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The reactions of 2,5-bhis(ethynyldimethylsilyl)thiophehewith aromatic dihalides(1,4-dibromobenzene, 4,4'-
dibromobiphenyl, 9,10-dibromoanthracene, 2,5-dibromopyridine, 2,5-dibromothiophene, and 2,6-diiodo-4-
nitroaniline) were carried out in the presence of a [§BPHCL]-Cul catalyst in refluxing triethylamine to give
poly{[2,5-bis(ethynylenedimethylsilylene)thienylene](arylened} Q) with molecular weights of 2200-7400.

The oligomers reveal characteristic absorption in the UV/visible region. The thermal behaidmafs
examined by thermogravimetric analysis in an argon atmosphere.

Key Words : Aromatic dihalides, Dehydrohalogenation, 2,5-Bis(ethynyldimethylsilyl)thiophene, Poly{[2,5-
bis(ethynylenedimethylsilylene)thienylene](arylene)}, Thermogravimetric analysis

Introduction catalytic amount of bis(triphenylphosphine)palladium(ll)
chloride and copper(l) iodide in refluxing triethylamine.
Organosilicon polymers in which silicon atoms are linked
by organic groups with conjugategelectron systems have Experimental Section
been studied intensively over the last decaeich
polymers could be widely used as functional matérials General Procedures All reactions were carried out under
the field of electronics and material science. Some organcan atmosphere of dry nitrogen. Triethylamine used as the
silicon polymers containing silylene and diethynylenearylenesolvent for polymerization was dried over KOH and distilled
unit might be readily prepared by using the palladium(ll)- prior to use. The aromatic dihalides and the Pd catalyst used
catalyzed coupling reaction of aromatic dihalides withwere purchased from Aldrich Chemical Company and used
acetylenic reagents reported by Sonogastdassaf,Dieck  without further purification. GC analyses were performed
and Heclé Havens, and Trumbeet al’ using a Hewlett-Packard 5890 instrument on a HP-1
Here we describe the preparation and thermal behavior afapillary column (cross-linked 5% methylphenylsilicone, 25
a series of oligomers composed of a regular alternatingn). *H, *C and?*Si NMR spectra were run on a Bruker
arrangement of 2,5-bis(ethynylenedimethylsilylene)thienyl-Avance 400 spectrometer. Mass spectra were obtained by a
ene unit and arylene unit as theelectron system in the Shimadzu model QP-1000A spectrometer. UV/visible and
polymer backbone. This type of polymers with an organo4R spectra were recorded on Shimadzu UV-2100 PC and
silicon moiety and arelectron system has received much Mattson Galaxy 7020A FT-IR spectrometers. Molecular
attention with regard to their heat-resistant propetfid@he  weights of oligomers were determined by gel permeation
oligomers2-7 are obtained from 2,5-bis(ethynyldimethyl- chromatography (GPC) relative to polystyrene standards,
silyDthiophene {) and (hetero)aromatic dihalides [Ar= using Shodex 804 and 803 as the column and using THF as
(hetero)aromatic group, X =Br or I] in the presence of athe eluent. Thermogravimetric analyses were performed on a
Rhometric STA 1500 thermal analyzer. The temperature
program for the thermogravimetric analysis was from room
Me g l\fle [(PPh;),PdCl,] temperature to 120 with a typical heating rate of 2C/
HCECﬂSi@»?FCECH rRARX min under argon flow rate of 40 mL/min. The thermolysis of
Me Me T the oligomer3 were carried out in an alumina boat which

1 was placed into an alumina tube (1 m, i.d. 3 cm) under an
Me g I\lxle atmosphere of flowing argon (50 mL/min), using a
%C_C%@»?iCCAr% temperature program of 2G/min for 1 h at the thermolysis
Me Me n temperature. Elemental analyses were performed by a
FISONS, EA 1106 elemental analyzer.
2-7 Preparation of 2,5-Bis(ethynyldimethylsilyl)thiophene

(1). In a three neck flask equipped with a condenser,
"Corresponding author. E-mail: ywkwak@bh.knu.ac.kr dropping funnel and magnetic bar were placed 8.4 g (0.10
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mol) of thiophene and 29.1 g (0.25 mol) of N,N,N',N- The oligomer was purified with repeated precipitation from
tetramethylethylenediamine (TMEDA) in 250 mL of anhyd- THF by addition of pentane and dried under reduced
rous hexane at room temperature. A solution of butyllithiumpressure to give 0.15 g of poly{[2,5-bis(ethynylenedimethyl-
in hexanes (1.8M, 156 mL, 0.25 mol) was placed in the silylene)thienylene](1,4-phenylene)R)( (46% vyield, light
dropping funnel and slowly added dropwise to the wellbrown solid). The oligomer is soluble in common organic
stirred solution under nitrogen at room temperattidter solvents such as THF, chloroform and toluene. Comp@und
being stirred for an additional 5 h at room temperature, &w = 7400,Mn = 4200 Mw/Mn =1.76). IR:v (C=C) 2160
solution of 23.7 g (0.25 mol) of chlorodimethylsilane in 55 cmi. UV: Anax (CHCk) 284 nm (33000), 298 nm (31500).
mL of anhydrous hexane was added dropwise to the reactiotd NMR (CDCk): & 0.61 (s, 12H, SiCh), 7.48 (s, 4H,
mixture maintained at78°C. After addition was completed, phenylene ring protons), 7.56 (s, 2H, thienylene ring
the reaction mixture was stirred for 12 h at room temperaturerotons).X*C NMR (CDCk): § 0.47, 94.10, 106.24, 123.27,
followed by filtration of the salts, then the organic layer was132.06, 136.75, 143.08°Si NMR (CDCk): —26.46. Anal.
treated with water and dried over anhydrous magnesiuncalcd. For (@GH1sSSp)n: C, 67.02; H, 5.62. Found: C,
sulfate. The volatile solvent was evaporated and the residug&.94; H. 5.34.
was distilled under reduced pressure to give 12.6 g (63.0 Polymerization of 1 with 4,4'-Dibromobiphenyl. A
mmol, 63%) of 2,5-bis(dimethylsilyl)thiophene. The spectral mixture of 0.27 g (1.1 mmol) df, 0.31 g (1.0 mmol) of 4,4'-
properties of 2,5-bis(dimethylsilyl)thiophene are in agree-dibromobiphenyl, 14 mg (29102 mmol) of bis(triphenyl-
ment with those previously report€dcor the preparation of phosphine)palladiunti() chloride and 5.7 mg (30107
2,5-bis(chlorodimethylsilyl)thiophene, in a 100 mL two mmol) of cuprous iodide in 12 mL of triethylamine was
neck flask fitted with a reflux condenser and a rubber septurstirred at 8%C for 16 h. On completion of the reaction, 0.35
was placed a mixture of 3.6 g (18.0 mmol) of 2,5-g of poly{[2,5-bis-(ethynylenedimethylsilylene)thienylene]
bis(dimethylsilyl)thiophene and about 6 mg of palladium (4,4'-biphenylene)}3) was isolated in a similar manner as
dichloride in 70 mL of carbontetrachloride. The mixture wasdescribed in the preceding experiment (83%, brown solid).
heated to reflux for 3 h. After evaporation of the solvent, theCompound3: Mw = 3000,Mn= 2100 Mw/Mn = 1.43). IR:
residue was distilled under reduced pressure to afford 4.3 g (C=C) 2158 cnit. UV: Amax (CHCk) 300 nm £ = 29500).
(16 mmol, 89%) of 2,5-bis(chlorodimethylsilyl)thiophene. 'H NMR (CDCk): § 0.59 (s, 12H, SiCh, 7.44-7.60 (m,
The spectral data of this product are identical with thelOH, thienylene and biphenylene ring protord). NMR
previously reported value&*? (CDCk): & 0.49, 92.67, 106.58, 126.89, 128.69, 132.73,
For the preparation of 2,5-bis(ethynyldimethylsilyl)thio- 136.64, 140.56, 143.2&Si NMR (CDCh): 6 -26.46. Anal.
phenel, a solution of 4.5 g (17 mmol) of 2,5-bis(chloro- calcd. for (GsH22SSk)n: C, 72.30;H, 5.56. Found: C,69.28;
dimethylsilyl)thiophene in 10 mL THF was added dropwise H, 5.40.
to a solution of ethynylmagnesium bromide in THF (0.5 Polymerization of 1 with 9,10-Dibromoanthracene A
90 mL, 45 mmol). After the addition was finished, the mixture of 0.27 g (1.1 mmol) df, 0.34 g (1 mmol) of 9,10-
mixture was stirred for 12 h at 3 followed by the dibromoanthracene, 14 mg (XA02mmol) of bis(triphenyl-
filtration of the salts. The organic layer was treated withphosphine)palladiurii() chloride and 5.7 mg (30102
water and dried over anhydrous magnesium sulfate. Thenmol) of cuprous iodide in 12 mL of triethylamine was
volatile solvent was evaporated and the residue wastirred at 89C for 16 h. On completion of the reaction, 0.35
fractionally distilled under reduced pressure to give 2.9 gg of poly{[2,5-bis(ethynylenedimethylsilylene)thienylene]
(11.7 mmol, 69%) ofl. CompoundL: b.p. 104°C (10 torr).  (9,10-anthrylene)} 4) was isolated in a similar manner
IR: v (HC=) 3279, v (C-H) 2963, (&GC) 2037 cnt. UV (78% vyield, brick red solid). Compourdd Mw = 3000,Mn
Amax (CHCL) 243 nm £ = 13900)H NMR (CDCk): §0.56 = 2100 w/Mn = 1.43). IR:v (C=C) 2131 cm’. UV: Apax
(s, 12H, SiCH), 2.55 (s, 2H, €CH), 7.53 (s, 2H, thiophene). (CHClL) 274 nm € = 35200), 400 nme(= 10200), 418 nm
13C NMR (CDCk): 50.42, 86.74, 96.09, 136.86, 142 .5 (£ = 21100), 443 nme(= 25600)H NMR (CDClk): 50.78
NMR (CDCl): & -26.73. MSm/z (rel. intensity): 248 (M, (s, 12H, SiCH), 7.40-7.80 (m, 6H, thienylene and anthryl-
19), 233 (100), 218 (1), 183 (1), 165 (2), 145 (1), 143 (2)ene protons), 8.43-8.75 (m, 4H, anthrylene protoh§).
109 (11), 93 (12), 83 (39), 77 (5), 75 (8), 73 (7), 67 (13), 5:NMR (CDCk): 6 0.80, 103.39, 105.56, 127.18, 127.53,
(28), 53 (50). Anal. calcd. for,@H:6SSh: C, 58.00; H, 6.49. 128.36, 132.51, 136.85, 143.4#Si NMR (CDCE): &
Found: C, 57.85; H, 6.58. —-26.17. Anal. calcd. for (£H.,SSp)n: C, 73.88; H, 5.25.
Polymerization of 1 with 1,4-DibromobenzeneA mixture  Found: C, 71.15; H, 5.32.
of 0.25 g (1.0 mmol) ofl, 0.24 g (1.0 mmol) of 1,4-di- Polymerization of 1 with 2,5-Dibromopyridine. A
bromobenzene, 2.0 mg (28.0° mmol) of bis(triphenyl-  mixture of 0.27 g (1.1 mmol) df, 0.24 g (1.0 mmol) of 2,5-
phosphine)palladium(ll) chloride, 8.6 mg (4302 mmol) dibromopyridine, 14 mg (2.8 1072 mmol) of bis(triphenyl-
of cuprous iodide and 20 mg (%6L0°2mmol) of triphenyl-  phosphine)palladiuni() chloride and 5.7 mg (30107
phosphine in 12 mL of triethylamine was stirred af@%or mmol) of cuprous iodide in 12 mL of triethylamine was
16 h. The reaction mixture was filtered, and after evapostirred at 89C for 16 h. On completion of the reaction, 0.18
ration of the solvent, the residue was taken up in THFg of poly{[2,5-bis(ethynylenedimethylsilylene)thienylene]
Addition of pentane to the solution precipitated the oligomer.(2,5-pyridylene)} b) was isolated in a similar manner (52%
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yield, dark brown solid). Compourlsl Mw = 2200,Mn = Ishikawa et al'* reported that alternating organosilicon
800 (Mw/Mn =2.75). IR:v (C=C) 2162 cnit. UV: Amax copolymers consisting of disilanylene and ethynylene units
(CHCIl3) 305 nm €= 17200).H NMR (CDCk): 60.57 (br.  are prepared by the different methods. The preparation of
s, 12H, SiCH), 7.36-7.55 (m, 3H, pyridylene and thienylene disilanylene polymers containing ethynylenephenylene unit
protons), 7.60-7.79 (m, 1H, pyridylene proton), 8.66 (s, 1H,n the polymer backbone was reported by WShe first
pyridylene proton)!*C NMR (CDCE): -0.01, 0.10, 94.60, synthesis of polymer bearing disilanylene and ethynylene-
97.86, 102.66, 104.62, 119.47, 126.79, 126.87, 136.69yridylene units in the conjugated backbone has been
136.74, 136.83, 136.87, 138.95, 139.00, 141.62, 142.25¢eported by Ishikawa and KurfdiRecently organosilicon
142.30, 142.48, 142.52, 152.78Si NMR (CDCEk): & polymers with silole (=silacyclopentadiene) skeleton have
-25.96,-26.08. Anal. calcd. for (GH1/NSSk).: C, 63.10; been extensively studied as the newlectron system with

H, 5.30; N, 4.33. Found; C, 61.57; H, 5.17; N, 3.85. unusual optical propertié&t’

Polymerization of 1 with 2,5-Dibromothiophene A We are concerned with the synthesis and properties of
mixture of 0.27 g (1.1 mmol) df, 0.24 g (1 mmol) of 2,5- organosilicon oligomers consisting of a 2,5-bis(ethynylene-
dibromothiophene, 14 mg (20102 mmol) of bis(triphenyl-  dimethylsilylene)thienylene unit and an arylene unit as the
phosphine)palladiuri() chloride and 5.7 mg (301072 rrelectron system in the oligomer backbone. The oligomers
mmol) of cuprous iodide in 12 mL of triethylamine was were prepared from the reaction of 2,5-bis(ethynyldimethyl-
stirred at 89C for 16 h. On completion of the reaction, 0.23 silyl)thiophene 1) and (hetero)aromatic dihalides in a
g of poly{[2,5-bis(ethynylenedimethylsilylene)thienylene] refluxing triethylamine solution in the presence of a mixture
(2,5-thienylene)} 6) was isolated in the same manner (66% of catalysts composed of bis(triphenylphosphine)palladium
yield, dark brown solid). Compoursi Mw = 5000,Mn = (I) chloride and copper(l) iodide. The reaction was
1300 Mw/Mn = 3.85). IR:v (C=C) 2149 cmit. UV: Amax completed after about 16 h which was monitored by the
(CHCI3) 254 nm € = 10600), 320 nmg(= 13100), 335 nm  disappearance of acetylenic bands in the IR spectrdnatof
(£=13300)H NMR (CDCk): 60.55 (s, 12H, SiCh), 7.09 2037 cm™.

(s, 2H, thienylene protons), 7.49 (s, 2H, thienylene protons). A mixture of 1 equivalent of and 1,4-dibromobenzene in
13C NMR (CDCk): 6 0.32, 97.66, 98.60, 124.66, 130.03, the presence of a (PH#PACL-Cul catalyst was heated in
136.86, 142.78%°Si NMR (CDCE): & -26.21. Anal. calcd. triethylamine. Poly{[2,5-bis(ethynylenedimethylsilylene)-
for (CiH165:Sh)n: C, 58.48; H, 4.91. Found: C, 56.80; H, thienylene](1,4-phenylene)R) with a molecular weight of
4.85. 7400 was produced after several reprecipitation in pentane.

Polymerization of 1 with 2,6-Diiodo-4-nitroaniline. A Similar reactions ol with (hetero)aromatic dihalides under
mixture of 0.27 g (1.1 mmol) of 0.39 g (1.0 mmol) of 2,6- the same conditions gave products corresponding to
diiodo-4-nitroaniline, 14 mg (2.0 102 mmol) of bis(triphenyl-  poly{[2,5-bis(ethynylenedimethylsilylene)thienylene](arylene)}
phosphine)palladiuri() chloride and 5.7 mg (301072 (3-7) with molecular weights of 2200-5000 in moderate
mmol) of cuprous iodide in 12 mL of triethylamine was yields. Oligomer2-7 are brown or brick-red coloured solids
stirred at 89C for 16 h. On completion of the reaction, 0.31 and are soluble in common organic solvents such as
g of poly{[2,5-bis(ethynylenedimethylsilylene)thienylene] tetrahydrofuran, chloroform and toluene. The structures of
[2,6-(4-nitroanilylene)]} ¥) was isolated in the same manner oligomers 2-7 were identified by spectroscopic methods.
(77% yield, brick red solid). CompoufdMw = 2200Mn = The streching frequency of carbon-carbon triple bond in IR
1100 Mw/Mn =2.0). IR: v (C=C) 2147 cm. UV: Amax spectra of oligomer2-7 appears as a strong peak between at
(CHCIs) 284 nm € = 19500) 364 nme(= 12100)XH NMR 2131 and 2162 crth The G=C bond stretching absorption of
(CDCl): 60.59 (s, 12H, SiCh), 5.54 (s, 2H, Nb), 7.50 (s,  the anthracene containing oligordenccurs at 2131 cthas
2H, thienylene protons), 8.19 (s, 2H, phenylene protéi). Corriu has observed in the case of the polymer containing
NMR (CDCk): 6 0.29, 100.28, 103.46, 106.47, 129.05, tetraphenylsilol&? or diphenylsilylen&® in the backbone.
136.90, 137.62, 142.60, 154.28Si NMR (CDCE): &  This is probably due to some degree of conjugation between
—-25.72. Anal. calcd. for ((gH1gN>O,SSh)n: C, 56.51; H, the arylene and ethynylene unit fér The oligomers2-7

4.74; N, 7.32. Found: C, 55.31; H, 4.36; N, 6.94. exhibit strong UV absorption band at 254-443 nm in
chloroform solution, which are lower in energy than the
Results and Discussion monomerl.’® The UV absorption bands and the extinction

coefficients per {[2,5-bis(ethynylenedimethylsilylene)thienyl-
In 1975, SonogashifaCassaf, Heck et al® reported ene](arylene)} unit of oligomei-7 are given in Table 1.

independently that monosubstituted acetylenes are easily TheH NMR spectra of oligomer2-7 obtained show one
converted into disubstituted acetylenes by the palladium(ll)signal due to dimethylsilyl group &t0.61, 0.59, 0.78, 0.57,
catalyzed reaction with aryl halides in a basic amine. Lineaf.55, and 0.59 ppm, respectively. The signals for the
polymers of alternating ethynylene and arylene units were@aromatic protons in the oligom@rare both singlet, due to
synthesized by a cross-coupling reaction utilizing the sam@henylene and thienylene unit at7.48 and 7.56 ppm,
catalyst®” Corriu et al'? reported that the preparation of respectively. Thé3C NMR signals for both the ethynylene
diphenylsilylene polymers containing diethynylenearylenecarbons, ¢ and G, of the oligomers are more deshielded
unit in the presence of a Pd(ll)-Cul catalyst. \Wesnhd relative to those for the monomerThe signal for the gof
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Table 1. Properties of Monomer 1 and Oligom&rg

IR uv NMR (ppm)
Compound -Ar- v(C-C) Amax, nm 13ca H 2g;j Mw (Mw/Mn) ColoP
(cm™)  (e/repeated unit) Ca Cs SiMe
1 2037 243(13900) 87.64  96.09 056 -26.73
2 —@— 2160 284(33000) 9410 10624  0.61 -26.46  7400(1.76) light brown
298(31500)
3 2158 300(29500) 92.67 10658 059 -26.46  3000(1.43) brown
4 OOO 2131 274(35200) 10339 10556  0.78 -26.17  3000(1.43) brick red
400(10200)
418(21100)
443(25600)
5 ¢ ) 2162 305(17200) 9460 102.66 057 -2596  2200(2.75)  dark brown
N 97.86  104.62 -26.08
s
6 —@— 2149 254(10600) 9766 9860 055 -2621  5000(3.85)  dark brown
320(13100)
335(13000)
7 ON NH, 2147 284(19500) 10028 10346 059 -25.72  2200(2.00) brick red
364(12100)

3Sj-C,=Cg-Ar. Pphysical state: solid.

ethynylene unit of the oligomér appears farther downfield pyridylethynyl)- and 1,2-bis(3-pyridylethynyl)-1,2-dihexyl-
with respect to those for the other oligomers, because therk2-dimethyldisilaneA andB) as model compounds.
may be some electron delocalizatior#itt®In the particular The?°Si NMR spectrum of the monomeéshows a single
case of oligomeb containing 2,5-pyridylene unit, two,Qqd resonance al —26.73 ppm and those of the oligomezsi(
94.60 and 97.86 ppm) and twg @ 102.66 and 104.62 6-7) reveal also a single resonance and that of olig@ner
ppm) are observed, due to each ethynyl-pryidine linkageeveals two resonances #25.96 and-26.08 ppm. These
being in either the 2- or 5-pyridine position. Previously results suggest that the oligomers have the regular alter-
Corriu and co-workers also observed the multiple resonancesating structure of 2,5-bis(ethynylenedimethylsilylene)-
for ethynylene carbons of the 2,5-pyridylene polymersthienylene and arylene units.
containing a tetraphenylsildf@ or diphenylsilylene unit* The thermal behavior of oligome®s7 was examined by
Recently, Ishikawaet al'® have clearly interpreted the thermogravimetric analysis (TGA) in argon atmosphere.
multiple resonances for the ethynylene carbons intdie TGA analyses were run from 2% to 1200°C. The
NMR spectra of poly[(2,5-diethynylenepyridylene)disilanylene] oligomers were stable until about 2ZDwithout any weight
from the examination of*C NMR spectra of 1,2-bis(2- loss and took place decomposition at higher temperature. It
was shown that the oligomers was decomposed in two steps.
The first step in case of oligom&mas rapid weight loss at
about 250-500C and the second was continuous weight
loss starting at 70%C. The weight remaining at 1200 was

HexHex
HC=C—Si—Si—C=CH +  2-PyBr(or 3-PyBr)

Me Me found to be 22%, 57%, 55%, 28%, 42%, and about 20% of
the initial weight for2-7, respectively. The cross-linking
HexHex 7\ proces¥ during the thermolysis 08, a selection of the
- OC_C_SI_SI_C_CO oligomers, was monitored by the changes in the IR spectra at
Ve re N= different temperatures (200, 300, and £@). When the
A sample is heated above 2@ the characteristic absorption

band of acetylene group at 2158 ¢imas disappeared and
HeXHex one new absorption peak corresponding to the carbon-
or ¢ Mmoo A\ carbon double bond appeared at 1602'ciithe combustion
/ c=C Sl Sl Cc=C . .
analysis for the oligomer2-7 shows lower carbon content
N e Me —N : 12¢,16,20 T i
than theoretical valuéd?>620This would be due to the
B formation of carbon containing ceramics, suchfaSiC
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during the analysis. In fact, the IR spectrum of the ash

obtained from combustion of oligom@&rat 1000°C, the

same temperature as used for elemental analysis, shows'&

strong absorption at 1089 chuue to vsi, with a weak
shoulder around 1200 ¢tdue to vs.c as Kunai have

observed in the case of the organosilicon polymers with a

diethynylanthracene unit in the backbdfe.
In conclusion, we have prepared oligom&s with

molecular weights of 2200-7400 having a 2,5-bis(ethynyl-;,
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Z.-X.; Garnier, F.; Yassar, .Al. Organomet. Cheni991, 417,
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E.;Yang, Z. X.; Karakus, Y.; Cross, G. H.; Bloor,DOrganomet.
Chem 1993 455, 69.

13. Iwahara, T.; West. R. Chem. Soc., Chem. Commi988 1079.

enedimethylsilylene)thienylene system linked by an arylene
in the backbone, by dehydrohalogenation of 2,5-bis(ethynyl-

dimethylsilyl)thiophene ¥) and (hetero)aromatic dihalides 1

in the presence of a (PP#PdCL-Cul catalyst. Thermal
behaviors of oligomers were also examined.
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	IR
	n (CºC)
	(cm-1)
	UV
	lmax, nm
	(e�/repeated unit)
	NMR (ppm)
	Mw (Mw/Mn)
	Colorb
	13Ca
	1H
	29Si
	Ca
	Cb
	SiMe
	1
	2037
	243(13900)
	87.64
	 96.09
	0.56
	-26.73
	2
	2160
	284(33000)
	94.10
	106.24
	0.61
	-26.46
	7400(1.76)
	light brown
	298(31500)
	3
	2158
	300(29500)
	92.67
	106.58
	0.59
	-26.46
	3000(1.43)
	brown
	4
	2131
	274(35200)
	103.39
	105.56
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	3000(1.43)
	brick red
	400(10200)
	418(21100)
	443(25600)
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	2200(2.75)
	dark brown
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	-26.21
	5000(3.85)
	dark brown
	320(13100)
	335(13000)
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	2147
	284(19500)
	100.28
	103.46
	0.59
	-25.72
	2200(2.00)
	brick red
	364(12100)
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