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Mono-, Di- and Tributyltin Derivatives of 1-Hydroxy-
2-Naphthoic and 3-Hydroxy-2-Naphthoic Acids
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Several organotin derivatives of 1-hydroxy-2-naphthoic and 3-hydroxy-2-
napththoic acids have been prepared by the interaction of monobutyltin
triisopropoxide, dibutyltin diisopropoxide or tributyltin isopropoxide with
the latter in various stoichiometric ratios viz. 1:1,1:2,1:3and 2:1 in
benzene/toluene medium. The compounds thus prepared were obtained
generally as coloured solids, excepting the tributyltin derivatives which
isolated as dark viscous liquids. However, amongst them those containing
isopropoxy group(s) were found to be hygroscopic in nature. All these
compounds were characterized by azeotrope and elemental analyses, as well
as by IR and PMR spectral measurements.

INTRODUCTION

The facile reactivity of metal alkoxides towards protonated organic ligands
provides a convenient method of preparing a variety of metallo-organic/organo-
metallic derivatives. However, practically no attempt has been made to prepare
such derivatives of hydroxy naphthoic acids which do contain replaceable
hydrogen(s), despite their ligating properties having been extensively studied!®.
A systematic programme of work towards the preparation of their organotin
derivatives via the reactivity of the corresponding organotin alkoxide has now
been undertaken in these laboratories.

The work described here thus deals with the preparation and characterization
of several mono-, di- and tributyltin derivatives of 1-hydroxy-2-naphthoic acid
(abbreviated as LH,) [I} and 3-hydroxy-2-naphthoic acid (abbreviated as L'H,)
[II]. These derivatives were prepared by alcoholysis reactions involving the
interaction of mono-, di- or tributyltin isopropoxide with LH, or L'H, in
appropriate stoichiometric ratios viz. 1:1, 1:2, 1:3 and 2:1 in benzene/toluene
medium. The compounds thus prepared were obtained as coloured solids,
excepting the tributyltin derivatives which isolated as dark viscous liquids.
However, amongst them those conaining isopropoxy group(s) were observed to
be hygroscopic. All these compounds were characterized by azeotrope and
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clemental analyses, as well as by IR and PMR (in several representative cases)
spectral measurements.

EXPERIMENTAL

Owing to highly hygroscopic nature of the organotin isopropoxides, special
precautions were taken to exclude moisture throughout the experiments. The
alcoholysis reactions were performed in a fractionating column packed with
Raschig rings and fitted to a total condensation variable take-off stillhead. Special
weighing tubes and measuring pipettes with standard joints were used for the
analytical sampling of the compounds. For filtration purposes, a especially
designed Gy sintered glass filtration funnel fitted to a guard tube at the upper end
and filled with fused calcium chloride, was used.

Benzene (BDH,AR), toluene (E.Merck, GR), isopropanol (BDH, Glaxo
AnalaR) and solvent ether (E. Merck) were dried by standard procedures’.
1-Hydroxy-2-naphthoic acid (E. Merck) and 3-hydroxy-2-naphthoic acid (Koch-
Light) were used after recrystallization from 50% (v/v) aqueous-ethanol.
Monobutyltin trichloride was prepared by already reported method®, while
dibutyltin dichloride (Fluka) and tributyltin chloride (Fluka) were used, as such
Mono-, di- and tributyltin isopropoxides were prepared from their correspond-
ing chlorides by sodium method® 1,

Melting points were determined in open capillary tubes, using a digital m.pt.
apparatus and are uncorrected. Tin was estimated by direct ignition of the
sample after digestion with nitric and sulphuric acids followed by neutralization
and precipitation by ammonia solution'?

Reaction between Tributyltin Isopropoxide and LH,; 1 : 1 Molar Ratio

A mixture of Bu;Sn(OPr') (1.7791 g; 5.10 mmol) and LH, (0.9566 g; 5.08

mmol) suspended in dry benzene (60 ml) taken in a R.B. flask was refluxed.on
a wax bath (95-100°C), using a fractionating column. After ca. 2 h of reflux,
the isopropanol liberated during the course of reaction was removed azeotropi-

cally and determined by an oxidimetric method'> 4, On completion of the
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reaction, the excess of solvent from the reaction mixture was removed in vacuo,
when the product Bu3Sn(LH) isolated as a dark tan coloured liquid. The
product was purified by washing with carbon tetrachloride (2-3 times) and then
dried under suction. The compound was found to be soluble in benzene,
toluene, ethanol, ether, chloroform, dimethylformamide and diinethylsulphoxide
but insoluble in carbon tetrachloride. Attempted distillation of the compound
resulted in its decomposition and thus further purification was not possible.

Since Bu3Sn(OPri) is soluble in carbon tetrachloride while LH, is insoluble,

the latter was taken in slightly less than the required stoichiometric amount (as
evident from the weights given above) in order to avoid impurities likely to
occur by unreacted LH,. The amount of isopropanol liberated was, therefore,
calculated according to the amount of LH, taken. Identical procedure was
adopted for the preparation of other tributyltin derivatives, which all isolated as
dark tan coloured liquids and showed identical solubility/insolubility.

The various dibutyltin and - monobutyltin derivatives were also prepared
similarly but the product in each case isolated as a coloured solid. Here, in view
of the purity considerations, the various reactants were taken strictly according
to their stoichiometric amounts in each case. The various compounds isolated
were washed under suction with dry solvent ether in order to remove unreacted
LH, or L'H, and butyltin isopropoxide, if any, before drying them in vacuo. All
the di- and monobutyltin derivatives were found to be soluble in ethanol, and
hence these derivatives were purified by recrystallization from dry ethanol.

The relevant analytical details, characteristic IR frequencies and PMR data (in
several representative cases) are summarized in Tables 1-3, respectively.

RESULTS AND DISCUSSION

The reactions occurring between the various butyltin isoproporides and LH,
may be illustrated as:

BuSn(OPr'); + LH, — BuSn(LH)(OPr'), + PFOH )
BuSn(OPr'); + LH, — BuSa(L)(OPr') + 2PrOH )
BuSn(OPr'); + 2LH, — BuSn(LH),(OPr') + 2PrOH 3
BuSn(OPr'); + 3LH, — BuSn(LH); + 3PrOH 4
Bu,Sn(OPr'), + LH, — Bu,Sn(L) + 2PFOH : ®)
Bu,Sn(OPr'), + 2LH, — Bu,Sn(L), + 2PrOH 6)
Bu3Sn(OPr') + LH, — Bu;Sn(LH) + PFOH @)
2Bu3Sn(OPr') + LH, — (BusSn),L + PFOH )

Identical reactions occurred in case of L'H,, excepting the reaction (1), which
did not occur at all even after controlled reflux and fractionation.



AsianJ. Chem.

326 Manral et. al.

(pmby (1:2
(86°06) (e8'L) (z8'¥s) (€€12°0) SN0OSIA) o L
¥3°0€ 08'L 09'¥S 1€12°0 ey yep I'€6 U1 (DHustng), g

(pmbn a:1
(X374 (€1L) w8Ls) (0soc0) SNOoSIA) _ I:1
oLvT 60'L 09'LS Z00€°0 ue) aep TL6 I (HDusng, -,
(ss'61) ((549) (87'65) (¥89L0) : (pr1os) Z:D
8v'61 vTS S0'6S 62SL0 0s1 . 3nq €76 8 YHusng 9
(ze's2) (€Ls) avvs) (82L90) (prros) (a:1
91'8C oLs 1TS 86790 091 umoiq $96 9 (Tustng g
(so91) (o0'p) (90'09) (€L¥E0) (prios) (€:1
$6°ST €0t LL'6S 90¥€0 0s2 nq L6 9 §HuSng v

(prios)
(8v'e1) @6P) (zrLs) (¥818°0) MOT[oA @:D
cc6l 06t 88'9S T86L°0 00€< ystusaid 866 9 (JdO)HT)USg ¢
(61'82) z$) (oc'19) (8206°0) (pr10s) (1)
08 61'S SO'1S 0.88°0 0€1 Bnq ¥'€6 8 (4do)1usng -z
wovd (€z9) (X 49) (1zez0) (prios) a:n
LSHT 0z'9 80°CS LI€T0 082 nng 916 € YadoXHDusng -1
(pore0) (poreo) (poreo) (poreo) puro )
punoj punoj punoj poTed) punoy o o) (%) (s1y) own (omer xefowr)  oN
%US %H %9 (BHOAM sishreus H pIoL xnpo unodus g

adonoozy 194 3oy p 0D S
sisA[eue [ejuswalg aers 1earsAyg
SAIDV DIOHLHIVN

-Z-AXOMAAH-€ ANV DIOHIHLIVN-TAXOYUAH-T 40 STALLVAINEA NLL AALNLLLSENS TALNE SNOMIVA FHL 40 STIVIAd TVOLLATVNY

19T1dVL



“€0PHYD = 24,130 2HT “HEDO0 = ,3d0 “H'D) =ng  :SUONEIAAIQAY
*PoUIUISIAP 9q JOU P[noo *sd °q YL,

Organotin Derivatives of Hydroxynaphthoic Acids 327

Vol. 6, No. 2 (1994)

. (pmbr 1:9)
(96°0€) (es'L) (@@svs) (€L6£0) SNOOSIA) (¥(useng). -
£€8°0€ 08'L 09'bS 696€°0 ue) yiep €6 Ut / * Gl

(prnby Ga:1
(2:3744) €10 Wg'Ls) (L9s1°0) SNOOSIA) @Sty -
8'€T or'L 09'LS 09ST°0 ue) yiep 796 1 ] + pl
(prr0s) D
(ss61) 549) (8z'65) (19s€°0) mor[ah . @:1 .
LY'61 ¥T'S 0065 Wse0 oSt sfed €56 L (H,T)ustng €1
(prios) 1)
(ze'80) (€Ls) (av'vs) (915€°0) mofrok (t:1 )
0182 oL's 0T'vS S6¥€°0 0T ystuaai I'L6 8 (/Tustng “T1
(prios) €
(s091) 90y (90°09) ((A2za)] MOT[IA . €:1 .
66°S1 POt 16'6S 62TY'0° POYT ystusai8 €6 8 (1, Dusnd 11
Guow @:1)
(sr'61) ey (z1L8) (68€8°0) MOT[d :

6€°61 68 $8'9S L6280 0sT ared €€6 9 (1dO¥(H,)usnd o1
(61'82) (749 (s€'19) (08sL°0) (prros) (:p
S0°8C TS 0r'1S $OSL0 (44 Inq Ts6 8 (o) Dusnd -6
(poreo) (pore0) (poreo) 6.)
punoy punoy punoy (poreo) Em& o no[o) (%) (s1y) own (one1 Jeow)  ‘ON
%S %H %D (®)HO stshreue " pPIOIX xn[joy punodwo) 'S

adonoazy
sisA[eue [eluowarg . aess [earshyd




Asian J. Chem.

328 Manral et. al.

o1zt (w)opsz ‘(w)o16z
O34 (w)oss (0921 081 (us)oor1  (qulogst  “(ShoveT (worog (am)oove (TF(ustng) 01
(w)ozs o121 (wopgz (s)098z
(M08 (w)oes (s)o9z1 00T (w)oseT (s)oes1 “s)os6z (w)o9og (Doore-00se (HDus'ng 6
(wovs o1zt (s)ossz (s)oz6t
(s)osy (s)oss (w)o9z1 002 (qu)oovt (s)oo91 ‘(s)os6T “(w)o9oE (mozze YHustng 8
oLy (wops (w)s121 (s)ossz ()oz6T
(s)ois (w)ogs (Doczt 002 (s)osel (s)ogs1 “s)os6t “(w)o9oE — (Dustng "L
(Dosy us)121 (w)ossz (0167
(w)ozs (u)ogs (sdoszi oLl (Oli7421 (w)o6sT “sYovee (wovog (am)00gE-009€ fHuSg 9
oLy (w)oss (w)ozzl . (m)orsz ‘(Sovee
(woes (qu)oze  (m)osti 081 (m)o6€T (@oLst “(w)ovos (w)ooze (m)o09g (MdOHHTuUSNg g
(woLy oLs ()ozzl (w)ozer
(2)00S (w)o19 (w)osz1 081 (S)oor1 ()oss1 “s)orez (s)0so€ — (AdoXusng 4
(o121 (w)ozse
(m)00$ (s)oss (s)ooz1 081 (S)oov1 (s)osst (s)oveT (s)0sog (@Qosve YadOXHTUSNg ¢
(s)szet
— — (w)oozt — (w)sor1 (QoLot (qu)osLz-001€ (quw)ooce M1 T
— -~ (w)pozi — (wozyt  (asa)oyor — +(qw) 0ovz-00z€E (5510 I
O-usA D-usa 0-0r (00D)AV 00D 000%A H-OA HOA punodwoe) .,.VM

SHALLVAINHA NLL ALNLLLSHNS TALNY JIFHL

ANV SAIDV JDIOHLHAVN-T-AXOYAAH-€ ANV JIOHLHAVN-Z-AXOHAAH-T 4O (;-wo uf) STIONINOTU AFAVEANI DLLSIHALOVIVHO

¢ HIEVL



Organotin Derivatives of Hydroxynaphthoic Acids 329

Vol. 6, No. 2 (1994)

(H-0)a pue (HO)A Jo Sutddepsan(),
1opinoys = ys ‘dieys A19a = sa ‘dreys = s ‘peoiq £19A = qA ‘peOIq = q ‘PROIQ WNIPILI = QU ‘PBOIQ JBOM = M ‘WNIPIW = W *YBOM = M :SUONBIAIGQY

(#)o9y (w)ogs : (s)ovsz “(5)0162

sy ()09 (Doo€T 0€? (s)oset (s)o191 “s)ovez (S)ovoe — (D(ustng) L1
(s)ocs (s)ovsz (ST

(u)ogy (w)oLs (s)oszt 081 (s)oov1 (s)oss1 “s)ovez “()0so€ (9)00zE-00S€ (HDUsEng ‘91
(s)sgz1 (s)ovsz (sr)os6z

(sa)oLy (us)oss (w)szeT 0€2 (s)ose1 (s)o191 “s)os6z (S)ovog (am)00s€ YY,ustng  “§i
sty (w)ossz “(S)ozee

(us)oos (s)oss (s)o621 002 (s)oge1 (9osst (s)oset (S)ovog — (Dustng  “p1
(s)orsz (s)o16¢

(s)osy (us)oss (9)osz1 ST (dsser (s)o191 “s)ose6z “(S)orog (s)ooge £(H,DuSng €1
(s)osy (9osz1 (s)ovsz “(s)os6T

(m)o1s (9)08s (w)ozeT 061 (S)ozp1 (s)o191 “(w)ovoe “(w)ooze (w)ogze (dOF(H,/USNY 71

(sa)oLy (w)o9s (aa)oszt
(w)ogs (s)o19 ()oget 00T U)oyt (mo197 (am)0062-00Z€ (am)009€ (,(4dO)(Tusng -y
O-ugA O-usA 0-0A (000) AV 000°A 000%A H-DOA HOA punodwo) oxz




330 Manral et. al.

TABLE 3

Asian J. Chem.

PROTON MAGNETIC RERSONANCE SPECTRAL DATA (b Value) OF 1-HYDROXY-
2-NAPHTHOIC AND 3-HYDROXY-2-NAPHTHOIC ACIDS AND SOME OF THEIR
BUTYL SUBSTITUTED TIN DERIVATIVES

~COOH and Butyl and
S. —-OH protons  Naphthyl ring OH group isoproxy (gem
No, Compound (Hydrogen protons proton dimethyl) / butyl
bonded) group protons
1. LH, 9.90-10.50(m) 8.60(d), — —
7.40-7.90(m)
2. U'H, 9.90-12.90(m) 8.58(s), — —
7.34-7.99(m)
3. Bu(LH){(OPr) — 7.56-8.60(m) 6.00(s)  0.70-2.63(m)
4. Bu3Sn(LH) — 6.82-8.15(m) 6.00(s) 2.27(s), 1.42(d),
0.92(d)
S. (BusSn)y(L) — 6.96--7.99(m) — 0.90-3.39(m)
6. Bu,Sn(L) — 7.57-8.52(m) —_ 0.70-3.20(m)
7. BusSn(L'H) — 7.20-8.90(m) 6.00(s) 0.90-2.35(m)
8. (BusSn)(L") — 8.32-9.61(m) - 0.90-2.69(m)

Abbreviations: s = singlet, d = doublet, m = multjplet

Infrared Spectra

The derivative Bu3Sn(LH) displays a broad band in the region 3500-
3400 cm™ which may be assigned to v(OH) of the unbonded hydroxy
groupls’ 16 Medium to strong intensity bands at 3060 cm™, 2950 cm~,
2860 cm™! and 2840 cm™ correspond to v(C-H) of the aromatic ring and the
butyl groups'™. The bands in the region 2000~1700 cm’ indicate overtones due
to substitution in the aromatic ring”. A sharp band at 1590 cm™ occurs owing
to v,i(COO), while a medium band at 1390 cm™! may be assigned to v(COO).
A shift of 30 cm™ in v{(COO), as compared to LH, shows the bonding of the
carboxfllate oxygen to tin. Further, the separation value [v,{(COO)-v{(COO)],
Av(COO) of 200cm™ suggests the presence of a bridged or coordinated
carboxylate group'®2°. The absorptions due to the overlapping of the aromatic
skeletal stretchings and C-H bending of the butyl groups'® appear at
1630 cm™, 1560 cm™, 1520 cm™!, 1510 cm™! and 1460 cm™. A medium band
at 1355 cm™ corresponds to O-H bending of the hydroxy group'”, while the
bands owing to v(C-0) of the hydroxy group occur at 1260 and 1210 cm™ . The
bands at 1190cm™, 1170 em™, 1145 em™, 1085cem™, 1075cm™ and
1040 cm™! show the aromatic C-H-in-plane bending, while those in the region
1000-650 cm™ may be assigned to the aromatic C-H out-of-plane bending. The
medium bands at 590 cm™ and 520 cm™ appear because of Vas(Sn~C) and
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v{(Sn-C), respectively?®??, while a weak band at 480 cm™ corresponds to
v(Sn-0) 2,

On the basis of above observations, it is evident that in BusSn(LH) [III], both
the oxygens from the carboxylate group along with three butyl groups are bonded
with tin, while the hydroxy group remains intact, and thus the compound possesses
a penta-coordinated tin atom.

OH (I:4H9
0
@ c& O>Sln-—-c4H9
C4Hg
D

Proton Magnetic Resonance Spectra

The PMR spectrum of Bu;Sn(LH) shows signal due to the aromatic ring protons
in form of a multiplet between 86.82-8.15!% 2%, The singlet at d 2.27 and doublets
at 81.42 and 60.92 may be assigned to the protons of the butyl groups®* *. The
signal at 06.00 corresponds to the unbonded hydroxy group proton. The absence
of any signal in the region 69.90-10.50 together with the fact that hydroxy group
remains intact shows that, the carboxylate group alone participates in bonding.
Thus, the inferences drawn here are in conformity to those derived from the IR
measurement earlier.

The IR and PMR spectral data were similarly interpreted for the other
derivatives and the main findings in the context of their structure are as under:

The derivatives BuSn(LH)(OPr'),, BuSN(L)OPr'), BuSn(L')(OPr'), Bu,Sn(L),
Bu,Sn(L’) and Bu3Sn(iL'H) [IV-IX], respectively contain a penta-coordinated tin

OH oerl

I
c <g> sln—.c., Hg
opr!

(IV)

o———\
@@ c{.‘,g}sln-—opri
C4H9

(V)
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opri

|

Sn

|

CaHg

(o]

C4Hg
o~ |
£~ >Sn

QIO
OH  C,Hg
(VI
ﬁ4"9
10
C<&. Sn
@@ 89 l
C4H9
(V)

C4H9

o |
SO
(x)

atom in each case by way of bonding with both the oxygens from the carboxylate
group or with both the oxygens from the carboxylate, as well as the oxygen from
the hydroxy group, along with butyl and isopropoxy groups or butyl groups alone,
as the case may be.

The tin atom in case of BuSn(LH),(OPr'), BuSn(L'H),(OPr'), BuSn(LH), and
Bu,Sn(L'H), [X~XIII], respectively exhibits hexa-coordination in each case as
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OH oprl
04
GO
. C4Hg
L B
(X)
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#0N
@@=aup
OH
CyH
I P 479
(XD
r -
OH C4Hg
C<i0%>g
\,.‘. y n
©@ =g
C4Hg
| I,
(X11)
[ 1
C4Hg
# ON I
@@t
OH CaMsg
- 42
(X111)

a result of bonding with both the oxygens from each of the two carboxylate
groups available from two moles of LH, or L'H,, along with a butyl and an
isopropoxy group or two butyl groups, as the case may be.
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BuSn(LH); and BuSn(L'H); [XIV and XV], contain a hepta-coordinated tin
atom in each case by way of bonding with both the oxygens from each of the

i OH ] C':wg
2O\
L J3
(XIV)
C4Hg
C<O\>Sn
O @
OH
L “3
(XV)

three carboxylate groups available from three moles of LH; or L'H, along with
a butyl group.

In the derivatives, (Bu3Sn),L and (BusSn),(L') [XVI and XVII], one of the
tin atoms is observed to be penta-coordinated as a result of bonding with both"
the oxygens from the carboxylate group, along with three substituted butyl groups,
while the other shows tetra-coordination, as a consequence of bonding with the
oxygen from the hydroxy group, along with three substituted butyl groups.

CqHg

H9C4—S|n—-C4Hg :

(o) C4Hg

CCOama
CqHg

(XVI)
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—

10.
11.
12.

13.
14.
15.
16.

17.

18.

19.
20.

C4H9

“: & >Sn—C4 Hg

C4H9
H9L4—Sln-—-c4H9

C4Hg
(XVIIL)
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