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Abstract

Triguinphosphorane$ undergo alkylthiylation reactions, even in the dark, with methy! a+mlityl disulfides
to give the corresponding thiaphosphoranes with high yields. Chiral triquinphospirapnéhis reaction, gives
rise to chiral thiatriquinphosphorade The reaction witht-BuSSBut preferably gave the thiophosphoramide. An
increased reactivity was observed when the experiments were conducted under UV irradiation. © 2000 Elsevier
Science Ltd. All rights reserved.
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Hydridophosphoranes can be prepared by an exchange reaction involving alcoholysis or aminolysis of
the P'—OR or P' —=NR, bonds! Under UV- or X-irradiation, they could give phosphoranyl radicals, the
structure of which has been extensively investigat&tiese radicals were suggested to be intermediates
in the reaction of hydridophosphoranes with free radicals, such as alkoxy, alkyl or, more recently,
alkylthiyl radicals® Indeed, Bentrude et ahave shown that a bicyclic phenylhydridophosphorane
undergoes UV-light-induced alkylthiylation reactions with a series of alkyl disulfidéS$R, R'=Me,
n-Bu, neopentylsecBu andt-Bu) to give the corresponding isolable thiaphosphoranes in high yield
(61-100%, except farBuSSBut) (Scheme 1). The reactivity of phosphoranyl radicals toward disulfides
was demonstrated to depend both on steric factors and on the sulfur—sulfur bond strength.
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Scheme 1.

As far as we are aware, chiral hydridophosphoramese not yet been reacted with alkyl disulfides.
We previously reported the synthesis of a new class of chiral tricyclic hydridophosphoranes, the triquin-
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phosphoranes, from chiral enantiopure diaminodiols that preseasgmmetry axis. We showed that

the structure of these phosphoranes is best represented by two trigonal bipyramids (TBP) with opposite
absolute configurations at the phosphorus asrandSy, in fast equilibrium by a Berry pseudorotation
process via a square pyramid (SP) transition state (Schefife 2).
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Scheme 2.

We wish now to report the first addition of various alkyl disulfides to the parent triquinphosphbrane
(R=H) and to the chiral triquinphosphora¢R=Bn) 8
The triquinphosphorank(R=H) reacted rapidly with methyl disulfide, at room temperature in toluene
solution, to give the methylthiophosphoraBa in a good yield (70% after distillation) (Scheme 73).
31p NMR monitoring of the reaction showed after 7 min the disappearance of the hydridophosphorane
highfield signal at 37.3 ppm and of théJ_y coupling, together with the appearance of a signal at
14.3 ppm, which suggests the conservation of the pentacoordinated structure. The spectral data were
in accordance either with an achiral SP structure or with two enantiomeric TBP in fast equilibrium.
The same reaction was conducted witbutyl disulfide and-butyl disulfide. Although reaction times
were increased up to several hours, we obtaimbdtylthiaphosphorangb andt-butylthiaphosphorane
3¢, characterised by the?*P NMR signals at 14.3 and 12.5 ppm, respectively. In the latter case,
butylthiaphosphoran&cwas only a minor product of the reaction. The major compound, exhibittg a
NMR signal at 53.9 ppm, was identified as the thiophosphoramfi€ompound3c could be obtained
in a 80% chemical yield, by reacting triquinphosphordneith t-butyl disulfide under irradiation, for
24 h at 50°C? When raising the solution temperature, we observed a slow transformatBorirab 5.
A similar evolution was observed by Bentrude with the bicyclic phenylhydridophosphorane (Scheme 1)
andt-BuSSBut.2” We propose a mechanism for this fragmentation (Scheme 4), that should proceed via
a cyclic six-membered transition state (Ei mechanism), in which the basic apical nitrogen atom abstracts
the -hydrogen atom of-Bu group to afford isobutene artd
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Scheme 3.

Chiral triquinphosphorang2 was reacted with methyl disulfide in the absence of irradiation. Probably
because of the steric hindrance of the two benzyl substituents, the reaction required 44 h to go to
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completion instead of a few min in the case of the parent compdurs previously observed!P
NMR spectrum showed the disappearance of the hydridophosphorane sigi3.atppm and the loss
of the 1Jp_H coupling, together with the appearance of a signal 2.9 ppm (Scheme 3). The NMR
data for compound are consistent either with an enantiopure SP or with the diastereomeric TBP in fast
equilibrium10 As already observed by Bentrude et3lsteric strains seem to play an important role in
the reactivity of triquinphosphoranes toward alkyl disulfides, requiring increased reaction times.

Then we compared the reactivity of the parent triquinphosphofamgth alkyl disulfides under
irradiation and in the dark at room temperature for 7 min (Table 1).

Table 1
Comparison of the reactivity df varying the conditions of light

Entry Alkyl disulfide  Without light" Under irradiation®
Yield (%) *P NMR (ppm)  Yield (%)*  *'P NMR (ppm)
1 MeSSMe 100 -14.3 100 -143
2 n-BuSSBu-n 20 -143 100 -14.3
3 -BuSSBu- - - 80 -12.5,53.9

a: 7 min, rt, toluene. b : these reactions were rcalised with a protection from any light. ¢ : see ref. 10. d : yields were
determined by integration of the *'P NMR signals.

In the case of methyl disulfide (entry 1), a rapid reaction occurred in these conditions, even in the
dark. In contrast, in the case ofbutyl disulfide (entry 2) andibutyl disulfide (entry 3), we observed a
significant increase of the reactivity when the reactions were conducted under irradiation. These results
strongly suggest that the alkylthiylation of triquinphosphoranes does involve free radical species.

Since we previously demonstrated that chiral triquinphosphoranes can undergo asymmetric
discrimination? discrimination of the enantiomers of unsymmetrical disulfides such as MeSSR* is
currently investigated.

References

1. (a) Burgada, R.; Setton, R. Preparation, Properties and Reactions of Phosphor@hesChemistry of Organophosphorus
Compounds Hartley, F. R.; Patai, S., Eds.; J. Wiley & Sons: New York, 1994; Vol. 3, p. 185. (b) Holmes, R. R.
In Pentacoordinated Phosphorus — Structure and SpectroscA@¥ Monograph 175; American Chemical Society,
Washington, 1980; Vol. 1. (c) Gavrilov, K. N.; Mikhel’, I. Russian Chem. Re¥996 65, 225-247.

2. For reviews on the formation, structures, and reactions of phosphoranyl radicals, see: (a) Bentrude, \Re&:tilre
IntermediatesAbramovitch, R. A., Ed.; Plenum: London, 1983; Vol. 3, pp. 199-298. (b) Bentrude, Wc&.Chem. Res
1982 15, 117. (c) Roberts, B. P. IAdvances in Free Radical Chemistiilliams, G. H., Ed.; Heyden & Sons: London,
1980; Vol. 6, pp. 225-289.

3. (a) Bentrude, W. G.; Del Alley, W.; Johnson, N. A.; Murakami, M.; Nishikida, K.; Tan, HJWAmM. Chem. S0d 977, 99,
4383. (b) Bentrude, W. G.; Kawashima, T.; Keys, B. A.; Garroussian, M.; Heide, W.; Wedegaertned. Bim\.Chem. Soc
1987, 109 1227-1235.



3076

4. (a) Bojin, M. L.; Barkallah, S.; Evans Jr., S. &.Am. Chem. S04996 118 1549-1550. (b) Kojima, S.; Takagi, R.; Akiba,
K.-Y. J. Am. Chem. S0d997, 119 5970-5971.

5. (a) Vannoorenberghe, Y.; Buono, G. Am. Chem. Sod99Q 112 6142-6143. (b) Marchi, C.; Fotiadu, F.; Buono, G.
Organometallicsl999 18, 915-927. (c) Marchi, C.; Buono, Getrahedron Lett1999 40, 9251-9254.

6. Triquinphosphorane4: 2,11-dioxa-5,8-diaza-P-phosphatricyclo[6.3.0}Fundecane an@: (4S99-4,9-dibenzyl-2,11-
dioxa-5,8-diaza-15-phosphatricyclo[6.3.0!Fundecane were synthesised from diaminodibld\’-(bis(hydroxyethyl)-
ethylenediamine and §79)-2,7-dibenzyl-3,6-diazaocta-1,8-diol, respectively, see: Ref. 4b.

7. Compound3a: yield: 70%, b.p.145°C/0.01 mmHgH NMR (C;Dg):  3.80-3.50 (m, 4H, CkD), 2.90-2.40 (m, 8H,
CHN), 2.12 (d,3J_=14.7 Hz, 3H, CHS), 3C NMR (C;Dg):  59.4 (d,2J_=2.3 Hz, CHO), 45.0 (d,2Jr_=13.4 Hz,
CHN), 43.9 (d,23_=11.3 Hz, CHN), 15.6 (d,2}_c=5.6 Hz, CHS), 3P NMR (G;Ds): 14.3 ppm.

8. Treatment of phosphoradavith Sg gave directly compoung crystallised from benzene, yield: 90%, m.p. 148°C, elemental
analysis for GH13N,O,PS: calcd: C 34.61, H 6.29, N 13.45, found: C 34.94, H 6.63, N 13.01. IR: 3366, did NMR
(C;Dg, 400 MHz): 4.24-4.10 (m, 3H, CkD), 4.09-3.95 (m, 1H, C}D), 3.38-3.22 (m, 5H, CEN), 3.07-2.94 (m, 1H,
CH:N), 2.60-2.51 (m, 2H, CEN), 2.46 (s, 1H, NH)!3C NMR (C;Dg):  66.7 (d,2J_c=7.9 Hz, CHO), 62.8 (d2J}_=1.8
Hz, CH,0), 48.8 (d3J_c=3.0 Hz, CHN), 48.3 (d,2}_=14.7 Hz, CHN), 47.5 (d,3J»_=4.0 Hz, CHN), 46.6 (d2J_=1.9
Hz, CH:N), 3P NMR (G;Dg):  53.9 ppm.

9. Original Hanau system, with a Hg lamp.

10. Compound4: yield: 90%, colourless oil. IR: 3400, 3061-2929, 1604, 1495, 1455, 1034, 794, 734, 700, 638KMNMR
(CDCl;): 3.87 (dd, 4_=6.63 Hz, }_4,=8.88 Hz, 1H, CHN), 3.72 (dd4J4=6.67 Hz, §.4,=8.88 Hz, 1H, CHN), 3.61-3.51
(m, 4H, CH0), 3.06-2.64 (m, 4H, C}N), 2.59-2.40 (m, 4H, CkPh), 2.25 (s, 3H, CEB), 1°C NMR (CDCk): 138.0,
137.7, 129.0, 128.9, 128.4, 128.3, 128.1 (12C, ArC), 64.§%d=2.5 Hz, CHO), 63.3 (CHO), 59.7 (d,2}_=7.7 Hz,
CHN), 53.8 (d,2Jr_=16.0 Hz, CHN), 44.7 (J_c=5.9 Hz, CHN), 41.5 (d,2J_=10.5 Hz, CHN), 40.4 (CHPh), 39.7
(d,?3p_c=5.7 Hz, CHPh), 15.3 (d2J_=5.7 Hz, CHS),*'P NMR (CDCk): 12.9 ppm, [ ]0?°=+39.8 € 1.29, CHC}).



