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       Syntheses and Spectra of Asymmetric Diphosphine Disulfides

                Jugo KOKETSU*, Kumao OHASHI*and Yoshio ISHII**

                            (Received September 10,1975)

               Diphenylphosphine reacted with dialkylphosphinous chlorides follow-

            ed by treatment with elemental sulfur to give the new compounds,

            P,P-Dialkyl.P',P'-diphenyl Diphosphine Disulfides;Ph2P(S)P(S)Me2(I),

            Ph・P(S)P(S)Et・(II),・nd Ph・P(S)P(S)P・1(III). F・・m the■H

            NMR spectra of I, the coupling constants;JP-C-H and JP_P-C-H were

            determined.

               The 8■P NMR revealed the phosphorus atoms having phenyl groups

            resonated at a higher magnetic field than those having alkyl groups.

            Another spectroscopic data were also analyzed to give some important

            information concerning organophosphorus compoundS.

                                  1 1ntroduction

   Although there is a considerable current interest in the compounds containing

the phosphorus.phosphorus bond,1)relatively few synthetic attempts have been carried

out on the asymmetrically substituted diphosphine disulfides compaired to those of

symmetric diphosphine disulfides. Issleib et al. reported the synthesis and 8■P NMR

spectra of R,P(S)P(S)Rノ,(R=Ph or Et, R' = cyclo-CBH、 、 or Et), and found the chemical

shifts of phosphorus atom in these compounds Were ranged at-20～ 一 50 ppm from 85%

H3PO4.2)・3)Further attempts to analize spectroscopic data of compounds of this type

wi『give much information regarding the structure of organophosphorus compounds

because of their asymmetric structure. In this publication,■H and 3■P NMR spectra, IR

spectra and Mass spectra of P, P-Dialkyl-Pノ, Pノーdiphenyldiphosphine disulfides(I, II and

III)along with the synthesis of thern(new compounds)were reported.

                                2 Experimental

2.1Measurements:

   The measurement of 31P NMR spectra was performed on JNM C-60 HL 9■P unit(24

MHz)by using JNM SD-HC as a heteronuclear spin decoupler and IS-60 as a proton

irradiation sweep unit. The■H NMR spectra were obtained by using JNM 4且 一100

inStrument, along with JNM SD-HC 8■P OSC unit(48 MHz). IR spectra were obtained

by NipPon Bunko IR 403G spectrometer using KBr pellets. Mass spectra were measured

on JMS-OISG equipped with a heated inlet system operating at 160℃.

2.2 Preparations:

   P,P-Dimethy1-Pノ, Pノーdiphenyldiphosphine disulfide(I)was prepared according to the
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usua1sa1t formation method．Equimo1ar a血。unts of dimethy1phosphine ch1oride and

diPhenyIphosphine in ether were mixed under the presence of triethy1amine at－5℃．

To this reaction mixture，powdered su1fur was added at room temperature，and the

mixture was heated under ref1早x for3hrs．Remova1of precipitates（Et．NHC1）and

excess su1furgavecrudedisu1fide（I），which was fomdto contain tetramethy1diphosphine

disu1fide and tetrapheny1diphosphine disu1fide by combarison of the NMR and IR

spectra with those of authentic samp1es．4〕I5）The disu1fide（I）was purified by co1umn

chromatography on si1ica geI usi㎎bepzene－ethano1（95：5Wt）and obtained in40％yie1d

based on the reagents used，mp1ユ2．7℃．Fomd：C，53．91；H，5．18；P，ユ9．47％．Ca1cd for

Cユ、H工。P，S，：C，54．18；H，5．20；P，19．16％．P，P－Diethy1－P’，P’一dipheny1diphosphine disu1fide

（II）and P，P－di－n－propy1－P’，P’一dipheny1diphosphine disu1fide（III）wereprepared by simi1ar

method in30and25％ yie1d，respective1y．II had mp121．7－121．8℃（Lit，o）110－11ヅC）．

Fomd：C，56．93；H，6．26；P，18．30％．III had mp133．5一ユ35．O℃．Fomd：C，59．09；H，6．55；
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Fig．181p一｛ユH｝NMR Spectra of R里P（S）P（S）Ph220％in CDC13
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                           3 Resu1t and－Discussion

   8’P NMR spectra obtained by perfect decoup1ing of a11protons attached to the

phosphorus atoms aredepictedin Figs．1a～1c．Fig．1d shows the resu1t ofha1f decoup1ing

          Tab1e181P Chemica1Shifts and Coup1ing Constants of R2P（S）P（S）Ph2

R

I      Me

II      Et

III     n－Pr

   δ（3ユp）from85％H3P04
         （PPm）

PPh．           PR。

一32．4              －40．1

－27．5                －57．7

－26．O田）               一57，7a）

一27．8               －51，5

JP＿P

（Hz）

22，5

39．6

39．6

a）See ref．3．

of the protons attached to I．The chemica1shifts（from85％ H，P0、）and coup1ing

constants（Jp－p）of I，II and皿are shown in Tab1e1．The doub1et of septets（A in Fig．

1d）can be attributed to aspin－spin coup1ing between the phosphorus atom and methy1

protons attached direct1y to the phosphorus atom．Moreover the Nuc1ear Overhauser

effect7）resu1ts in an enhancement of intensity of the peaks appeared at1ow fie1d（Fig．

1a～1d）．In this case，the phosphorus atoms whose peaks are enhanced by the Nuc1ear

Overhauser effect has the a1ky1group on them，and the proton nuc1ei are situated at

β一position．On the other hand，the phosphorus atoms which have the pheny1groups on

them have the proton nuc1ei atγ一position．The unfair surrounding around the phosphorus

atoms causes unequa1intensity in their NMR resonance．These facts1ead the conc1usion

that the phosphorus atom bonded to the pheny1groups resonates at higher fie1d than

that bearing the a1ky1substituents consisting with the Shoo1ery’s ru1e．ユ5〕Theδ（舳P）

va1ues of Et，P（S）P（S）（cycIo－CθHユ、）。have been reported to be－47．6and－57．1ppm

without attributing to any specia1phosphorus atom．8〕From these figures，we can

assume the a1kyI substituents on the phosphorus atom cause a high fie1d shift in the

趾P NMR．The coup1ing constants（Jp－p）of the compomds I，II and III are rather

sma11compared to that（69Hz）of the same compomds mentioned above which has

been the on1y Jp－p of asy’mmetric diphosphine disu1fide known so far．The coup1ing

constant is known to have regu1ar re1ations with the substituents and the bond order

between two nuc1ei．16）In this case，the pheny1groups reduce the e1ectron density on

one of the two phosphorus atoms and decrease the bond order of the phosphorus－

phosphorus bond because of the sp2property of the carbon atoms of pheny1groups．

   Fig．2shows the resu1ts of■H NMR spectra of I．In a sing1e resonance spectrum

（Fig．2a），there are a quartet at78．08ppm and comp1ex multip1ets at71．40－2．45ppm．

When the system is irradiated by the resonance frequency of40．481302MHz which

corresponds to the resonance frequency of the phosphorus atom bearingmethy1groups

                                    （3）
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                Fig．2■H NMR Spectra of Me．P（S）P（S）Ph．20％in CDC1。

（Fig．2b），the signaIs of the methy1protons（78．08）coI1apse into a doub1et whose

coup1ing constant was about7Hz，and a1so by the resonance frequency of 40．480988

MHz（Fig．2c），the same change is observed，except that the coup1ingconstantis about

13Hz，and the narrowing of the mu1tip1ets which come from the ortho－proton of the

pheny1groups．Therefore the four peaks of methy1proton can be assigned as shown

in Fig．1a，and the exact coup1ing constant，JP－c－H and JP－p－c－H are ca1cu1ated to be13．0

and7．8Hz，respective1y．This phenomenon contrasts with the empirica1facts that in

the organophosphorus compomds，the JP－c－c－H is a1ways bigger than JP－c－H．

   Regarding the structure of tetraa1ky1diphosphine disu1fide，the fo1Iowing three

structures are Possib1e．

       R＼、一、／R R＼、一S一、／R R＼、一、一S一、／R

       。／llll＼。 。／ll ＼。 。／  ＼。
            S S          S

                  IV              V                 VI

However，it has been shown by X－ray crysta11ography that Me，P，S，，8）Et，P，S，，9〕and

MeEtP（S）P（S）MeEt川have the structure of type IV．Moreover，it was shown that

Me．P，S，possessed a center of symmetry and a1so the vibrationa1frequencies ascribed

to P＝S stretching．4）’■■）Mass spectra of Me，P，S，a1so have showed fragments that

                                      （4）           Memoirs of Chubu
                                                             Institute of Techno1ogy
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Tab1e2IR Spectra of R2P（S）P（S）Ph28） （cm．■）

89

Me2P（S）P（S）Ph2 Et2P（S）P（S）Ph2 n－Pr2P（S）P（S）Ph2 Assignment

1450（s）              1445（nユ）

1273（m）       1277（m）

1160（w）        1158（w）

                   1091（s）

1097（s）        1046（m）

1024（w）         1023（s）

974（s）          930（w）

907（s）

856（w）         854（w）

 749（s）                 763（s）

                   75ユ（vs）

731（s）                743（s）

713（s）               710（s）

695（m）        689（vs）

688（s）                673（rn）

 647（s）              642（vs）

 590（vs）             610（s）

                   578（S）

                   419（s）

                   480（s）

                   455（m）

447（w）         447（w）

1433（m）

1274（m）

1181（s）

1ユ60（m）

1087（vs）

1074（m）

995（m）

861（w）

843（m）

750（vs）

715（s）

711（s）

697（s）

689（vs）

647（m）

610（s）

596（vs）

489（vs）

470（m）

449（w）

P－Ph

P－CH。一

Ph deform．

in p1ane

CH3rock．＆wag．

P－C asym．or
Ph deform．
out of p1ane

P＝S Band I

Ph deform．
out of p1ane

P＝S Band II

P－P

a）Measured as KBr pe11ets

have two P atoms without any su1fur atom．11）A11these observations suggest that

tetraaIky1diphosphine disu1fides have the structure of type IV．

   The IR data（in TabIe2）show the weak absorptions at447－449cm一工which can be

ascribed to P－P stretching frequencies．The P－P stretching frequencies of symmetric

diphosphine disu1fides were reported at437cm一■（P．H。），u）424cm一■（Et．P。），ユ2）419cm】■

（Bu，P，），’8）and445cm■’（Me，P，S，）u）in Ramam Spectra，Thestrong IRbands at711－743

cm一■ iBand－I），抑d 590－610cm一（Band II）can be assigned to P＝S stretching

frequencies．14）Therefore，judging from these points，the dir㏄t P＝P 1inkage can be

assumed for I，II，and III．The bands at1433－1451cm－are the absorptions characteristic

of P－Ph groups，and those of P－CH。一groups are observed at1274－1276cm■ユ．

   The mass spectra（Tab1e3）of I，II and III are somewhat different from those of Me，

P，S，observed by Cow1ey et a1．．ユ1）They got the peak fragment which had two phosphoms

atom without su1fur atom．Inourexperiments，thecorresPondingPeaksarenot obtained，

but there are strong Parent Peaks a1ong with P＋1，and P＋2．The peak at m／e183is

                                      （5）
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 丁曲1e3Mass Spectra of R2P（S）P（S）Ph2、

Me2P（S）P（S）Ph2

   m／e  ％

Et2P（S）P（S）Ph2

m／e   ％

n－Pr2P（S）P（S）Ph2

  m／e   ％

Fragments

310

311

312

100

21．4

ユ4．6

338   100

339    2ユ．4

340    13．6

366   100

367    21．6

681    13．5

P

P＋1

P＋2

217

185

ユ83

ユ40

139

107

77

63

100

3．6

31．O

2，0

55，0

17．2

ユ6．ユ

17．9

309

217

ユ85

ユ83

140

139

107

77

63

29

25．8

ユ00

 4．5

42．4

4．3

8ユ．5

34．ユ

40．ユ

61，0

41．3

323

217

ユ85

183

ユ40

ユ39

107

77

63

47

8，7

23．1

2．2

23．0

 ユ．5

19．1

100

17，6

27，5

74．9

十PrP（S）P（S）Ph2

＋EtP（S）P（S）Ph2

†CH2P（S）P（S）Ph2

＋PPh。

吋’亡CH2P（S）P（S）
十CHP（S）P（S）

十CHP（S）P（S）

斗CH2PP（S）

十P（S）

十Pr

斗Et

assumed to be dibenzoheterocyc1ic cation．The formation of this cation is very

commoninorganophosphoruscompoundcarring pheny1groups on it，17）and substantiated

by finding the sma11metastab1epeak of its pr㏄ursor at m／e185．The other fragments

can be expIained by assuming the simpIe degradation of the compounds as shown in

the fo11owing equations．

        R，P（S）P（S）Ph，十e一一寺†R，P（S）P（S）Ph。十2e            （1）

        †R，P（S）P（S）Ph，一一合 ・R＋＋RP（S）P（S）Ph。               （2）

        †R，P（S）P（S）Ph，一一＞十R＋ ．RP（S）P（S）Ph，              （3）

        十RP（S）P（S）Ph，一一合すCH，P（S）P（S）Ph、十 ’R’             （4）

        †CH，P（S）P（S）Ph，→すCH，P（S）P（S）十Ph－Ph            （5）

        †CH．P（S）P（S）一→十CHP（S）P（S）十 ．H                （6）
                                   1

        ＋CHP（S）P（S）一一＞十CHP（S）P＋  S、                 （7）
                                   8

        ＋CHP（S）P→CHP＋＋p（S）                     （8）

        すCH，P（S）P（S）Ph，→十CH，P（S）十 ’P（S）Ph、            （9）

        †CH，P（S）P（S）Ph，一一＞・CH，P（S）十十P（S）Ph、            （10）

                            1
        ＋P（S）Ph，→十PH．P＋＿S。                      （11）
                            8

十Ph．P一→け 十H。

（6）

（ユ2）

Memoirs of Chubu
Institute of Techno1ogy
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