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Summary
The triphenyltin carboxylates, PhssnOZCR R=C_.F 6F 5 p-MeOC GF ar

_g-EtOCGPA, or o—HC6 4) R E—(Ph3SnOZC)ZCGF4.HZO and
o- (Ph SnO C) 2C¢ 4'H20 have been prepared by reaction of triphenyltin
hydroxxde with the appropriate polyfluorocarboxylic acids in methanol,
Thermal decomposition of PhssnOZCR R= CS 5¢ B~ MeOCG 40 OF

p-EtOC 6 4) in boiling pyridine gave the corresponding polyfluorophenyl—
triphenyltin compounds PhssnR. For R = p-MeQC _F,, the vield was lowered

64"
owing to competing formaticn of tetraphenyltin. Similar decomposition of
2-(Ph SnC C)2 6 4 H O gave E-(Ph Sn) (major product) and

Ph Sn-p-HC P 1 whilst o~ (Ph SnO C)2 6P4 gave triphenyltin fluoride, and
PhasnOZC-—o—HC 65 P failed to react. Dif{phenylmercuric)tetrafluorotere—
phthalate and tetrafluorophthalate underwent decarboxylation in boiling
pyridine giving E-(PhHg)ZC ¢F 4 and o-PhHgG F,CO,HgPh respectively, whilst
o-(Ph PO C)2 6 4 98ve p- CPl'_l3Pb)ZCSF4, Ph3Pb—p_-HCGF4, and tetraphenyl-
lead., Reaction of I"Jromotriphenylgermane‘ with silver pentafluorobenzoate in
boiling pyﬁdine gave pentaﬂuordphenyltriphenylgermane but analogous

B reactxons with silver p-ethoxytetrafluorobenzoate and d1sxlver tetrafluoro~
terephthalate gave, after work up, mixtures of poly'ﬂuorophenylgermanes

Ph 4Ge R and (PhaGe) 2O .

* .
Preliminary communication, Ref. [1].
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Introduction ) o ; . )

) Thermal decarbox'}lation reactions'hairé proved very' useful for the ‘
synthesis of organomeréurials', [2-71 ,' particularly when the organic gi‘oup
contains elactron withdrewing substituents [21. Analogous preparatxons of
organometallics of other elements are few by comparison [1}. Polyfluoro-
chen: jlmphenyllead compounds are formed on thermal decomposition of the
corresponding triphenyllead carboxylates [ 8] , and the method has recerntly -
been extended to bis (polyﬂuoropheﬁyl) diphenyllead compounds {9].
Decarboxylation syntheses of poiyﬁuoroaryltin ébmpounds have not beén
reported, though several oiher crganotin compounds have been obtained by
this route {2, 10, 11], and no crganogermanes have been obtained by
decarboxylation. We now report preparations of polyflucrophenyl-tin and
-germanium compounds by thermal decomposition of the appropriate
polyfluorobenzoates, together with some related syntheses of mercurials and
organolead compounds. -

Results and Discussion
(@) Preparations of Trivhenvltin Polvfluorocarboxylates -
The organotin ‘carboxylates Ph SnO CR R = CGPS’ B_—MeOCSF4
o-EtQC FA, or 9- hC ), p- (Ph SnO C) Cs A.HZO, arﬁi g—(Ph3SnOZC)ZCSF4.

6
20 were preparsed by reaction of triphenylnn hydroxide with the

appropriate carboxylic acids in methanol.

PhgsnOH + RCOZH —> PhBSnoch + HZO ()

Analytical data éuggest that all complexes except triphenyltin pentafiluoro-~
benzoate should be formulated as hydrates (sse Experimental). However,
in the case of PhéSnOZCR R= Q4MeOCGF4, p_-EtOCGFé, or g—HCaP4) , no
supporting evidence for hydration could be obtained by infrared spectroscopy
or PMR spectroscopy. Thermogravimétric analysis of triphenyltin
p-methoxytetrafluorobenzoate was unhelpful, showing steady decom.position
up to the melting-point (1 020) Aécordingly, it is likely that Ph SnO CR

R = n—MeOCfSI"!1 . b~ F‘tOC6FA . or o-HC 6F4) were obtained sornewhat impure
and not as hydrates. However, their identification is certain from mass
spectrometry (moclecular ions observed), and PMR, lgP NMR, and infrared
spectroscopy (see ane!imental Section). Supporting evidence for the
presence of water in p (Ph SnO C)2 6 A.HZO ahd o- (PhssnOZC) 2CGP4'H20
has been obtained. The PMR spectrum of the former in deuterochloroform
showed a resonance indicative of water, and thermogravimetric_: analysis.

revealed an endothermic weight loss at 96? though loss of water was evidently



accbfnpan{éd by partial dec_:arboxylation. Microanalysis suggested that
o- (Ph SnO C) 2CeF 4.Héb underwent dehydration on being heated at 1000
un_der vacuum. ; )
'The sépafations bétween the carboxylate stretching frequencies of solid
: PhssriOzGR R = C.F., p-MeOC F,, or g—EtOQSF4) are comparable to those
‘for the corresponding sodium carboxylates (Table 1), consistent [12] with
bidentate or bridging bidentate Cafbékylate coordination, The carboxylate
_ stretching frequencies are similar to those (Table 1) for the analogous
triphenyllead carbbxylates [ 8}, which have associated structures with five
coordinate lead and briaging bidentate carboxylate groups in the solid state,
and it is probable that the tin compounds have similar structures, Numerous
triorganotin carboxylates have been shown to have structures of this type [13]

(see also Refs, given in [8]).

(b) Thermal Decomposition Reactions giving Polyﬂuoropheri&ltin Compounds

The products isolated from the thermal decomposition reactions are
listed in Table 2.
The triphenyltin polyﬂuorocarboxylates, Ph SnO CR R=C FS, E—MeOC P i

or p-EtOGF ) and p- (Ph SnO G) 2C6 A.HZO unaerwent decarboxylanon in
TARBLE 1
1

CARBOXYIATE STRETCHING FREQUENCIES (cm )

Compound v(COz)asym v (COZ) sym Separation
NaOZCCSFS 1610 1400 210
Ph,Sn0,CCF. _ 1607 and 1583 1395 and 1380 ca. 208
PhyPbO,CC F o & = 1581 and 1559 1399 171
Nao2 -p-MeOC F, & 1596 1385 211
Ph,SnO, c-p_-Meoc6 1577 and 1561 ca. 1380 ca. 189
Ph,PbO C—E—MeOCG a 1578 and 1559 1383 185
Naozc -p- EtOCGF4 1594 1383 211
PhySn0,G-p-EtOC,F, 1610 and 1578 1385 ca. 209
Ph,PbO,C-p-EtOC F 49- 1579 and 1569 1380 194

= From Ref, [8].
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TABLE 2 ‘ N
PRODUCTS FROM THERMAL DECOMPOSITION REACTIONS -~

Carboxylates ‘ i 53?&;? Produéts ' 7 o 'Yi(%d
Ph,Sn0,CGF, 1 Ph,SnG,F. | 65
Ph,Sn0,C-p-MeOC F, 1 Ph,Sn-p-MeOC F, 14

~+ Ph 4Sn -4

+ reactant carboxylate ca. 15
Phasnozc—g-MeOG 6F4 3 Ph4Sn ‘ a
Ph,8n0,C-p-EtOG F, 1 Ph,Sn-p-EtOG F, 27

+ reactant carboxylate ca, 50
Fh;SnO,C-p-EtOG F, 5 Ph,Sn-p-EtOCF, 47

+ Ph 4Sn trace

+ reactant carboxylate ca. 10
PhSSnOZC-—g -HC GF 4 4 reactant carboxylate a
3—(Ph35n020)2C6F4.H20 10 p- (Phasn) ZCGP-": 81

+ Ph,Sn-p-HCF, 15
o- CPh3SnOZC) 206F4 4 PhBSnF a
o- (PhHgOZC) 5C eFa 2 o-PhHgC_F,CO, HgPh 85
E—(PhHgOZC) ZCGFA. 2 p-{®Ph Hg) 206F4 68
B-(Ph Pb0O,C),C F, 5 p-(Ph Pb) G F, 15

+ Ph Pb-p-HC F, 12 .

+ Ph 4Pb 68—
[AQOZCCGPS + Pb3GeBr] 3 PhaGeCGFs 25
[AgOZC—Q—EtOC 6F4 + Ph3GeBr] 6 PhaGe-_g—EtOC 6}?4 . c

CPhSGe) 2O P Ph4Ge
{p- CAgOzc)zCBP4 + 2 PhsGeBr] 7 D~ (Ph3Ge) 205F4 , c

PhaGe -p-HC 6F 4° CPhSGe) 2O R

Ph 4Ge v

=3 Major organometallic product; yield not determined,

o

Based on p- (Ph3PbOZC)ZCGP4 — | Ph4Pb + thPbLB-(OZC)zcsPA_j .

€ Mixtures of products obtained; yields not determined.



el ot v Do ERRT 77

bqﬂiné pyridine }éf-fordmgrthre corresponding polyfluorophenylitriphenyltin

compojinds,
Ty PngSn0,0R > PSR + GO, @
_'_g'-CPhe‘Snozc_)206}‘4 > 2—-(Ph3Sn)ZCGF4 + zc:o2 3)

- Identification of the compounds followed readily from analytical data, and
infrared, mass, and 19F NMR spectra (Experimental Séction) . Assignment
of the r'né}or peaks in the infrared spectra followed straightforwardly from data
for suitable reference compounds, e.g. diphenylthallium (I'I) halides [14] and
bis (pentafluorophenyl)thallium (III) halides [15] . The mass spectra generally
showed behaviour similar to that reported for pentaflucrophenyltriphenyltin

{16)] . Assignments of the 1 QF NMR spectra were based on published chemical

shift data [17] .

Thermal decomposition of PhSSnOZCR ®R= E—MeOCSF4 or p-EtOC 6F4) gave
tetraphenyltin in addition to the p-alkoxytetrafluorophenyltriphenyltin
derivatives. The formation of tetraphenyltin can be attributed to the
disproportionation reactions {4) or (5).

2 PhSSnOZCR —d Ph4Sn + PhZSn (OZCR)Z 4)

—_—
2 PhssnR Phésn + IE'I'!ZSI'}.R2 (5)

Neither diphenyltin dicarboxylates nor bis (polyfluorophenyl)diphenyltin
derivatives were isolated, but the former compounds would probably decompose
further in pyridine or hydrolyse on work up (ready hydrolysis of diphenyltin
benzoate has been observed [18]). ’
In addition to the high yield of p- (PhSSn)ZCSFé, a low yield of triphenyl-
2,3,5,6-tetrafluorophenyltin was obtained from thermal decomposition of
bis {triphenyltin) tetraﬂdoroterephthalate. The origin of this compound may
be hydrolysis of the major product during thin layer chromatography.
_t_)_—(F‘h:,’Sn)ZCGF4 + HZO —> PhSSn-_Q-HCGP4 + P‘nssnOH {6)

" Pyrolysis of bis (triphenyllead) tetrafluoroterephthalate, prepared by reaction
of triphenyllead acetate with tetrafluoroterephthalic acid, was also examined.
Both p- (Phst) 2C 6}? 2 and Ph3Pb—g—HC 61-" 4 were cbtained, the proportion of the
latter being greater than the proportion in the tin system. In addition,
tétrapheﬁyllead {major product) was isolated, whereas p- (Ph3SnOZC) 20 GF 4
did not give tetraphenyltin. Thermal decomposition of di{phenylmercuric)
teu'aﬂuoroterephthélate resulted in decarboxylation giving p-di(phenylmercuri)-

. tetrafluorobenzerne in high yield. ‘

- p-(PhHgO,C),C.F, —> 2CO, + p-(hHg),C.F, )
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Attempted recrystauization of this compound gave a less pure product possibly
owing to disproporticnation.
p-(PhHg),G F, —3 PhyHg + <p-HgC sF : ®

A para-tetraflucrophenylenemercury polymer has previously been nrepared by
decarboxylatmn of mercuric tetraﬂuoro;erephthalate [s}.

Thermal decomp051t1on of bis(triphenyltin) tetrafluorophthalate gavej an
insoluble high melting solid, identified as tripnhenyltin fluoride by infrared ’
spectroscopy [19] . A possible reaction path comprises hemidecarboxylation
(9) followed by elimination of the fluorine ortho to the bulky triphenyltin
substituent (10}. »

F r
F CO SnPh F CO SnPh -
“ CRENC RS 3 o
—_— 2
1 N CO,SnPh, F SnPh, —
F F
F
F COZSnPh3
Phasnl-‘ +
F
/

Support for this path comes from the observation that di(phenylmercuric)
tetrafluorophthalate gave phenylmercuric o-{(phenylmercuri)tetrafluorobenzoate

on thermal decomposition.

F F
F CO,HgPh F CO,HgPh
— > COo, + = 11)
F COZHgPh F HgPh
P : F

The product was identified by the- lgF NMR spectrum, which showed four
equal intensity multiplets., The lowest field resonance was in a position
appropriate for a fluorine ortho to a heavy metal [ 20] ; and showed satellites
indicative of 99Hg—’:‘ coupling. Decarboxylation reactions of mercuric salts
of phthalic acids are characterized by preferential loss of one carbon dioxide
{2]. Thus, hemidecarbexylation occurs in the Pesci reaction [ 21] between
mercuric acetate and sodium phthalates, and mercuric tetrafluorophthalate
loses one molecule of CO2 at 220° giving-(-g_—HngP4COZ7‘—3, which vdoes not
de2compose into -ég_—HgC6F4+3 untit 300° [223.
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(c) Thermal Decomposition Reactions iving Polyfluorophenylgermanium
Compounds
Reaction of silver pentaflucrobenzoate with bromotriphenylgermane in
refluxing pyridine gave pentafluocrophenyltriphenylgermane {rable 2),
pr_esum'ably by formation and decarboxylation of triphenylgermanium
pentafluorobenzoate. '

PhsGeBr +_A902006§‘5 -» AgBr + [PhSGeOZCCGFS] - Ph3GeC6F5+ CO2

By contrast, reaction of bromotriphenylgermane with silver p-ethoxytetra-
fluorobenzoate and disilver tetrafluoroterephthalate gave other products
{Table 2} in addition to PhaGe-g-EtOC GF 4 and p- (Ph3Ge)ZC 6F 4° In each
case, the polyfluoroshenylgermane was obtained mixed with bis (triphenyl-
germanium) oxide after t.1.c. of the reaction product, and was identified by
lgF NMR speciroscopy. The germoxane, identified by the infrared spectrum
[ 23], was probably formed by partial hydrolysis of the polyfluorophenyl-
germanes during chromatograp_hy. A

e.g. Ph‘,_,‘C-e—‘g—}fl’cOC'GF‘,1 + H,O - p-HC

—HZO
2 F4OEt + Ph3GeOH —_

6
(Ph 3Ge) 2O

The formation of tetraphenylgermane and triphenyl-2,3,5, 6-tetraflucrophenyl-

germane (Table 2) can be explained in a similar manner to formation of the

corresponding organotin compounds [reactions (4) and (6)] .

(d) Preparative Utility of Decarboxylation for Polvfluorophenyl-tin and

—germanium Compounds

The high yiel d of pentafluorophenyltriphenyltin obtained by
decarboxylation (Table 2) and the comparative simplicity of the procedure
should make the methcd competitive with the previously reported Grignard
synthesis [24, 25] . The other polyfluorophenyltins are new compounds, and
Sn-p-MeOG _F, were obtained in satisfactory yield. An

3 6 4
attractive alternative route to Phasn-g—MeOC 6F 4 is not readily conceived.

all except Ph

The Grignard or organolithium method would require prior synthesis of
p~-MeOC GF 4}{ (X = Br or I), which have to be purified by preparative g.l.c.
[26) . Since decarboxylation of Ph?.SnOZC—g_--HCsP4 and o- CPh3SnOZC) 206F4
could not be effected, it appears that two fluorines ortho to the carboxyl group
are essential for carbon dioxide elimination to occur, thus imposing
restrictions on the use of decarboxylation in formation of polyfluoroaryl-tin

bonds. The substituent effects are consistent with electrophilic attack of



80

tin on an organic group which . develops considerable carbamomc character in

the transition state.

&+ -
/\ =0 - Ph.,Sn” \'-c O—>PhSnR+CO

Ph S’ o 3 . pn 3
R ‘R

Similar restrictions probably also apply to decarboxylation preparations of
polyfluorcarylgermanes, Ih addition, the producfs are more susceptible to
hydrolysis on work up than the corresconding organotin éompounds. Although
PhBGeC GPS can bz obtained conveniently by decarboxylation, the Grignard
method [27] gives a higher yield. However, the present preparations are the
first successful use of any elimination reaction in the formation of germanium-
carbon bonds. Unsuccessful attempts to obtain perfluoroalkylgermanes by
decarboxylation have been reported [28, 29] .
Experimental

Microanalyses were by the Australian Microanalytical Service, Melbourne.
Infrared spectra (4000-400 cm-l) of compounds as Nujol and hexachlorobuta-
diene mulls were recorded with a Perkin-Elmer 180 spectrophotometer. Only
bands of medium or greater intensity are listed.* Assignments (below) were
based on reported data (‘J(COZ) [ 301, other vibrations [14,°'15]). NMR spectra
‘were obtained with a Bruker WH-30 or a Varian A56/60A instrument. Chemical
shifts are given in p.p.m. downfield from tetramethylsilane (l H) or upfield
from CFCl, (lgF) . Mass spectra were obtained with an AEI MS 30 double
beam, double focussing instrument. Each listed m/e value is the most
intense peak of & cluster with the correct isotope pattern for the assignment
given. Only peaks above m/e 197 (PhSn') with intensities at least 15% of the
main peak of the most prominent cluster (assigned 100% abund_ance) are given,*
except that molecular-ions are given irrespective of intensity.

Pentafluorobenzoic acid, tetrafluocrophthalic acid, and tetrafluoro-
terephthalic acid were from Bristol Organics, and bromotriphenylgermane was
from ROC-RIC. Tetraphenyllead was from the Organisch Chemisch Institut,
T.N.O., Utrecht, and tetraphenyltin was obtained from Fluka. Pyridine was
refluxed over and distilled from potaséium hydroxide under nitrogen and was
stored over molecular sieves. Triphenyltin hydroxide [31}, 2,3,4,5-tetra-
fluorobenzoic acid [ 32], bis (triphenylgermanium) oxide [33], silver
3

More complete details of the infrared and mass spectra are available on

request to the authors.
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‘ pentaﬂuorbbe’m’;oate [34}7 , and the 4-alkoxy-2, 3,5, 6-tetrafluorobenzoic acids
{8, 35} were: prepared by reported methods. Silver 4-ethoxy-2,3,5,6-
teu'aﬂuorobenzoate and disilver tetraﬂuoroterephthalate were prepared by the
method used previously for silver pentaflucrobenzoate.
Silver 4-ethoxv-2,3,5, 6-tetrafluorobenzoate (nc). M. p. 2 05° (dec.) (Found:
G, 32,0, H,1 .9. C HsAgF O calcd,: C, 31,.3; H, 1,5%). Infrared
absorption: 2990m, 1703m (sh), 1653vs, ca. 1560vs (br) [vas(COZ)] , 1505
and 1482vs, 1419 and 1390vs [vs(COZ)] , 1277s, 1137 and 1120vs (br), 1028
and 990vs, 945s, 817s, 767 and 755vs, 723m, 506m (br) cm_l.
Disilver tetrafluoroterephthalate (nc). M.p. > 300° (Found: C, 21.1.
GgAg,F,0, calcd.: G, 21.3%). Infrared absorption: ca. 1565vs (br)
vas(COZ)] , ca., 1475vs-]fbr), ca, 1390vs (br) [vs(COZ)] , 985vs (br), 766m,
741 and 722vs, 494s cm .
(@) Preparation and thermal decompesition of trivhenyitin polvfluorocarboxylates
Stoichiomeiric amounts of triphenyltin hydroxide and the appropriate acid

each dissolved in hot methanol {ca. 75 ml) were mixed and the solution was
boiled for 30 min, The carboxylate complexes were obtained quantitatively

as white powders upon evaporation of the solvent in vacuo, and were used

without purification. Thermal decomposition was effected by heating the.

carboxylate {ca. 1.0<2.0 gm) in pyridine (5 ml) under nitrogen. The solvent

was removed in_vacuo and the residue was dissolved in benzene and put on t.1l.c.
plates (1:1 mixture of Kieselgel HP254 and Kieselgel G : Merck). Reaction
times and yields are listed in Table 2, detailed purification preccedures being
given with the individual compounds, All compounds were obtained as white
crystals.

Triphenyltin pentafluorobenzoate (nc). M.p. 126-128° (Found: C, 52.9;

H, 2.9. VCZSHISFSOZSn calcd.: C, 53.5; H, 2.7. C25H15Fsozsn H O
caled.: C, 51.9; H, 3.0%). Infrared absorption: 3070 and 3055m [v(CH)] R

’ 1655s, 1607 and 1583vs (br) [v (CO )] 1566vs, 1533s, 1522vs, 1495vs (br),
1481s, 14715 1432vs [ w(CQC)] ., 1395 and 1380vs (br) [ v (Coz)] , 1304m,
1123s, 1108s, 1078m, 935vs (br) [ v(CF)], 934m, 829m, 765 and 760s, 750s,
727vs [ Y(CH)] , 695vs [$(CC)], 663m, 509m, 450 and 440s [X—sens. ¥] cm_l.
Mass spectrum: m/e 562 (2%, M"), 485 (100, Ph,SnC,CC_ F), aq1 1,
Ph,SnC F."); 293 (61, Ph,SnF’), 287 (9, C6F58n+), 274 (19, Ph,Sn'), 197
(46, PhSn'). PMR spectrum (CDGls). ca. 7.6 (m, Ph) p.p.m., unchanged
after shaking the solution with D,0. ' °F NMR spectrum (CDCL,): 138.3

(m, 2F, I-‘VZ,G), 150.9 (m, 1F, ¥ 4), 161,8 (m, 2F, F 3,5) p.p.m. Thermal
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decomposition: . Elution of the benzene solubles with light petrol/acetone
(9:1 v/v) gave one mobile band, which was extracted with acetone. .
Recrystallization from ethanol gave pentéﬂuoroohenyitrinhenmin, m.p. 84-
85°, lit. [24) m.p. 86° (Found: C, 55.8; H, 3.0. cuﬁzéspssmcalqd.:
C, 55.7: H, 2.8%). - The infrared [24] , mass [16] , and "F NMR- [20]

spectra were in good agreement with reported data.

Triphenyltin 4-methoxy-2,3,5,6-tetrafluorobenzoate {nc). M.p. 1 02°
. . T : . a .

(Found: C, 52.9; H, 3.6. 026H18F4O3Sn calcd,: C, 54.5; H, 3.2.

C,.H, F O_Sn. HZO calcd,: C, 52.3; H, 3.4%) . Infrared absorption:

~26718° 473

3070 and 3050m [v(CH)], 1650s, 1597s (sh), 1577 and 1561vs [v__(CO,)1,
1507s and 1485vs, 1432s [v(CC)], ca. 1380vs (br) [v_(CO,)]1, 1337s (sh},
1283 and 1260s, 1195m, 1129 and 1120s [ v(CF)], 1078m, 1024m, 998vs and
977s [ v(CF)], 750s, 730vs [y(CH)], 695vs [¢(CC)], 684m, 449s

[X-sens. ¥} cm_l. Mass spectrum: m/e 574 (2%, M+), 497 {100,
Ph,Sn0,CC F oMe"), 453 (52, PhZSnCGF4OMe+),7293 @2, PhZSnP+), 197

6 4
(35, PhSn'). PMR spectrum (CDCly): 4.12 (s, 3H, OCH,), ca. 7.7 (m,
1
15H, Ph) p.p.m., unchanged after shaking the solution with DZO' 9P NMR

spectrum (CIjCl3): 139.7 (m, 2F, F 2,6}, 158,5 (m, 2F, F 3,5) p.p.m.

Thermal decomposition: (i) 1 hr reacticn. Elution of the benzene solubles

with light petrol/acetone {85:15 v/v) gave three bands, which were extracted
with acetone. The fastest-moving band was tetraphenyltin, m.p. 222—2240,
1it. [36a] m.p. 224-225° (infrared spectrum identical with that of an authentic
sample). Recrystallization of the product from the second band from ethanol
gave 4-methox‘g-2,3,5,6-—tetraﬂuorophényltrinﬁenyltin {nc), m.p. 89°

(Found: C, 57.3; H, 3.7; F, 13.6. GZSHIB'PA_OSn caled.: C, 56.8; H,
3.4; F, 14,.4%). Infrared absorption: 3070 and 3050m [ v(CH)], 2945m,
1634s, 1495vs and 1484s, 1460vs (br), 1430vs [V(CC)], 1368s, 1193m, 1100
and 1078vs [ v(CF)] , 1025m, 997s, 970vs [ v(CF)], 936m, 731lvs [Y(CH)j R
700vs [&(CC)] , 448 vs [X-sens. v] cm-l. Mass spectrum: m/e 453 (100%,
Ph,SnC.F,0Me’), 351 (26, PhSn'), 293 (44, PhSnF'), 274 (21, Ph,Sn"),
197 (49, PhSn’). A molecular-ion cluster was not observed. PMR spectrum:
(CDCly): 4.07 (s, 3H, OCH,), ca. 7.5 (m, 158, Ph) p.p.m. 19t NMR -
spectrum (CDCls): 120.3 (m, 2F, F 2,6), 156.1 (m, 2F, F 3,5) p.p.m.  The

infrared spectrum of the material from the bottom band was similar to that of

the Vreactant’carboxylate- (ii) . 5 hr reaction. Elution of the benzene
solubles with light petrol/acetone {9:1 v/v) gave two bands, which were

extracted with acetone. The faster-moving band was tetraphenyltin (infrared
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identification), while the infrared spectrum of the product from the second
band was similar to that of the reactant carboxylate.

Triphenyltin 4-ethoxy-2,3,5, 6~tetrafluorgcbenzoate {nc). M.p. 103-105°
(Found: C, 54.0; H, 3.8, | G, H, F,0,5n calcd.: G, §5.2; H, 3.4.
0271—120?403811,1-120 cglcd.: C, 53;6; H, 3.7%). Infrared absorption:

3063 and 3045m [ v(CH)], 2992m, 1648vs, 1610vs (br) and 1578vs

[’vas(coz)] , 1562vs, 1504s, 148lvs, 1430vs [v(CC)], 1385vs (br)
['vé<C02)] . 1333s (sh), 1283m, 1260m, 1125vs (br) [ v(CF)], 1079m, 1020s
and 992vs (br) [ v(CF)1, 767 and 760m, 747s, 730vs [ v(CH)], 695vs

[$(CC)1 ., 445 and 440s [X-sens. y] cm_l. Mass spectrum: m/e 588 (3%,
M'), 511 (100, PhZSnOZCCBP4OEt+), 467 (56, PhZSnCSP4OEt+), 351 (27,
Ph Sn'), 293 (83, Ph,SnF"), 197 (86, PhSn'). PMR spectrum (CDCly): 1.40
(t, I 7 Hz, 3H, OCH,CH,), 4.37 (g, L 7 Hz, 2H, OCH,CH,), ca. 7.7 (m,
15H, Ph) p.p.m., unchanged after shaking the solution with DZO' lgF NMR
spectrum (CDCls): 140.0 {m, 2F, P.2,6), 157.9 (m, 2F, F 3,5) p.p.m.
Thermal decomposition: (i) 5 hr reaction. Elution of the benzene solubles

with light petrol/acetoné (85:15 v/v) gave three bands, which were extracted

with acetone. The fastest-moving band was tetraphenyltin (infrared
identification). Recrystallization from ethanol of the product from the
second band gave 4-ethoxy~-2,3,5, 6-tetrafluorophenviltriphenvltin {nc), m.p.
63° (Found: C, 57.4; H, 3.8; F, 13.5. 026H20F408n caled.: G, 57.5;
H, 3.7; F, 14,0%). Infrared absorption: 3065 and 3050m { v(CH}], 2990m,
1633m, 1491 and 1481s, 1460vs (br), 1428vs [ v(CC)], 1390s, 1369s and
1362vs, 1091vs and 10755 [Vv(CF)], 1061im (sh), 997s, 957vs [ v(CF)],
726vs [ Y(CH)] , 695vs [$(CC)], 446 and 438s [X-sens. y] cm™t. Mass
spectrum: m/e 544 (< 1%, M), 457 (100, PhZSnc6P4ozt+), 361 (6,
PRSnC,F,0"), 293 (43, Ph,SnF'), 197 (50, PhSn’). PMR spectrum (CDCL):
1.41 (, J 7H=z, 3H, OCHZC_§3), 4.31 (@, ] 7Hz, 2H, OC§20H3), ca. 7.5
(m, 15H, Ph). lgF NMR spectrum (CDC13): 120.5 (m, 2F, F 2,6), 155.4
{m, 2F, F 3,5) p.p.m. The infrared spectrum of the product from the third

band was similar to that of the reactant carboxylate. (ii} 1 hr reaction.
Elution of the benzene solubles with acetone/light petrol {1:9 v/v) gave two
bands, which were extracted with acetone. Recrystallization from ethanol
of the product from the faster-moving band gave 4-ethoxy-2,3,5, 6-tetra-
fluorophenyltriphenyltin, m.p. 630 (infrared identification). - The infrared

spectrum of the product from the second band was similar to that of the

reactant carboxylate,
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Triphenyltin 2, 3,4, 5-tetrafluorobenzoate {nc). M.p. 100-102? Found: G,
54.0; H, 2.9. Cypstl gF 40,50 caled.: G, 55.3; H, 3.0.
H, [F,0,50.5,0 caled,: G, 53.5; H, 3.2%). Infrared absorption:

< 4 .
35752;6[\1(0}1)] ., 1650vs (sh), 1635 and 1623VS, 17506>VS (sh), 1578 [vas(COz)]
and 1561vs, 1525vs, 1480vs, 1431vs [v(CC)l, 1400 and 1378vs=s (br) -
E\)S(COZ)] . 1306 and 1296s, 1265vs, 1190m, 1099vs, 1076vs, 1036vs (br)
{v(CF)], 997s, 929vs [V(CF)], 895s, 805m, 790vs, 778vs, 765s, 734vs
{Y(CH)1, 728s, 697vs [cp(CC)] , 674m (sh). 661lm, 554s and 543m (br), 452
and 44lvs [X-sens. vy}, 430s cm™}. Mass spectrum: m/e 544 (3%, M),
467 (100, Ph,Sn0,CC HF,"), 423 (16, Ph,SnC HF,"), 293 (39, Ph-?_Snr*)-,
197 (28, PhSn’). PMR spectrum (CDCL;): ca. 7.7 (m, Phlagnd -CHF,)
p.p.m., unchanged aiter shaking the solution with DZO’ F NMR spectrum
[(CD3)2SO]: 137.4 (m, 1F¥, F2 or F5), 139.4 (m, 1F, F2 or F5), 152.3 (m,

1F, F3 or F4), 155.2 (m, 1F, F3 or F4) p.p.m. Thermal decomposition:

Elution of the benzene soluble product with acetone/light petrol (2:3 v/Vv)
gave a broad poorly resolved band whicﬁ was extracted with acetone. The

infrared spectrum of this product was similar to that of the reactant

carboxylate,

Bis (triphenyltin) 2,3,5, 6~tetrafluoroterephthalate hydrate (nc). M.p. 230-

32° (Found: G, 55.-2; r, 3.8. C H30FAO Sn H20 calcd.: G, 55.4;

H, 3.4. 44 30% AO sz caled,: C, 56.5; H, 3.2%). Infrared absorption:

3070m . [ v{CH)]}, 1624vs (sh), 1600vs (br) [vas(Coz)] , 1582vs (sh), 1570vs,

1500m, 1480s, 1450s, 1432vs [ v(CC)1, 1377vs (br) [VS(COZ)] , 1336m (sh),

1258m, 1081ls, 1025m, 998s and 990vs [ v(CF)], 730vs [y{(CH)], 696vs

[$(CC)], 480m, 450vs [X-sens. 2'] ém™l. Mass spectrum: m/e 466 (18%,

CSFéC(?er:Ph ), 351 (88, Ph3Sn ) 309 (31, Cl2 10F03n+)’ 283 (100,

PhZSnPT), 197 (60, PhSn'). A molecular-ion cluster was not observed.

PMR spectrum (CDCl3): 3.45 (s, H,0), ca. 7.7 (m, Ph) p.p.m. The

r’c_sonance at 3.45 p.p.m. dlsappearea upon shaking the solution with D O
F NMR spectrum (CDC1 ) 139.1 (s, CS:_‘,:) p.p.m. Thermal decomnosxtxon.

The residue after evaporation of the pyridine was dissolved in chloroform and

put on t.l.c. plates, Elution with light petrol/acetone {4:1 v/v) gave two

bands, which were extracted with acetone. The faster-moving band was

trivhenyl-2,3,5, 6~tetraflucrovhenvitin (nc), m.p. 90-93° (Found: C, 58.5;
H, 3.6. Czdhlqusn caled.: C, 57.8; H, 3.2%). Mass spectrum- m/e
500 (¢ 1%, M), 423 (100, C (HF ,SnPh, *), 346 (5, C HF SnPh) 293 (8,
Ph,,Snf *), 197 29, Phsn’). 19}' NMR spectrum (CDCI g 120.0 (m, 2F,

F 2,6), 137.8 (m, 2F, F 3,5) p.p.m. Recrys«.alhzatzon from benzene-ethanol
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of the product from the second band gave 1,2,4,5-tetrafluoro—-3, 6-bis {tri—

" phenylstannvl)benzene (nc), m.p. 236° (Found: C, 59.7; H, 3.6; F, 8.6.
0423362‘43:12 caled.: C, 59.5; H, 3.6; T, 9.0%). Infrared absorption:
3062m [v(CH)] , 1480s, 1432vs [ v(CC)]}, 1418vs, 138ls, 1206vs, 1075s,
1025m, 999s, 927vs [ V(CF)], 730vs [Y(CH)] ., 696vs [$(CC)]1, 559s, 449 and
436s [X-sens. y], 406 m em™!. Mass spectrum: m/e 771 (21%,

Ph_C_F,Sn. "), 351 (100, Ph.Sn'), 197 (62, Ph Sn'). A molecular-ion

8§76 4 2 3 19
cluster was not observed. F NMR spectrum (CDCl3): 118.6 (s, with
11 7SnP/I 19Sr;.E‘ satellites J 21.4 Hz, -CGF4-) P.p.m.
Bis @riphenyltin) 3,4,5, 6-tetrafluorophthalate {nc). The carboxylate was

isolated as a monohydrate after evaporation of the methano! (Found: C, 55.2;

H, 3.3%). After drying (ca. 100°, < 10”2 mm Hg), the complex had m. p.
158-160° (Found: C, 57.7; H, 3.0%). Infrared absorption (4000~-200 cm_l):
3056m [ v(CH)}, 1680vs, 1651vs (br) and 1633s [vas (COZ)] ., 1520s, 1475vs,
1432vs [v(CC)], 1390 and 1350vs [_vs (COZ)] , 1299vs, 1260vs, 1195m,
1127m, 1075vs [ V(CF)], 1026m, 998s, 951vs [v(CF)], 930m, 832m, 810m,
780vs, 763vs, 732vs [Y(CH)1, 699vs [$(CC)], 665m, 652m, 560m and 543s,
447vs [X-sens. y1, 420m: 333m, 294m (sh), 270vs, 238s, 220s cm-l. Mass
spectrum: m/e 351 {100%, Ph33n+), 309-(18, C,H, OFOSn+), 197 (30,
Ph_Sn+) . A molecular-ion cluster was not observed. F NMR spectrum
(CDCI3): 137.7 (m, 2F, F 3,6}, 151.9 (m, 2F, F 4,5) p.p.m. Thermal
decomposition: The insoluble product was filtered off and identified as
triphenyltin fluoride by the infrared spectrum [19] .

(b) Preparation and thermal decomposition of mercuric and lead carboxylates

Bis (phenylmercuric) tetrafluoroterephthalate, bis{phenylmercuric) tetra-
fluorophthalate, and bis{triphenyllead) tetrafluoroterephthalate weare prepared
by reaction of stoichiometric amounts of phenylmercuric acetate or trichenyl-
lead acetate with the appropriate acid in hot methanol. Thermal decomposition
of the carboxylates was effected by heating in dry pyridine under nitrogen,
Reaction times and yields are listed in Table 2, isolation and purification
procedures being given with the individual compounds.

Bis (trihenyllead) 2,3, 5, 6-tetrafluoroterephthalate (nc). M.p. 282-283°
-(dec.) (Found: C, 47.4; H, 2.8. C44H30P404Pb2 caled,: C, 47.5; H,
2.7%). Infrared absorption: 3055m [ v(CH)], ca. 1600 [Vas (COZ)] and 1570vs,
1493m, 1474vs, 1435vs [V(CC)], 1380vs {(br) [vs (COZ)] . 1255m, 1065m,
1019s, 997 and 985vs [v(CF)], 735 and 726vs [Y(CH)], 692vs {4(CC)], 474s,
440vs {X-sens. y] icm-'1 . _Thermal decomposition: After removal of the
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pyridine in vacuo, the product was recrystalllzed from a toluene-petrol mixture
giving tetraphenyllead, m.p. 223~ 225° L lit, [36(M)] 22 7-228° (inﬁ'ared spectrum
identical with that of an authentic sample). The iiltrate was evaporated and
the recovered product was dissolved in chloroform and put on t-l.é- plates.
Elution with acetone/light petrol (i1:4 v/v) gave six bands. The fastest-moving
band was tetraphenyllead (infrared identification). The second band gave
triphenyl-2, 3,5, 6-tetrafluorophenyilead nc), m.p. 970._ ~ Infrared absorption:
3062s [v{CH)], 1579m, 1470vs, 1430vs [ v(CC)], 1348vs, 1328m, 1213s,
1186s, 1165s, 1062m, 1017s, 999vs [vw(CF)], 896vs [ v(CF)], 854s, 723vs
[*(CH)], 705s and 694vs [¢{CC)] , 661lm, 440vs [X-sens. y] cm-l. Mass

spectrum: m/e 588 (< 1%, M'), 511 (74, thPbCSHP4+), 357 (45, CBI{F4Pb+),
N Q
285 (36, PhPbY), 227 (43, PbEY), 208 (100, PbY). '°F NMR spectrum (CDCL,):

i18.,2 m, 2r, ¥ 2,6), 137.8 {m, 2F, F 3,5) p.p.m. Recrystallizaticn from

light petrol of the product from the fourth band gave 1,2,4,5-tetrafluoro-3, 6-
bis {triphenviplumbyl)benzene (nc), m.p. 236°-238° {Ffeund: C, 498.2; H, 2.9.

42?[:1.3”..)?4Pb2 calcd.: C, 49.2; H, 2.9%). Infrared absorption: 3070s’

[w(CH)], 3042m (sh), 1573m, 1477s, 1430vs [vw(CC)] and 1410s, 1376s,
1330m, 1300m, 1185vs, 1063m, 1019s, 9S85vs, 920vs [ V(CF)}, 725vs
[Y{CH)], 693vs [$(GC)], 548s, 438vs [X~sens. y] em™l. Mass spectrum;

m/e 1024 (< 1%, M'), 947 (29, G_F,Pb,Ph."), 510 (23, G,F,PbPh,"), 439
(47, Ph,PD'), 285 (78, PhPD'), 227 (26, PbF'), 208 (100, Pb'). 1% NMR

Spectrum (CDCls): 117.7 (s, —C6§4_) P.p.m. The products from the remaining
bands were not obtained in sufficient yield for identification.

Ris (ohenvlmercuric) 2,3,5, 6-tetrafluoroterephthalate (nc). M.p. > 3000
(Found: G, 30.4; H, 1.5; F, 9.5. 20 10 Ango caled.: C, 30.4;
H,1.3; F, 9.6%). Infrared absorption: 1660s (sh), 1657vs (sh), 1624 and
161 0vs rv (CO )} , 1575s, 1475vs, 1431s [v({CC)], 1358vs (br) [ v (COZ)] .
1317s (Sh), 1272m, 1242vs, 1214m, 1080m, 1025s, 990vs [ v(CF)], 753 and
724vs [Y(CH)], 695vs [¢(CC)], 521vs, 445vs em™). Thermal decomposition:

The ccoled reaction mixture was poured into light petrol (ca, 200 ml) and the
precipitate was filtered off, washed with petrol, and dried in vacuo, giving
1 ,2,4,5—tétraﬂuoro—3,6—bis {phenvylmercuri)benzene (1<), m.p. > 3000
(Found: C, 36.1; H, 1.8, C18 1(}P ng caled.: C, 30.7; H, 1.4%).
Infrared absorption: 3065 and 3050m [ v{CH)], 1625m, 1426 and 141Q0vs
[v(GC)], 137lm, 1200vs, 1023m, 995m', 916vys [V(CP)] , 740m and 727vs

[v{CH)], 694vs [$(CC)i, 560m, 442m, 409m om™L. Attempted recrystallization

of this product from a toluene—'lit:obenzene mlxture gave a less pure product

{Found: C, 28.1; H, 1 5%).
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'Bié {phenylmercuric} ‘3,4,S,G—,tetraﬂuorophthalate {nc). M.p. > 230°, with
slow deéoinposition. Found: C, 30.0; H, 1.4%). Infrared absorption:

. 1644&5, 1610vs {br) [Vas'(COZ)]b, 1578vs, 1516s, 1481vs,71436 and 1433s
[v(CC)}, 1402vs (br) [vs (COZ)] . 1356 and 1332vs, 1267s, 1120s, 1075vs
[v(CF)] ,-1026s, 1000s, 952vs [ v(CF)] ,924s, 841s, 770 and 76lvs, 726vs,
715m, 694vs, 620m, 551m, 530s, 455 and 448s, 419s cm_l. Thermal
decomposition: The cocled reaction mixture was poured inte light petrol {(ca.
200 ml}). A small q—uantity of an unidentified insoluble product was filtered
oif, and the filtrate was evaporated giving phenylmercuric 2,3,4,5-tetra~
fluoro~6-phenylmercuribenzoate {nc), m.p. > 3000. Infrared absorption:
3065 and V3055m [v(CH)], 1620s (sh), 1610vs, 1558vs (br) [vas(coz)_‘; , 1486
and 1479vs, 1455s, 1446s and 1431vs [ V{CC)], 1370 and 1355vs (br)
[vs(COZ)] ,1310m, 1270m, 1220m, 1090m, 1071lm, 1049m, ca. 1030s
[ v(CF)], 999m, 906m, 798m, 777m, 767m, 754s, 735 and 730vs [ Y(CH)],

693s [$(CC)], 645m, 451m [X-sens. vy} cm—l. 19]? NMR spectrum

[(CD3)ZSO]: 115.0 (m, with 199I—IgF satellites J ca. 250 Hz, 1F, F 5),
131.3 (m, 1F, F 2), 150.2 (m, 1F, F3 or F4) and 155.4 (m, 1F, F3 or F4)

p.p.m.

(¢} Decarboxylation syntheses of organogermanium compounds

Bromotriphenylgermane and the stoichiometric amount of the appropriate
silver salt were refluxed in dry pyridine under nitrogen for ca, 3 hr. The
-cooled solution was filtered from silver bromide, Addition of dichloromethane
to the filtrate usually resulted in precipitation of additional silver bromide,
which was filtered off, The filtrate was concentrated and then put ont.l.c.
plates. Detailed product analysis is given with the individual compounds.
Pentafluorophenvltriphenylgermane. Elution with light petrol/acetone (9:1
v/Vv} gave one mobile band. which was extracted with acetone. Recrystal-
lization from light petrol gave the required compound, m.p., 116-11 70, 1it,
[27] m.p. 114-1160 (Pound: C, 62.1; H, 3.5. CZ4H15P5Ge caled.: C,
61.2: H, 3.2%). The infrared [27] and ' °F NMR [20] spectra were in

good agreement with reported data, except the absorption noted [27] at

1560 cm_,l in the infrared spectrum was not observed. Mass spectrum:

m/e 472 (11%, M), 395 (100, G _F GePh,"), 318 (50, C_F GePh"), 305

(55, Ph,Ge"), 247 (100, Ph,GeF"), 228 (28, Ph,Ge").
4-Ethoxy-2,3,5,6-tetrafluorophenvliriphenylgermane (nc). Elution with light
petrol/acetone {9:1 v/v) gave three prominent bands, which were extracted

with acetone. The fastest moving band was tetraphenylgermane, m.p. 2250,
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1it, [36(c)] m.p. 233-4° (infrared identification [37]). ~ The second band :
was a mixture of bis (n-iphenYIQetmampm} axide. (infrared identical"\n?ith that

of the authentic compound) and the required compound, =~ PMR spéctrum
(CDCIS)’ 1.4 &, J 7Hz, 3H, uus;zcnsl, 4,32 (g, 1 78z, 2, OCHZCHs}

ca, 7.4 {m, >> 15H, Ph of both the required compound and the germoxane)
p.p.m. 190 NMR spectrum (cncns): 124,5 (m, 2F, F 2,6), 156.3 (m,

27, F 3,5) p.p.m. The third band was the germoxane (mfra.red 1dent1_£1cation) .
1,2,4,5-Tetrafluoro-3, 6~bis (triphenylgermvl}benzene (nc). Elution with .

acetone/light petrol (1:4 v/v) gave three prominent bahds, which were
extracted with acetone., The fastest-moving band was tetraphenyléermane
(infrared identification).. The second band was a mixture of the required
compound, triphenyl-2,3,5,6~tetrafluorophenylgermane (nc), and the
germoxane, 19? NMR spectrum (uDCl3): 122.6 (s, C6~4 (GePha) 2) .
123.6 (m, F 2,6 of Ph3Ge E—HCG_4}, 138.4 (=, F 3,5 of Ph3Ge‘B"HCGE47

p.o.m., the last two resonances having equal intensities. The third kand

was the germoxane (infrared identification).
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