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Synthesis and properties of 1- diphenylboryl- 2- diphenylphosphino- 
1,2-diphenylethene 
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Consecutive interaction of lithium phenylacetylide with triphenylborane and diphenyl- 
chlorophosphine gave 1-diphenylboryl-2-diphenylphosphino-l,2-diphenylethene, which is 
less reactive than dialkylborylphosphinoethenes. 
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The chemical properties of  1-boryl-2-phosphino- 
ethenes are determined to a great extent by the strength 
of intramolecular coordination of the P--,B bond. The 
energy of interaction between the heteroatoms depends, 
in turn, on the molecular geometry parameters which 
are essential for orbital overlap, and on the donor- 
acceptor characteristics of the phosphorus and boron 
atoms.  According to the X-ray  analysis data of  
1 -diphenylboryl-2-diphenylphosphino- 1 -trimethylsilyl-2- 
phenylethene I and 1-butyl-l-dibutylboryl-2-diphenyl- 
phosphino-2-phenylethene 2 (1), the principal geometric 
parameters of the molecule - -  the length of the P--B 
bond and the values of the torsional angles - -  remain 
practically unaffected by the variation of the substituents 
at the boron atom. Also, a comparison of the reactivity 
of compound 1 with that of l-butyl-l-dibutylboryl-2- 
ethylphosphino-2-phenylethene (2) revealed no serious 
differences caused by changing the substituents at the 
phosphorus a t o m )  In this connection, it was of interest 
to define the influence of the substituents at the boron 
atom on the behavior of borylphosphinoethenes. 

For this purpose, 1-diphenylboryl-2-diphenylphos- 
phino-1,2-diphenylethene (3) was prepared by a proce- 
dure 2,3 used for the synthesis of 1 and 2. 

Ph Ph 
k / 

C----C 
[ P h C = C B P h 3 ]  Li + Ph2PCl ~ / 

- -  UCI Ph2P ~ BPh 2 

3 

In the 3]p N M R  spectrum of compound 3 a signal at 
8 6.9, typical of borylphosphinoethenes, 2,3 points to the 
existence of intramolecular P--,B bonding. The molecu- 
lar mass, determined ebullioscopically in C6H6, amounts 
to 550, which is close to the calculated value (528). The 
dipole moment  of 3 is 4.24 D*, which is close to that 

*Determined by S. G. Vulfson and N. N. Sarvarova. 

found for 1. However, the properties of 3 differ notice- 
ably from those of dialkylborylphosphinoethenes which 
readily undergo oxidation in solution and even in the 
crystalline state. 3,4 Compound 3 is an air-stable high- 
melting crystalline substance which oxidizes rather slowly 
in dilute solutions. Thus, after 1 hr of  refluxing in 
acetonitrile and removal of unreacted 3, a small amount 
of oxide (4) was isolated from the filtrate. 

Ph Ph Ph\ /Ph 
\ C = C  / [0] [s] C : C  
/ , = 3 ~- Ph2P~_ ~BPh 2 Ph2P_ ..BPh 2 MeCN 
\ '-0 ~" \ \ s  p 

It should be noted that the oxidation of dialkylboryl- 
phosphinoethenes primarily affects the B--C bonds.4Also, 
the addition of elemental sulfur to 3 proceeds under 
more severe conditions than in the case of compound 1, 
for which the reaction in CS 2 is completed within several 
minutes at room temperature. The formation of sulfide 
(5) requires refluxing in toluene for 2 h. Thus, in com- 
parison with dialkylborylphosphinoethene 1, compound 
3 is more inert in reactions involving the phosphorus 
atom. 

The characteristic signal in the alp N M R  spectrum 
of compound 4 is observed at 8 62.85. Taken together 
with the low-frequency shift of the band of the phosphoryl 
group in the IR spectrum (v 1118 cm-i) ,  this indicates 
the existence of an intramolecular coordination bond 
O ~ B  (cf.4). In the case of sulfide 5, similar speculations 
lead to the conclusion that interaction occurs between 
the sulfur atom and the boryl moiety, since the closest 
structural analog of 5, diphenyl(vinyl)phosphinesulfide, 
displays a signal in the 31 p N M R  spectrum at 8 37.5. 5 

An even larger difference is observed in the reactivities 
of diphenyl- and dialkylborylphosphinoethenes towards 
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nucleophi l ic  reagents:  C o ~ 0 u n c t  1 f o r m s  a "complex- crease irt the,.reactivity.,Of bd~ll~hosphirmLeShene,, possi- 
with pyr idine which exists in solut ion and ~ay,h~.zde-  bly due to the strengthening of  the in t ramolecular  do-  
tec ted  by means  of  3~P N M R  spectroscopy, z o n  dls~glv- nor- 'gcceptor interaction.  
ing 3 in pyridine,  the  chemical  shift in the 31p N M R  
spectrum remains  unaffected.  This indicates4hg:absence ,~ .  ~ .~ -:.' 
o f  complexing,  al though the phenyl  substituents at the . . . .  Experimental 
boron a tom should be ,expected to e n h a n c e  the stability 
of  compiexes of  boranes Wiih aromatic, ami~es; n Oxide  4 'Tiie 31p NMR~pectra ,#~.~ r~cbrded d~na Bruk~r ~ - - 2 5 0  
also forms no complex  with pyridine.  .~, 2'" -spectrometer :at. 101 M H z a n d  34.5~ with 85 % H3PO 4 as 

C o m p o u n d  3 is also less reactive towards compounds  ~ " external reference. IR spectra were recorded on a Specord M- 

with mul t ip le  polar  bonds. For  ins tance ,  thiocyanates ,  
which readily f o r m  [4+2] ' adducts  with diaikylboryl-  
phosphinoe thenes ,  do not  react with 3. The reac t ion  of  3 '~ 
with i sobutanal  to give the corresponding 1-oxa-5-  
phosphon ia -2 -bora t acyc lohex-3 -ene  (6) is comple ted  i n  
3 h, whereas the  s imilar  t ransformat ion of  1 takes only a 
few minutes.  

" ~  L 

.- Ph Ph 
\ / 

-C=C 
i- P r C H O  ~ / x -  

a : Ph2P~ pBPh 2 
'~ CH-'O / 
i-Pr 

6 

The react ions involving he terocumulenes  were of  par-  
t icular  interest  because earl ier  it was found that the 
init ially formed [4+2] adducts  with carbodi imides and 
phenyl  isocyanate  underwent  1,2-migrat ion of  the butyl 
group, frord the  boron a tom to give 2 -aza-4-phosph0nia -  
1-boratabicyclo[3.1 .0]hexanes;  in the  case of  c a r b o -  
di imides,  the in termedia te  cyclic adduct could not be 
detected.  7,a 

We f o u n d  t ha t  p h e n y l  i socyana t e  and pheny l  
isothiocyanate  do not  react ~vith 3. The react ion of  3 
with diphenyl  carbodi imide  comes to corflplefion only iff 
5 days, resulting in a cyclic betaine (7). 

ph~ 

Ph\_ / ,,- Ph 
C = C  

~P hN=C=N Ph . * /  ~-  
. ~ . .  " Ph2.Px ; B P h 2 ~ P h 2 P ,  

" - -  P h N = c , = N  Ph " C - N  C 

" ~'~ PhN '~ 'Ph ph'N~ X ' 
7 ah 

:Comp0und  7 is a yel lowish crystall ine Substl~ncS. I t s  
IR"spectrurri displays"an absorpt ion band at v 1566 cm -1 
chatactdrist id of  a ' C = N  bond. A s i g n a l  at 8 -4.2" (in: 
C6H6), 'characterist ic Of cyclic betaines of  Similar struc- 
ture, is Observed in its 3tp N M R  spectrum. The 8 values 
for the signals of  P in the  bicyclic rearrangement  prod-  
u c t s a r e  known ' to  range from 4.7 to 12: 7.a 

Ag~ns t  expectat ions,  no anionotropic  rearrangement 
was observed at higher temperatures.  Instead, a reverse 
react ion occurred: The s'igtial of  3 appeared in the 31p 
N M R  spectra  after laeating 7 in benzen'e for-only a few 
minutes.  The ready dissociat ion of  7 to give 3 presents 
extra evidence o f  high stabil!ty of  the  latter. 

Thus, r ep lacement  of  alkyl substffuents at the  boron 
a tom with phenyl  groups br ings  about a noticeable de- 

80 spectrometer in vaseline oil mulls. 
The synthesis of compounds 1 and 2 has been described 

., darfier.2,3 " . . . . . .  , .... 
-Dlphenylboryl- 2r dq~henyiphoSphlnb=l,2-diphenylethene 

(3). A solution of piienjT lithium(2.39 g, 28.5 mmol) in 30 mL 
of Et20 was added dropwise at 0?C ul?dsr N 2 atmosphere to a 
stirred solution of phenyl acetylene (2:9 g, 28.5 mmol) in 3 mL 
of Et20. After stirring at 20~ for 0.5 h, a solution of 
tfipherlylbofane (6..9 g, ,28.5 mmol).~in,-.15 mL ~of ,THF :was 
adde;s dropwise at Q(~, and the mixture was stirred for 1 h a l  
20.~ Then, a solution of diphenyt.chloroPhosphine (5~8g~ 
28.5 mmo1) in 5 mL of Et20"was~dded grid =therfid~tlon 
mixture was refluxed for 2.5 b. A precipi~t& corfsigting "Of 3 ~ 
and lithium chloride, was filtered on tl~e nex~di~y. Another 
portion: of 3'-was obtained:on evaporafioti of" t.he filtr~tte. The 
preci151tates were combined and  reerystaltized fro~m~,OMF--o 
MeCN (10:1, v/v) to afford.3.33,g (22.3.%) of compound,3, 
mp 244-,246~ Fotmd (%): C 86,gl;~ H :5.94; -P, 6.49. 
C38H30BP: Calculated (%): C,8.6.36;~H 5.68i:P 5.87.. 31p NMR 
spectrum (C6H6) , 8: 6.% 

( - Dlphenylboryl, 1,2-diphenylethen~vl) dlphenylphosphlne 
oxide (4). Compound 3 (0.4 g 0 7'5 rfimo!) was dissoi-~ed with 
heating i n 5  mL of "dry pyridine, and h flow df dry air wds 
bubbled through the:solution for 4 days. Pyridine'was, i*emoved~ 
i n a  vacuum, and the residue was crystallized:from MeCN and 
recrystallized~ from DMF--MeCN (2:1) to give 0.3~g (73 %) of: 
compound 4 ,  mp 22fi--227~ :Fo.und (%) C 83.32; H 5:96;~ 
P. 5.47. C38H30BOP. Calculated (%): C 83~82; H 5 51; P 5:6.9. 
IR spectrum v (cm-1): 1118 (P=O). 3!p NMR spectrum 
(C6H6) , 6:62.85 " " 

(2-Dilihenylb0ryl- 1,2-diphenylethenyl}diphenylphosphine 
sulfide (5). A mixture of 0.8 g (1.5- mm61)~bf comp-ound 3 a~nd= 
0.1 g-(3.1 mmoi) of sulfur was, dissolved in 7 haL of t6tueneand 
refluxed for 2 .h Toluene was remov:~d; in awacuurri, and the 
residue was crystalJized,from ,acetor~e~MeCN ~i :!L and ~nce,. 
again from MeCN to afford 0.41 g (48 %) of compound 5. An 
analytical samp]e was obtained by recrystallization from ben- 
zene; mp 210~212~ Found (%): C 79.82; H 5.31; p.4.89; 
s 6.19. C38H36BPS. Calculated (%): C 81:42; H 5.36. P 5.54: 
S 5.71, IR spectrum, v (cm-I): 624 (P=S). 3~p NMR spectrum 
(C6H6) , 8: 60.1. 

6-Isopropyl~2,2,3,4,5,5-hexaphenyl- l-oxa-S-phosphonia-2- 
borata-3-cyclohexene (6). Isobutanal (0.5 mL) was added to a 
solution of compound 3 (0.15 g, 0.28 mmol) in 5 mL of 
benzene. After 3 h. the reaction mixtur~ was ex)aporated in a 
vacuum, and the residue was crystallized from MeCN to yield 
0.08 g (47 %) of compound 6. mp 245~-246~ Found (N'): 
C 83.39; H 6.53; P 4:86. C42H38BOP. Calculated (%1: C 84.00; 
H 6.33: P 5.17. 31p NMR spectrum (C6H6). ~: -7.0. 

1,2,2,3,4,5,5-Heptaphenyi-6-phenylimino- l-aza-5-phos- 
phonia-2-borata-3-cyclohexene (7). Diphenylcarbodiimide 
(0.23 g, 1 mmol) was added to a solution of compound 3 
(0.58 g, 1 ram. ol) in 15mL of benzene. After 5 days, the solvent 

was  removed in a vacuum, and the residue was crystallized 
from MeCN to give 0.35 g (44 %) of compound 7, mp 166~ 
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(dee). Found (%): C 84.26; H 5.83; N 3.26; P 3.95. 
C51Ha0BN2P. Calculated (%): C 84.76; H 5.54; N 3.88; P 4.29. 
IR spectrum, v (cm-l): 1556 (C=N). 31p NMR spectrum 
(C6H6) , 8: -4.2. 

The  authors are grateful to the Tatar ian Commerc ia l -  
Media tory  Industr ial  F i rm "ELAZSNAB" for the f inan- 
cial support  of  this research. 
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On the relationship between the mass spectral 
and structural indices of arylsilanes 
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A common informational approach has been employed to obtain a generalized description 
of molecular structures (based on the graph spectra) and that of the respective mass spectra. 
The approach is suitable for comparing these two characteristics on a scale with common 
dimensional representation. A series of 28 arylsilane derivatives was studied to demonstrate 
the correlation between the mass spectral and structural informational indices. This series is 
divided into three subsets which differ in their inherent regression lines and characteristic 
structural features. The results thus obtained can be used in designing compact data base 
retrieval systems for the structures and mass spectra of organosilicon compounds. 

Key words: mass spectra; molecular graphs; mass spectral vs. structural indices correla- 
tions; arylsilanes; vertex eccentricity; vertex distance; graph distance. 

Choosing the proper  structural  and spectral charac-  
teristics is of  crucial  impor tance  for establishing spectro-  
structural  correlat ions.  A set of  rnicrofragments associ- 
ated with a set of  spectral  lines is usually used to describe 
a molecular  s tructure in data  base and artificial intell i-  
gence systems. 1,2 An alternative approach is based on 
construct ing some general ized numerical  characterist ics 
of  a structure and o f  the  respective mass-spectrum.  The 
in format ion- topologica l  indices adequately depict  the 
molecular  structural  features and are commonly  used as 

structural invariants. 3,4 One way of  construct ing the 
mass spectral indices (that  is, convolut ing an entire 
mass-spect rum to a single number)  is to calculate the 
information entropy o f  a mass spectrum using Shenon's  
equation: 

N 
H = - ~ Pi l~ Pi , (1) 

/=1 

where pf--I i ~Y J,. is the  intensity of  the i - th peak normal-  
ized to the total ionic current;  N is the  total  number  of  
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