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Abstract - A number of derivatives of o-terthfenyl were prepared including a series of 
my occurring corepounds. A description of the syntheses of some new compounds, 
including 5-iodo, 5,5"-diiodo, 5,5"-difotmyl, 5.5"-di-tert butyl, 5,-tert-butyl. 5-tert- 
butoxy, 5-trimethylsilyl, 5-thiomethyl, 5,5"-dithfomethyl and 5-carbo&5*-(trimeti~ilyll 
-2.2':5',2"-terthfenyl is also given. An analysis of the IH NPR data of the derivatives is 
presented. 

Recently, naturally occurring thfophene derivatives such as crterthienyl(a-T, 11, have 

received a great deal of attention because of their phototoxic activftyla-b. Studies on the 

mechanism of toxicft,y2~3 and fundamental photochemical studies have shown that U-T is an efficient 

singlet oxygen generator, toxic to a number of target organfsms5. In laboratory tests6 and field 

trials' against mosquito larvae, ,X-T has demonstrated potent insecticidal activity, making it an 

excellent candidate for ongoing evaluation. 

The a-T derivatives described in this paper were synthesized in order to examine their 

biological activities and physical properties, providing information that can be used to design the 

structure of a more efficient phototoxin. Several naturally occurring derivatives have been 

prepared and work is in progress to introduce radioactive labels in some of them for biosynthetic 

incorporation studies. 

Isolation and extraction procedures from plant sources provide an inadequate supply of a-T for 

derfvatizatfon or extensive biological testing, necessitating development of a large scale 

synthesis. 8-13 Several syntheses of =-T are reported in the literature, including a small scale 

nickel-catalyzed cross-coupling reaction by Kumada et.al.'l. We have scaled up this procedure 

(0.2 mol) and simplified the purification of =-T by using a soxhlet extraction method7'15. This 

has made it possible to prepare large amounts of =-T for the synthesis of derivatives and for field 

trials. 

The structural assignmnts of derivatives were made by analyzing their IH lHR spectra from 

which the position and number of substftuents on the o-T molecule were determined. Some spectra 

were complicated by overlapping peaks from the protons on the thfophene rings or the CDCl, solvent, 

as the signals are all located within one ppm for any derivative. Alternate solvents were used in 

these cases and when the derivative was insoluble in CDCl,. The IH lR4R data for the compounds 

synthesized (Scheme 11 are given in Tables 1 and 2. 

Naturally Occurring Derivatives 

The 5-methyl (2) and 5,5'-dimethyl (3, not a naturally occurring compound) derivatives 

of =-T have been synthesized16 in low yields using the Ullmann procedure. The first method (Al for 

introducing the methyl group involved generation of the anion (n-BuLil of a-T and quenching with 

CH,I. Although one equiv. of base was used, this resulted in a mixture of 2 and 3 which 

was very difficult to purify. Kagan " also obtained a mixture of 5 and 5.5' carboxylated products 

using one equiv. of LOA to make the anion of a-T and quenching with C02(sl. 
2403 
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R=R'=H 9 

R=CH,,R'=H 10 

R=R'=CHs 11 

R=CH,OH,R'=H 12 

R=CHO,R'=H 13 

R=R'=CHO 14 

R=Br,R'=H 15 

R-R'=Br 16 

17 

Schema 1 

R=I ,R'=H 

R=R'=I 

R*C(CH,I,,R=H 

R=R'=C(CH,l, 

R=OC(CH,I,,R'=H 

R=TMS,R'=H 

R=R'=SCH, 

R=SCH,R'=H 

R-CO,H,R'=TMS 

Alternate routes to 2 by reduction of We 5-for@ derivative (5)(~thod Bl or step- 

wise reduction via the &hydroxyn&hyl derfvatfve (4)(method Cl were both successful, elfmfn- 

atfng purfffcatfon difficulties. This represents the first efficient synthesis of 2. 

5-Fownyl-d-terthfenyl (5) was prepared by the Vflsmefer reaction with N-methylformanflfde 

and POCl, in 85% yield. The main product when usfng over 2 equiv. of reagent was 5 in 80% 

yield and only 19% of the desired 5,5"-dffonsyl derivative (61, which is not a naturally 

occurrtng compound. Recently, Nakayama 18 reported the synthesis of 5 in 75% yield using 

dfmethylformamfde and POCI,. Dsfng this latter method, =-T was treated with 3 equfv. of reagent 

and then an addftfonal equfv. after 1 h to give 6 in 52.6% yfeld. 

Halogenated Derivatives. 

Halogenatfon of d-T was desirable not only to provide new compounds for biological testing but 

also to provide an entry for the introduction of other substituents. 5r~fnatfon of arT wfth 1 equfv. 

of NBS gave a mfxture of S- and 5.5" bromfnated derivatives. The position of the substftuent is as 

expected, based on the results obtained for thiophene lg and 2,2'-dfthfenyl . 20 

TABLE 1. 1H NMR Data(a1 for 5,5"-Dfsubstltuted Derfvatfves of q-Terthfenyl 

Compound Chemical Shifts (ppm) (Hz) Substituent-H 
at C-5.5" 

H-4,4" H-3.3" H-3',4' 
34,3=J3",4" 

(d,2Hl (d,2H) (s,2H) 

3 6.64(b) 6.92 6.94 3.51 &2.46(~,6H,Cti,) 
6 7.68 7.28 7.30 3.96 @.86(s,2$CHO) 
8 
10(c) 

6.96 6.89 6.97 3.82 
7.18 6.86 7.04 3.6* 

12 6.70 6.93 6.95 4.0 ~1.37(~,18H,C(Cll,I,l 

15 6.94(dl 6.98(dl 6.99 3.74 &50(s,6H,SC$l 

("ICDCl, solvent, 300 MHz; (bf m due to the methyl group; (cl sparingly soluble. (dIq, JAEr3*74* 

bv= 7.35 Hz. Abbreviations used In the tables; s(sfnglet), d(doublet), dd(doublet of doublets), 

t(trfplet), qfquartet), *determined directly from the spectrum. 1H t94R data for 1 (CDC?,): 

6 7.20(dd,2H.H-5,5"), 7.01(dd,2H,H-4.4"). 7.69(dd.2H,H-3,3"), 7.06(s,2H,H-3'.4'), J4 5=J4n 5~~= 
* , 

5.13, J3,4=J3,,,4,,=3.63, J3,5=J3,,,5v=1.10. 
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lIJd$Q-er + eruer 
7 (77%) 8 (7%) 

1 

8 (64%) + 180 (22%) + 

Scheme 2 
Treatment of a-T with 2 equiv. of NBS resulted in a mixture of products, the major one being 

the 5,5"-dibromo derivative 8. A minor product 19 was identified as an isomer of 8 
from the MS data, and the structure determined from the 1H NMR spectrum. The absence of doublet of 
doublets in the spectrum indicated that the two outer thiophene rings contained substftuents. The 
assignment of one bromine to C-3" was ma 

41 
on the basis of two doublets (5=5.4 Hz) with chemical 

shifts close to those of 3-bromothiophene . The four remaining doublets with J=3.8Hz indicated 
that the other bromine was located at C-5. The spectral data from 7 and 8 were used in 
assigning the doublets due to the protons on the 5-bromfnated ring, which should not be 
significantly affected by the 3"-bromo substituent. The proton at C-4, was identified by the 
noticeable upfield shift due to the bromine at C-3". 

Another product isolated from the mixture in 22% yield was a tribrominated derivative. The 1H 
NMR splitting pattern (see exptl. for 8) restricted the number of possible structures to four 
(Scheme 3, 18a-dl. The absence of doublet or doublets with J-5.0 or l.OHr indicated that both "end" 
thfophene rings were substituted and #at one of these rings contained a bromine in the C-5" 
position. This assignment is supported by the chemical shift values which are identical to those 
obtained for the analogous ring in 19. In order to determine the position of the other two 
bromine atcrms. the IsNMR spectrum of this compound was recorded as well as for 7 and 8. 

A methine carbon (identified by its Intensity) at 133.8 ppm showing the deshielding effect of 
bromine was assigned to each of the four possible isomers (Scheme 3 - the numbered positions). We 
were able to eliminate several of the isomers by comparing the shifts to those obtained for 
suitably bromfnated thfophenes. The chemical shift for C-5 of 3,4-dibromothfophene under the same 
exptl. conditions was 123.6, such lower than the shfft observed, eliminating 18d as a possible 
structure. When the IsC shifts were assigned to 18b, a shift of 127.5 ppm was attributed to 
C-4. This reflects the shift obtained for this carbon in an unsubstituted a-T molecule rather than 
a brominated one, eliminating 18b as the structure. 

For 2,3-dibromothiophene, C-4 has a chemical shift value of 131.7 ppm, slightly lower than the 
value of 133.8 attributed to C-3 in 1&. While this shift discrepancy is not large, considering 
differing experimental conditions for obtaining the 1% data and the influence of the adjacent 
thiophene rings in 18c, a better case can be made for ?8a as the structure. One compelling 
piece of evidence for this structure is that the chemical shift of C-3 in 2,4-dibromothfophen 21 

2!! 
is 

identical to that attributed to C-4 in 18a at 133.8 ppm. Also, rates of tritfum exchange, a 

process which occurs by electrophflic substitution and experimental results with other electrophfles 
(unpublished). show that the likelihood of substitution on =-T is greatest at C-5,5", followed by 

Br Br 

180 18 b 

18c 

Scheme 3 

18d 
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the C-3,3* positfon. Furthermore, a study of the bromlnatfon of 2,2'-dithieny? WWI N13Szo showed 
that the activation energies for electrophilic substitution ware lowest for the C-5.5' posftfon of 
dlthienyl followed by the C-3.3' position. Uhile we have no evfdence for any other trlbrmlnated 
products other than Ma. ft is possible that others may occur In minute quantltles. 

Xodlnation of a-T was achieved in moderate yields using HgO and I, in CHC?,. The S-lodo 
derjvative 9 was prepared in 45% yileld, &while the 5,5*-df+odo derivative 10 was synthesized 
fn 24% yield by urfng 2 equiv. of reagents. The reaction also occuw in benzene or in Ccl, and 
usually results In a mfxture of 1, 9 and 10. 

TABLE 3. 13C i&M? Data for =-Ter~le~? and Bronfnated Derivatives fal 

Compound ConOound 

Posftlon ,fbl 6(Ppm) 8 dlppn) Posftion 7 I& 

c-5,c-5” 124.26 110.27 c-5 110.99 (111.60) 
c-4 130.64 133.83 

C-4&4" 127.66 129.98 c-3 123.87 107.00 
C-2 138.54 (137.94) 

C-3,&3" 123.50 (123.15) C-5' (136.65) 132.38 
c-4* (124.690) 124.14 

c-2&-2* 136.92 137.46 C-3' (124.530) 127.46 
C-2' (136.80) (133.421 

c-2*,6-5' 136.0 134.62 C-5' 124.26 (111.24) 
C-4" 127.89 130.68 

c-3‘,C-4' 124.11 (123.76) C-3" 123.67 123.86 
C-2" 135.00 (137.12) 

%X1 J' 300 Mlr, (b)from ref. 34, lcl Values in parentheses are tentative assfgnments. 

Coupling Reactfons. 
A number of derfvatives were prepared by the nfckel-catalyzed cross-coupling reectfon23 

prevfously used to synthesize a-f. 6-Iodo-2,2"-dfthfenyl 9 was coupled wfth the 6rignard 
reagent of a number of substituted ~~ophenes which were prepared frm 2-b~th~ophene. This 
couplfng reaction served to elfmfnate the probtem of mfxtures of mno-. df- or trjsubstftuted 
products obtafned frm direct substitutfon reactfon on ,X-T. The cross-couplfng reactfon between 
P-thienyl magnesiuim bromide and tert-buty? chloride (see Scheme 41, occurs fn reasonable yield. 

1) MQ 
2) CKH,), Cl 

LQ- c(cH8), 

t&t&I+ Ni kd~p~l% 
11 

Ni fdpppf Cl2 

Scheme 4 
The 6rignard reagent was formed by a trans~tallatlon reaction, treating P-s-butyl-5-lithio- 
thfophene wfth MgBr*OEt, and subsequent coupling of the latter with 5-iodo-di~ie~l gave 
5-tert-butyl a-T (11) fn 45% yield. 
Our fnftla? at&apt to prepare 11 was by a Friedel-Crafts reactfon on rT catalyzed by 

AlCl, and using s-butyl chloride or bromfde as the alkylatlng agent. Xhen one or tuo equiv. of 
the halide ware used, the reactions yielded mfxtures of mono- and df-tert-butyl products and 
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possibly isomers of these compounds (C-2 and C-3 butylated products have been obtained for 
thfophenez4 using other catalysts). The same procedure, using excess tert-butyl chloride, proved 
to be an excellent method of synthesizing 5,5"-df-tert-butyl-or-T Wll.Thfs compo nd has 
previously been reported as a possible product in Ktert-butylation of thfophene Is catalyzed by 

stannic chloride with tert-butyl chloride as the alkylatlg agent. 
Treatment of Z-brzhiophene with LBA produced Z-brow-5-lithiothiophene which was treated 

with the appropriate reagent to give substituted thiophenes (see Scheme 41. In one case. the 
Grfgnard reagent was formad by trans~tallatfon and then treated with tert-butyl-peroxybenzoate to 
give 2-bromo-5-ftert-butoxylthiophene. In another case, the organolit= was treated with TliSCl 
to yield Z-bro~~tri~t~lsilyl)thiophene. The Grignard reagents of both of these thfophenes 
were coupled with S-iodo-dithienyl in good yield to give 5-tert-butoxy- 1131 and 
5-trfmethylsilyl-a-T 114) respectively in good yield. The forn#rr was subject to degradation 
after 1 dqy at r.t. but maintained its integrity when stored at -1O'C in the dark. 
5-Carboxy-5"-trimethylsilyl-a-T was prepared in 93% yield by generating the anion of 14 with 
n-Bull and subsequently adding excess CO,. 

Treatment of the anion of cl-T with one equiv. of methyl disulfide gave mainly the 5-thfomethyl 
derivative 16 with a small percentage of 5,5*-dithfomethyl-a-T 15. 

Biological Activity: 
In previous publications, the biological activity26 and the photochemistryz7 of some of these 

derivatives have been reported in some detail. Phototoxicity of 2, 9 and 10 toward 
mosquito larvae (aedes atropalpus) has shown 2 to be an efficient larvicide, slightly more 
toxic than 1. The latter two compounds were nmch less toxic than 1, with the 
monosubstituted derivative the more efficient of the two. 
Experimental 
General. fl.p.‘s were determined on a Hoover Unimelt apparatus and are uncorrected. IH NMR spectra 
were recorded at r.t. on a Varian XL-300 or EM 360 NMR spectrometer using the deuterium signal of 
the solvent as the lock and lW as the external standard. 66 analysis was carried out on a Varian 
6000 Vista GC model with an SEA 30, 10 m capillary column and using a Hewlett Packard integrator. 
TLC was performed on Baker-Flex pre-coated silica gel lB2-F plates or Baker pre-coated glass 
plates. The silica gel for liquid chromatography was fran Terrochem Laboratories and was either 
flash or classical type. A mode 7924 ~hr~atotron by Harrison research was also used in purffica- 
tions with silica gel Merck 7749 60 PF,,,) plates. Elemental analyses were provided by H. Seguin 
at the National Research Council of Canada in Ottawa and M-H-W Laboratories. The 18 NMR data for 
the compounds in Scheme 1 are in Table 1 and 2. The “usual workup" involves the addition of dilute 
HCl to the reaction mixture and extraction of the product with a suitable organic solvent such as 
diethyl ether or CH,Cl,. The organic solvent is then dried over CaCl, or MgSO,, filtered, and the 
solvent removed under reduced pressure to obtain the crude product. (Z-T ill was prepared as 
reported in a previous publicatfon8. The catalyst dichloro[l,3-bis(diphe~lphosphino)~~opane~- 
nickel(i1) (Ni[dppp]Cl,) was synthesized using a known preparation fram the literature . 

5-Methyl-2,2':5',2"-Terthienyl. (2) 
Method A. a-Terthienyl il.0 g, 4.0 mnol) was dissolved in dry THF in hexane (75 ml) and cooled to 
-78,Ca an acetone/CO, bath. With N, flowing through the system, n-BuLi (2.08 M, 1.92 ml, 4.0 
axno was added to the iolutfon by syringe over 15 min. After 0.5 h methyl iodide (0.5 ml, 88.0 
nvnoll was slowly added by syringe. The mixture was stirred for 2h at -78°C and then allowed to 
warm up to r.t. After stirring at r.t. for 24 h, the reaction mixture was worked up in the usual 
way yielding a brown-green solid (1.12 g). The crude product was chromatographed on regular or 
flash silica (52 g) using petroleum ether as the eluant. A bright yellow solfd (0.93 g) was 
isolated and the product ratio determined by reverse phase HPLC using a Varian MCH-SNCAP column 
eluted with H,O/MeOR (1:19). Using integrated peak areas, the mixture was rT (7%). 5-methyl-a-T 
(69X1, and 5,5"-dimethyl-,-T 123%). Preparative HPLC using ~*O/~OH (1:49f as eluant was performed 
using a Serva MIA 100 polyol column (22 nmi x 500 nmt. with 5 micro particle stzel giving pure 2 
as a yellow solid. 
Method B. ttydrazine monohydrate (0.02 g, 0.39 mnol), 5-formyl-o-T ISI[O.l g. 0.36 mnal) 
n-butanol (20 ml) and pulverized KOH (0.01 g, 0.18 naaol.20 ml1 were placed in a J-necked 
round-bottomed flask (50 mlf equipped with a drying tube. The mixture was stirred 5 min at r.t. 
and then refluxed for 3 h. After stirrfng 15 h at r.t., a saturated solution of NH,Cl 12 ml) was 
added and the product extracted with CHCls. The mixture was dried over MgSO,, filtered and the 
solvent removed under reduced pressure. The crude product was separated using silica gel 
(Chro~~tron) giving 2 in 93% yield. 
Method C. -_ Anhydrous ethyl ether (10 ml), LAN (0.027 g. 0.71 mnol) and AlCl, (O.O95g, 0.71 mmoll 
were placed in an ice cooled 3-necked round-bottomed flask equipped with a condenser and under a N, 
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atm. The mixture was stirred 0.5 h at O'C before 5-methanol-,x-T (41 (0.07 g. 0.25 smtolf was 
added to the flask in portfons. The mixture was stirred for 1 h at O'C and then rafsed to r.t. 
and stirred for 1 h. At thfs tfme TLC fndfcated the reaction was not complete so more ether (10 
ml) was added to the mixture and it was refluxed for 1 h. The workup and separation were the saw 
as for method B, yielding 0.609 (91.6%) of a pale yellow solid. 

Each of the methods for preparing 2 gave a pale yellow solfd m.p. 94*-94.5'C. Litl' m.p. 
93-94.5'C. EIHS: m/r(%) 262(1001. 261t23.81, 229t14.5). 

5,5-Ofmethyl-2,2':5',2" - Terthfenyl. (3) 
The procedure to make 3 was sfmflar to that of method A for preparfng 2 so only the 

modifications wfll be mentioned. n-Bull in hexane (2.02 M, 3.96 ml. 8.0 &ol) was slowly added to 
a solution of o-terthfenyl (1.0 g, 4.0 ssnol) In ~trahyd~furan (75 ml) which was kept between -50 
and -4O'C In an acetone/CO, bath. The mixture was stfrred at thfs temperature for 45 mfn at which 
time methyl fodfde (0.75 ml, 12.0 msol) was slowly added. It was stirred for a further 20 mln and 
allowed to warm up to r.t. The reaction was then stirred for 24 h. After work-up, a green solld 
was isolated (1.23 g). 

Liquid chr~tography yfelded a bright yellow solid (0.90 gl which was analysed by reverse 
phase HPLC fndicatfng the mixture to be 5-methyl-s-T (16%) and 5,5'-dfmethyl-x-T (82%). 
Preparatfve HPLC yielded a yellow-orange solfd, m-p. 96-97'C, Lft."; m.p. 98-99'C. EMS: m/z(%) 
276(100). 275t27.9). Analysis: Found: C, 60.34; H, 4.36; S. 35.04; CL,H,,S, requires C, 60.87; 
H, 4.34; S, 34.78. 

5-Hydro~thyl-(2,2':5',2~-Terthie~l). (4) 
NaBH, fO.05 g, 0.09 mf, was added to a soltitfon of S-formal-x-T (Sl(O.5 g, 1.8 assol) in 

dry THF (SO ml) which was cooled to O'C usfng an ice bath. The mf xture was magnetfcally stirred 
for 2 h under an N, atmosphere, during which time the mfxture warmed to r.t. The solvent was then 
removed under reduced pressure and H,O (50 ml) cooled to O'C was added. Acfdfffcation wfth 81 HCl 
to pH - 2 and ffltration through a glass sintered funnel isolated the product as a yellow 
precfpitate (0.4 g, 80% yield): m-p. 148-15O'C, Lit2': m.p. 150-151'C. EMS: m/z(%), 278t31.53, 
361(100). 

5-Fowl-2,2':5',2"-Terthfenyl. (5) 
N-methylformanflfde (0.52 ml, 4.4 ~mol) and POCl, (0.37 ml. 4.0 sasol) were nfxed and left to 

stand for 15 min to allow the reagent to form. A solitfon of =-T (1.0 g, 4.0 Mm) in CHzCl, 110 ml) 
was added with stirring. The reactfon mixture was stirred for 24 h at r.t. before pouring It fnto 
dilute HCl (50 ml) and stfrrfng for 1 h. The CHzCl, extract was freed of solvent fn vacua leavfng 
an orange solid (1.33 g) as resfdue. Flash colusm chromf$ 
orange product (0.93 g, 85% yield); m.p. 1X-136.C. Lft. 

ography with CHCI, as eluant yielded an 
: m.p. 135"136-C. EMS: m/z(%). 

276llOO). Analysis: found: C. 56.03; H, 2.87; S, 34.7; C,sH,S,O requires C, 56.50; H, 2.89; S, 
34.8. 

5.5"-Dffon(yl-2,2':5'.2'-Terthfenyl. (6) 
POCl, (0.46 ml, 5.0 ammll was added to N-methylformanflide (0.86 ml, 7.0 rrmol) and the mixture 

left to stir under a N atmosphere for 0.5 h to allow the reagent to form. 9-T (0.517 g, 2.08 
asnol) in CH,Cl, (10 mlf was added slowly to the mixture whfch turned a deep red color. The mixture 
was stirred for 48 h under N, at r.t. and then poured fnto dflute HCl. After the usual workup, 1.3 
g of an orange solfd was isolated. Column chromatography usfng silfca gel (classical) and 
CH,Cl,/hexane tprogressfng from 50% CH,Cl, to 100%) fsolated a bright orange solfd (0.467 g. 80% 
yield) fdentlffed as the 5-monofonnylated product and a dark orange solid (0.11 g. 18% yield) which 
was the 5.5"-dfformylated product, n.p. 220-221'C. HBMS: calculated for CI,H,O,S, 303.968. 
Found: 303.967. 

5-Broro-2,2':5',2"-Terthfenyl. (7) 
a-T (0.5 g, 2.0 ~11 was dtssolved in Ccl, (20 ml) and NBS (0.358 g. 2.0 asnol) was added to 

the solution. The mixture was mechanically stlrred for 42 h at r.t. The solution was then 
ffltered through cotton wool to remove the fmfde. The ffltrate was removed under reduced pressure 
yielding 0.589 g of a green solid. 8C analysis showed that the mixture contained a-T (lb%), 
5-bromo-a-T (77%) and 5,5"-dfbromo-a-T (7%). Liquid Ch~~tograp~ using tiltca gel (flash) wfth 
1% benzene/pet. ether eluant afforded partfal separation of the mfxture with fractions contafnfng 
pure material. For 7, a yellow solid was Isolated, m.p. 136-137.5-C, EMS: m/z(%). 326(88). 

328(100). 1X NFR data Is in Table 3. Analysfs: found: C, 44.17; H, 2.10; S, 29.45, Br, 24.59; 

CL,H,SsBr requires C, 44.04; H. 2.14; S, 29.36; Br, 24.6. 
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5,5"-Dfbraao-2,2':5'.2"-Terthienyl. (8) 
NBS (0.797 9, 4.4 aaol) was added to U-T (0.5 g, 2.0 amml) fn Ccl,. (20 ml) and the mixture 

stirred for 48 h at r-t. Filtration and evaporation of the solvent yi&ded a yellow green residue 
(0.795 9). TLC (pet. ether eluant) showed three reaction products, two of which ware obtafned pure 

xtuw usfng silica gel with pet. ether eluant. The mafn product 
In a par"~p:e~:~"::;~C:f $.$ m.p. 1@)_161'c. was 8 , EIMS: m/z(%), 404(48), 406(100), 408l55.4). 
The second less polar product was 3,5.5",-tribromo -a-T (ISa). n.p. 105.5-106.5'C. EIMS: 
m/z(%), 482(39.6), 484(57.5), 485(74.3), 486(62.7), 487(22) 4W50). IH NMR (CDCl,) - 67.20 
(d,lH,J=3.88,H-3'). 7.03(d,lH.J=3.88,H-4'), 6.97(s,lH,H-4), 6.94(d,lN'J-3.87.H-4"). 6.97(d,lH, 
J=3.87,H-3"). IX WR data for 8 and 18a are in Table 3. HPLC using a C-18 Ultrasphere 
OOA coluam (20 cm x 10 mn with 5 micron particle size) and MeOH eluant was used to determine the 
yield and to isolate the third product. The mfxture was determined to be 8 (64%), 18 
(22%). and 5,3*dfbromo-a-T (19, 7% yield). 1H t@fR (COCl,) of 19: 6 6.94(d,lH,J=3.68, 
H-3), 6.97(d,lH,J=3.88,H-4), 7.05(d,lH1J=3.84,H-3'). 7.29(d,lH,J=3.84.H-4'), 7.~(d,lH'J=5.39,H-4") 

7.18(d,lH',J=5.39.H-5"); EMS: m/z(%), 404(48), 406(100), 408160). 

5-Iodo-2,2':5'2'-Terthienyl. (9) 
a-T (1.00 g. 4.0 nwol) was dissolved in CHCl, (60 ml), and I, (1.19 g, 4.5 rmnol) was added. 

HgO (0.72 g. 3.3 faaol) was added in small portions over 3 h. The mixture was left to stir at r.t. 
for 24 h. At this time TLC (pet. ether eluant) showed the presence of starting material, and the 
5-iodo derivative of a-7. 
thiosulfate (300 ml, 10%). 

The HgI, was filtered off and the solution washed with sodfum 
The CHCl, was then dried over MgSO, and removed under reduced pressure 

yielding a brown solid (2.8 g). 
The product was dissolved in hexane, and the insoluble material filtered off (220 mg). It WBS 

mostly le 5-iodinated product. On cooling, 5-fodo-a-terthfenyl (342 mg) crystallized from the 
hexane as a tan-yellow powder. A second crop of product (116 mg) with a small amount of o-T 
present was also recovered. 9 was crystallized in 45% crude yield. Some of the crystallized 
product was purified by column chromatography using flash silica gel with pet. ether as eluant, 
giving yellow crystals, m.p. 138139'C. HRNS calculated for C,,H,IS,, 373.875. Found: 373.879. 

5,5.-Diiodo-2,2':5',2~-Terthie~l. (10) 

a-T (2.48 g. 10.0 araol), HgO (3.0 g, 13.8 nnaol) and I,, (4.36 g. 17.0 -1). were added to 
CHCl, (75 ml) and the reactfon stirred for 18 h at r.t. Tk (pet..ether eluant) showed the 

presence of a-terthienyl, so further HgO (1.0 g, 4.6 nW) and I, (2.0 g, 7.9 W) were added and the 
reaction stirred for 24 h. Filtration of HgI, and removal of benzene on a rotary evaporator 
afforded a pale brown solid. Hot benzene was added to the solid and the undissolved material, the 
diiodfnated product, was filtered off (1.2 9. 24% yield). Recrys~llization from benzene using 
carbon black to remove impurities gave 10 as bright yellow plates, m.p. 202-203'C. HRMS: 
calculated for C,,H,I,S,, 499.772. Found: 499.771. 

2-tert-Butyl-Thfophene. 
Mg turnings (1.0 g, 41.6 avaol) were placed in a 3-necked round-bottomed flash with an inlet 

and outlet allowing N, to pass through. 
and the mixture stirred at r.t.. 

Dry dfethyl ether and a crystal of I, were added to the Mg 
P-Bromothiophene (6 g, 38.6 mnol) dissolved fn diethyl ether (10 

ml) was then added dropwise. The mixture was refluxed for 15 mfn on an asbestos mantel, and then 
cooled to 0°C on an ice bath. 2-Chloro-2-methyl propane (3.407 g, 38 mnol) was slowly added and 
the mixture allowed to warm to r.t. at whfch tfme it was stirred for 15 min. Addition of 
Nf[dppp]Cl, caused the mixture to slowly reflux. It was #en heated to reflux for 4 h. stirred at 
r.t. for 15 h and refluxed again for 4 h. A pale yellow precipitate began to form. After the 
usual workup, 9.96 g of a crude oil was is01 ted. The crude oil was distilled under vacuum 
(60-63'C/O.O5 torr) givfng a pale yellow oil 31 (2.04 g, 40% yield) that was kept under Hz at -5 to 
O'C in order to avoid decomposition. IH N)rR (Ccl,, 
(m.3H). 

60 MHz) 6 1.1 (s,9H,2-C(Cz3)3), 6.4-6.9 

5-tert-Butyl-2,2':5',2*-Terthfenyl. ill) 
n-BuLf in hexane (1.6M, 2.04 ml) was added by syringe at r.t. to P-tert butyl-thiophene 

(0.458 g, 3.26 naaol) in dfethyl ether (10 ml) under a N, atmosphere. The mixture was stirred for 5 
min and then refluxed for 1 h at which time MgBr.OEt, (0.95 g, 3.67 ml) was added at O'C. The 
mixture was then st 

35 
red at r-t. for 0.5 h. 5-Iodo-2,2'-dfthfenyl (0.96 g, 3.3 mnol), prepared by 

a literature method was dissolved in diethyl ether (2 ml) and added to the mixture along with 

Ni[dpppJCl, (10 mg). The mixture was then stirred for 15 h at r.t. before the usual workup which 

yielded 45% of pure compound. Analysis: found: C, 62.96; H. 5.19; S, 31.68; C16H16S3 requfres C, 
63.11; H. 5.29; S, 31.68. 



l2etivstives of a-tcrthienyl 2411 

5',5'-Di-tert-Butlyl-2,2':5',2'-Terthie~?. (12). AlCls (2.0 g, 15 ussol) was added to a 
vfgorously stirred solution of u-T (2.4 g, 10 sntoll and tert-buty? chloride 8.0 ml, 120 1~11 in 
CX,Cl, (150 ml). The mixture was stirred for 24 h at r.t. and poured fnto cold H$ (150 ml). The 
usual workup left a brown solid residue (4.7 g). 12 was crystallized from EtOH as tan crystals 
(2.6 g, 72% yield), m.p, a ?34-135-C, CMS: m/z (X1 361 (95.51, 36D (641, 345 (31). Analysis: 
Found: C, 66.98; H, 6.69; S, 25.56; C,,H,S, required C, 66.66; W, 6-66, S; 25.0. 

2-8~-5-(tert-buto~)-thiophe~. 
LDA was prepared in an acetone/~8~ cooled flask (-4O'C.f under a N$ atmosphere (3.46 ml. 24.68 

oR?oll. The mixture was stirred for 0.6 h, and the flask cooled to -70 C. 2-Br~~fophe~ (4.0 g1 
24.5 assol) in diethyl ether (20 ml) was added to the mfxture and stirred for 0.5 h. After warmfng 
the mixture to -3D'C, MgBr,.OEt, (5.7 g, 24.8 atno11 #as added and the mixture stirred for a further 
0.5 h. The temperature of the bath was lowared to -7O.C and tert-butyl perovbenzoate (4.75 g, 25 
msnolf was slowly added dropwfse. The bath was allowed to wans to r.t. and the mfxture stfrred for 
15 h. After the usual workup. a red-gold oil (4.44 g) was Isolated. The of? was purffi# by 
Chromatotron using a silica gel plate and eluant yieldfng 2-bromo-5-tert-butoxythiophene as a 
yellow transparent oil (3.41 g, 60% yield). EMS: m/z ($1 234 (101, 67 (100). 

Diisooropylamfne (6.2064 g, 61.33 inno?) in freshly distllled THE (20 m?f was placed In a flask 
cooled to -7D'E via an a~eto~/~~ bath. The reactfon was done under a nitrogen at% At a bath 
temperature of -4O'C, n-Buli in hexane (24.5 ml, 2.5 Ml was added by syringe to the flask. The 
mixture was stirred for 0.5 h durfng which time the temperature of the bath rose to -25'C. The 
bath was then cooled to -7O'C and P-bromothfophene (10 g, 61.33 mnol) was added and the mfxture 
stirred for 0.5 h. Tri~t~lsfly? chloride (7.8 ml, 61.33 nnoll was then added and the bath 
temperature was permitted to warm to r.t. After stirring for 0.5 h the usual workup was 
and a brown of? was obtained. 

3Frformed 
The oil was dfstflled under vacuum (31-C. 0.05 Torr, Lit. : 

b.p. 58*C, 0.5 mn), using a fractionating column packed with glass beads Isolating 
2-bromo-5-~trf~tbylsf?yl~-~fophene as a colorless of? in 77% yield (11.16 91. 1H N~~~~?s~, 6 
=D.3D(s,9Hf, 6.95~dd,2~,~A8 = 3Hir). 

5-tert-bu~~-2,2~:5',2*-Ter~ie~l. (13) 
Ng (0.35 g1 14.4 ssaol) turnings and diethy? ether (2 m?f were placed in a flask containing a 

N, inlet/outlet and an additional funnel. A crystal of I, was added to the mixture and then 
2-bromo-5-(tert-butoxyl-thfophene (2.9876 g, 12.7 rmol) in dfethyl ether (10 ml) was slowly added 
to the flask. The mfxture was refluxed for 1 hr and the cooled to r-t. at which time 
5-fade-2,2'-dfthle~l (3.8 gr 13 smell fn dfethyl ether (5 mlf and a pinch of Ni~dppp)&?~ were 
added. The mixture was refluxed for 1 h and the reaction followed by TLC. The mixture was stirred 
for an additional 3 h and then worked up the usual way, leaving a brown solid residue (7.782 91" 
Chromatography using sf?ica gel on a chromatograph plate and hexane as eluant yielded 13 as a 
bright yellow solfd (2.25 g, 55% yfeldl, m.p. 124-lZS*C. EMS: m/z (91, 320 (281, 264 flOOf. 
Analysis: found: C, 60.0; H, 5.7; S, 30.0; &I,H,,S,D requires C, 60.05; H, 4.99; S, 29.95. 

2-8~~-5-~tri~thy?silyl~-thfophene (11.16 9% 47 ~11 in dfethy? ether It;0 ml] was added to 
a flask containing kfg turnfngs (2.0 g, 83 sntol) in diethy? ether (SO ml) and a crystal of I,. The 
reactfon was performed under a N 

t 
atmosphere. After complete additfon, the mixture was refluxed 

for 1 h. 5-Iodo-2,2'-dithienyl 13.9 9* 47 nmol) dissotved in diethyl ether (lo ml? was added to 

the mixture slowly with Nl[dppp]C?, ~pi~h~ added gradually. The mixture was stirred for 2 h, 
refluxed for 4 h and stirred for a further 16 h at r.t. After the usual workup, a dark brown 

residue was obtained. The residue was purlffed using a silfca gel plate (Chromatotron) yieldfng 
13.01 g (75%) of 14 as a bright yellow solfd, m.p. 86-86'C. EIWS: m/r ($1. 320 (100). 305 

(931. 

5~5"-Dfthf~thyland 5-Thi~t~l-2~2':5,2'-Terthie~?~ (I5.16) 
a-T (0.2 gr 0.2 llll~11) dfssolved in dry THF (10 ml) was placed In a round-bottomed flask 

equipped with N2 inlet/outlet taps. The mixture was cooled to -3O'C using an acetone/CO, bath and 
n-BuLi fn hexane (1.6 M, 0.37 ml) added by syringe to the mixture. It was stirred for 45 mfn at 
-40-c. The flask was then cooled to -70% and mthy? dfsulffde (0.075 g1 0.8 ~1) was added and 
the mixture stirred for 0.5 h at -7D'C. The temperature of the bath was witted to rise to -3o’C 

and the mfxture stirred for 1.5 h. The usual wurkup left a yellow-orange precipftate which was 
purffied using silica gel (Chromatotron) with hexane/MeOH (progressfvely fncreasing the polarity of 
solvents. 5-thioaethyl-cr-T was isolated as a yellow solid (0.160 g. 67% yield) m.p. 91-92.c. 
EMS: ~~~(%~ 294 (99.61, 279 (lDD1, 246 (32.6). Analysfs: found: C, 52.95, H, 3.54; S, 43.77; 
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CI,HI,S, requires C, 53.02. H, 3.42; 5, 43.55. 14% was the 5'-dithfomethyl derivative, a yellow 
solid, m.p. 134.5-135'C. EIMS: m/r (%l, 340 (99.2), 325 (1001, 310 (38.51. Analysis: found: 
C, 49.39; GH, 3.72; S, 47.21; Cl,H1,S, requires C. 49.40; Ii, 3.67; S, 47.07. 

5-Carboxyl-5*-trfmethylsilyl-a-Terthleny1 (17) 
A J-necked round-bottomed flask with N, inlet/outlet taps was cooled to -30": via an 

acetone/CO, bath. THF (20 al), dlfsopropylamine (0.0831 g. 0.82 mnoll and n-Butf in hexane (2.5 M, 
0.33 ml, 0.82 nrolf were added respectively and the mixture stirred for 0.5 h. The bath was cooled 
to -7O'C and 14 (0.3 g, 0.82 nrnolI was added and stirred for 0.5 h. 
the mixture and a yellow precfpftate formed. 

CD, sI (excess) was added to 
! After the usual workup a ye1 ow solid was washed with 

n-pentane and pet. ether to remove unreacted 14. 93.2% yield (0.318 gl of 15 was fsolated 
as a yellow powder, m.p. 230-30.5-C, EIMS: m/z (Pl, 364 (1001, 349 (861. 
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