 49 500. %51
HA R, @ RIS TON SR8, 78
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Synthesis of 1,9-Nonanedial via Oct-7-enal in Rhodium-catalyzed
Hydroformylation

LIU Chuan-zhuo'”, LI Zhi-jianl, TANG Yi-tian', LI Yong-gangl*, DONG Kai-wu’
(1. Sinochem International Science and Technology Center, Shanghai 201315, China; 2. School of Chemistry and
Molecular Engineering, East China Normal University, Shanghai 200062, China)

Abstract: As important chemical intermediates, aliphatic dialdehyde are synthesized by hydroformylation,
normally, and can be further transformed to diacid, diol, diester, diamine and other important chemicals through
oxidation, reduction, reductive esterification, reductive amination and other processes. Herein, we report the
rhodium-catalyzed hydroformylation of oct-7-enal to prepare 1,9-nonanedial. The effects of the phosphine ligands
and the reaction conditions on the catalytic performance in the hydroformylation were investigated in detailed.
Under the Rh(I)/Xantphos catalytic system and the optimal reaction conditions, the oct-7-enal was almost
completely conversed and 1,9-nonanedial in 86% yield was produced. Notably, the ratio of linear/branched
aldehyde reached 27 and the TON reached 49 500. Meanwhile, the mechanisms of hydroformylation and side
reactions were discussed.

Key words: 1,9-nonanedial; oct-7-enal; hydroformylation; Xantphos; Rhodium


https://doi.org/10.1021/om00006a057
https://doi.org/10.1021/ar000060+
https://doi.org/10.1021/ar000060+
https://doi.org/10.1021/jo01254a015
https://doi.org/10.1055/s-2001-9739
https://doi.org/10.1139/v85-086
https://doi.org/10.1016/j.ccr.2004.04.005

	1 实验部分
	1.1 试剂和仪器
	1.2 实验方法
	1.3 分析方法

	2 结果与讨论
	2.1 膦配体对反应的影响
	2.2 Rh(I)/L比例对反应的影响
	2.3 溶剂对反应的影响
	2.4 反应温度和铑催化剂用量对反应的影响
	2.5 H2和CO压力对反应的影响
	2.6 7-辛烯醛浓度对反应的影响
	2.7 反应时间对反应的影响
	2.8 反应机理探究

	3 结论
	参考文献

