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1,2-Diphosphetane 4, the  first ”1,2-diphospha[4]radialene“, has 
been prepared in 83% yield by the reductive coupling reaction 
of 2,3-bis(chloroisopropylphosphanyl)butadiene 3a with lith- 

ium in THF. The X-ray crystal structure of 4 was determined, 
and it shows that 4 is a highly strained 1,2-diphosphetane. 

Carbon-phosphorus heterocycles possessing an endocyclic P - P 
bond have gained a continual interest in the last decades“]. 1,2- 
Diphosphetanes are accessible by [2 + 21 cycloaddition, on the one 
hand by head-to-head dimerization of suitably substituted phos- 
phaalkenesI2] and on the other hand by reaction of a transition- 
metal-substituted diphosphene with electron-deficient alkenesC3]. 

Recently, we reported on the synthesis and reactivity of “phos- 
pha[3]radialenes” 114]. A fascination ring opening of 1 and 2 with 
dichloroorganophosphanes exclusively provided the corresponding 
2,3-bis(chlorophosphanyl)butadiene 3I4]. In principle, 3 represents a 
building block in the synthesis of the 1,2-diphosphetane 4 which is 
accessible by reductive cyclization of 3 with an electropositive metal. 
However, it must be taken into account that a P-P bond can be 
cleaved by lithium in ethereal solvents[51. 
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temperature 1,2-diisopropyl-3,4-diisopropylidene-1,2-diphosphe- 
tane (4) was isolated in 83% yield as a colorless, crystalline, air- 
sensitive compound. 

The four-membered ring is indicated by the presence of long- 
range P,H and P,C couplings with both phosphorus atoms in the 
‘H- and 13C-NMR spectra as well as by the mass spectrum. A priori, 
4 should exist as a mixture of two diastereomers (cisltrans isomers) 
caused by the two stereogenic phosphorus atoms. The NMR spec- 
tra of the crude product of the reaction of 3a and lithium do not 
give any indication of the presence of two diastereomers, e.g., the 
”P-NMR spectrum of 4 shows only one resonance signal 
(6 = 1 l.0)[91. In order to ascertain unequivocally the relative config- 
uration of 4 we determined the structure of 4 in the crystal by X- 
ray diffraction. 

The 1,2-diphosphetane 4 exhibits trans-oriented isopropyl groups 
at the phosphorus atoms, and it adopts in the crystal a distorted 
nonplanar CzP2 ring. The molecule possesses a 2-fold rotation axis 
(Figure 3). The P-P bond length [2.245(1) A] is similar to P-P  
distances found in other 1,2-diphosphetanes (2.20- 2.25 A)rZ331. The 
central bond of the butadiene unit [1.468(3) A, C1 -Cl’] as well as 

When starting from 3a the formation of the P-P bond with 
magnesium in THF did not occur[6]. However, when 3a reacts with 
a stoichiometric amount of activated lithium[’] in THFLE1 at room 
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Figure 1. Molecular structure of 4 (thermal ellipsoids at the 30% 
probability level for P and C); selected bond lengths [A], bond 
angles r], and dihedral angles r]: P - P  2.245(1), P-C1 1.847(3), 
P-C5 1.861(3), C1 -C1’ 1.468(3), C1 -C2 1.336(4); P-P-C1 
76.6(1), P-P-C5 97.6(1), C1-P-C5 101.8(1), P-C1-Cl’ 
100.1(21. P-Cl-C2 125.8(21. Cl’-Cl -C2 132.1(2k C5-P-P-  
C5‘ <74.7(1), C1 -P-P-‘Cl’ 15.3(1), C2-Cl-CP-C2’ 57.8(3), 

P-C1 -C1’-P’ 23.2(1) 
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the dihedral angle within the butadiene unit [57.8(3)”, C2-C1- 
C1’-C2’] are smaller than analogous bond lengths and dihedral 
angles of the “hetero[6]radialenes” 5[‘”. An indication of the highly 
strained four-membered ring is the enormous difference of syn-di- 
hedral angles of the butadiene unit of 4 the semicyclic dihedral 
angle (C2-C1 -Cl’-C2’) is 34.6” larger than the endocyclic one 

In contrast to 1,2-dihydro-l,2,3,4-tetraphenyl-l,2-diphosphete- 
ne[’’I, which reacts with sulfur by P-P bond cleavage to the 1,2,5- 
thiadiphosphol derivative 6t121, 4 undergoes sulfuration to give the 
1,2-diphosphetane 7 in 72% yield. 

(C1 -P-P’-CI’). 

Scheme 2 
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In order to obtain an additional proof of the intact P-P bond 
of 7, we synthesized a 1,2,5-thiadiphospholane 9, a pendant of 6. 
The known cleavage of P - P bonds with lithium in THF[’I makes 
possible the synthesis of 9 starting from the 1,2-diphosphetane 4. 9 
(1 8%) was readily prepared by sequential treatment of the resulting 
dianion 8 with diimidazolyl sulfide[‘31 and sulfur. According to the 
”P-NMR spectrum of the chromatographically purified product, 9 
arises as one diastereomer. 

The work was supported by the Stiftung Volkswagenwerk (project 
Professor A. Maercker). W. B. is grateful to Professor A. Maercker 
for stimulating discussions. T. K. thanks Professor H. D. Lutz for 
providing access to the four-circle diffractometer. 

Experimental 
All experiments were carried out under dry Ar. - NMR: Bruker 

WH 400; CDC13 solutions with TMS and phosphoric acid (external 
standard) as reference compounds. 

1,2-Diisopropyl-3,4-diisopropylidene-l,2-diphosphetane (4): To a 
stirred mixture of 17.3 g (52.9 mmol) of 3ar4’ in 100 ml of dry THF 
was added at room temperature in small portions 0.73 g (106 mmol) 
of powdered lithium (2% sodium)[’]. The mixture was sonicated 
until the lithium was consumed (20 min). After removal of the sol- 
vent in vacuo, condensation (8OoC/O.0O1 Torr) afforded 11.2 g 
(83%) of 4, m.p. 36-38°C. - ‘H NMR (CDC13): 6 = 2.07 [sept 
“d”, 3J(H,H) = 7.0 Hz, J(P,H) + J(P’,H) = 1.6 Hz, 2H, CHI, 1.86 
(s, 6H, =CCH3), 1.67 (s ,  6H, =CCH]), 1.18 [d“t”, ]J(H,H) = 7.0 
Hz, J(P,H) + J(P’,H) = 14.8 Hz, 6H, CHJ, 1.10 [d“t”, ’J(H,H) = 
7.0 Hz, J(P,H) + J(P’,H) = 14.8 Hz, 6H, CHJ. - {‘H}13C NMR 
(CDC13): 6 = 139.2 (s, =C), 133.2 [“t”, J(P,C) + J(P’,C) = 17.0 
Hz, =C], 26.4 [“t”, J(P,C) + J(P’,C) = 8.1 Hz, CHI, 22.0 Yt”, 

J(P,C) + J(P’,C) = 18.9 Hz, CH3, double intensity], 21.2 r‘t”, 

21.6 Hz, CH3]. - {1H}3‘P NMR (CDC13): 6 = 11.0 (s). - IR (film): 
0 = 1440 cm-’ (s), 1365 (s), 1150 (m). - MS (70 eV), m/z (%): 256 
(47) [M’], 214 (40), 171 (51), 139 (43), 43 (79), 41 (100). 

J(P,C) + J(P’,C) = 21.8 Hz, CHJ, 20.4 Yt”, J(P,C) + J(P’,C) = 

C14H26P2 (256.3) Calcd. C 65.61 H 10.22 P 24.17 
Found C 65.35 H 10.29 P 23.74 

1,2-Diisopropyl-3,4-diisopropylidene-1,2-diphosphetane 1,2-Disul- 
fide (7): A mixture of 1.20 g (4.68 mmol) of 4,0.30 g (9.36 mmol) of 
sulfur, and 20 ml of benzene was stirred for 2 h at room tempera- 
ture. The solvent was removed in vacuo, and crystallization from 
n-hexane gave 1.08 g (72%) of 7, m.p. 130-132°C. - ‘H NMR 
(CDCI,): 6 = 2.69 [sept “d”, ’J(H,H) = 7.0 Hz, J(P,H) + J(P,H) 
= 2.4 Hz, 2H, CHI, 2.21 [“d”, J(P,H) + J(P,H) = 0.8 Hz, 6H, 

1.36 [d“d”, ’J(H,H) = 7.0 Hz, J(P,H) + J(P’,H) = 20.1 Hz, 6H, 
CHJ, 1.23 [d“t”, 3J(H,H) = 7.0 Hz, J(P,H) + J(P’,H) = 20.8 Hz, 
6H, CHJ. - {lH}l3C NMR (CDC13): 6 = 151.2 r t ” ,  J(P,C) + 
J(P’,C) = 28.8 Hz, =C], 130.7 Yt”, J(P,C) + J(P,C) = 92.4 Hz, 
=C], 29.8 Yt”, J(P,C) + J(P,C) = 47.0 Hz, CHI, 25.5 Yt”, J(P,C) 
+ J(P,C) = 8.8 Hz, CHJ, 23.5 Yt”, J(P,C) + J(P’,C) = 5.7 Hz, 
CHJ 16.5 (s ,  CH3), 15.9 (s ,  CH3). - {‘H}3’P NMR (CDC13): 6 = 

=CCH3], 1.76 [“d”, J(P,H) + J(P’,H) = 1.5 Hz, 6H, =CCH3], 

67.1 (s). - IR (film): 0 = 1595 cm-’ (s), 1030 (s), 695 (s). - MS (70 
eV), m/z (%): 320 (36) [M’], 278 (27), 139 (64), 91 (56), 43 (99), 41 

(loo)’ C14H26P2S2 (320.4) 
Calcd. C 52.48 H 8.18 P 19.33 S 20.01 
Found C 51.44 H 8.06 P 18.70 S 20.38 

2,5-Diisopropyl-3,4-diisopropylidene-l,2~5-thiadiphospholane 2,5- 
Disuljide (9): The solution of the dianion 8, prepared by stirring a 
mixture of 1.76 g (6.78 mmol) of 4, 20 ml of THF, and 0.10 g (13.8 
mmol) of powdered lithium (2% sodium)[’] for 2 h, was added 
within 30 min to a mixture of 1.15 g (6.92 mmol) of diimidazolyl 

in 20 ml of benzene. After stirring for 30 min at room 
temperature, 0.40 g (12.5 mmol) of sulfur was added, and the mix- 
ture was heated for 10 min under reflux. Aqueous workup and 
chromatography (A1203, Activity I) with n-pentane followed by 
CH2C12 as eluent afforded 0.44 g (18%) of 9, m.p. 230-231 “C [n- 
hexane/ethyl acetate (70: 30)]. - ‘H NMR (CDCl,): 6 = 2.56 [“t”, 
J(P,H) + J(P,H) = 5.9 Hz, 6H, =CCHJ, 2.40 r o d ’ ,  3J(H,H) = 
7.0 Hz, J(P,H) + J(P’,H) = 7.0 Hz, 2H, CHI, 1.88 r‘t”, J(P,H) + 
J(P,H) = 5.0 Hz, 6H, =CCHJ, 1.29 [d“d”, ’J(H,H) = 7.0 Hz, 
J(P,H) + J(P’,H) = 21.7 Hz, 6H, CHJ, 1.21 [d“d”, ’J(H,H) = 7.0 
Hz, J(P,H) + J(P,H) = 22.5 Hz, 6H, CHJ. - {‘H}I3C NMR 
(CDC13): 6 = 157.1 [“t”, J(P,C) + J(P,C) = 20.6 Hz, =C], 125.4 
Ydd”, J(P,C) + J(P’,C) = 79.5 Hz, =C], 36.0 [“t”, J(P,C) + 

14.8 (s, CHI). - {1H}31P NMR (CDCI3): 6 = 80.8 (s). - IR (film): 
0 = 1590 cm-’ (s), 1030 (s), 685 (s). - MS (70 eV), m/z (YO): 352 
(57) [M’], 319 (21), 171 (loo), 107 (72), 43 (74), 41 (79). 

J(P‘,C) = 54.2 Hz, CHI, 26.5 (s ,  CH3), 22.0 (s, CH3), 16.7 (s ,  CH3), 

Cdz6P2S3 (352.5) 
Calcd. C 47.71 H 7.43 P 17.59 S 27.29 
Found C 47.95 H 7.81 P 17.49 S 27.45 

Crystal Structure Determination of 4[14]: Crystals were obtained 
from neat 4; crystal dimensions 0.50 x 0.45 x 0.30 mm; a = b = 

857.66(7), c = 1983.3(4) pm; V = 1263.4(5) A3; dcald. = 1.010 g 
cmP3; Z = 3; space group P3121; Mo-K, radiation; p(Mo-K,) = 
2.3 cm-’; Om,, = 25”, -1 < h < 10, -1 < k < 10, -23 < 1 < 
23. 2562 reflections were measured at room temperature with a 
four-circle diffractometer (CAD4, Enraf-Nonius); structure solution 
by direct methods, hydrogen atoms located by difference Fourier 
analyses. Refinement with 938 independent reflections [ I  2 3o(I)] 
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by the full-matrix method (P, C anisotropic, H isotropic) converged 
in the last cycle for 125 parameters at R = 0.0278, R ,  = 0.0265 
(w = 1); no residual electron density larger than k0.27 e k 3 .  All 
calculations were carried out with the system SDP"']. Atom par- 
ameters are listed in Table 1. 

Table 1. Atomic coordinates and equivalent isotro ic thermal pa- 
rameters [A2] for 4; B,, = (4/3) . [a2 . B(1,l) + b . B(2,2) + c2 . 
B(3,3) + ab(cosy) . B(1,2) + ac(cosP) . B(3,3) + bc(cosu) . B(2,3)] 

P 

Atom X Y Z 4 

P 0.90038(9) 0.451 75(9) 0.12413(4) 4.77(2) 
C1 0.9142(3) 0.6662(3) 0.1483(1) 4.61(7) 
C2 0.7794(3) 0.7015(4) 0.1459(1) 5.35(7) 
C3 0.7837(4) 0.8563(4) 0.1829(2) 7.62(9) 
C4 0.6054(4) 0.5825(4) 0.1090(2) 7.7(1) 
C5 1.0649(4) 0.524014) 0.053611) 5.3917) 
c 6  i.ii61(4j 0.3833(5j o.o403(2j 7.9(1) 
C7 0.9820(5) 0.5624(5) -0.0085(2) 7.5(1) 

['I See for example: [la] M. Baudler, F. Saykowski, Z .  Naturforsch., 
B: Anorg. Chem., Org. Chem. 1978, 33B, 1208-1213. - [Ib1 M. 
Baudler F. Sa kowski, Z .  Anorg. Allg. Chem. 1982,486, 39-44. 
- 'lei Lk12,3,11r - 'ld1 K. Issleib, K. Krech, Chem. Ber. 1966, 99, 
1310-1315. - [Ie1 T. Kauffmann, E. Antfang, J. Olbrich, Chem. 
Ber. 1985, 118, 1022-1030; J. Mathey, F. Mercier, F. Nief, J. 
Fischer, A. Mitschler, J.  Am. Chem. SOC. 1982, 104, 2077-2079. 

[21[2a1 G. Becker, W. Becker, 0. Mundt, Phosphorus Sulfur 1983, 
14,267-283. - G. Becker, W. Becker, G. Uhl, W. Uhl, H.- 
J. Wessely, Phosphorus Sulfur 1983, 18, 7 - 10. - 12c1 R. Appel, 
F. Knoch, H. Kunze, Chem. Ber. 1984, 117, 3151-3159. - 
IZdl N. Hoa Tran Huy, F. Mathey, Organometallics 1987, 6, 

13] L. Weber, M. Frebel, R. Boese, Chem. Ber. 1990, 12.3, 733-738. 
207 - 208. 

[41 A. Maercker, W. Brieden, Chem. Ber. 1991, 124, 933-938. 
Is] See for example: N. Maigrot, L. Ricard, C. Charrier, F. Mathey, 

Anaew. Chem. 1990.102.575-576: Anaew. Chem. Int. Ed. End.  , ,  , "  

199"0, 29, 534-5535, 
" 

16] K. Diemert, W. Kuchen. J. Kutter. Chem. Ber. 1982. 115, 
1947- 1955. 

['I A. Maercker, M. Theis, Organomet. Synth. 1986, 3, 378 - 380. 
['I Cf.: H. Heydt, M. Regitz, Methoden Org. Chem. (Houben- Weyl) 

19] For different 31P-NMR resonance si nals in tetraalkyl-1,2-di- 
phosphanes (meso and DL form) see: H. C. E. McFarlane, W. 
McFarlane, J. A. Nash, J.  Chem. Soc., Dalton Trans. 1980, 
240-244. - [9b1 A. A. M. Ali, G. Bocelli, R. K. Harris, M. Fild, 
J. Chem. Soc., Dalton Trans. 1980, 638-644. 

A. Maercker, F. Brauers, W. Brieden, M. Jung, H. D. Lutz, 
Angew. Chem. 1988, 100 413-414; Angew. Chem. Int. Ed. Engl.  
1988,27,404-405. - A. Maercker, W. Brieden, T. Schmidt, 
H. D. Lutz, Angew. Chem. 1989, 101, 477-479; Angew. Chem. 
Int. Ed. Engl.  1989,28,477 -478. - [locl A. Maercker, F. Brauers, 
W. Brieden, B. Engelen, J. Organomet. Chem. 1989, 377, 

['la] Lit.[121. - C. Charrier, J. Guilhem, F. Mathey, J. Org. 
Chem. 1981,46, 3-8. - ['"I L. Ricard, N. Maigrot, C. Charrier, 

4th Ed. 1982, VOI. E l ,  p.191-193. 

[lo] 

C45 -C51. 

F. Mathey, Angew. Chem. 1987, 99, 590-59i; Angew. Chem. 
Int. Ed. E n d .  1987, 26, 548-549. 
A. Ecker, U. Schmidt, Chem. Ber. 1973, 106, 1453-1458. 
A. Banerji, G. P. Kalena, Tetrahedron Lett. 1980, 21, 

[14] Further details of the crystal structure investigation are avail- 
able on request from the Fachinformationszentrum Karlsruhe, 
Gesellschaft fur wissenschaftlich-technische Information mbH, 
W-7514 Eggenstein-Leopoldshafen 2, F.R.G., on quoting the 
depository number CSD-54844, the names of the authors, and 
the journal citation. 

L151 B. A. Frenz & Associates, Inc., SDP - Structure Determination 
Package, College Station, Texas 77840, 1988 C. K. Johnson, 
ORTEP 11, Report ORNL-5138, Oak Ridge National Labo- 
ratory, Oak Ridge, Tennessee, USA, 1976. 

[369/92] 

3003 - 3004. 

Chem. Ber. 1993,126, 845 - 847 


