
T E T R A A R Y  L (A L K Y  L ) V I N Y  L E N E D I P H  O S P H I N E  S A N D  

S O M E  O F  T H E I R  D E R I V A T I V E S  

N .  P .  N e s t e r o v a ,  T .  Y a .  M e d v e d ,  
Y u .  M. P o l i k a r p o v ,  a n d  M. I .  K a b a c h n i k  

UDC 542.91:547.1'118 

Our study of the extract ion p roper t i e s  of some t e r t i a ry  alkylenediphosphine dioxides and, in par t icu-  
l a r ,  of the c i s -  and t r a n s - i s o m e r s  of te traphenylvinylenediphosphine dioxide, revea led  that s t e r i c  fac tors  
exe r t  a ve r y  grea t  effect  on the ex t rac t ion  p rope r t i e s  of the ligands: for  example ,  for  c i s - t e t raphenylv iny l -  
enediphosphine dioxide the dis t r ibut ion coeff icient  of uranyl  n i t ra te  was four o rd e r s  of magnitude higher 
than for  the t r a n s - i s o m e r  [1]. Analogous r e su l t s  were  obtained when the complexing of these ligands with 
the alkali  meta l s  was studied [2]. In the presen t  paper  we r ep o r t  the synthesis  and cer ta in  p roper t i e s  
of some new c i s -  and t r a n s - i s o m e r s  of te t raaryl(a lkyl)vinylenediphosphine dioxides,  and also of the di-  
sulfides and diphosphines that co r respond  to them. 

We used our  previously  proposed synthesis  scheme [3] to obtain the t rans-vinylenediphosphine di-  
oxides.  The chlorInation of the vinyldiarylphosphIne oxide and subsequent dehydrochlor inat ion gave the 
chlorovinyldlarylphosphine oxide. The addition of a diarylphosphine oxide to the la t te r  leads to the t e t r a -  
arylchloroethylenediphosphIne dioxide, the dehydrochlor inat ion of which gives the t r a n s - t e t r a a r y l v i n y l e n e -  
diphosphine dioxide. 

asp (0) CH=CH, c1~ asp (0) CHClCmCl -HC~, a,e (0) CCl = Cm mPo~ 
RaP (0) CHCICH~P (0) R~. -itcl.. R~P {0) CH:CHP (0) R~ 

Trans-e thyl t r iphenylvinylenediphosphine  dioxide (XI), the unsymmet r i ca l  t rans-d ie thyld iphenyl -  
vinylenediphosphine dioxide (XII), and t rans-phenyl t r ie thylvinylenediphosphine  dioxide (XIII) were  synthe-  
sized by the method (Table 1). 

The In termedia te  a-chlorovinyle thylphenylphosphine  oxide and e thyl t r iphenylchloroethylenediphos-  
phine dioxide was isolated in the synthesis  of dioxide (XI). Dioxides (XII) and (XIII) were  obtained without 
isolat ing the in te rmedia te  products .  As was shown by the IR and NMR spec t ra l  data,  dioxides (XI}, (XID, 
and (XIII) a re  the t r a n s - i s o m e r s .  In pa r t i cu la r ,  the IR spec t ra  a re  devoid of a band at 720 cm -1, which 
is cha rac t e r i s t i c  for  the deformat ion  vibrat ions  of the c i s -CH = CH group, and have a band at 980 cm -1, 
which is cha rac t e r i s t i c  for  the deformat ion vibrat ions  of the t rans -CH = CH group [4-6]. 

The c i s - i s o m e r s  of the vinylenediphosphine dioxides cannot be obtained by the descr ibed  method: 
The vinylenediphosphines with a c i s -  and a t r a n s - s t r u c t u r e  were  obtained by the reac t ion  of lithium di-  
phenylphosphide with e i ther  c i s -  or  t r ans -d ich lo roe thy lene  [4, 7]. 

Ph~PLi ~- CHCI=CHCI ~ Ph~PCH=CHPPh~ 

: 3~ H2Oz ] I s 

Ph~P(O)CH=CHP (0) Phz Ph~P(S)CH~CHP(S)Ph~ 

With the ci ted scheme we synthesized the t r a n s -  and c i s - te t ra -p- to ly lv iny lenediphosphines  (I) and (II), 
r e spec t ive ly ,  the t r an s -  and c i s - te t ra -p- to ly lv iny lencdiphosphine  dioxides (III) and (IV), the t r ans -  and 
c i s - te t ra -p- to ly lv inylenediphosphine  disulfides (V)~ (VI), t rans- te t ra -p-e thylphenylv inylenediphosphine  
dioxide (VII), the symmet r i c a l  t rans-diethyldiphenylvinylenediphosphine (VIII), i ts  dioxide (IX), and the 
disulfide (X). 
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TABLE 1 

Compound, Mp, o C 

~oun___~ , ,) 
. . . . . . .  p l n c  1 8,,p, C a l c u l a t e d  E m  "" a 

c [ I {  P f o r m u l a  [ p p m  

(p-C H~C,H,J,P CH=QHP(C~H~CHa-p) (I) 
~ans: 

(p-CH~C~H,)~PCH=CHP(C~H~CH~-p) (II) 
cis 

(p* C H~C~H~)~PCH=CHP (C, I-I~CH~-p)~ (III) 

(p-CH~C~H~)~PCtt=CHP(C,H~CH~-p), ( Iu  
[I tl 
o cis o 

(p-CH~C~H~hPCH=C}IP(C~H~CH~-ph (u 
I[ II 
S ~rans  S 

(p-CI-I.~C~H,)~P C I~I=CH P(C~H ~Cl:Ia-p).. (V l )  
II It s cis s 

(p-C~H~C~H~)~PCH=CH P(C~H(C~H~-p)~ (VII) 
!I !I 

O t r a n s  0 
(C~Ha)(C~H~)PCH=CHP(CsHD(C,H~)i (VIIr) 

~ram 
(C~H~)(C~H~)PCH=CHP(C~HD(C2H~) (IX) 

t r a n s  

(C~H~)(C~H~)PCH=CH P (C~Hs)(C~HD (X) 

S t r a n s  S 

(C~H~)~PCH~CI-I P (C,Ha)(C~HD (XI) 

0 t r a n s  o 

(C~H~)~PCH=CHP(C~H~)~ (XII)  
it II 
0 t r a n s  o 

(ca H~)(C~H~)PCH~CHP(C~H~)= (XIII)  
II li 
0 t r a n s  o 

+ + 
[(C~H~)~PCH=CH P(C~Hs)~] .2 I -  (XIV) 

CH. CH~ 
+, + 

[(p-CH~C~H~)~PCH=C HP(CsH,C H,-p),. 21- 

CfI~ . CH. (XV)  

55 l i7- - i i9  79,6 

~),5! 8i--82 
79,6 

84 292--293 74, i 

80 ~7--229 

86 22/~, 5--225,5 

67 225--226 

29 264 --266 75,0 

Sp 
0,5 i66--i69(2) 
9, .~ 204--205 ]5,0 

;4,2: 193--194 

63 [ 21~--2i5 ~3 ,__~i 
I 33,1 

82 154--155 ~5,5 
~5,4 

63 t35--i36 58,4 
59,t 

70 ~78--2~i ~9,3 
(dec0mpn) 

(decompn) ~,5 
? 

C~oHsoP= 

C~H3~P, 

C,oH~oP202 

C~sH~oPz0, 

C3oH2oP,S, 

C~oH~oP*S2 

CI,H~Pz 

C,sH~P20~ 

C,.H~PzS2 

.C2zH~P~0j 

C,,H,2P202 

C3.~H~P212 

--8,6 

--24,6 

--2i,7 

--20,6 

--35,9 

--32,t 

--22,8 

--8,6 

--30,0 

--~2,4 

--21,5 
--30,0 

--41,7 

--30,0 
--40,7 

--20,I 

- - t9 ,2  

* S , % .  
"~I ,  %. 

We a l so  studied the react ion  of  l i thium ethylphenylphosphide with c i s - d i c h l o r o e t h y l e n e .  H o w e v e r ,  
in this  c a s e ,  after  oxidation and the addition of  sul fur ,  the t rans -d iox ide  (IX) and disulf ide  (X) w e r e  i s o -  
lated,  which i s  conf i rmed  by the IR and NMR spec tra .  It i s  known [5] that the reac t ion  of l i thium d i - n -  
butylphosphide with c i s - d i c h l o r o e t h y l e n e  (at --78~ g ives  a mixture  of  the c i s -  and t r a n s - i s o m e r s ;  however ,  
the c i s - i s o m e r  of t e tra-n-buty lv iny lenediphosphine  w a s  not i so la ted  in the pure form.  As  a re su l t ,  t r a a s -  
i s o m e r i z a t i o n  proceeds  very  eas i ly  in v iny lenediphosphines  where  alkyl  rad ica l s  are attached to the phos -  
phorus  a toms .  The conf igurat ion of  the i s o m e r s  is  retained when sulfur adds to v iny lenediphosphines .  

The obtained ary l (a lky l )v iny lenediphosphinediox ides  and disul f ides  are  c o l o r l e s s  crys ta l l ine  compounds  
that are  insoluble  in water ,  and diff icult ly soluble  in nonpolar  so lvent s .  The compounds  with alkyl  rad ica l s  
on the phosphorus  a toms  have a better  solubi l i ty .  The c h e m i c a l  shi f ts  w e r e  m e a s u r e d  for al l  of  the syn-  
thes i zed  compounds ,  and a l so  for the prev ious ly  descr ibed  d iphosphorus  compounds  [4, 7]: t r a n s - t e t r a -  
phenylvinylenediphosphine  (XVI) 531 p - -7 .0  ppm; c i s - t e trapheny lv inytened iphosphine  (XVII) 531 p - -22 .5  ppm; 
c i s - te traphenylv iny lenediphosphine  dioxide (XVIII) 631p--20.5  ppm; trans - te traphenylv i~v lenediphosphine  
dioxide (XIX) 531 p - -21.6  ppm. The cons tants ,  ana ly s i s  data,  y i e l d s ,  and c h e m i c a l  shi f ts  of  the obtained 
compounds  are  given in Table  1. 

Attempts  to ef fect  the thermal ,  catalyt ic  (in the p r e s e n c e  of benzoy l  perox ide) ,  and photochemical .  
i s o m e r i z a t i o n  of t rans - te traphenylv iny leuediphosphine  dioxide to the e i s - i s o m e r  proved u n s u c c e s s f u l .  The 
r e v e r s e  trans i t ion  of  the c i s - d i o x i d e  to the t r a n s - i s o m e r  i s  a c c o m p l i s h e d  with re la t ive  e a s e .  P r e v i o u s l y  
[8] the analogous  i s o m e r i z a t i o n  of the c i s - d i o x i d e  (XVIII) to the t r a n s - i s o m e r  (XIX) w a s  observed  by r e -  
fluxing in THF in the presence of PCI 3. 
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TABLE 2 

Yield, 
Dienophile i/~ 

0V3-cis 47,3 

(xu)-  trans 46 

(XVIII)- eis 50,8 

{XIX)- trans i72 
[ 

MP.: "c 

238"240 
(decompn.) 

2~0"2ii 
(decompn~ 

257-260 
(decompn.) 

.>200 
(decompn.) 

Found'. 
Calculated 

C H 

76,2 6,6 

69,4 7,0 

74,9 5,7 
v-~5,3 5,--~ 
75,5 ~,7 I 

5,7 

P 

i t ,3 
ii,3 
i5,O 
i5,6 
i2,6 
12,5 
i2.5 
i2,5 

Empirical formula 

C~H~P2Oz 

C2~H~P,O~ 

C31H~sP~O~ 

C31HCsP,Oz 

* Nonequivalent phosphorus atoms of AB systems, JAB = 9.8 ~ 1 Hz. 

Snip, 
ppm 

---40,5 

--56,5 

--28, 6 * 
--31,8 

The dimethiodides ,  co r r e spond ing  to only one i s o m e r ,  we re  isola ted in both e a s e s  when the d imeth io-  
dides of the t r a n s -  and c i s -v iny lenediphosphines  if), (II), (XVI), and (XVII) were  p repa red ,  and speci f ica l ly :  
te t raphenylvinylenediphosphine dimethiodide (XIV), 531 p --20.1 ppm (CH3OH), and t e t r a - p - t o l y l v i n y l e n e -  
diphosphine dimethiodide (XV), 531 p --19.2 ppm. 

H H 

\C=C / CH,* I L a / . .  CH, j 
R , P  H 

R = Call5 (XIV), p-CH3C~H~ (XV) 

Based on the IR s pec t r a  (presence  of a band at 980 c m  -1 in the vinylenediphosphine dimethiodides)  
and the mixed mel t ing  points  of the obtained vinylenediphosphine methiodides  it may be a s sumed  that in 
both c a s e s  the s t ruc tu re  of the d imethiodides  c o r r e s p o n d s  to the t r a n s - s t r u c t u r e .  

On the example  of dioxides (IV), (XII), {~-~III), and CKLX) it was  shown that they a re  capable  of e n t e r -  
ing into the diene syn thes i s  r eac t ion  with cyclopentadiene.  Based on the known s t e r e o c h e m i c a l  ru l e s  of 
the diene synthes is  [9-11], it is  poss ib le  to ass ign  the c i s -endo- (A) -conf ignra t ion  to the dioxide adducts 
obtained f rom the c i s - com pounds ,  and the t r ans - (B) -eonf ign ra t ion  to the adducts  obtained f rom the t r a n s -  
dioxides .  In the 3iP-~IH} NlVIR s p e c t r u m  of compound (A) the singlet  s ignal  i s  an addit ional a rgumen t  in 
support  of  the cisoid conformat ion ,  where  the phosphorus  nuclei  a re  magnet ica l ly  equivalent.  In the spec-  
t r u m  of compound (]3) the quadruple t  t e s t i f i e s  to the t ransoid  conformat ion .  As a r e su l t ,  these  r eac t ions  
p roceed  with a re tent ion of the conformat ion .  The cons tan ts ,  ana lys i s  data ,  y i e lds ,  and chemica l  shif ts  
of the obtained compounds a r e  given in Tab le  2. 

' )I~ 

�9 R2P(O) RzP(O) 

(A} (s) 

EXPERIMENTAL METHOD 

The pur i ty  of the dichloroethylene c i s -  and t r a n s - i s o m e r s  was  checked by GLC and the IR spec t r a .  
The T H F  was f r e sh ly  dis t i l led ove r  LiA1H 4 p r i o r  to use.  The 31p N1VIR spec t r a  were  taken on a B r u k e r  
HX-90 s p e c t r o m e t e r .  

T rans - t e t r a -p - to ly lv iny l ened iphosph ine  (I). To a suspens ion  of 2.2 g (0.32 g-a tom)  of Li in 75 ml  
of THF was  added in d rops  at  ~ 20 ~ in an argon s t r e a m ,  19 g (0.08 mole) of d i -p- to ly lch lorophosphine  in 
30 ml  of T t tF ,  a f t e r  which 30 ml  of THF was  added and the mix tu re  was s t i r r ed  at N 20 ~ for  1.5 h, and at 
THF ref lux  f o r  0.5 h (the co lo r  of the solution was  da rk  c h e r r y - r e d ) .  Then the mix tu re  was cooled,  the 
excess  Li was f i l te red  in an argon s t r e a m ,  and to the f i l t ra te  was  slowly added in d rops  3.9 ml  (0.04 mole) 
of t r ans -d ich lo roe thy lene  in 15 ml  of THF at 0-5 ~ Then the reac t ion  mix tu re  was s t i r r ed  at ~ 20 ~ for 2 h. 
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After  d is t i l l ing  off the solvent  the r e s idue  was poured into wa te r .  The obtained e~Tstal l ine p rec ip i t a t e  was 
f i l t e red ,  and washed in success ion  with wa te r  and alcohol.  The yield of the c rude  product  was 11.2 g, and 
10.1 g a f t e r  a double r e c r y s t a l l i z a t i o n  f r o m  alcohol.  

C i s - t e t r a -p - to ly lv iny l ened iphosph ine  (II). F r o m  9 g (0.037 mole) of d i -p - to ly l ch lo rophosph ine ,  1 g 
(0.145 g -a tom)  of Li, and 1.8 ml  (0.018 mole)  of e i s - d i c h l o r o e t h y l e a e  at --10 ~ we obtained 3.6 g of c rude  p r o -  
duct. Ex t rac t ion  with hot hexane gave 2.5 g of (II). 

T r a n s - t e t r a - p - t o l y l v i n y l e n e d i p h o s p h i n e D i o x i d e  (III). To 0.85 g (1.8 mmole s )  of t r a n s - t e t r a - p - t o l y I -  
v inylenediphosphine in 30 m l  of  acetone  at  ~ 20 ~ was added 30 m l  of 3% H202 solution.  The obtained p r e -  
c ipi ta te  was r e c r y s t a l l i z e d  f r o m  alcohol  to give 0.72 g of (III). 

C i s - t e t r a -p - to ly lv iny l ened iphosph ine  Dioxide (IV). F r o m  0.4 g (0.8 mmole )  of c i s - t e t r a - p - t o l y l v i n y -  
lenediphosphine in 20 ml  of acetone  and 10 m l  of 370 H202 solut ion we obtained 0.33 g of (IV) r e c r y s t a l t i z e d  
f rom a b e n z e n e - - p e t r o l e u m  e ther  mix tu re ) .  

T r a n s - t e t r a - p - t o l y l v i n y l e n e d i p h o s p h i n e  Disulf ide (V). A mix tu r e  of 1 g (2.0 mmole s )  of t r a n s ~ t e t r a -  
p- to ly lv inylenediphosphine  and 0.16 g (5.0 m mole s )  of su l fur  in 2 m l  of benzene  was  heated in an ampul  at 
120 ~ for  2 h. The obtained c r y s t a l s  we re  r e c r y s t a l l i z e d  twice f rom benzene  to give 0.98 g of (V). 

C i s - t e t r a -p - t o l y l v i ny l ened i phos ph i neDi su l f i de  (VI). A mix tu re  of 0.3 g (0.6 mmole )  of c i s - t e t r a - p -  
to lylvinylenediphosphine and 0.08 g (2.5 mmoles )  of sulfur  in 2 ml  of benzene  was heated at 120 ~ for  0.5 h. 
After  r e c r y s t a l l i z a t i o n  f r o m  benzene we obtained 0.22 g of WI). 

T r a n s - t e t r a - P - e t h y l p h e n y l v i n y l e n e d i p h o s p h i n e  Dioxide (VII). F r o m  4.5 g (16 m m o l e s )  of d i - p - e t h y l -  
phenylchlorophosphine ,  0.7 g (0.1 g -a tom)  of Li, and 9 g (0~ mole)  of t r a n s - d i c h l o r o e t h y l e n e ,  without i s o -  
la t ing the c o r r e s p o n d i n g  diphosphine,  by oxidation with 3% H202 solut ion we obtained 1.28 g of (VII). 

S y m m e t r i c a l  Trans -d ie thy ld ipheny lv iny lened iphosph ine  (VIII). F r o m  8.8 g (0.05 mole)  of e thylphenyl -  
ch lorophosphine ,  1 g (0.145 g -a tom)  of Li,  and 2.4 g (0 .025mole )o f  t r a n s - d i c h l o r o e t h y l e n e ,  a f t e r  d i s t i l -  
l i n g o f f t h e  solvent ,  we isola ted  2.2 g of (VIII) by d is t i l la t ion .  

Sym- t rans -d ie thy ld ipheny lv iny lened iphosph ine  Dioxide (IX). F r o m  0.8 g (2.6 m m o l e s )  of diphosphine 
(VIII) and 10 ml  of 3% H20 z solution we obtained 0.65 g of (IX) ( r e c r y s t a l l i z e d  f r o m  a b e n z e n e - - p e t r o l e u m  
e ther  mix tu re ) .  

Sym- t rans -d ie thy ld ipheny lv iny lened iphosph ine  Disulf ide (X). A mix tu r e  of  1.2 g (4 mmole s )  of d i -  
phosphine (VIII) and 0.6 g (18 m m ol e s )  of su l fur  in 20 m l  of benzene  was  heated in an ampul  at 120 ~ for  
2 h. Af te r  r e c r y s t a l l i z a t i o n  f r o m  acetone  we obtained 0.9 g of (X). 

a -Chlorov iny le thy lpheny lphosph ine  Oxide. A s t r e a m  of ch lor ine  was  pa s sed  into a solution of 9.4 g 
(0.05 mole)  of v inyle thylphenylphosphine  oxide [12] in 75 ml  of CC14 for  2 h at 40-50 ~ Then the solvent  
was dis t i l led off and 50 ml  of benzene and 6.6 g of t r i e t hy l amine  w e r e  added to the r e s idue .  The reac t ion  
mix tu re  was  re f luxed  for  3 h. Af te r  s e p a r a t i n g  the t r i e t hy l amine  hydroch lor ide  (5.6 g) the r e s idue  was 
dis t i l led .  We obtained 6.2 (497o) of a hygroscop ic  subs tance ,  mp 48-49 ~ (in a sea led  cap i l l a ry ) .  Found: 
C1 16.3%. CIoH12POCI. Calcula ted:  C1 16.5%. 

Ethy l t r iphenylch loroe thy lened iphosphine  Dioxide.  A mix tu r e  of 1.9 g (8 m m o l e s )  o f ~ - c h l o r o v i n y l -  
e thylphenyldiphosphine oxide and 1.9 g (9 m m o l e s )  of diphenylphosphine oxide in 4 ml  of benzene  was  heated 
in an ampul  for  5 h at 100 ~ After  d is t i l l ing  off  the solvent  the r e s i d u a l  g la s sy  m a s s  was  rubbed in abso[ute  
toluene and then r e c r y s t a l l i z e d  f rom toluene.  We obtained 1.8 g (36%) of subs tance ,  mp 175-176 ~ Found: 
C1 8.6%. C22H23P202C1. Calcula ted:  8.5%. 

Trans -e thy l t r ipheny lv iny lened iphosph ine  Dioxide (XI). A mix tu re  of 0.54 g (1 mmole )  of e thy l t r i pheny l -  
ch loroe thylenediphosphine  dioxide and 0.5 g (5 mmole s )  of t r i e thy l amine  in 4 ml  of toluene was  heated 
in a sea led  ampul  for  2 h at 110". T h e  c ry s t a l l i ne  subs tance  was f i l t e red ,  washed  on the f i l t e r  with 
wa t e r ,  and r e c r y s t a l l i z e d  f r o m  an a lcohol - -benzene  mix tu re .  We obtain 0.31 g of  (X!). 

Unsym- t rans -d ie thy ld ipheny lv iny lened iphosph ine  Dioxide (XI!). A mix tu r e  of 4 g (0.015 mole)  of 
~-eh loroviny ld iphenylphosphine  oxide [3] and 2~ g (0.02 mole)  of d ie thylphosphine oxide in 6 ml  of benzene  
was  heated in an ampul  for  8 h at 100% Then the benzene  was  dis t i l led  off and 2 g (0.019 mole)  of t r i -  
e thy lamine  in 5 m l  of toluene was  added to the r e s idue .  The obtained hydroch lo r ide  was  f i l t e red ,  the so l -  
vent  was  dis t i l led  off, and the r e s idue  was  r e c r y s t a l l i z e d  twice f r o m  a b e n z e n e - - e t h e r  mix tu re .  We ob-  
tained 1.9 g of  (XII). 
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Trans-ethyltriphenylvinylenediphosphine Dioxide (XIII). From 1 g (4.6 mmoles) of~-chlorovinyl- 
ethylphenylphosphine oxide, 0.6 g (5 mmoles) of diethylphosphine oxide, and 1 g (9.8 mmoles) of triethyl- 
amine we obtained 0.8 g of (XIII) (recrystallized from a benzene--ether mixture). 

Reaction of Cis-tetraphenylvinylenediphosphine (XVII) with Methyl Iodide. To 0.6 g (1.7 mmoles) of 
cis-tetraphenylvinylenediphosphine in 25 ml of alcohol was added 1 g (7 mmoles) of CH3I. The crystals  
obtained on standing were filtered and washed in succession with alcohol and absolute ether. The yield of 
(XIV) was 0.7 g, mp 280-282 ~ (decompn.). 

Reaction of Trans-tetraphenylvinylenediphosphine with CH3I. From 0.6 g (1.7 mmoles) of t r a n s -  
tetraphenylvinylenediphosphine and 1.1 g (8 mmoles) of CH3I we obtained 0.67 g of (XIV) with mp 278-281 ~ 
(decompn.). The mixed melting point of (XIV) with the above described compound was not depressed. 

Reaction of Cis-tetra-p-tolylvinylenediphosphine (II) with CH3I. To 0.8 g (1.7 mmoles) of diphosphine 
(II) in 10 ml of absolute ether was added 1 g (7 mmoles) of CH3I. We obtained 0.75 g of (XV) with mp 264- 
267 ~ (decompn.). 

Reaction of Trans-tetra-p-tolylvinylenediphosphine with CH3I. From 0.4 g (0.85 mmole) of diphosphine 
(I) and 0.5 g (3.5 mmoles) of CH3I we obtained 0.43 g of substance, mp 267-269 ~ (decompn.). The mixed 
melting point with the substance obtained in the preceding experiment was 265-267 ~ (decompn.). 

Trans-tetraphenyl-bicyelo[1,2, 2]-5-heptene-2, 3-diphosphine Dioxide. A mixture of 1 g (2 mmoles) 
of trans-tetraphenylvinylenediphosphine dioxide (XVI) and 5 g (7 mmoles) of cyelopentadiene was heated in 
an ampul for 2 h at 160 ~ We obtained 0.8 g of substance, which was purified on a column containing A1203 
(II activity) by elution with a 4 : 1 benzene--alcohol mixture. 

Cis-endo-tetraphenyl-bicyclo[1,2, 2]-5-heptene-2, 3-diphosphine Dioxide. From 0.5 g (1 mmole) of 
cis-tetraphenylvinylenediphosphine dioxide (XVII) and 3.3 g (50 mmoles) of cyclopentadiene we obtained 
0.28 g of substance, which was purified on A1203 by elution with a 4:1 benzene--alcohol mixture. 

Cis-endo-tetra-p-tolyl-bicyclo[1,2, 2]-5-heptene-2, 3-diphosphine Dioxide. From 0.34 g (7 mmoles) 
of dioxide (IV) and 3.3 g (50 mmoles)of cyclopentadiene we obtained 0.18 g of substance. 

Unsym-trans-diethyldiphenyl-bicyelo[1,2, 2]-5-heptene-2, 3-diphosphine Dioxide. From 0.4 g (1 
mmole) of (XII) and 5 g (75 mmoles) of cyclopentadiene we obtained 0,22 g of substance, which was purified 
on Al203 by elution with a 7 : 1 benzene--alcohol mixture. 

CONCLUSIONS 

1. We synthesized a number of new tetraaryl(alkyl)vinylenediphosphines, and also their dioxides and 

disulfides with a cis-  and a t rans-structure.  

2. The adducts of the dioxides with cyclopentadiene were obtained. 

L I T E R A T U R E  CITED 

1. L . I .  Arkhipova, Z. A. Berkman, L. ~.  Bertina, M. I. Kabaehnik, V. G. Kossykh, T. Ys. Medved, 
N. P. Nesterova, Yu. M. Poiikarpov, A. M. Rozen, and K. S. Yudina, Dokl. Akad. Nauk SSSR, 

209, 1093 (1973). 
2. K . B .  Yatsimirskii,  M. I. Kabachnik, Z. A. Sheka, T. Ya. Medved, ]~. I. Sinyavskaya, N. P. 

Nesterova, and M. A. Konstantinovskaya, Dokl. Akad. Nauk SSSR, 212, 428 (1973). 
3. M . I .  Kabachnik, T. Ya. Medved, Yu. S, Polikarpov, and K. S. Yudina, Izv. Akad. Nauk SSSR, 

Ser. Khim.,  1967, 591. 
4. A . M .  Aquair and D. Daigle, J. Am. Chem. Soc., 8__66, 2299 (1964). 
5. M . A .  Weiner and J. Pasternack, J. Org. Chem.,  34, 1130 (1969). 
6. L . J .  Bellamy, Infrared Spectra of Complex Molecul-'es [Russian translation], IL (1963), p. 45. 
7. J . P .  Mitchener and A. M. Aquair, Organic. Preparation and Procedures,  1, No. 4, 591 (1969). 
8. A . M .  Aquair and D. Daigle, J .  Am. Chem. Soc., 86, 5354 (1964). 
9. J . G .  Martin, Chem. Rev. ,  61, 537 (1961). 

10. F. Bergmann and H. E. Esch-~mazi, J. Am. Chem. Soc., 6_..55, 1405 (1943). 
11. K. Alder and G. Stein, Angew. Chem.,  5_00, 510 (1937). 
12. M . I .  Kabachnik, T. Ya. Medved, and Yu. M. Polikarpov, Dokl. Akad. Nauk SSSR, 135, 849 (1960). 

2214 


