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Synthesis of Organometallic Polymers by the 
Interfacial Technique. XXVl I I .  Synthesis of 
Oligomeric Tin Polyamines and Polyhydrarides 

CHARLES E. CARRAIIER, JR. and DUANE 0. WINTER* 

Department of Chemistry 
University of South Dakota 
Vermilion, South Dakota 57069 

A B S T R A C T  

Synthesis of oligomeric tin polpamines and polyhydtazides 
of the below form is reported. Thermal properties were 
studied. DegradaLion in the region beyond about 300°C is 
via an oxidative mode in air. Transitions below this region 
are identical in air and X2? and are accompanied by weight 
loss when R t phenyl but not when R = C,H,. 

Vortions taken from thesis of D.O.W. Present address: Zip Feed 
Mill, Sioux Falls, South Dakota 37105. 

1349 
Copwighi E 1973 br Marcel L k k x u .  Inc All Rqnts R e x r v c o  Leltner this work nor anv pan 
may be rcvroduced or tnnsmiIie4 in a m  fonn or bv a m  means. elccirootc or mechantul. Includ- 
ing phoiocopving. microfilming. and recording. or br a m  l n i m a i i o n  siorage and rnnevrl 5yr- 
[em. without permtoion In wnilng from the publlsncr 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



I X T R O D U C T I O N  

We have been active in the synthesis of metal-containing polymers 
and oligomers [ 1-41. Recently we reported the synthesis of tin 
polyamines of Form I [ 31. We now report  the synthesis oi oligomeric 
tin polyynines ol F o r 3  II and tin polyhydrzides of Form UL This 
represents the initial synthesis of such materials. 

We have been particularly interested in the inclusion of tin into 
products because of the lartge number of o r w o t l n  products vnich 
exhibit useful properties such as being ultifungal and antibacterial. 
In fact, analogous tin polyesters are found to exhibit these 
properties [ 641. 

E X  P E R I M E  N T d L  

Polymerfiation and isolation procedures aze s imilar  to those 
described in detail elsewhere [ 31. In genera ,  stananes  in decane 
were added to stirred solutions of nitrobenzene contaiaing amine o r  
hydrazide. 

Viscornetry vnas perforzed in chloroform at 30°C usinq a Cannon- 
Ubbelohde viscomecer. IR spectra  were obtained with Perkin-Elmer 
237 and Beckmvl IR-10 instruments using iZBr pellets. Elemental 
anaLyses and spectra  3.re in lqreement with repeat-hng units 
depicted by Forms II and rE. Examples of t i n  analyses are a 
follows: For the product from dfghenyltin dic.Uoride mth  1.3-di-4- 
piperidylpropane, % cJcv.a13.fed = 31, found = 33; dibutyltin dicNoride 
Vith succinic acid dihydrzzide, % calculattad = 44. found 13: diphenyitin 
dichloride with 2,5 dtmethylpiperazine, 5 calculated = 38, found 38. 

Thermal gavimet r ic  aaalysis (TGA) was carried out using a Du 
Pont 950 TGA Differensial s c a n n i ~ q  calorimetry ( E C )  was conducted 
by employinq a Du Pont 900 thermal u i t  with a Du Pont DSC celL 
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SYhTHESE OF ORGANOMETULIC POLYXERS. Xxvm 1351 

A linear baseline compensator was used with the DSC cell to insure 
a constant energy baseline. A Meffler H20T semimicro balance wils 
used for the DSC smple weighings. DSC measurements were ob- 
tained on samples contained in an open aluminum cup to allow the 
free flow (away from the solid) of volitilized gaSes, thus more 
closely simulating the conditions under which TGA studies were 
conducted A gas flow rate (air and nitrogen) of about 0.3 liter/min 
was maintained for both the DSC and the TGA studies. 

D I S C U S S I O N  A N D  R E S U L T S  

Interfacial systems usuallv include an aqueous phase. We have 
found for dihalosilicon dichlorides that condensation with diols and 
diamines in the presence of water does not lead to the desued  in- 
clusion product, i e . ,  polyether o r  palyambe, but rather resulted in 
the synthesis of oligomeric silicon oxides of Form IV. While the 
order of hydrolysis for organic Group TVA dichlorides is Si > Ge > Sn 

R 

CI-SI-  CI 
I 

R 
I 

I 
+ s l - o t  

R R r p  

[ 9j, hydrolysis is important enough in systems containing tin to yield 
significant amounts of -Sn-OH and CSn-O$ units rather that the 
desired inclusion product. Thus nonaqueous interfacial systems were 
devised [ 91, Such a system was utilized in this study. Nitrobenzene 
wpas utilized in place of water as the solvent for the piperazine or 
hydrazide. While a number of "aqueous substitutes" such as 
acetonitrile and 2,s-hexanedione have been utilized in such nonaqueous 
interfacial systems, only nitrobenzene serves as a solvent for the 
dihydrazides utilized in this study. Even so, many dihydrazides were 
either insoluble or  only partially (about 1 to 0.1 wts) soluble in 
nitrobenzene. Additionally, most dihydrazides are largely insoluble 
in water and 1 M NaOH aqueous solutioa This lack of solubility is a 
major deterrent to their use in interfacial condensltions. It also 
may account for the spatsity for their use as a polycondensating 
reactant. 

From the results in Table 1, one trend is evident. Tin reactants 
containing phenyl substituents give higher yields than corresponding 
tin reactants except those containing n-butyl substituents (for amines). 
This trend is opposite to that observed in the analogous synthesis of 
tin polyamines of Form I where there was a noticable trend for tin 
substituents such that yield was aliphatic > aromatic. That trend was 
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TABLE L Results from the Condensation of Organotin Dichlarides 
with Dlhydrazides and Piperazines' 

Dibutyltln dichioride 
Dibutyltin dichloride 
Dibutyltin &chloride 
Dibutyltin &chloride 
Dibutyltin dichloride 
Dibutyltin dichloride 
Dibutyltin dichloride 
Dipheayltin dicbloride 
Diphenylth dichiortde 
Dlphenyltin &chloride 

2,5-Dimethylpiperwine 
Piperazine 
CDI-PIPb 
Glutaric acid dihydrazide 
Succinic acid dihydrlzide 
he l a i c  acid dihydrvide 
2,3-Dimethylpiperazine 
Pipe wine 
4-DI-PDb 
2,5-Dirnethylpipeazine 

~ 

30 
22 
23 

3gC 3 
3 ZC 2 

a5 

gC 

88 
89 

96 

%teaction conditions: stannane( 0.0025 ,m) in 30 m l  decarie added to 
stirred solutions of piperazine or hydrazidet 0.0025 mole) *viU~ trietkyl- 
amhe (0.0050 mole) in 30 ml nitrobenzene at 25'C, 23,500 rpm st i r r ing 
rate for 1 m i n  

bl,3-Df-4-piperidylpropane received as a gift from Reilly Tar a d  
Chemical Corp., Indianapolis, kcitmi. 

CSame as in Footnote a except stanrrnne = 0.0015 mole, hydrazide = 
0.0015 mole, and triethyiamine = 0.0030 mole. 

found to hold over a wide range of substituents whereas the current 
trend is based only on two sets of substituents. It may be due to a 
difference in reactioa site, reactaut solubility and transport values, re- 
action mechanism, etc. in comparison with the tin golyamine syntheses: 
however, as noted above, lack of sut'ficient results must preclude such 
speculation 

Solubility of analogous Grow KV polymers h a s  followed the order 
SI > G e  > Sn where 3everai tin products have been insoluble in all the 
solvents tried [ 91. Such is miortunately Largely true for the reported 
products. A .aide ranqe of solvents we-- tested with emghasis gven  to 
dipolar aprotic solvents and other polar solvents. If appazent solubiliza- 
tion occurred, further tes ts  w e r e  performed to determine whether 
degradation had occurred  only  two products appeared to dissolve 
vithout detectable degradation. Both ate oligomeric. Viscornetry 
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SYNTHESIS OF ORGANOhET.4LLIC POLYMEX. XXVm 1353 

results appear in Table 1. Past experience in attempting to determine 
number-average molecular weights of analogous products via freezing 
point lowering in formic acid have been unreliable: thus an attempt was 
not made to determine their moiecular weights. Tin polyamines of 
Form I presented degrees of polymerization in the range of 4 to 100 [ 51. 

The structure of the repeating unit for the tin polyamine is  straight- 
forward, but this is not so for the tin polyhydrazides. Previous work 
with silicon hydrazides showed that products of Form V could be formed 
as well as the expected 1,2 product (Form VI) [ lo]. 

R 

Additional work on the synthesis of poly( phosphonylhydrazides) 
eliminated, at least in that instance, products with a structure analogous 
to Form V, illustrated as Form VTI, and 1,2 reartions as illustrated in 
Form VIU [ 111. Thus the presence o r  absence of units with structures 
similar to  those presented by Forms V, VII, and Vm is unclear. Even 
so, from electronic and steric reasoning it is probable that the major 
unit is of Form IIL Differentation and/or identification of such similar 
uits is difficult because their close similarit? and lack of solubility 
excludes specific chemical and physical identification prgcedures and 
instrumentation such as NMR. 

O W 0  O H  
n I 11 11 I 

I I 
+P--N-c-N-c--N+ 

R N-H 

c= 0 
;n=r t' 

$4 

N-H 
I 

N "2 

I 

In an attempt to further characterize the products, thermal 
stabilities were studied in air and N,. Representarive results appear 
in Figs. 1 to 3. Several general characteristics were evident. First, 
DSC thermograms in air and N, were identical in all samples up to 
around 230 to 300'C. Transitions below this range were all endothermic. 
Transitions for products from R,SnCl, (where R = phenpl) exhibit 
weight losses within this region, obviously corresponding to chemical 
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Endo 
A 

I AT 
I v 

Exo 

N, 

Temperatu re OC 
FIG. 1. DSC thermogams oi the condensation produczs of di- 

butyitln dichloride with azelaic acid Cihydrazide ( +  c), with succinic 
acid dihydr?zide ( - -), w i t h  2, j-dimethyl piperazine ( . - ), 'Aim 
piperazlne (-1, and the condensation products of diphenyitin dichloride 
vith 4-di-pip ( - + 1, with 2,5-dfmethyl piperazine ( H), wit!! piperazine 

(continued on opposite p q e )  
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0 300 600 W O  
0 

Temperature ( C )  

FIG 2. TGA thermograms in air of products from the condensation 
of organotin &chlorides with piperazines and dihydrazides at a heating 
rate of 30" C/min and a gas flow rate of 0.3 l i ter jmuz Designations 
ate the same as in Fig. 1. 

degadations involving weiihr losses. There are no accorcpanying weight 
losses for these transitions where R = C,H,. lR spectra of proaucrs 
where no weight loss occurs are largely identical with those talien of the 
product before heating but some do show a diminishing of bands 
characteristic of alipnatic C-H p u p s  and the presence of a new band 
o r  bands around 800 cm-L. Additionally. the product from dibutpltin 
dichloride and 1,3-di-4' -piperidylpropane was cycled several  times 
through the temperature range of 30 to 2OO'C. The initial DSC was uu- 
like that obtained after the product waas cooled and reheated DSC 
thermograms from subsequent hea t ing  of the product were identical 

(Figure 1 eonlinued) 
( -  - ) on samples weighing 0.00100 g at a heating rate of 30'C/mk The 
Y-axis sensitivity for the products from dibutyltin dichloride waz 0.5" C/in 
( 0.02 mV/in. } and for the products from diphenyltin dichloride 0.l'C;in 
(0.004 mV/ic.) with a gas flow rate of 0.3 l i t e r /min  Each Y-axis unit 
represents 1 in The straight line with each pair represents AT = 0. Lines 
appearing below this line indicate exothermicity whereas lines above 
represent endothermicity. Thermograms below the 230 to 300' C region 
ape identical in air and N,, thus only one line appervs below this region 
Above this region the thermograms differ greatly, with the exothermic 
portion occurring in Xz marked accordin&. 
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Temperature 1°C) 
FIG. 3. TGA thermogrvas  in N, of products from the condensation 

of organotin dichiorides with piperazines and dihydrazides. Designa- 
tfons are the same a in Fig. 1. The heating rate was 30'C/min with a 
gag Bow rate of 0.3 l i t e r j m i a  

with that obtained after the second heating. TSES 3 chemicll  reaction 
i s  occurrinq but without the iccompYryinq 'veight Loss. 

atures above 300'C. Transitions in X, vere endothermic while trzms- 
itions in air were exothermic and more energenic. Further, weig!!t 
losses accompany the transitions occurring in both N, and air. Results 
in air are indicztive of degradations occurring via oxidative modes. 

TXrd, stability plateaus generally occur in the TGA therrnoqams. 
This is usual for o r p o r n e t a l l i c  golymers containing metals in their 
backbones and is probably due to a difference in me bond e n e r a e s  
present in the oligomer. 

Fourth, several of the 9roducts exhibit medium veight retention. 
The product from dfbutyltfn dic.Uortde and azelaic acid dihydrltide 
shows a 65% weight retenrion at 100O'C. ( TBe beder ;veight retention 
in air than in X2 for seve- l l  prcducts is not normal. The normal 
Sebvior has been -V2 > air for Tareight retention for o rpnometd l i c s  
presumably because oi tSe availabllit3 on ehe metals of "Iowa-Lying" 
orbitals which are susceptible to oxidation) The product from 
dibupltii dicuoride and 3iperazine also exSibitea about 3 6ZL; :veignt 
retention in nir, and a 60q weight retention in >i2 , both to 95O'C. 

Lastly, products There i? = C,H, e-xhibit better overall Teight 
retention wnen compared to products where R = phenyi. 

Second, CSC thermograzzs b air and X2 differ greatly at tsmper- 
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SYNTHESIS OF ORGAIUOhET.4LLIC POLYMERS. xxm 1357 

Through visual observations the products appeared to remain solid 
throughout the tested range. Resulting materials,  after being cooled, 

generally colored white to light & and were gowdery.- 
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