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Abstract – Treatment of 2-hydroxybenzyl phenyl sulfide 3 with 1.5 equiv. of 

[Pd(PPh3)4] in toluene led to the unanticipated formation of oxyphosphorane 4 in 

30% isolated yield. In contrast, the reaction of 3 with Pd(0) complex bearing PMe3 

ligands in toluene afforded the corresponding 1,2-oxapalladacycle 7 and 

oxyphosphorane 9 in addition to dithiolato complex trans-[Pd(SPh)2(PMe3)2] 8. 

Oxametallacycles have received remarkable attention in past years because of their unique structures and 

behaviors as key intermediates in catalytic reactions.
1
 In particular, reactions involving oxapalladacycles 

have proved to be useful for the synthesis of various types of organic compounds and heterocycles.
2,3

 For 

example, Malinakova and co-workers have demonstrated the synthesis of a series of five-membered 

1,3-oxapalladacycles featuring a Pd-bonded sp
3
-hybridized stereogenic carbon and phosphine or 

N,N-chelating ligands.
4
 The stoichiometric reactions of these oxapalladacycles with alkynes or allenes 

efficiently afforded 2H-1-benzopyrans.
4
 However, investigations of five-membered 1,2-oxapalladacycles 

with a PdO bond were quite limited probably due to a lack of suitable synthetic methods.
5
 Meanwhile, 

we have recently found the Pt(0)-promoted C(sp
3
)S and OH bonds cleavages of 2-hydroxybenzyl  

sulfide derivatives (1) to lead to an unexpected formation of novel five-membered 1,2-oxaplatinacycles  

(2) (Scheme 1).
6
 In this contribution, we present the sequential bond cleavage reaction of  

2-hydroxybenzyl phenyl sulfide with Pd(0) complexes. 
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Scheme 1. Reaction of 2-hydroxybenzyl sulfide derivatives 1 with Pt(0) complex 

 

When 2-hydroxybenzyl phenyl sulfide 3 was allowed to react with 1.5 equiv. of [Pd(PPh3)4] in toluene at 

room temperature for 36 h, the five-coordinated phosphine compound, oxyphosphorane 4, instead of the 

expected corresponding five-membered 1,2-oxapalladacycle, was produced in 30% isolated yield together 

with polymeric palladium clusters as insoluble materials (Scheme 2).
7
 The molecular structure of 4 was 

characterized by 
1
H, 

13
C{

1
H}, and 

31
P{

1
H} NMR spectroscopy, and finally verified by X-ray 

crystallographic analysis. In the 
1
H NMR of 4, the characteristic benzylic protons were observed as a 

doublet signal at 2.77 with the 
1
H-

31
P coupling constant of 13 Hz. In the 

31
P{

1
H} NMR spectrum of 4, a 

sharp singlet appeared at 41.5, which is comparable to those of the reported oxyphosphoranes (60.8 

to 39.8).
8
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Scheme 2. Reaction of 3 with [Pd(PPh3)4] 

 

Colorless single crystals of 4 suitable for X-ray crystallography were grown from a concentrated 

CH2Cl2/hexane solution at 18 °C. As illustrated in Figure 1,
9
 the phosphorus center adopts a slightly 

distorted trigonal bipyramidal geometry that has a phenoxide oxygen (O1) and a phenyl carbon (C4) 

atoms at apical positions and a benzylic carbon (C1) and two phenyl carbons at equatorial positions. The 

PO bond length is 1.8738(17) Å, which is slightly elongated in comparison with those of the previously 

reported oxyphosphoranes within the range of 1.75 to 1.85 Å.
8
 As expected,

10
 three equatorial PC bonds 

[1.816(2)1.841(2) Å] are remarkably shorter than the apical P1C4 bond [1.912(2) Å]. 

The formation mechanism of 4 is reasonably explained as shown in Scheme 3. In the first stage, the CS 

and OH bonds cleavage of 3 mediated by Pd(0) complex would occur to furnish the corresponding 

1,2-oxapalladacycle 5 as an initial intermediate similarly to the formation of 1,2-oxaplatinacycle 2.
6
 Then, 

nucleophilic attack of the phenoxide oxygen in 5 at the coordinated cis phosphorus center takes place to 

give a six-membered palladaphosphorane intermediate 6.
11

 Finally, the coordination of PPh3 to the 
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palladium center in 6 followed by the reductive elimination of [Pd(PPh3)2] or direct elimination of Pd(0) 

species from 6 leads to the formation of 4. 

 

Figure 1. ORTEP diagram of 4 with 50% thermal ellipsoids. All hydrogen atoms are omitted for clarity. 

Selected bond lengths [Å] and angles [°]: P1O1 1.8738(17), P1C1 1.841(2), P1C4 1.912(2), P1C5 

1.816(2), P1C6 1.832(2), O1P1O2 102.33(6), O1P1C4 175.35(11), O1P1C1 86.74(9), 

C1P1C4 92.33(11), C1P1C5 115.63(11), C1P1C6 125.10(11), C5P1C6 118.04(11). 

 

 

 

Scheme 3. Plausible formation mechanism for 4 

 

We next carried out the reaction of 3 with Pd(0) complex bearing much strong -donor PMe3 ligands. 

Treatment of 3 with [Pd(PMe3)4] in toluene at room temperature for 42 h, which is generated in situ by the 

reaction of 2.0 equiv. of [Pd(-C3H5)(-C5H5)] with 9.6 equiv. of PMe3, afforded a mixture of 

1,2-oxapalladacycle 7 and dithiolato complex trans-[Pd(SPh)2(PMe3)2] 8
5b 

in the ratio of 1.6:1.0 based on 

the 
31

P{
1
H} NMR integral ratio (Scheme 4). After rinsing with Et2O and hexane, 7 and 8 were isolated in 
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6% and 7% yields, respectively.
12

 In the 
1
H NMR spectrum of 7, a characteristic doublet of doublets signal 

due to benzylic protons was observed at δ 3.16 with the 
31

P coupling constants of 9 and 5 Hz, and two 

methyl protons for PMe3 ligands appeared at δ 0.72 (
3
JPH = 10 Hz) and 1.01 (

3
JPH = 7 Hz) as doublet 

signals. The 
31

P{
1
H} NMR spectrum of 7 displayed two nonequivalent doublet signals with 

31
P coupling 

constant of 35 Hz at  19.3 and 8.7. The molecular structure of 7 was supported by the X-ray 

diffraction, but we are not able to discuss any structural parameters owing to the low quality of crystal 

data.
13
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Scheme 4. Reaction of 3 with [Pd(-C3H5)(-C5H5)] in the presence of PMe3 

 

In relation to the formation mechanism for 4, we examined the reaction of 3 with [Pd(-C3H5)(-C5H5)] in 

the presence of an excess amount of PMe3 (20 eq.) in toluene for 60 h. As the result, the corresponding 

trimethyl-substituted oxyphosphorane 9 together with complexes 7 and 8 were mainly produced in the 

ratio of 0.2:1.0:0.1 judged by the 
31

P{
1
H} NMR (Scheme 5).

14
 In the 

1
H NMR of 9, the benzylic protons 

were exhibited as a doublet signal at 2.47 (
3
JPH = 14 Hz), which is somewhat high-field shifted 

compared with that of the above mentioned 4. The three methyl protons in 9 were observed equivalently as 

a doublet signal at 0.97 (
3
JP-H = 11 Hz) due to Berry pseudorotation in the NMR time scale.

10,15
 The 

31
P{

1
H} NMR spectrum of 9 showed a broad singlet at 53.3. The formation of 9 suggests that the 

coordination of free phosphine to the palladium center of palladaphosphorane intermediates like 6 induces 

the reductive elimination of Pd(0) species to give oxyphosphoranes 4 and 9. 
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Scheme 5. Reaction of 3 with [Pd(-C3H5)(-C5H5)] in the presence of an excess amount of PMe3 

 

In summary, we have demonstrated the unique reactivity of 2-hydroxybenzyl phenyl sulfide 3 with Pd(0) 

complexes via unusual C(sp
3
)S and OH bonds cleavage giving the novel oxyphosphoranes 4 and 9 or 

1,2-palladacycle 7. Further investigations on the bond cleavage of 3 are currently in progress using other 

transition metal complexes. 

HETEROCYCLES, Vol. 90, No. 1, 2015 147



 

ACKNOWLEDGEMENTS 

Part of this study was financially supported by a Grant-in-Aid for Scientific Research on Innovative Areas 

“Molecular Activation Directed toward Straightforward Synthesis” from the Ministry of Education, 

Culture, Science and Technology of Japan. 

REFERENCES AND NOTES 

1. For a recent review, see: K. Tanaka and Y. Tajima, Eur. J. Org. Chem., 2012, 3715. 

2. For selected reviews, see: (a) I. P. Beletskaya and A. V. Cheprakov, J. Organomet. Chem., 2004, 689, 

4055; (b) J. Dupont, C. S. Consorti, and J. Spencer, Chem. Rev., 2005, 105, 2527. 

3. (a) C. Fernández-Rivas, D. Cárdenas, B. Martín-Matute, Á. Monge, E. Gutiérrez-Puebla, and A. M. 

Echavarren, Organometallics, 2001, 20, 2998; (b) M. P. Muñoz, B. Martín-Matute, C. 

Fernández-Rivas, D. J. Cárdenas, and A. M. Echavarren, Adv. Synth. Catal., 2001, 343, 338; (c) C. 

Bianchini, A. Meli, W. Oberhauser, P. W. N. M. van Leeuwen, M. A. Zuideveld, Z. Freixa, P. C. J. 

Kamer, A. L. Spek, O. V. Gusev, and A. M. Kal’sin, Organometallics, 2003, 22, 2409; (d) W. E. 

Lindsell, D. D. Palmer, P. N. Preston, G. M. Rosair, R. V. H. Jones, and A. J. Whitton, 

Organometallics, 2005, 24, 1119; (e) R. Giri and J.-Q. Yu, J. Am. Chem. Soc., 2008, 130, 14082; (f) 

T. Miura, T. Toyoshima, Y. Takahashi, and M. Murakami, Org. Lett., 2008, 10, 4887; (g) Q. Xu, R. 

Shen, Y. Ono, R. Nagahata, S. Shimada, M. Goto, and L.-B. Han, Chem. Commun., 2011, 47, 2333. 

4. (a) J. L. Portscheller and H. C. Malinakova, Org. Lett., 2002, 4, 3679; (b) J. L. Portscheller, S. E. 

Lilley, and H. C. Malinakova, J. Org. Chem., 2004, 69, 8266; (c) G. Lu, J. L. Portscheller, and H. C. 

Malinakova, Organometallics, 2005, 24, 945; (d) J. C. Hershberger, L. Zhang, G. Lu, and H. C. 

Malinakova, J. Org. Chem., 2006, 71, 231; (e) R. Guo, J. L. Portscheller, V. W. Day, and H. C. 

Malinakova, Organometallics, 2007, 26, 3874. 

5. (a) R. Kakino, K. Nagayama, Y. Kayaki, I. Shimizu, and A. Yamamoto, Chem. Lett., 1999, 685; (b) 

K. Nagayama, F. Kawataka, M. Sakamoto, I. Shimizu, and A. Yamamoto, Bull. Chem. Soc. Jpn., 

1999, 72, 573. 

6. N. Nakata, N. Furukawa, T. Toda, and A. Ishii, Angew. Chem. Int. Ed., 2010, 49. 5784. 

7. A solution of 3 (90.2 mg, 0.28 mmol) in toluene (6 mL) was added to a solution of [Pd(PPh3)4] 

(501.0 mg, 0.43 mmol) in toluene (15 mL) at room temperature. The mixture was stirred for 36 h at 

room temperature, and then the solvent was removed under reduced pressure. The residue was 

dissolved in a mixed solvent of hexane and CH2Cl2, and insoluble PPh3=O and palladium black were 

removed by filtration. The filtrate was evaporated to dryness and the residue was washed with 

MeOH to give oxyphosphorane 4 (39.9 mg, 32%) as colorless crystals. 4: Mp 155156 ˚C; 
1
H NMR 

(400 MHz, CDCl3)  0.98 (s, 9 H), 1.29 (s, 9 H), 3.75 (d, 
2
JPH = 13 Hz, 2 H), 7.01 (s, 1 H), 7.09 (s, 

148 HETEROCYCLES, Vol. 90, No. 1, 2015

http://dx.doi.org/10.1002/ejoc.201200098
http://dx.doi.org/10.1021/cr030681r
http://dx.doi.org/10.1021/om0010565
http://dx.doi.org/10.1002/1615-4169(20010226)343:4&lt;338::AID-ADSC338&gt;3.0.CO;2-I
http://dx.doi.org/10.1021/om021049b
http://dx.doi.org/10.1021/om049131p
http://dx.doi.org/10.1021/ja8063827
http://dx.doi.org/10.1021/ol801844w
http://dx.doi.org/10.1039/c0cc03436c
http://dx.doi.org/10.1021/ol0201456
http://dx.doi.org/10.1021/jo0486847
http://dx.doi.org/10.1021/om0491544
http://dx.doi.org/10.1021/jo052105w
http://dx.doi.org/10.1021/om7002865
http://dx.doi.org/10.1246/cl.1999.685
http://dx.doi.org/10.1246/bcsj.72.573
http://dx.doi.org/10.1246/bcsj.72.573
http://dx.doi.org/10.1002/anie.201001937


 

1 H), 7.237.35 (m, 15 H); 
13

C{
1
H} NMR (101 MHz, CDCl3)  28.9 (CH3), 31.9 (CH3), 33.5 (d, 

1
JPC = 96 Hz, CH2), 34.18 (C), 34.23 (C), 118.7 (C), 118.8 (d, 

3
JPC = 19 Hz, CH), 121.6 (CH), 

127.5 (d, 
2
JPC = 17 Hz, CH), 128.5 (d, 

4
JPC = 2 Hz, CH), 131.0 (d, 

3
JPC = 9 Hz, CH), 132.7 (d, 

2
JPC = 10 Hz, C), 132.3 (C), 137.5 (C), 154.2 (d, 

2
JPC = 4 Hz, CO); 

31
P{

1
H} NMR (202 MHz, 

CDCl3) 41.5. HRMS (ESI-TOF) Calcd for [C33H36OP + H]
+
: 481.26548. Found: 481.26565. 

8. (a) H. J. Bestmann, C. Riemer, and R. Dötzer, Chem. Ber., 1992, 125, 225; (b) E. Vedejs and P. L. 

Steck, Angew. Chem. Int. Ed., 1999, 38, 2788; (c) S. Naya and M. Nitta, J. Chem. Soc., Perkin Trans. 

2, 2002, 1017. 

9. Crystallographic data for 4: C33H37OP, MW = 480.60, monoclinic, space group P21/n, a = 11.731(3) 

Å, b = 9.649(2) Å, c = 23.473(6) Å,  = 90.344(6)°, V = 2656.9(3) Å
3
, Z = 4, Dcalc = 1.201 g cm

-3
, R1 

(I > 2I) = 0.0561, wR2 (all data) = 0.1566 for 4898 reflections and 322 parameters, GOF = 1.067. 

Deposition number CCDC-1010106 for 4. Free copies of the data can be obtained via 

http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge, CB2 1EZ, UK; Fax: +44 1223 336033; e-mail: 

deposit@ccdc.cam.ac.uk). 

10. K.-Y. Akiba, ‘Organo Main Group Chemistry’, John Wiley & Sons: New Jersey, 2011, Chap. 2, pp. 

2555. 

11. For selected review and paper for metallaphosphorane intermediates, see: (a) J. Goodman and S. A. 

Marcgregor, Coord. Chem. Rev., 2010, 254, 1295; (b) V. V. Grushin and W. J. Marshall, J. Am. Chem. 

Soc., 2004, 126, 3068.  

12. 7: 
1
H NMR (300 MHz, C6D6)  0.70 (d, 

2
JPH = 10 Hz, 9 H), 1.00 (d, 

2
JPH = 7 Hz, 9 H), 1.58 (s, 9 

H), 1.92 (s, 9 H), 3.17 (dd, 
3
JPH = 9, 5 Hz, 2 H), 7.31 (s, 1 H), 7.46 (s, 1 H); 

31
P{

1
H} NMR (202 

MHz, C6D6) 19.3 (d, 
2
JPP = 35 Hz), 8.7 (d, 

2
JPP = 35 Hz). 

13. Crystallographic data for 7: C21H40OP2Pd, MW = 476.87, monoclinic, space group P2/n, a = 

21.033(5) Å, b = 12.483(3) Å, c = 21.142(5) Å,  = 93.703(4)°, V = 5539(2) Å
3
, Z = 8, Dcalc = 1.144 

g cm
-3

, R1 (I > 2I) = 0.1677, wR2 (all data) = 0.4129 for 32940 reflections and 12673 parameters, 

GOF = 1.055. 

14. 9: 
1
H NMR (400 MHz, C6D6)  0.98 (d, 

2
JPH = 11 Hz, 9 H), 1.47 (s, 9 H), 1.66 (s, 9 H), 2.48 (d, 

2
JPH = 13 Hz, 2 H), 7.15 (d, 

4
JHH = 2 Hz, 1 H), 7.43 (d, 

4
JHH = 2 Hz, 1 H); 

13
C{

1
H} NMR (101 

MHz, C6D6)  22.4 (d, 
1
JPC = 75 Hz, PCH3), 29.8 (CH3), 32.0 (d, 

1
JPC = 96 Hz, CH2), 34.2 (CH3), 

34.5 (C), 35.1 (C), 119.0 (C), 119.6 (CH), 121.8 (CH), 132.4 (C), 136.3 (C), 156.6 (d, 
2
JPC = 3 Hz, 

CO); 
31

P{
1
H} NMR (202 MHz, C6D6) 56.2. 

15. R. S. Berry, J. Chem. Phys., 1960, 32, 933. 

HETEROCYCLES, Vol. 90, No. 1, 2015 149

http://dx.doi.org/10.1002/cber.19921250135
http://dx.doi.org/10.1002/(SICI)1521-3773(19990917)38:18&lt;2788::AID-ANIE2788&gt;3.0.CO;2-P
http://dx.doi.org/10.1039/b109076n
http://dx.doi.org/10.1039/b109076n
http://dx.doi.org/10.1002/9781118025918.ch2
http://dx.doi.org/10.1002/9781118025918.ch2
http://dx.doi.org/10.1021/ja049844z
http://dx.doi.org/10.1021/ja049844z
http://dx.doi.org/10.1063/1.1730820



