RSB REREFET ,5(2):69-79,1990. -69-

ﬁ BB AAT TR FIZ AT 1 (—)
FRARBILEWIARL ALY

FiRiE

m E

AHBCEWARNBEERASREE - £ 1954 ERBEEBRARHBEE -
SnXBLEY + EHTEHEE IR SntIMEE RABIETTE - X3 SRR %‘;ﬁ
FRREACAMREE  BRMERR0EERESEWZ O - HARE  BER
FSREERERTE R » AR SN -

P RER AZ LS TIREHTBTO) « BL=THEYTIBTC) « EIL=T 55
(TBTO) ~ FZEBML= T ES(TBTP R L =T 585 TBTAL) S T fEH St
DERHERER  ER0S% 0 L0%R1S % ZRIBEC ST - S EIR ARG E
# o FRETEERE - MHERCCA 4 %8 KIFR IR Z A LUK - R BPE MG LAME
HRCCAME LB EEEY) - AREEMESENIMERT) - T BEHRENTR

| WESREIER RERIRIEL - BRGERIBEERR ) IRE SR R o
FRERE - HIREBILa Y - SRILRHERET - B - RERBINY: - BERR NS - B - i
KBS ~ B~ AFSEE -
FFIRIE » 1990, HIBSAM MR L  GHRERGILEDTHEREEE  #
RGBTSR EETI5(2):69-79.

Studies on effective organotin compounds against wood deteriora-
tion. 1. Preparation and characterization of long lasting and low
pollution organotin wood preservatives

Henry Chenfu Hsu
[Summary]

Triorganotin compounds, which possess fungitoxicity and insceticidity were first
proposed for nse in the field of wood preservation in 1954. The biological activity of
R,SnX derivatives is markedly dependent on the nature of R,Sn group, but essentially
unaffected by the anionic radical X. In order to develop more effective wood preser- .
vatives, 20 organctin compounds were synthesised. Five organotins, TBTA, TBTC,
TBTO, TBTP, and TBTAL in methanol were prepared in three concentrations of
0.5%, 1.0% and 1.5%, The decay resistances of treated wood samples were investigated
and compared to 4% CCA treated samples. Both the synthesis of organotins and their
preservative properties are described.
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M AZEE o RALRWAR BIE 2B EAE
% 4R FIYE T H(Creosote oil) K 2 fia {55 =LA B
A RBELEY « RIEEHRBAUACC) » ik
MHEFCCAR LB EHCZAYE » $£HCI0,
- Cu$ O, SHO * NaC 10, » ZHORASOZHO
fE R R - EERY ARSI ENESE
FREH ARRAEAEZHZIRAEERER
EETHE - TEBR R B A S 3 A2 R 5B T T
MHEEHLLER - AP RETLRTRSGL

A #)organotins) ©

FRAGRELLEDRES THELEE—
FEC-SnEH LAY - AL B HE LAY
HSn R M@ F5 AR fE(tetravalent state). HIE LS
PRS FHC-SnE IR E f1 58 mono-, di-, tri-
Beetra-organotins. C-Sn £ #5 69 & 1% L |
HRC.S1,Ge 2 CIRITNE A BB A » R KSR

o BERIIMETES BT C-SnEEREKE » BASRE
SHRTELSE - BESLSYNEE RS
PR EEA AN R E SRS T % LY
FHE (organic group) X IR K HE - HHBL
ML REBSRE  TREEESHIIS0E
FISOR B R L 7 19604 B20000F » 19704
721600005 » 1985 FRBEE4000087LA L

E—EEHS LS Ydiethyltin dichloride F
{£18534 BIASir Erdward Frankland fR&rpg »
EEIN0ELEGER LS DA HARPVCRITREH

%1 Biocidal properties of bis(tributyltin)oxide

Minimun concentration
to inhibit growth

completely

Organism prm

Fungi
Aspergillus niger 0.5
Chactomium globosum 1.0
Penicillium expansum 0.5
Pulularia pullulans 1.0
Trichoderma viride Lo
Candida aibicans (year-like)

Gram-positive bacteria 0.1
Batillus mycoides 1.0
Micrococcus pyogenes var. aureus 1.0
Bacterium ammoniagenes

Gram-negative Vacteria
Pseudomonas acruginosa >500
Aerobacter aerogenes >500
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o 19504 A% Rvan der Kerk R LuijteniZ@E R JEIERS - B AFEEE - BRE RGN
FEHbBR 72 4% » B¥Btriorganotin RSnX EHH /1 B SUTRECHNE HELEew  ESRE
FIIAEERA SRR 2 # + —FENLAR Bis(tributyltin) » R PARBS IS AR AR & P ERIR I

oxide 49 1L & ¥ BA 46 3 AR AR B5 8 (Van der ) -

Kerk, 1954) » EARMINAT=H05 » ggur  — PIFTRERE
BRABRESSER R RS - BEL RS - RN R
TEREMERGE LA DRESE #:§% B Janson chimica, Aldrich Chemical Com~
F(Sugavanam) R SnXdh » REE HRE K pany, Mallinckrodt Company, Fluga Company
B URBHAEEERE R BB XK FMerck Company. %8 #1# Y& 52 €5 4% FiTasco 14
RIMBIRIERET AR RS RESEMESML  RUVIDEC-650, ALAHRIEEE Penkin-Elmer
EEETEREE - ROXTABEAE BZ 753 » MBAEESMel-Temp » FElE 2 MBS

T #(R= n-buty) R ZEyH(R= pheny) T 445 » FMEE »
MEEEARAHB BN EEEREESE - B ()& k& ¥ (Wilkinson, Evans 1985, Poller
12 Bis (tributyltin) oxide FRE /13RS MK 1) 1970, Neumann 1970, Zuekerman 1976, Ford
#  FLE B 0 F M Sacute oral LD ,4150- . 1978)

200mg/ Kg, rates) » ESHRREHALREBE LA BB B (Montemoso 1958,

Z & o MR # Henshaw(1978) » Barug Wilkinson, Holland 1987, Wang 1972, Alcock
(198 1) % Stang(1986) F 2 FF%5H] » EXEH 1968, Brown 1972) » F BB THI=SBRAERIU
2 TTBTO &4 8 AR Hi 88 F1{E /Y Di- KMono- R RS aY -

butyltin ~ BREFARFLEMEA - BEUER - B

a R’'-COOH +RsSnCl EYHYIRE g _cOOSaR,
Tt
b R’-COOH +R;SnOH benzene R’-COOSnR;
R’-COCl1 reflux

¢ R’ -COOH +RsSn0H SHOH 2/ _coosnR,

THEATRMOBERBEEMREKL St AR . .
1.Tributyltin phenylacetatezz &% (metod 2) Mabe ZRAHBR » MR TRIIOT -
{C)-CHa-C -OH + (CHy):SnC1 Pyridine @@ - cH, - € -0 - Sn(C.Hy); +HCI
N i "
H It

Phenylacelic acid (0.835g. 6.14m mole) 58 HETRE N HEREREERREE &
tributyltin chloride (2.00g,6.14m mole) B> % 5 B RREERERARTER » AALS mIk » 37
E2IRA950mIE R » S0 pyridine (3 mI)7E ZETESRE & - B BERZRESRE

2 Tributyltin acrylate Z& pfi{method a) BEHRRRE2.02g - Y0EET7.7% » mp51-53.5 ° e
pyridine .
H:C=-CH-COOH + (CiHs):SnCl _ p TC=CHC-OSR(CH,)s+HCI
.t

& FAcrylic acid (0.221g, 3.07 m mole) EFEE 0 IIALO mITEMZE » BAS KR EAK
» tributyltin chloride (1.00g, 3.07 m mole) 51 ¥eAZR (3 ml Xd) » FIEERNASO MK » MBI
ml pyridine EREERERF » FEZR THEEI/D BREBLARER » Licthyl acetate-hexane BHERZ

3.Triphenyltin-4-Methoxy phenylacetate Z& » BB 5R0.646g ¢ UREE58.2% » mp 64-
B¥(method b) 66 ° M B361.05 -

CH:0 - (O - CH: - € - OH + (CeHa}$nOH BR%0E cp1.0 - (- CH. - ¢ -0 -Sn(CHy)s +HO
0 H*.rt i 0
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4-Methoxyphenylacetic acid (0.905g, 5.45 m
mole) 82 triphenyltin hydroxide (2.00g, 545 m
mole) E%50 m1[E EAEHRE » HIAL0 mIZER27
B - EEE TR I RIERERMNE

4.Triphenyltin benzoate Z& f%(Method b)

AR+ EE GBS SR RARREY2R -
PMASEZK NaSO, * BB IR EREENSEEY
r ABBRIEESRY - Suafkikl2lg - K
%47.2% » mp 120-121 ° -

©-¢-on-52% @) -c-cliHcl +50,
o

[¢)
c

@ -G -Cl + (CsHs):SnOH benzanc/px @ -
o

TERBHZHIS0 ml B BB - X Abenzoic
acid(0.332g, 2.72 m mole) Fthionyl chlocide
(Sml) + ANBAETS CHARIGIC B 304588 > 3
JB T 5 % £ A9thiony] chlooide B2 % 7 23 ik
benzoyl chloride ° f1 Abenzene(10 ml)Kpyri-

5.Tributyltin trichloroacetate 2 & f(Method ¢)

(C:Hs)38n,
~

(CiHs):8n

(C.;Hs)S$nOH +CI,C —(l.‘l -OH

C:H:OH
EE—

$ - O - Sn(CeHs)s + HCI

o]

dine (1 ml) * ZEEB THRIR2FE - BRIERE
SRR  WRERSWORT » AR
' F A anhydrous Na,SOS2# - SIEHEHEE
IR » L silica gel FEARMEHFERNS » SR
IR E T IR % §h0.605g, 1 88472 % » mp 86~
87 " M"471.12 »

o+mo 248 o(c)snoH

CLC -G -0 -Sn(CiHb)s + H:O

(o] 0-5C (o]

Bis(tributyltin)oxide(1.94¢,3.25 m mole) &
BRSTHEET  FEBEL4CHER
T0.059ml, 3.25m mole) TEHSERIE TIAZ »
AN Atrichloacetic acid (1.07g. 6.5 m mole)

6. Tributyltin malonate Z-& i(method ¢)

PR BEARISTEO-5 TRz - FFIDA 3mliBEEEss -
BRI/ R R i U N T SR A R -
MAD B MZBE & k2. 18g » 1032922 9%
» mp 78-80 ° M 45242 ¢

[ (C:H):Sn1:0 F29 2(C.:Ho):5nOH

C:HsOH

COOSn(CAth

2(CiH5)3SnOH+CH: (COOH); =225 Byl

% 78 ¥ Z0-3°C ftributyltin oxide (3.275g,
5.5m mole) B 74(0.099¢, 5.5m mole) iR & ##L2 5
& ' 8 malonic acid (0.571g, 5.5m mole) &5
mIfBEBEEMA - EERE-5CTREHR
2.5/ o R PETRIREEYSAE, - FiSilica gel £
AR B 47 B (n-hexane —ethyl acetate) 5 HEFE R &

» B B E0.865g + XE859% » mp 88-89 °
» M +453.66

= P
(AR

COOSn(CiHs)s

#% A(Cuninghamia lanceolata Lamb) & #
#4(Cryptomenia japonica D.Don) + ¥ 3 # #&
B160cm Sz Bk » BRI REE TR AR ER2 X
2X03emZ EABAR -

(ORERIEIR

EAAEEEE3EA4 » BlTributyltin Ace-
tate (TATB) * Tributyltin chloride (TBTC) * Bis
(tributyltin) oxide (TBTO)> TributyliinPhe
nylacetate (TBTP) & Tributyltin acrylate
(TBTAL) &£EI8LR0.5% - 1.0% R 1.5% =HlE

. ZEPEEEK - BIECA 6 CCAKIB BRIRL) -
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Compound R MPOC /COO cmfSn—C cm™' Method  Yield%
Tributyitin Acetate(TBTA) n-CaHs 84-85 1570 495 a 93.5
CHs~G—0~SnRs
s}
Triphenyltin Actatae CeHs 1225 1561 450 a,b 50.0
Tributyltin Trichloroacetate n-CaHe 74745 1650 498 c 922
CIaC-%-O—SnRg
© 450
Triphenylitin Trichloroacetate CesHs >300 1669 460 b 90.5
Tributyltin Trifluoroacetate n-CaHo 70-72 1685 499 ES 476
FsC—?—O—SnR:
1]
© 444
Triphenyltin Trifluoroacetate CsHs >300 1652 450 b 46.0
Tributyltin Malonate n-CaHs 83-89 1664 481 c 85.9
H2C{CO0SNnRs)2
Triphenyltin Malonate CsHs 116-118 1538 453 b 4.0
Tributyltin Acrylate(TBTAL) n-CaHs 6365 1540 515 a 58.2
H2C=CH-G-0-5nRs
8 153
Triphenyltin Acrylate CeHs -163.6 1530 458 b g2.1
Tributyltin Methacrylate
CHa n-CsHa oil 1621 - a -
HeC=C—(I‘,'—O—SnRa
(o)
Triphenyltin Methacrylate CiHs 85-89 1607 453 b 86.5
Tributyltin Benzoate nCHs ol 1849 - a 935
Ar—?-OSnR:
{
¢}
Triphenyltin Benzoate CeHs 88-87 1640 -= ab 47.2
Tributy Itin-4-methoxybenzoate n-CaHa oil 1646 - c 68.8
(p)CHaO-Ar-G-08nRs
°© 130 450
Triphenyltin-4-methoxybenzoate CsHs -130.5 1628 461 b 69.7
Tributyltin Phenyiacetate(TBTP) n-CiHo 51-53.5 1505 435 a 77.7
o}
B
Ar—CH—C-08nRs
Triphenyltin Phenylacetate CoHs 141142 1535 457 a 86.1
Tributy Itin-4-methoxypheny lacetate n-CsHs oil 1571 i a 38.3
Q
]
(p)CH30-Ar~CHz~C-0SnRa 1215
Triphenyltin-4-methoxyphenylacetate CsHs 1225 1538 458 b 54.7




74 FHRE— RSN RS R R ES AR SR L O T R E eaE

#£3 HMHBERACREEE

05% 1.0% 15%

[0z

8 (B/A) A (B/A) A B (®A)  F
TETA om0 P Gen con 0 oam oum 2 e
TBTC (gfgg) (gjggg) 88 <giggg) ooy (g:ggg) (g:ggi» 98 95
TETO  (%n  (do0e omm omm 7 e oo 17
TETP (g?g;;) (gjggg)' 88 (giggg) (g:ggi) 83 (g:ggg) (g:ggi) o8 a7
TETAL 0o (0000 o) 009 0 o) o 29 o7
CCA(4%) (g:ggé) (g:g&‘” 12.9
A ER(g) B: S IEh B2 R B (g)

B/ A:BRATBIG A2 R (g)
* BRI RERIEEREE
FEEXTBTCRTBTAL #9755 %6k T A%

Sy
PAHELRBAREIOS CEBES I » B
MHRER » FRIGH > SHH - HIEBR LR
FECFRIEES « A/NBFRIE B R348
s BRABFEPAESOCREImEER - g
HRi1R2 B DRGSR - DIEERIRIL &
BRDUK R BRI 2 B B SRS - BEELs
ErOMTIRE R A SR T R G e -
()T S 3R
BIBASTM SRESERASTM » 1984)

BORER - ERER

Fori= ( RENER
X100 BSER
EBREHE=100% 5= ———

: BEYER
x100%

BREEHERRTE - HEARNERRTS
it =
P NRESMERRESE

X 10036
o~ ESRELSTE

(AMESEE BB BTN T20 SRS
e HACESER39— 93.59% + EIBRFE60 6L
L o BRER R FBIERR - .

BRERAERSLADZERER  SIE

EEMEERR AR BRR Y R B

- HREAW. Sheldon (1975)RAG. Davies FiP.J.
Smith(197DZ MR H » HFRSBLAHS T
BISn-C BREERIMARBERIE A TIHZ > R
TR R R AR B = & 1L85(Sn0, » &
BAEL - BR T LR EAREBEFEZFARARA
Fish (1976) ®R.C. Poller(1978)Fr 3 3R89 88 ke
B BB R FE B Free radical mechanism)7RE
SHSn-C BEZEIE - BRSBTS CAME
BRIPHEBR AR R - BRERASENERE
BAYE R EI#8(carbon-hydroxylated inter-
mediates)ff B Rdi- & mono-organotin 1b&
% (Fish 1976, Kimmel and Fish 1977, Blair
1975)

ChEF ERTFROBIF A E ML S b
H SR IEAES Y 378 » BlTributy- ltin acetate
(TBTA) : Tributyltin Phenylacetate (TBTP)
FTributyltin acrylate (TBTAL) BUE #t S &R
IR $l B Tributyltin chloride (C,H,SuCI(TBTC)F]
Bis(tri-butyltin) oxide (C,H,), Sn-0-Sn(C,H,),
(TBTO) - HRIREE SRS T Merck A7)
+ SRR E RRBREE -

DFEMER - B RGBT 0B HE T
B3 - AR BB RIKERSA— 11.7%Z
T BRIERZ KNS REERIE T SR IE
b0 RENG IS IRISRE 1S % > 1.0 % >0.5 %imE
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co,
(RySn);0 —————— (RSn),CO,4
HO R = Bu
UV or
RySnX microorganisms
HO0 R=Ph
UV or
R,SnOH P, (R,Sn0)y
organisms UV or
microorganisms
0|H
(RSn0—),,
UV or
microorganisms
SnO,

Fig. 1. Environmental Degradation Scheme for Trephenyl-and Tributyl-tin Compounds.
x4 TEHEHRBRERBELSABMZENE
o oE TBTA TBTC TBTO TBTP TBTAL CCA(4%) HRHE  KTH
05% 8.4 8.0 87 83 79 86 338 3.0
’ 02y »  (03) (0.2) (0.1) (0.2) (0.4) (4.3) (0.3)
10% 8.0 72 8.0 8.1 77 B R _
: {0.2) (0.3) ©.2) (0.2} (0.2}
. 78 7.1 7.3 7.8 7.6 _ _
16% 0.2) (03) (0.2) 0.1 (0.3)

+ SEEE(C. Versicolor) PIEBOS KB FR IR Z R -
¢ » RN ERRREE -
PR ¢ SRERS R R LT o
I ¢ SRR ERERRE T R RS SIEA -
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&5 TRPBEHRMERESNSBHT B0 «

FRRE— AR R IR ES R R L S ML PR M

B o TBTA TBTC TBTO TBTP TBTAL CCA(4%) SE# HIEHE
055 89 8.4 83 85 85 90 a0.1 28
s (1) ©.1) (0.1) ©.1) (0.1) (3.0 (0:3)
85 8.3 8.0 8.3 8.4
0% 02) (0.1) (02) (0.1) ©0.3)
. 8.1 8.1 79 82 8.2 _ ~
15% ©.1) ©.1) ©0.2) ©.1) ©.3)
* BBE(C.Versicolorn) PRUBS REFFBIE - R «
R LA b Tk
FEE « RISET R R 2 55 -
BRI R REREERE TEY 2845 SHER -
#6 ARGV EHEBEAEZHHERE
L TBTC TBTO TBTP  TBTAL  COA(4%) M
A s 920 914 916 923 914 67.0
05% (02 » (©.4) (©5) N ©3) (0.4) (4.0)
75 383 73 376 385 3
A 92.0 922 92.0 918 923
1.0% (0.2) ©.4) ©2) (0.3) (©2) - -
B 382 396 36 36.1 386
A 23 9.0 27 922 92.1
15% ©2) (0.3) 02) (0.1 N - -
B 385 396 9.3 3.4 385
A DRREE B : BRAE
¥ ERRESEEREM -
BRS¢ SALDS SRR 2 T -
R7 HBREHEREBISRCTENE
BEA rgra TBTC T8T0 TBTP  TBTAL  CCA(4%) S
A ot a6 a7 915 919 911 704
05% (0.1) » ©.1) (02} .1 02 0.0 (3.0)
B 304 311 31.2 310 314 30.1
A gl 1.7 @1 o7 918
10% (02) ©1) ©.1) .1 ©3) - -
8 a1 31.0 317 312 308
A ol 917 922 919 920
15% ©.1) @1 02) (0.1) ©.1) - -
B 314 312 817 313 310
A DRAEE B : W

v IEHRPIE T EHER i o
ERE  REYEBIER I 2 R
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& o SBILMERRCCAB IR S HSIEHE
8 » TTHERCCA Z B BEHEEN(4 %) AR B FITRRNE
BIR UB(E RSB PEIEY - MCCABAKE
) °

(ER AR EMBHERREL% - 8
FIBEC. versicolor A + #8 95 Kz itk » 718
BMEG R ERBRE  FHE RN BE
° TS 2 BSR4 RIS - A -
FEA R AL P S TGS B B R B FOT S AT
BAE  HERFIBE 6RET -

RIS RE AR AT ARE RAEEZ R
o HETEgE RS (REPEEES )8
1B » HEBEE3S— 4EZR - BRLATREEE
BEFEM L ST E - (£ 4% 45CCAE
ERNEAM TR ERERERETHLT - &
REMBCCABR BRI RH SBME 2 &
MR HEE TR AR - BB EN S
EEEBZER S - AR ERSER TS -

~-NH

-SH
> (CH)SIX —
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BREENREZ TRNBEMENEZHER
/AN o FRENETRHISAHES1S % > 1.0%6 >0.5% »
(OFEMZIEE » BERS S 2 BE RS
A BBEFEAN Rz EEE - HEERE
75 R R A I A S LB - FE
B FR {3 A 2 1 B B Coriolous versicolor) B& 45
BAERRBEE ZER - IR#Richardson
(1970 F 2 MEEERE T RS T R AT
TR E LR fi(active sites) + A2 A1~ RA-5H
BOHERKS  MBLEBHEEZRBER
(Crowe) ° 4} » EESLAMIERBEAM AL
HEAMABREICO REES B EABERLS
PHBuS n)CO(SMIER) - I ELIARHEBHIBRE,
BEE  LARARBSEZ2(Smith 1977)  fRa %
B-EF 7R E i Triorganotin §EfF R MRANED
BHAYR T f(active protein sites) T2 FE(Barnes
1970, Browery 1975) » R E#HEEN BEINME
HHRRAIRIIEEEAEE R -

-8 -8n(CsHy)s FHX
~N - Sn(C4Hs)s

CH,0SuBu,
0O
(1) OH o
Bu ;500 '
OH

CH,05nBu,
O_ 05nBu,
0H

OH

Fig. 2. 1,4-Bis(O-tributyltin) cellulose
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Bu

‘0/4 \\
\

\
Bu Bu

Sn/o\c/

B
~

T

0

Bu

.
U
N

Sn—

"

Fig.'3. Bis(tributyltin)carbonate

ERY ]

et o= R TN [y
TREBRIFAIEIEIEE « Kby RaE s
Bi4s CCABF BB 4B % » M HO5% +1.03%
R1.5 9% =TEREEM I BB R AR 2 2R AN
° ﬁ%@%ﬁ)ﬁﬁK%#ﬂA%Zﬁ'&&ﬁfﬁiﬁZﬁ
BIGEBCCARE » EENLES DR RIIEHE
S LA ORG @R = R R S ARG 1T
Bl o RABERURUE T A TSP AL
FIE9B 4R » B S SRR RRE AR BHE
CERSEIN AR -
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