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Crystalline Ag~O. 4B203 has been prepared and fotmd to be monoclinic with unit-cell dimensions 
a=6.550±0-003,  b=8-671 ±0.004, c=17.511___0.008 A; f l=90 ° 18 '±6 ' .  

The space group is P21/c. A crystal structure investigation was carried out on a solid solution of 
this phase, where 40 mol. % of the silver atoms were substituted by sodium atoms. This solid solu- 
tion had unit-cell dimensions a = 6.521 ± 0.003, b = 8.624 ± 0.004, c = 17.549 ± 0-008 A; fl = 90 ° 20' ± 5'. 

A total of 829 reflexions were recorded. The structure was determined by a three-dimensional 
Fourier synthesis, and refined by a least-squares analysis, including all observed reflexions. A 
reliability index of R = 11.0% was obtained. 

The borate anion in the structure consists of two separate, identical, three-dimensional, inter- 
locking networks. Each of these networks is composed of units which have previously been found 
in anhydrous triborates and pentaborates. A structural relationship of silver tetraborate to sodium 
tetraborate is indicated. 

Introduction 

As par t  of a systematic  s tudy of the crystal  structures 
of anhydrous  borates with a rat io of metal  oxide to 
boron oxide smaller t han  one, a de terminat ion  of the 
s t ructure  of silver te t raborate ,*  Ag20.4B203,  is pre- 
sented here. Previously the structures of Rb20 .5  B20a 
and K20.5B2Oa (Krogh-Moe, 1959, 1964), Cs20.3B203 
(Krogh-Moe, 1960) and Li20.2B203 (Krogh-Moe, 
1962a) have been reported. The la t ter  structures,  i.e. 
the pentaborates ,  t r iborates  and  diborates, all have 
hydra ted  counterparts .  In  potassium pentabora te  
t e t r ahydra t e  (Zachariasen & Plet t inger,  1963) a borate 
polyion is found, which is re ta ined in the anhydrous  
compound as par t  of a three-dimensional  network.  
The hydroxy l  groups of the polyion, however, are 
replaced by oxygen a toms bridging two borons in the  
anhydrous  compound. Similar circumstances are found 
for the s t ructure of sodium diborate  decahydrate ,  
(Morimoto, 1956) as compared with anhydrous  
l i th ium diborate.  

The only hydra ted  t r iborate ,  for which the  s t ructure 

* The mineral borax 

(Na20.2B20 a. 10H20 = 2Na+B4Os(OH)42-. 8H20) 

is usually known as a sodium tetraborate, since it has four 
boron atoms in the 'molecule'. Other borates of a different 
composition with four boron atoms in the 'molecule' are 
conceivable, however. (As an example it could be mentioned 
that a cage structure reminiscent of the urotropine molecule 
has been suggested for certain hydrated metaborates.) Thus 
the usual nomenclature is somewhat ambiguous. According to 
the IUPAC recommendations, borax should be called a 
disodium tetraborate. The present author has taken the view 
that a consistent nomenclature can at the moment only be 
based on the stoichiometry, since neither are all borate 
structures known, nor do they all contain 'molecules'. The 
name disodium tetraborate may therefore be simplified to 
sodium diborate, leaving the name tetraborate to those 
compounds having a 1:4 ratio of other oxide to boron oxide. 

is known, is the  mineral  tunell i te,  S r O . 3 B 2 0 8 . 4 H 2 0  
(Clark, 1963). This structure,  however, does not  
follow the pat tern .  Ins tead  it  consists of a larger 
borate  polvion, not  related to the simple t r ibora te  
group found in Cs20.3 B203. 

A few reports about  hydra ted  te t raborates ,  
M20.4B20.~.xH20, can be found in the older litera- 
ture,  bu t  the  existence of any  such compound has 
not  been f i rmly established. In  several anhydrous  
systems, on the  other  hand,  the  te t rabora tes  appear  
to be par t icular ly  stable phases. There is also evidence 
t h a t  the  s t ructural  configuration of the crystal l ine 
sodium te t rabora te  is largely re ta ined in the molten 
phase and the  glass phase of the  same chemical 
composit ion (Krogh-Moe, 1962b). A crystal  s t ructure  
invest igat ion of an anhydrous  te t rabora te  is therefore 
of considerable interest.  

Experimental  

Single crystals of Ag~O.4B208 were grown from a 
silver borate  melt  kept  in a silica crucible for a few 
hours at  730 °C. The melt  was prepared from the  
stoichiometric amounts  of silver oxide and boric acid. 
The chemicals were first allowed to react  in the  solid 
state by gradual  heat ing from 100 °C to 300 °C so 
as to prevent  decomposit ion of the silver oxide, and 
then  fused a t  temperatures  around 800 °C. The mel t  
could easily be supercooled to a glass. 

An unidentif ied silver borate  phase was formed in 
the  solid s tate  react ion a t  300 °C in a couple of weeks. 
The same phase also crystallized as a finely grained 
mass from the fused silver borate. At  650 °C only this 
phase was obtained from the mel t ;  a t  730 °C up to 
mill imeter large crystals of Ag20.4B203 grew simul- 
taneously.  These crystals could be separated by hand  
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unde r  a microscope f rom the  glass a n d  the  un iden t i f i ed  
phase.  

E q u a t o r i a l  and  non-equa to r i a l  Weissenberg  ex- 
posures of AgeO.4B203  abou t  the  a and  b axes  
showed the  space group to be P21/c. The  fol lowing 
uni t -cel l  d imens ions  were de t e rmined  wi th  a least-  
squares  f i t  of powder  d i f f rac t ion  da ta ,  employ ing  lead 
n i t r a t e  as in t e rna l  s t a n d a r d :  

a - -  6.550 -+ 0.003, b = 8.671 _ 0.004, 
c = 1 7 . 5 1 1 + 0 . 0 0 8  A;  f l = 9 0  ° 18'_+6'. 

These  d imens ions  correspond to a ca lcu la ted  d e n s i t y  
of 3.41 g .cm -3 w i th  four  fo rmula  un i t s  of A g 2 0 . 4 B 2 0 3  
in the  un i t  cell. 

Dur ing  the  course of th i s  work,  i t  was discovered 
t h a t  s i lver  t e t r a b o r a t e  could hold  a considerable  
a m o u n t  of sod ium t e t r a b o r a t e  in solid solut ion.  For  
t he  subsequen t  s t ruc tu re  de t e rmina t ion ,  the  solid 
so lu t ion  offers t he  dua l  a d v a n t a g e  of a lower absorp-  
t i on  coefficient  and  a h igher  re la t ive  con t r i bu t i on  
of boron and  oxygen  to  the  d i f f rac ted  in tensi t ies .  
Crys ta l s  were therefore  grown from mol t en  mix tu re s  
of si lver t e t r a b o r a t e  wi th  sodium t e t r abora t e .  

Since a comple te  c rys ta l l i za t ion  of the  mel t  to the  
t e t r a b o r a t e  phase  did no t  occur, the  e x t e n t  of solid 
so lu t ion  h a d  to  be de t e rmined  d i rec t ly  on the  crysta ls .  
This  was accompl i shed  by  d i f ferent  methods .  W i t h  an  
e lec t ron  microprobe  X - r a y  ana lyse r  (from Appl ied  
Resea rch  Labora tor ies ,  Inc.) ,  t he  s i lver  con ten t  of 
t he  solid so lu t ion  c rys ta l s  was de te rmined ,  us ing pure  
s i lver  t e t r a b o r a t e  c rys ta l s  as a s t anda rd .  (A un i fo rm 
d i s t r ibu t ion  of s i lver  in  t he  c rys ta l s  was also verified,  
i nd i ca t ing  a well def ined composi t ion.  I n  ag reemen t  
w i t h  this ,  t he  solid so lu t ion  gave  a sharp  powder  
pa t t e rn . )  A h a n d  picked 2-mg sample  of c rys ta l s  was 

a n a l y s e d  for sodium wi th  a spec t ropho tomete r .  B o t h  
me thods  gave  cons i s ten t  resul ts ,  cor responding  to  
r ep lacemen t  of 40 mol. % of the  si lver  oxide b y  sodium 
oxide. This  resu l t  was f u r t h e r  checked b y  measu r ing  
the  d e n s i t y  of the  solid so lu t ion  c rys ta l s  b y  the  
f lo ta t ion  method .  The  heav ies t  f rac t ion  appea red  to  
have  a dens i ty  s l igh t ly  above  2.9 g.cm -3 as compared  
wi th  2.98 g.cm -8 ca lcu la ted  for 40 mo l .% subs t i t u t i on  
b y  sodium oxide and  3.41 g.cm-~ for the  pure  si lver  
compound .  

The  uni t -cel l  d imens ions  for the  solid so lu t ion  
c rys ta l l ine  phase  (Ag0.6Na0.4)eO.4B20~ were found  to  
be" 

a = 6-521 Jr 0.003, b = 8.624 _+ 0 .004 ,  

c=17-549+_0-008 /~ ;  f l = 9 0  ° 2 0 ' + 5 ' .  

X - r a y  i n t e n s i t y  d a t a  were collected for th i s  phase  
wi th  the  Weissenberg  mul t ip le  f i lm techn ique ,  us ing  
Mo K s  rad ia t ion .  A crys ta l  of p r i smat i c  shape  wi th  
a cross sect ion of 0.0067 × 0.0060 cm 2 was used. The  
c rys ta l  was r o t a t e d  a b o u t  the  b axis  and  d a t a  were 
collected for the  equa to r ia l  and  six non-equa to r i a l  
layers .  An equa tor ia l  exposure  a b o u t  the  a axis  was  
also secured. In tens i t i e s  were e s t ima ted  b y  v i sua l  
compar ison  wi th  a ca l ib ra t ion  s t r ip  for 829 reciprocal  
la t t ice  points .  No absorp t ion  correct ions were con- 
sidered necessary ,  the  l inear  absorp t ion  coefficient  
being only  25 cm -1 (as compared  wi th  40 cm -1 for 
pure  si lver  t e t rabora te ) .  A list  of observed s t ruc tu re  
fac tors  is ava i lab le  upon  request .  

The s t r u c t u r e  d e t e r m i n a t i o n  

The  s t ruc tu re  conta ins  2 cat ions,  13 oxygen  a toms  and  
8 boron a toms  in the  a s y m m e t r i c  uni t ,  all a t oms  

Tab le  1. Atomic position parameters, with standard deviations 
Values are given as fractions multiplied by 104, of the unit cell edge. The last two columns give the parameter B 

(together with its standard deviation) of the temperature factor exp [ -  B (sin 0/2) 2] 
Atom x/a Crx/a y/b ffy/b z/c (~z/~. B fiB 
Ag(1) 616 5 4855 4 1184 2 1"59 A 2 0"05 
Ag(2) 4671 5 645 4 994 2 1"50 0-05 

O(1) 4272 28 7798 24 336 l0 1-3 0"3 
0(2) 4523 27 5508 24 1151 10 1.2 0.3 
0(3) 2493 25 1673 22 4275 9 0"6 0"3 
O(4) 4604 28 3117 23 3407 11 1.4 0-3 
0(5) 589 25 9740 22 1174 9 0"7 0"3 
0(6) 1685 26 1855 23 424 10 1-0 0-3 
0(7) 9884 28 2332 25 1596 10 1"3 0"3 
0(8) 1966 25 6277 22 4445 9 0"5 0"3 
0(9) 860 27 6750 23 307 10 1-0 0-3 
O(10) 347 27 5244 24 2572 10 1-4 0"3 
O(11) 609 27 7700 24 2064 9 1.0 0-3 
O(12) 4587 26 955 24 2533 10 1.3 0"3 
O(13) 4618 26 3428 23 2018 9 0"9 0"3 

B(1) 4615 44 1958 40 4066 16 0"8 0"5 
B (2) 9964 48 1181 43 920 17 1" 3 0" 6 
B(3) 1176 38 2273 37 4822 13 0"2 0"4 
B(4) 385 51 6811 47 2659 18 1"7 0-6 
B(5) 2371 47 7736 43 63 17 1"2 0"5 
B(6) 224 42 9187 41 1883 15 0"9 0"5 
B(7) 4805 51 5009 45 1879 18 1.5 0"5 
B(8) 4690 42 2492 42 2664 14 0"8 0"5 
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occupying general fourfold positions in the lattice. 
The positions of the two cations were determined from 
Patterson projections about the a and b axis. Based 
on signs from these positions, a three-dimensional 
Fourier difference summation (with the cation con- 
tribution subtracted) was calculated. These calcula- 
tions were carried out on an ALWAC III  E electronic 
computer. The three-dimensional Fourier synthesis 
gave a unique set of parameters for all the boron and 
oxygen atoms. The initial set of parameters obtained 
in this manner, was subjected to a least-squares 
refinement analysis, including all observed structure 
factors. A program written by /~sbrink & Br~nd~n 
for the Facit EDB computer was utilized. The 
Cruickshank weighting scheme was used. Atomic 
form factors were taken for the neutral atoms from 
International Tables for X-ray Crystallography (1962). 
The atomic form factor for the cation was obtained 
by compounding the values for silver and sodium. 

Mter  11 cycles, no further improvement in the 
parameters was evident. The residual index R, 
including only observed reflexions, remained at 11-0% 
during the last few cycles. Table 1 gives the parameter 
values and isotropic temperature factors, all with 
standard deviations. The cations are referred to as 
Ag in the table, though treated in the calculations 
as a hypothetical atom with 32.6 electrons. 

Descript ion of the structure 

The structure consists of two separate, identical, 
interlocking, three-dimensional networks. This phe- 
nomenon of two independent networks has previously 
been encountered in the structures of potassium 
pentaborate (Krogh-Moe, 1959, 1964) and lithium 
diborate (Krogh-Moe, 1962a). Apparently the bond 
angles and the structural groups of a single borate 
network do not in general permit an efficient packing 
of the atoms. Instead a double network is formed so 
as to avoid a very open, low-density structure. 

Fig. 1 gives an idealized view of one of the twin 
networks. I t  is seen that  in the direction of the a axis 
the network may be described as built up alternately 
of triborate and pentaborate groups. The triborate 
group is essentially a six-membered ring structure 
with three oxygen atoms and three boron atoms in 
the ring. Four additional oxygen atoms are linked 
to the boron atoms of the ring. Thus one boron atom 
is tetrahedrally coordinated and the two others are 
planar triangularly coordinated by oxygen. In cesium 
triborate (Krogh-Moe, 1960) the anion polymer is 
simply a three-dimensional network of these triborate 
groups. 

The pentaborate group can be derived from the 
triborate group by adding another two BO~ triangles 
to the fourfold coordinated boron, thereby forming 
a second six-membered ring. This double-ring struc- 
ture is found as an isolated polyion in potassium 
pentaborate tetrahydrate (Zachariasen & Plettinger, 

J .  K R O G H - M O E  

Fig. I. Ideal ized view of one of the  two th ree-d imens iona l  
ne tworks  in silver t e t r a b o r a t e .  Large  open circles represen t  
oxygen  and filled small circles represen t  boron.  The  do t t ed  
sect ion of the ne twork ,  a t r i bo ra t e  group,  is in the  rear.  

1963). In anhydrous potassium pentaborate, however, 
each pentaborate group is bonded to four identical 
groups to form continuous networks. The scarcity 
(or lack) of hydrated tetraborates is understandable 
in view of the simultaneous presence of pentaborate 
and triborate groups, rather than a specific tetraborate 
group, in the structure of anhydrous tetraborates. 

I t  is seen that  two out of every eight boron atoms, 
i.e. 25%, are fourfold coordinated in silver tetraborate. 
This is the fraction expected from a formula given 
previously by Krogh-Moe (1960) for the anhydrous 
alkali borates with less than 34 mol.% alkali. The 
average boron-oxygen bond lengths in silver tetra- 
borate are 1-47 and 1.37 • for the tetrahedra and 
triangles respectively. These values are similar to 
average values found for many borate structures 
recently. A list of boron-oxygen bond lengths is given 
in Table 2. The table shows that  the maximum 
deviations from the average values amounts to no 
more than twice the estimated standard deviation 
of + 0.04/~. 

The oxygen-oxygen distances within the boron 
coordination polyhedra are also given in Table 2. 
The consistency of these distances shows that  the 
coordination polyhedra around boron are fairly 
regular. 

The surroundings of the cations, on the other hand, 
are not symmetrical or regular. This is evident from 
Table 3. The cation Ag(1) is surrounded by seven 
closest oxygen neighbours with distances varying 
from 2.23 to 3.02 A. The second cation has eight 
closest oxygen neighbours, with distances ranging 
from 2.39 to 3.00 .~. Evidently the cation coordination 
sphere is to a considerable extent governed by the 
requirements of the borate polymer network and not 
only by the cation itself. I t  is understandable that  
this kind of cation position can accommodate a con- 
siderable amount of sodium. 

Since the two cation sites are not quite equivalent 
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Table 2. Boron-oxygen bond lengths (standard deviation -+ 0.04 ~)  and oxygen-oxygen distances 
(standard deviation +_ 0.03/~) of the boron coordination polyhedra 

The boron atoms numbered l, 7 and 8 belong to the t.riborate group 
Tetrahedra 

B(1)-O(I') 1-47 A 0(1')-0(2') 2.44 A B(2)-O(5) 1-38 A 0(5)-0(6) 2.36 
B(1)-O(2") 1-42 O(1')-O(3) 2.42 B(2)-O(6) 1-53 O(5)-O(7) 2-40 
B(1)-O(3) 1.45 O(1")-O(4) 2.34 B(2)-O(7) 1.55 O(5)-O(8") 2.39 
B(I)-O(4) 1.53 O(2')-O(3) 2.31 B(2)-O(8') 1.42 O(6)-O(7) 2-40 

0(2')-0(4) 2.45 O(6)-O(8') 2-44 
0(3)-0(4) 2.40 O(7)-O(8') 2-37 

Triangles 
B(3)-O(3) 1-39 /k O(3)-O(6") 2.44 A B(4)-O(7') 1.39 A O(7')-O(10) 2-32 A 
B(3)-O(6") 1.34 O(3)-O(9') 2.31 B(4)-O(10) 1.36 O(7')-O(1 I) 2-39 
B(3)-0(9') 1.42 O(6"')-O(9') 2.42 B(4)-O(ll) 1.30 O(10)-O(11) 2-30 

B(5)-O(1) 1.33 A 0(I)-0(8"') 2.31 A B(6)-0(5) 1.35 A O(5)-O(10') 2.32 A 
B(5)-O(8") 1.40 O(1)-0(9) 2.40 B(6)-O(10') 1.37 0(5)-O(11) 2.35 
B(5)-0(9) 1.37 0(8")-0(9) 2.39 B(6)-O(11) 1.35 O(10')-O(1 I) 2.37 

B(7)-O(2) 1.36 A O(2)-O(12") 2.41 A B(8)-O(4) 1.41 A O(4)-O(12) 2.41 A 
B(7)-O(12') 1.37 O(2)-O(13) 2.35 B(8)-O(12) 1.35 O(4)-O(13) 2.45 
B(7)-O(13) 1.39 O(12')-O(13) 2.38 B(8)-O(13) 1.39 O(12)-0(13) 2.32 

Table 3. Cation-cation separations smaller than 6 A 
(standard deviation _+0-004 ~)  and cation-oxygen 
distances (standard deviation +0.02 / ~ ) f o r  the first 

coordination shell of the cation 
The cation is referred to as At, 

though replaced to 40% by sodium 

ag(2)-Ag(2') 3-686 A 
Ag(1)-Ag(l') 4.238 
Ag(2)-Ag(1) 4.525 
Ag(2)-Ag(l') 5.340 
Ag(2)-Ag(l") 5.637 

Ag(2)-O(1) 
Ag(2)-O(l") 
Ag(2)-O(4') 
Ag(2)-O(5) 
Ag(2)-O(6) 
Ag(2)-O(8') 
Ag(2)-O(12) 
Ag(2)-O(13) 

Ag(1)-O(2) 
Ag(1)-O(3') 
Ag(1)-O(6) 
Ag(1)-O(7) 
Ag(1)-O(9) 
Ag(1)-O(10) 
Ag(1)-O(ll) 

2.78 A 
2.73 
2.47 
2.79 
2.43 
2.39 
2.71 
3.00 

2-60 A 
2-67 
3.02 
2-37 
2-23 
2.46 
2.88 

with respect to the  surroundings, it is conceivable 
t h a t  the  distr ibution si lver-sodium is not  entirely 
random. The Fourier  peaks a t  the two cation positions 
are very  similar in size, however, so t ha t  the deviat ion 
from random distr ibution cannot  be very  large. 

Table 3 also gives the  cat ion-cat ion distances. 
These are of interest  for a comparison with corre- 
sponding distances, obtained from radial  distr ibution 
curves of vitreous t e t rabora te  phases. 

The relation of s i lver tetraborate 
to other tetraborates  

The large range of solid solubility raises the  question 
whether  pure sodium te t rabora te ,  Na~O.4B203, is 
isomorphous with the silver t e t rabora te  phase studied 
in this paper.  This is not  the case, however, but  the 
similari ty in unit-cell dimensions indicates t h a t  the 

phases are s t ruc tura l ly  related. Sodium te t rabora te  is 
also monoclinic with unit-cell dimensions (Krogh-Moe, 
1957)" 

a = 6 . 5 0 ,  b=17.80,  c=8 .37  A; f l=96-5 °. 

The space group was reported as P21 or P21/m, bu t  
recent studies indicate t ha t  the space group is p robab ly  
P21/a. The sodium te t rabora te  unit  cell thus  mainly  
differs from the silver t e t rabora te  cell by the exchange 
of the unique axis with the c axis, and by a change 
of the extinction conditions to conform with P21/a 
instead of P21/c. The cell dimensions are not  very  
different, however. Stronger evidence for a s t ructura l  
relationship of these two phases is found by  comparing 
the  infrared spectra in the region from 2 to 15 microns. 
The spectra are found to be r emarkab ly  similar, thus  
support ing a hypothesis t ha t  even crystall ine sodium 
te t rabora te  is built  up from t r ibora te  groups and 
pen tabora te  groups. 

F rom a statistical mechanical  analysis of thermo- 
dynamic  da t a  it was concluded t h a t  sodium te t ra-  
borate  fuses with little decomposition (Krogh-Moe, 
1962b). Also it was concluded tha t  the  melt  does not  
contain separate  t r iborate  groups or pen tabora te  
groups, bu t  ra ther  a t e t rabora te  group. This does not  
contradict  the results of the present  s t ructure  deter- 
ruination, however. Supposing t h a t  t r ibora te  and  
pen tabora te  groups exist in the  melt, the stat ist ical  
analysis merely shows tha t  such groups do not  exist 
as independent  units, t ha t  is units which m a y  be 
r andomly  linked with each other  to a ne twork in 
the melt. A t r iborate  group must  therefore (nearly) 
always appear  associated with a pen tabora te  group 
in the melt. This ent i ty  can thus,  f rom a statist ical  
point  of view, formally be regarded as a t e t r abora te  
group, whether  or not  the  const i tuent  units  are 
linked with boron-oxygen  bonds. 
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The Structure of the Adduct  of P h 3 P - N . P h  and MeO2C.C-C.CO2Me 

BY T .  C. W .  ) / [A~*  AND J .  TROTTER 

Department of Chemistry, University of British Columbia, Vancouver 8, B.C., Canada 

(Received 14 February 1964) 

Tetraphenylphosphine imide, PhaP = N . P h ,  forms a 1:1 adduct with acetylenedicarboxylic acid 
dimethyl ester, MeO~C. C = C. CO2Me; two types of structure may be proposed for this adduct, one 
containing a four-membered ring of phosphorus, nitrogen and two carbon atoms, the other being 

I I 
an open chain structure with a ~ P  = C -  C = N -  unit. The molecular structure of the adduct has 
been determined by X-ray analysis of the bromo-derivative, prepared from N-p-bromophenyl-PPP- 
triphenylphosphine imide, Ph a.P =N.C6H4.Br.  Crystals of the bromo-derivative are monoclinic, 
a = 11.83, b = 9.24, c = 25.43 A, fl = 104 ° 15', Z = 4, space group P21/c. The intensities of all reflexions 
with d >_ I A were measured with a scintillation counter and Mo K a  radiation, and visual estimates 
of Cu Ka  Weissenberg films were made for higher order reflexions. The bromine atom is in a pseudo- 
special position, and the structure was solved by determining the x and z coordinates from the 
b-axis projection, and then deducing the y parameters by trials with various models. The parameters 
were then refined by three-dimensional Fo and (Fo-Fc) syntheses, differential syntheses, and a cycle 
of least squares; R for 1940 observed reflexions is 0.21. 

The molecule has the open-chain structure, PhaP =C(CO~Me).C(CO2Me)=N.C6H4.Br and all 
the dimensions are normal; one distance which is worthy of note, since it does not appear to have 
been measured previously, is P =C, which is 1.70 ± 0.03 A. 

I n t r o d u c t i o n  

Tetraphenylphosphine  imide (1, X = I t )  forms a 1" 1 
adduc t  ( I I I )  with acetylenedicarboxylic acid dimethyl  

/ / - - N  
Ph~P N - ~  ) - - X  + MeO~C. C - C. CO2IVIe ---> (III) 

(i) (ii) 

C ~  - -  
/ \ 

MeO2C CO,Me 

(IIIa) 

Ph3P = C- - -C = N----(/ } - - X  

MeO2 ~C I COg Me 

(IIIb) 
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ester (II).  Chemically the  adduc t  is very  resis tant  to 
oxidative,  reduct ive and  hydrolyt ic  a t tack ,  bu t  
Ph3P -+ O, P h . N H . M e  and 

N J c J C O ~ M e  

N CH 

\ c /  
II 

O 

can be isolated as degradat ion products ,  indicating 
t h a t  in the  format ion  of the  adduct  there is no ex- 
tensive rear rangement .  Two possible s t ructures  m a y  
be suggested for the adduct ,  ( I I Ia )  with a four- 
membered  ring, and the  open-chain formulat ion (IIIb),  
and the  s tabi l i ty of the  compound makes  it difficult 
to distinguish between these by  chemical methods.  
We have therefore under taken  an X - r a y  invest igat ion 
of the  bromo-der ivat ive  ( I I I ,  X =  Br), prepared  from 
Ig-p-bromophenyl-PPP-triphenylphosphine imide (I, 
X = Br). This analysis shows t h a t  the bromo-der ivat ive  
has s t ructure  (IIIb,  X = B r ) ,  and hence the  unsub- 
s t i tuted adduct  is (IIIb,  X = I t ) .  
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