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Abstract

The synthesis of new rhodium complex based on pyrazole was reported and examined for its hydroformylation
reaction of styrene at different conditions. The studies of the X-ray spectrum show that we have selective
coordination with the rhodium COD just the head-to-tail was observed no head-to-head. We found that reaction
rate depends on different parameters: temperature, and the nature of solvent. We found very interesting results;
the selectivity for the branched aldehyde is increasing with the decreases of temperature.
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1. Introduction

The hydroformylation reaction is one of the largest industrial catalytic processes producing millions of tons of
aldehydes from alkenes annually. Branched aryl aldehydes are useful intermediates in the pharmaceutical
industry while straight chain linear aldehydes have been produced on megaton scales annually [1-11].
Mononuclear rhodium phosphines (Rh/Pars) catalysts dominate the hydroformylation industry predominantly
for C3 through C6 1-alkenes, where regioselectivity towards straight chain aldehyde products is still a problem
[12]. Moreover, the use of binuclear rhodium complexes bearing bridge ligands as catalysts precursors for the
hydroformylation of olefins has been less exploited considering that their catalytic activity is known for several

years. As example ofit, Stanley et al., reported an elegant work for the synthesis of the Rh complex
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[Rh2(NBD)2P-P] with P-P: different diphos-phines. They proposed the first mechanism for bimetallic
hydroformylation with a cooperative effect of both metal [13-14]. Otherwise, pyrazole presents a huge
importance in coordination chemistry and catalysis as nitrogen rich ligand [15-25]. Herein, we report the

synthesis of new pyrazolate Rh and its catalytic activity via the hydroformylation of styrene.

2. Results and Discussion
2.1 Synthesis of the Rhodium complex with the 5-Methyl-1H-pyrazole-3-carboxylic acid ester.

The structure of Head-to-tail PzRh(1) is presented below in Scheme 1.
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Scheme 1: Structure of Head-to-tail PzZRh(1)

2.2 Characterisation of the Complex PzRh(1):The structure was confirmed by using proton, carbon
NMR and X-ray (Figure 1)
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Figure 1: Structure RX of PzRh(l)
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Table 1. Crystal data and structure refinement for PzRh(1).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system,

space group

Unit cell dimensions

o o

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 23.30
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [I>2sigma (I)]
(all data)

R indices

Largest diff. peak and hole

PzRh(1)
C56 H76 N8 08 Rhi4
1400.89

208 (2) K

0.71073 A

Triclinic, P-1

= 11.797(19) A alpha = 81.48(11) deg.
= 15.503(19) A beta = 71.56(17) deg.
= 16.440(16) A gamma = 79.11(9) deg.

2788 (6) A3
2, 1.668 Mg/m"3
1.224 mm"~-1

1424

0.25 x 0.20 x 0.15 mm
1.31 to 23.30 deg.
-7<=h<=13,

-17<=k<=17, -18<=1<=15

11247 / 7512 [R(int) = 0.0270]
93.2 %

Semi-empirical from equivalents
0.8377 and 0.7495

Full-matrix least-squares on F"2
7512 / 0 / 693

1.085

R1 = 0.0419, wR2 = 0.0945

R1

0.0553, wR2

0.0997

0.695 and -0.800 e.A"-3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2 X
1073) for hal. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

x y z U (eq)
C(14) -1647(7) 2928 (5) 7747 (5) 70(2)
Rh (1) 1526 (1) 2620 (1) 10020 (1) 31 (1)
Rh (2) -593(1) 2992 (1) 9157 (1) 33 (1)
N (6) 415 (4) 1644 (3) 10313 (3) 31 (1)
0 (4) -3468 (4) 3893 (3) 10193 (3) 52 (1)
0(3) -3987(3) 4596 (2) 11394 (3) 42 (1)
N (5) -476 (4) 1795 (3) 9918 (3) 32(1)
N(7) -1005 (4) 3544 (3) 10331 (3) 32(1)
C(10) -2006 (5) 3913 (3) 10919 (3) 30 (1)
C(11) -3206(5) 4122 (4) 10761 (4) 36 (1)
0(2) 590 (4) -55(3) 12026 (3) 45 (1)
C(5) 889 (5) 695 (4) 11538 (4) 36(1)
0(1) 1623 (4) 1086 (3) 11637 (3) 54 (1)
C(7) 256 (5) 3462 (4) 12089 (4) 39(1)
C(4) 174 (5) 963 (4) 10940 (4) 33(1)
C(9) -1731(5) 3973 (3) 11670 (3) 32 (1)
C(2) -1252(5) 1213 (4) 10306 (4) 35(1)
N (8) -82 (4) 3386 (3) 10691 (3) 29 (1)
C(20) 447 (5) 2485 (4) 7954 (4) 41 (2)
C(27) 3497 (6) 2558 (4) 8297 (4) 53(2)
C(8) -519(5) 3630 (3) 11504 (3) 30 (1)
C(3) -866(5) 673 (4) 10930 (4) 40 (2)
C(28) 2903 (5) 1935 (4) 9026 (4) 40 (2)
C(17) -161(6) 4211 (4) 8429 (4) 45 (2)
C(21) 3198 (5) 1705 (4) 9781 (4) 45(2)
C(19) 1008 (6) 3190 (4) 7284 (4) 52 (2)
C(24) 2620 (5) 3476 (4) 10190 (4) 47 (2)
C(25) 2500 (5) 3697 (4) 9369 (4) 41 (2)
C(18) 907 (6) 4046 (4) 7648 (4) 55(2)
C(22) 4175 (6) 2074 (5) 9968 (5) 67 (2)
C(16) -1337(6) 4145 (4) 8489 (4) 48 (2)
C(13) -755(6) 2359 (4) 8144 (4) 46 (2)
C(26) 3495 (6) 3449 (4) 8559 (4) 52 (2)
C(6) 1200 (6) -364 (4) 12674 (4) 57 (2)
C(23) 3731 (6) 2929 (5) 10391 (5) 67 (2)
C(15) -1700(7) 3912 (5) 7752 (5) 74 (2)
C(1) -2397(5) 1236 (5) 10049 (4) 57 (2)
Rh (3) 6285 (1) 1988 (1) 5009 (1) 30 (1)
Rh (4) 4032 (1) 2450 (1) 4320 (1) 31 (1)
0(6) 4660 (3) 357 (2) 7875 (2) 41 (1)
0(7) 1854 (3) 5250 (2) 5620 (3) 40 (1)
C(42) 2347 (7) 2285 (5) 3347 (5) 67 (2)
0 (8) 1712 (4) 4050 (3) 5055 (3) 50 (1)
N(1) 3787 (4) 1622 (3) 5473 (3) 32(1)
N (3) 4181 (4) 3384 (3) 5064 (3) 29 (1)
0(5) 6148 (4) 1066 (3) 7002 (3) 46 (1)
N (4) 5186 (4) 3200 (3) 5346 (3) 31 (1)
C(33) 5177 (5) 828 (3) 7144 (4) 34 (1)
C(30) 2823 (5) 1336 (3) 6077 (3) 30 (1)
C(36) 5091 (5) 3801 (3) 5900 (3) 29 (1)
C(32) 4392 (5) 1039 (3) 6590 (3) 28 (1)
C(38) 3487 (5) 4111 (3) 5435 (3) 30 (1)
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Table 5. Hydrogen coordinates ( x 10”4) and isotropic displacement parameters (A2 x 1073)
for hal.
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1646 4048 7799 66
854 4532 7201 66
4810 2175 9426 81
4535 1635 10344 81
-1941 4250 9012 57
-1017 1886 8547 55
3413 3897 8086 62
4276 3456 8648 62
2043 -581 12397 85
820 -837 13055 85
1148 118 13005 85
4387 3286 10207 80
3543 2791 11017 80
-2525 4206 7791 89
-1163 4138 7206 89
-2670 1835 9847 86
-3024 1032 10545 86
-2222 854 9594 86
1549 2419 3764 80
2249 1978 2899 80
7012 2925 3795 51
5283 3382 3435 42
2794 1434 4361 56
6997 652 5637 54
6280 688 4498 51
2669 704 7308 41
8353 2098 2703 57
9160 1680 3311 57
4823 1080 3829 52
7231 1042 3099 61
8416 495 3283 61
3242 3088 2325 69
2111 3616 2962 69
654 5739 4986 77
388 6164 5859 77
100 5202 5878 77
6426 2430 2474 62
5608 2872 1879 62
7463 3028 5023 53
3756 4883 6277 41
6299 3128 6511 69
5632 4029 6900 69
6676 4035 6012 69
5779 1241 2337 65
4572 1773 2178 65
3285 3820 3783 50
6056 -298 8260 81
4853 -117 9028 81
5609 658 8578 81
1484 2030 5590 59
972 1512 6502 59
1512 996 5667 59
8673 2023 5628 73
9615 2060 4697 73
9301 785 4420 74
9063 603 5429 74
-5185 5226 10803 81
-5702 5156 11821 81
-5530 4319 11321 81
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Table 6. Torsion angles [deg] for hal.
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Rh (3)-Rh (4)-C(44)-C(45) 31.8(4)
N(3)-Rh(4)-C(44)-C(43) -148.5(5)
N(1)-Rh(4)-C(44)-C(43) -67.4(8)
C(41)-Rh(4)-C(44)-C(43) 9.6(5)
C(45)-Rh(4)-C(44)-C(43) 120.2(6)
C(48)-Rh(4)-C(44)-C(43) 46.5(5)
Rh(3)-Rh (4) -C(44)-C(43) 151.9(4)
C(53)-C(52)-C(51)-C(50) -45.0(9)
Rh (3)-C(52)-C(51)-C(50) 35.6(7)
C(56)-C(49)-C(50)-C(51) 91.9(7)
Rh(3)-C(49)-C(50)-C(51) 11.2(7)
C(52)-C(51)-C(50)-C(49) -31.6(9)

The studies of the X-ray spectrum (Tablse 1-6) shows that we have selective coordination with the rhodium
COD just the head-to-tail was observed no head-to-head. The distance spearing the Rh(1)-Rh(2) is 3.170 A,
means formation of pyrazolate-bridge rhodium comparing with other works in the literature. New pyrazolate-
bridge rhodium(l) complexe was prepared. Several studies have been carried out in the last years in order to test
the catalytic activity of some pyrazolte-bridge complexes in various reaction such as oligomerization and
Polymerization of alkynes, in this context we tray the hydroformylation of styrene, using (substrate/cat : 500/1
in 1000psi of CO/H2 : 1/1 in dichloromethane as solvent for 22 hours. With changing the temperature reaction
(Scheme 2) we found very interesting results. The selectivity for the branched aldehyde is increasing with the

decreases of temperature.

\
)
N Rh catalyst _ Z
22 h

Sub./Cat: 500/1

Entry T (oC) Conv% Distribution * L / B
1 25 14 0/100
2 45 100 1/17
3 65 100 17

* Determined by GC and proton NMR

Scheme 2: Catalytic test of the bridging pyrazolate Rh(1) complex in hydroformylation
reaction of styrene
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Conclusion

New pyrazolate-bridge rhodium (I) complex was prepared with head to tail system. The

hydroformylation reaction of styrene for this complex shows that the temperature plays a huge

importance in this case.
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