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1. General methods

Unless otherwise noted, all manipulations involving air or moisture-sensitive
compounds were performed in a nitrogen-filled glovebox or using standard Schlenk
techniques. Solvents were dried according to standard procedures. 'H NMR spectra
were recorded on 400 MHz or 600 MHz and '3C NMR spectra were recorded on 101
MHz by using a Bruker Avance 400 spectrometer. Chemical shifts (6 values) were
reported in ppm with internal TMS ("H NMR), CDCl; ('*C NMR), or external 85%
H;PO,4 (*'P NMR) as the standard, respectively. The IR spectra were measured on a
Thermo (SCIENTIFC) NICOLET iS10 spectrometer. N, sorption isotherm was
obtained on a Micromeritics ASAP 2460. HRMS (ESI) were determined on Agilent
1290-6545XT. GC analyses were measured on an Agilent 7820A system using an FID

detector.
2. Screening the conditions for catalytic

hydroformylation-acetalization of 1-hexene.

Table S1. Selected results of screening the conditions for catalytic hydroformylation-acetalization of 1-hexene“

OEt

rCiHe ™+ HCO- BIOH RUETLZSWIS0) b o OO 6 oS+ gty ™
1 1a 1b 1c 1d

Entry  RWL ZSM-35(10). H,/CO Temp. Solv. Conv. /b? 1a¢ 1b? 1ce 1d
(mg) (bar) (°C) (mL) (%) (%) (%) %) (%)
1 1:1 40 20/20 120 5.0 99.21 19.83 94.76 2.99 1.18 029
2 1:3 40 20/20 120 5.0 99.65 22.23 85.72 12.49 1.05 038
3 1:5 40 20/20 120 5.0 99.65 77.10 97.35 1.56 043 031
4 1:7 40 20/20 120 5.0 99.11 78.20.  91.11 6.33 1.51 0.15
5 1:5 20 20/20 120 5.0 98.48 12.85 77.89 17.12 2.09 1.38
6 1:5 60 20/20 120 5.0 99.55 43.63 96.36 2.10 042  0.67
7 1:5 40 20/20 110 5.0 99.51 32.12 95.77 2.90 039  0.44
8 1:5 40 20/20 100 5.0 99.63 29.51 93.43 4.43 0.87 0091
9 1:5 40 20/20 90 5.0 99.20 35.14 86.68 5.56 3.76 0.74
10 1:5 40 10/10 120 5.0 98.74 26.43 77.30 13.49 1.39 6.55
11 1:5 40 25/25 120 5.0 99.64 63.10 90.64 7.25 1.08 0.68
12 1:5 40 20/20 120 2.5 99.60 50.45 70.80 27.16 0.91 0.73
13 1:5 40 20/20 120 7.5 99.45 75.50 95.10 2.54 0.95 0.86

41-Hexene (3.8 mmol), Rh(acac)(CO), (3.8 X 10 mmol), S/Cgy, (ratio of substrate to catalyst rhodium) = 10000, EtOH (5.0 mL), 24 h,

decane as the internal standard. Linear/branched acetal ratio, determined by GC analysis. Yield of all acetals. “Yield of all aldehydes.



¢Yield of hydrogenation product. /Yield of isomerization product.

Table S2. Selected results of screening the optimal conditions for catalytic hydroformylation-acetalization of 1-

hexene
OEt
n-CaHg™ s + Hy/CO+ Eton Rib.zeolle o OEt * n—C4H9/XCHO+ n-Cah” 7+ n-CyHg >
1 1a 1b 1c 1d
Entry Ligand zeolites conv. 1a’ I/b¢ 1b? 1c 1d TONe
(%) (%) (%) (%) (%)
1 L1 ZSM-35(10) 98.4 81.2 2.7 15.4 0.7 1.0 9660
2 L2 ZSM-35(10) 98.7 77.3 0.9 18.9 - 2.4 9620
3 L3 ZSM-35(10) 98.3 80.0 2.7 17.3 - 1.0 9730
4 L4 ZSM-35(10) 98.4 69.9 2.5 25.4 1.90 1.2 9530
5 L5 ZSM-35(10) 75.8 60.5 4.2 9.6 2.57 3.1 7010
6 Lé ZSM-35(10) 97.2 61.3 2.3 12.8 5.08 18.1 7410
7 L7 ZSM-35(10) 98.4 82.5 1.2 15.9 - - 9840
8 L8 ZSM-35(10) 99.0 89.6 66.5 7.3 - 4.1 9690
9 L9 ZSM-35(10) 99.0 76.1 2.5 229 - - 9900
10 L10 ZSM-35(10) 99.1 91.6 25.2 5.5 0 1.7 9710
11 L11 ZSM-35(10) 99.9 97.7 77.1 2.3 - - 10000
12 L11 MCM-41 99.5 78.9 1.2 19.3 0.24 1.1 9820
13 L11 ZSM-5 99.3 85.9 8.0 12.3 0.29 0.8 9820
14 L11 B-Zeolite 98.9 85.4 23.8 9.1 1.0 34 9450
15 L11 ZSM-35(100) 99.4 82.1 20.2 16.2 0 1.1 9830
© MeO, OMe ®) @
R H VA Vo
[ Qpﬂw’o e pen C o @ rBu ” » o 3 e g/H@
@R/ \©R @ OO PR, PR, O o dp Ro o Q O \p‘afm B OO \,L‘Nij
O O O O
L1:R=H; L4:n=1; L6: BINAP L7:R=tBu; L9: Biphephos L10: BPa L11: BINAPa
L2: R = 0-CH3; L5:n=3; L8 (Xantphos): R = Ph;
L3: R = p-OCHj;

41-Hexene (3.8 mmol), Rh(acac)(CO), (3.8x10* mmol), ligand (1.9%103 mmol), S/Cg, (ratio of substrate to catalyst rhodium) = 10000,
zeolites (40 mg), H,/CO (20/20 bar), EtOH (5.0 mL), 120 °C, 24 h, decane as the internal standard, yields were determined by GC analysis.
bYield of all acetals. “Linear/branched acetal ratio. Yield of all aldehydes. ¢Turnover Number of the Rh with respect to the yield of oxo

products.

3. N, sorption isotherm and pore size distribution of zeolites.

Table S3. Textural parameters of zeolites*

Entry zeolites surface area pore volume pore size
(m?/g) (cm¥/g) (nm)

1 MCM-41 1,062.94 0.94 1.19-1.88;2.98-4.05

2 B-Zeolite 454.85 0.34 0.53-0.84

3 ZSM-5 262.78 0.15 0.65-0.79; 1.09-2.51

4 ZSM-35(10) 277.98 0.16 0.65-0.73

5 ZSM-35(100) 329.59 0.19 0.65-0.85

“Analysed by BET (Brunauer-Emmett-Teller) method.
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Figure S1. N, sorption isotherm of MCM-41
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Figure S2. pore size distribution MCM-41
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4. General procedure for tandem hydroformylation—acetalization of

olefins.

In a glove box, an autoclave with a magnetic stirring bar was charged with EtOH (5.0

mL), ZSM-35(10) (40 mg), Rh(acac)(CO), (0.1 mg, 3.8 X 10 mmol), BINAPa (1.16

mg, 1.9X 10 mmol), 1-hexene (0.47 mL, 3.8 mmol) and decane (16 uL) as the internal

standard. The mixture was purged with hydrogen for three times and subsequently
charged with CO (20 bar) and H, (20 bar). The autoclave was then heated to 120 °C
(oil bath) and was kept at this temperature for 24 h. The autoclave was cooled in ice
water, and the gas was carefully released in a well-ventilated hood. The mixture
subsequently was analyzed by gas chromatography (GC).

GC analysis condition: SE-54, 30 mx0.32 mmx0.33 mm, flow rate 2.0 mL min!,
method: 50°C was maintained for 5 min, and then ramped from 50 °C to 120 °C at a
rate of 10 °C min~!, 120 °C was maintained for 2 min; then ramped from 120 °C to 250

°C at a rate of 20 °C min™!, 250 °C was maintained for 10 min.

5. Comparison of catalytic performance of catalysts reported in

literature and in this study

Table S4. Comparison of catalytic performance of catalysts reported in literature and in this study

catalyst yield /b TONx0?
Rh/BINAPa, ZSM-35(10) 50.6-98.4 >30.5 43000
Rh(acac)(CO),/L12!2b 84.3-92.1 1.1-1.9 1900
Rh(acac)(CO),/L1312 39.2-94.1 0.4-2.1 980
Rh/P complex’® 81.0-99.0 0.9-1.6 2475
RhCl3*3H,0/PPh;!12 96.9 3.0 980
[Rh(cod),]BF/Xantphos!!® 5.8-86.2 9.1-89.2 184

Ph
+ T/_ \
PPh, PhoR =/ W
) )\ PPh, cl PhoR 7
NNy L NN N ot \ero q>h\
RS S Ol
Me” | “ph \
Ph \_/

L12 L13 Rh/P complex



4The highest TON,y, value in the literature and in this work. The references see the main text.

6. Preparation and characterization of Rh-H complexes

In a glovebox, the mixture of Rh(acac)(CO), (4.1 mg, 0.016 mmol), BINAPa (9.8
mg, 0.016 mmol), ZSM-35(10) (10 mg), in toluene-dg (2.0 mL) was stirred for 0.5 hour
at room temperature in a 10 mL glass vial, which was then transferred into a stainless-
steel autoclave and sealed. The autoclave was purged with H, three times and
subsequently charged with CO (10 bar) and H; (10 bar). The autoclave was then heated
to 40 °C (oil bath) and stirred at the temperature for 10 h. After cooling the autoclave
to 0 °C, the syngas was carefully released, and the solution was submitted to NMR

analysis.
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Figure S11. (a) 'H NMR spectra, (b) 3'P NMR spectra of [HRh(CO)(BINAPa)] in the presence of



ZSM-35(10).

7. Characterization data for the products

J

@)
- OJ\/\/\ 1,1-Diethoxyhexane (2a)!!l: colorless oil, 608.20 mg, 91.9%

yield. "TH NMR (400 MHz, CDCLy): § 4.42 (t, J= 5.6 Hz, 1H), 3.62-3.54 (m, 2H), 3.47-
3.40 (m, 2H), 1.56-1.52 (m, 2H), 1.25 (m, 6H), 1.30-1.15 (t, J= 7.2 Hz, 6H), 0.83-0.82

(m, 3H) ppm.

- 0)\/\/\/ 1,1-Diethoxyheptane (1a)!2l: colorless oil, 652.87 mg, 91.3%

yield. "TH NMR (400 MHz, CDCLy): § 4.41 (t, J= 6.0 Hz, 1H), 3.61-3.53 (m, 2H), 3.46-
3.39 (m, 2H), 1.55-1.51 (m, 2H), 1.25-1.22 (m, 8H), 1.13 (t, /= 7.2 Hz, 6H), 0.82-0.80

(m, 3H) ppm.

/\0)\/\/\/\

87.8% yield. "TH NMR (400 MHz, CDCLy): § 4.43 (t, J = 6.0 Hz, 1H), 3.64-3.55 (m,

1,1-Diethoxyoctane (3a)/!l: pale yellow oil, 674.59 mg,

2H), 3.48-3.40 (m, 2H), 1.58-1.53 (m, 2H), 1.30-1.23 (m, 10H), 1.15 (t, J = 7.2 Hz,
6H), 0.83 (t, /= 6.8 Hz, 3H) ppm.

/\0)\/\/\/\/

87.1% yield. "TH NMR (400 MHz, CDCls): 6 4.45 (t, J = 5.6 Hz, 1H), 3.65-3.58 (m,

1,1-Diethoxynonane (4a): pale yellow oil, 715.61 mg,

2H), 3.50-3.43 (m, 2H), 1.59-1.56 (m, 2H), 1.32-1.25 (m, 12H), 1.18 (t, J = 7.2 Hz,
6H), 0.86 (t, J = 6.8 Hz, 3H) ppm; *C NMR (101 MHz, CDCl;): § 103.0, 60.8, 33.6,
31.9,29.5,29.5,29.2, 24.8,22.6, 15.3, 14.1 ppm; FT-IR v max/cm-! 2926.06, 2856.61,



1461.89,1376.18, 1119.20, 1059.82, 905.84, 731.13, 648.80; HRMS (ESI) m/z: Calcd.
For C;3H,3NaO,*: 239.1982, Found: 239.1986 (M+Na*).

/\O)\/\/\/\/\

mg, 86.4% yield. '"H NMR (400 MHz, CDCly): & 4.41 (t, J = 5.6 Hz, 1H), 3.61-3.53

1,1-Diethoxydecane (5a) P¥l: pale yellow oil, 755.86

(m, 2H), 3.46-3.38 (m, 2H), 1.54-1.51 (m, 2H), 1.30-1.20 (m, 14H), 1.13 (t,J= 7.2 Hz,
6H), 0.81 (t, /= 6.8 Hz, 3H) ppm.

/\o)\/\/\/\/\/

748.99 mg, 80.7% yield. "H NMR (400 MHz, CDCls): § 4.31 (t, J = 5.6 Hz, 1H), 3.50-

1,1-Diethoxydecane (6a) [2l: pale yellow oil,

3.43 (m, 2H), 3.35-3.28 (m, 2H), 1.47-1.42 (m, 2H), 1.19-1.12 (m, 16H), 1.03 (t, J =
7.2 Hz, 6H), 0.73 (t,J= 7.2 Hz, 3H) ppm.

oo™ (Diethoxymethyl)cyclohexane (72a)P3l: pale yellow oil, 543.29 mg,

76.8% vield. "H NMR (400 MHz, CDCLy): § 4.08 (d, J = 7.2 Hz, 1H), 3.65-3.57 (m,
2H), 3.49-3.41 (m, 2H), 1.78-1.68 (m, 4H), 1.63-1.51 (m, 2H), 1.23-1.11 (m, 9H), 0.99-
0.91 (m, 2H) ppm.

e
~o O/\3-(Diethoxymethyl)tetrahydrofuran(9a)'4]: pale yellow oil, 210.42
mg, 31.8% yield. TH NMR (400 MHz, CDCly): & 4.33 (d, J = 8.0 Hz, 1H), 3.85-3.80
(m, 2H), 3.73-3.67 (m, 2H), 3.65-3.60 (m, 2H), 3.55-3.45 (m, 2H), 2.60-2.51 (m, 1H),
2.01-1.92 (m, 1H), 1.80-1.71 (m, 1H), 1.22-1.16 (m, 6H) ppm.



\/\O)\/\/\/

86.8% yield. '"H NMR (400 MHz, CDCL3): & 4.36 (t, J = 6.0 Hz, 1H), 3.46-3.40 (m,

1,1-Dipropoxyheptane: (11a): pale yellow oil, 713.15 mg,

2H), 3.29-3.24 (m, 2H), 1.53-1.44 (m, 6H), 1.21-1.16 (m, 8H), 0.83 (t, J= 7.6 Hz, 6H),
0.78 (t, J = 7.2 Hz, 3H) ppm; 3C NMR (101 MHz, CDCl5) & 103.1, 67.0, 33.4, 31.7,
29.1,24.7, 23.0, 22.5, 13.9, 10.6 ppm; FT-IR v max/cm' 2927.80, 2857.39, 1463.68,
1378.68, 1115.17, 1024.34, 907.23, 730.44, 647.34. HRMS (ESI) m/z: Calcd. For
C13HsNaO,*: 239.1982, Found: 239.1986 (M+Na*).

o)

/\/\o)\/\/\/

86.1% vield. '"H NMR (400 MHz, CDCLs): § 4.35 (t, J = 6.0 Hz, 1H), 3.49-3.44 (m,

1,1-Dibutoxyheptane (12a): pale yellow oil, 799.10 mg,

2H), 3.33-3.27 (m, 2H), 1.52-1.41 (m, 6H), 1.34-1.18 (m, 12H), 0.82 (t, J = 7.2 Hz,
6H), 0.78 (t, J = 6.8 Hz, 3H) ppm; 3C NMR (101 MHz, CDCLy) § 103.1, 65.0, 33.4,
32.0, 31.7, 29.1, 24.7, 22.5, 19.4, 13.9, 13.8; FT-IR v max/cm’: 2931.16, 2860.39,
1464.97, 1379.58, 1112.75, 1036.15, 906.34, 729.09, 647.63. HRMS (ESI) m/z: Calcd.
For CysH3,NaO,*: 267.2295, Found: 267.2302 (M+Na*).

/\/\/\(OJ\

)

14 J\ 1,1-Diisobutoxyheptane (14a): pale yellow oil, 797.25
mg, 85.9% yield. 'TH NMR (400 MHz, CDCl3): 6 4.39 (t, /= 6.0 Hz, 1H), 3.30-3.27
(m, 2H), 3.12-3.09 (m, 2H), 1.78-1.76 (m, 2H), 1.56-1.55 (m, 2H), 1.23 (m, 8H), 0.86-
0.83 (m, 15H) ppm; 3C NMR (101 MHz, CDCl;) 6 103.4, 72.2, 33.5, 31.9, 29.3, 28.8,
24.9,22.7,19.6, 14.1 ppm; FT-IR v max/cm': 2930.5, 2872.5, 1461.7, 1376.3, 1111.9,
1033.9, 902.1, 726.1, 646.7. HRMS (ESI) m/z: Calcd. For C;sH3;,NaO,*: 267.2295,
Found: 267.2303 (M+Na").



/W\(O\/\/\

(0]
15a

1,1-Bis(pentyloxy)heptane (15a): pale yellow oil,
847.36 mg, 81.9%. 'H NMR (400 MHz, CDCl5): 6 4.45 (t,J = 4.0 Hz, 1H), 3.57-3.53
(m, 2H), 3.42-3.37 (m, 2H), 1.61-1.55 (m, 6H), 1.33-1.25 (m, 16H), 0.90-0.86 (m, 9H)
ppm; 3C NMR (101 MHz, CDCl3) 8 103.2, 65.4, 33.5, 31.8, 29.6, 29.1, 28.5, 24.8,
22.6,22.5,14.1, 14.04, 14.01 ppm; FT-IR v max/cm-': 2928.5, 2873.6, 1458.7, 1372.3,
1114.9, 1030.8, 901.1, 724.2, 649.2. HRMS (ESI) m/z: Calcd. For C;;H3,NaO,":
295.2608, Found: 295.2612 (M+Na™).

8. Recycling tests of the ZSM-35(10) in tandem hydroformylation-

acetalization of 1-hexene with EtOH

The recycling tests are followed the general procedure for tandem hydroformylation—
acetalization of olefins. The ZSM-35(10) was separated from the mixture by using
centrifuge, washed by EtOH, and heated at 120 °C for 8 h under vacuum condition. The
reactivated ZSM-35(10) was used to test next recycling reaction with the same

condition and procedure.

yield
/b ratio
100
80 H
=
~60 |
]
o
8
C
]
S 40+
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20 H
0
1 2 3 4 5

Run

Figure S12. Recycling tests of ZSM-35(10)
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The Brunauer—Emmett—Teller (BET) surface area and pore volume of recovered ZSM-

35(10) are 264.2 m?/g and 0.15 cm’/g, respectively.
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9. NMR spectra of major products
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10. GC data for Table 1
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11. Standard orientation, imaginary frequencies of all stationary

points

The DFT method with M062X(D3) functional at the basis set level of 6-311G (d, p) were performed
using Gaussian 16 package.l!

Structure 1

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -3.267393 0.038352  -0.000638
2 6 0 -2.015912 -0.410318 0.000464
3 1 0 -4.113366  -0.639643  -0.000511
4 1 0 -3.495473 1.100733  -0.001715
5 1 0 -1.849350  -1.486648 0.001486
6 6 0 -0.773702 0.455124 0.000473
7 1 0 -0.790353 1.116769  -0.874410
8 1 0 -0.790046 1.116289 0.875733
9 6 0 0.532499  -0.348320 0.000047
10 1 0 0.550532  -1.008056 0.877004
11 1 0 0.550249  -1.007603  -0.877256
12 6 0 1.788759 0.528265 0.000074
13 1 0 1.768013 1.187485 0.876457
14 1 0 1.767742 1.187931  -0.875966
15 6 0 3.089854  -0.279231  -0.000336
16 1 0 3.155561  -0.922431  -0.883436
17 1 0 3.966023 0.374821  -0.000309
18 1 0 3.155841  -0.922880 0.882415

0 imaginary frequencies

Structure 1b

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -3.038360 0.509055 0.000043
2 1 0 -3.028164 1.168659  -0.876121
3 1 0 -3.028249 1.168415 0.876392
4 6 0 -1.767365  -0.348015  -0.000015
5 1 0 -1.777398  -1.008398 0.876835

6 1 0 -1.777317  -1.008160  -0.877047



7 6 0 -4.325995  -0.319617 -0.000136
8 1 0 -4.381534  -0.964165 0.882708
9 1 0 -5.212613 0.320137  -0.000083
10 1 0 -4.381453  -0.963909  -0.883172
11 6 0 -0.473861 0.473900 0.000155
12 1 0 -0.463404 1.134039 0.876883
13 1 0 -0.463325 1.134273  -0.876396
14 6 0 0.795381  -0.384413 0.000099
15 1 0 0.786347  -1.044308 -0.876546
16 1 0 0.786275  -1.044528 0.876578
17 6 0 2.084202 0.440551 0.000258
18 1 0 2.130692 1.101986 0.874046
19 1 0 2.130856 1.102242  -0.873311
20 6 0 3.352640 -0.393625 0.000319
21 8 0 4.465014 0.066887  -0.000809
22 1 0 3.199335  -1.498399 0.001363

0 imaginary frequencies

Structure 1a

Center Atomic Atomic Coordinates (Angstroms)

Number Number Type X Y Z
1 6 0 4954435  -0.615657 -0.278717
2 1 0 5.031863  -1.633951 0.121344
3 1 0 4933309 -0.719760  -1.370282
4 6 0 6.190716 0.188948 0.132787
5 1 0 7.111696  -0.284513  -0.218368
6 1 0 6.159130 1.201594  -0.281517
7 1 0 6.258736 0.280287 1.221451
8 6 0 3.637864 0.012157 0.192539
9 1 0 3.560615 1.031475  -0.207852
10 1 0 3.659660 0.116921 1.285295
11 6 0 2.394531  -0.785731  -0.215070
12 1 0 2.468596  -1.803293 0.189867
13 1 0 2.375758  -0.894384  -1.306922
14 6 0 1.079743  -0.148355 0.248293
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0 imaginary frequencies

Structure L11
Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -0.916216 0.390678  -2.800630
2 6 0 -0.473999 1.467756  -3.522681
3 6 0 0.098308 2.592562  -2.880880
4 6 0 0.209100 2.590434  -1.453652
5 6 0 -0.270547 1.468598  -0.707950
6 6 0 -0.814208 0.397499  -1.390721
7 1 0 0.480244 3.697995  -4.696039
8 1 0 -1.331192  -0.472080  -3.306424
9 1 0 -0.552536 1.461192  -4.604393
10 6 0 0.571885 3.710512  -3.614874
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71 6 0 4.691668 0.572591 0.494153

72 1 0 4.034884 1.270370 0.003753

0 imaginary frequencies
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