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TABLE I1 
DATA FROM THE NMR SPECTRA O F  SOLUTIONS v, 

T?, T?I AND T?II 
 chemical shifts of solutions, cps (area)-- 

CHzX V VI VI1 VI11 

Nz 303.6 (1) 299.3 (30) 301.1 (9) 
N3 288.6 (1) 284.3 (30) 286.4 (9) 
NP - N3 15.0 15.0 14.7 
0 2  293.7 (7) 295.6 (5) 
03 282.2 (7) 284.3 (5) 
0 2  - 03 11.5 11.3 
Pz 296.3 (19) 298.0 (24) 
Pa 272.4 (19) 274.7 (24) 
P2 - P3 23.9 23.3 
Qz 291.4 (3) 293.4 (15) 297.2 (1) 
Q3 270.1 (3) 272.5 (15) 276.1 (1) 

boxylate (0), methyl 2-chloromethyl-3-iodomethyl-4-methyl- 
thiophene-5-carboxylate (P) and methyl 2,3-bis(iodomethyl)-4- 
methylthiophene-5-carboxylate (Q). The chemical shifts31 in 

Qz - Q3 21.3 20.9 21.1 

(31) All signals are singlets. 

cycles per second, relative to TMS (0 cps) of the CH2Cl and CHJ 
groups are determined and tabulated in Table 11. The meaning 
of the letters Nz, N3, etc., is analogous to those in A. 

From the relative area (in brackets, behind the chemical shifts) 
the relative reactivity of the CH2Cl groups in the 2 and 3 position, 
respectively, of 30 can be determined as (3 + 7) :  (3 + 19) = 1 :2  
(for solution VI) and as (15 + 5): (15 + 24) = 1:2 (for solution 
VII). 
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For the synthesis of lH,3H-thieno[3,4-c]furan (S), it was found necessary to prepare 2,5-dichloro-3-chloro- 
methyl-4-hydroxymethylthiophene (3). Cyclization, with potassium t-butoxide as base, and catalytic dechlorina- 
tion furnished the title compound 5 .  Attempts to synthesize 4,6-dichloro-lH,3H-thieno[3,4-c]furan (4) by treat- 
ment of the hydroxy chloride 3 with sodium hydroxide in water-dioxane were unsuccessful and bis(2,5-dichloro- 
3-hydroxymethyl-4-thenyl) ether (9) was obtained. This is another example of steric inhibition of intramolecu- 
lar cyclization by ortho substituents. 

In  continuation of our studies of the synthesis and 
properties of anellated five-membered rings on thio- 
~ h e n e , ~ - '  we wish to describe the synthesis of 1H,3H- 
thieno [3,4-c]furan (5). 

Reac tion of 2,5-dichloro-3,4-bis (chloronie thy 1) thio- 
phene (1)6 with 0.5 equiv of silver methanesulfonates 
in acetonitrile gave the mesylate of 2,5-dichloro-3- 
chloromethyl-4-hydroxymethylthiophene (2) in 55% 
yield. Treatment of a solution of niesylate 2 in water- 
dioxane with potassium hydrogen carbonate furnished 
2,5-dichloro-3-chloromethyl-4-hydroxymethylthiophei~e 
(3) in 82% yield (Scheme I). Ring closure of hydroxy 
chloride 3 to 4,6-dichloro-1H,3H-thieno [3,4-c] furan (4) 
w:is effected in 25% yield, using potassium t-butoxide 
in 2-butyl alcohol. Catalytic dechlorination of 4 fur- 
nished lH,3H-thieno [3,4-c]furan (5), mp 53-54', in 45y0 
yield. 
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SCHEME I 

ClH2C, ,CH, 
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In the reaction of tetrachloride 1 with 0.5 equiv of 
silver methanesulfonate, dimesylate 6 was isolated as n 
by-product in 9% yield (Scheme 11). Dimesylate 6 
was obtained in 71% yield on treatment of tetrachloride 
1 with more than 2 equiv of silver methanesulfonate. 
Reaction of dimesylate 6 with potassium carbonate in 
water-dioxane gave 2,5-dichloro-3,4-bis(hydroxymeth- 
y1)thiophene (7) in 87% yield. The same product was 
obtained in 65% yield on boiling dimesylate 6 with 
water. Dihydroxy compound 7 was obtained in 70% 
yield on treatment of tetrachloride 1 with boiling 
water.6 The last-mentioned reactions normally give 
the dihydroxy analogs, in contrast to the reaction 
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SCHEME I1 

H,CO,SOI-IJC CHiOSO&H,j 

6 
HOH& FH,OH 

lCQ’, 5 hr  c1 
7 

of 3,4-bis(chloromethyl)-2,5-dimethylthiophene with 
water a t  70-80”. Gol’dfarb and Iiondakovag ob- 
tained 1,3,7,9-tetramethyl-4H,6H, 10H-dithieno [3,4-c] :- 
[3’,4’-fjoxocin in 5171, yield in the last reaction. 

Reaction of tetrachloride 1 with sodium hydroxide 
in water-dioxane gave two products, namely, 1,3,- 
7,9-tetrachlor0-4H,GH, 10H, 12s-dithieno [3,4-c :3’,4’-h]- 
[ 1,6]dioxecin (8) and bis(2,5-dichloro-3-hydroxymethyl- 
4-thenyl) ether (9). 

NaOH ~ svcHz# + 

H&dioxane 
CHzOCHz 

61 61 
8 

9 

Attempts to cyclize hydroxy chloride 3 to thieno- 
furan 4 using sodium hydroxide iri water-dioxane were 
unsuccessful. Instertd, ether 9 was obtained in 49% 
yield. 

NaOH 
.3 ~ -9 

HZO-dioxane 

Discussion 

Reaction of 2,5-dicliloro-8chloromcthyl-4-hydroxy- 
methylthiopheiie (3) with potassium t-butoxide in 
l-butyl alcohol furnished thienofurnii 4, whereas re- 
action of 3 with sodium hydroxide in water-dioxane 
did not. In the last ctise, sodium hydroxide is not 
basiclO,l* enough to nbstract :L proton from the OH 
group in 3. The formation of intermolecular products 
(8 and 9) or intramolecular product 4 as a function of 
reaction conditions indicates that the two reaction 
paths are sensitive to a number of factors which are 
not readily unraveled. The intramolecular alcoholysis 
of 3 to a thienofuran is sterically inhibited by the 
chlorine atoms at  the nucleus of thiophene and other 
reactions take place. This is another example of 
steric inhibition of intramolecular cyclization by 

(9) Ya. L. Gol’dfarb and M. S. Kondakova, Izv .  Akad .  Nauk SSSR,  Otd. 

(10) The pKa values’’ of benzyl alcohol, t-butyl alcohol and water are 18, 

(11) D. J.  Cram, “Fundamentals of Carbanion Chemistry,” Academic 

Khirn. N a u k ,  1208 (1956). 

19 and 15.7, respeatively. 

Prees, New York, N. Y . ,  1965, p 4. 

ortho substituents.6 In  the reaction of 3 with potassium 
t-butoxide, the basel0 abstracts a proton from the OH 
group in 3 to form anion -CH20-. The steric hindrance 
of the chlorine atoms at the thiophene nucleus can be 
overcome with this highly nucleophilic anion. 

The Reaction of 2,5-Di-t-butyl-3,4-bis (chloromethyl) - 
thiophene (10) with Water.-Gol’dfarb and Kondakova 
obtained a product with mp 220-221’ and 2,5-di-t- 
butyl-3,4-bis(hydroxymethyl) thiophene (12) in the 
reaction of 2,5-di-t-bu tyl-3,4-bis (chlorome thy 1) thio- 
phene (10) with water.g Gol’dfarb and Kondakova 

ClHzC. CHzCl 

10 

11 12 

assigned structure 11 to the compound with mp 220- 
221’ on the basis of the elemental analysis and the 
reaction with thionyl chloride, giving dichloride 10. 

The formation of thienofuran 11 in the reaction of 
dichloride 10 with the weakly nucleophilic water 
seemed unlikely to us. We repeated the reaction of 
dichloride 10 with water using the method described 
by Gol’dfnrb and T<ondak~vn.~ Our results were in 
xcordance with those of the Iiussiaii authors. The 
compound with mp 220-221” w i ~ s  found to IiiLve :L 
molecular weight of 478 ind 476. Therefore, structure 
11 , claimed by Gol’dfmb and Kondakovn, c:tnnot be 
correct. The spectral properties (runr m d  ir spectr:), 
see Experimental Section), the e1emerit:d :tnidysih :tiid 
the molecular weight :ire in :iccordiLticc with tlic struc- 
ture 1,3,’i,g-tetr:i-f-butyl-~H,GH, IOH, 12H-ditliieno [3,4- 
c:3’,4’-h] [l,G]dioxeciri (13). The “structure proof” 
of Gol’dfarb and K.ondakov:i holds of rourse for 
the dimeric structure 13 :is well; with tliioiiyl chlo- 
ride, the latter mill give dichloride 10, as would com- 
pound 1 1 .  

(HJ3.K V(C” ), 

10 - H20, 6 80-90’ hr  s#cH2wH.$ S + 12 
CH2OCH2 

(H3ChC (‘(CHJJ 

13 

Experimental Section 
All melting points are corrected. The boiling points are un- 

corrected. Nmr spectra were determined on a Varian A-60, 
using tetramethylsilane (TMS, T 10) as internal standard, uv 
spectra in 9570 alcohol using a Zeiss P.M.Q. 11, ir spectra on a 
Unicam S.P. 200, and mass spectra on MS-9 mass spectrometer. 
Microanalyses were carried out in the analytical section of our 
department under the direction of Mr. W. hl. Hazenberg. 

Mesylate of 2,5-Dichloro-3-chloromethyl-4-hydroxymethylthio- 
phene @).-A solution of 20.3 g (0.10 mol) of silver methane- 
sulfonate8 in 250 ml of anhydrous acetonitrile was added to a 
boiling solution of 50.0 g (0.20 mol) of 2,5-dichloro-3,4-bis- 
(chloromethy1)thiophene (1 )a in 500 ml of anhydrous acetonitrile, 
during 2 hr. After the addition the reaction mixture was re- 
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fluxed for 2 hr. After cooling, the reaction mixture was filtered, 
concentrated in vacuo aiid extracted with benzene. The benzene 
solution was concentrated and the residue was extracted with 
hot petroleum ether (bp 60-80"). The petroleum ether solution 
was treated with charcoal and concentrated to a volume of 500 
ml. After cooling to -20", 15.4 g of monomesylate 2 was ob- 
tained: mp 53-59'; uv max 257 mp (€ 5700); ir (KBr) 1360 
and 1175 cm-' (ROS021I); nrnr (10% in cc14) T 4.84 (s, 2, 
A~CHZOSOZCH~), 5.43 (s ,2 ,  ArCHZC1), 7.03 (s, 3, -0SOzCHa). 

Anal. Calcd for C,H7Cl3O3S2 (309.62): C, 27.16; H ,  2.26; 
S, 20.72. Found: C, 27.1,27.3; H, 2.2, 2.5; S, 20.9, 20.9. 

The petroleum ether filtrate was concentrated to 250 ml and 
cooled to -80" giving 27.5 g of the starting material 1. 

The residue which remained behind after the petroleum ether 
extraction was crystallized from carbon tetrachloride giving 3.1 g, 
mp 83-85', of the dimesylate of 2,5-dichloro-3,4-bis(hydroxy- 
methy1)thiophene ( 6 ,  see below). The yield of 2 and 6 ,  based on 
recovered 1, was 55 aiid 9%;, respectively. 

2,5-Dichloro-3-chloromethyl-4-hydroxymethylthiophene (3).- 
A solution of 13.9 g (0.045 mol) of mesylate 2 in 225 ml of dioxane 
and 150 ml of water \\as warmed up to the boiling point. Potas- 
sium hydrogen caiboiiate was added until the COi liberation 
stopped. The reaction mixture was refluxed for 15 min. After 
cooling the solution was qaturated with NaCl and extracted with 
ether. The ethereal extract was dried (CaCl2) and Concentrated. 
The residue was purified by column chromatography (silica gel, 
tube 40 cmlong and 2.4 em diameter, eluent benzene). After 0.1 g 
of mesylate 2, h.5  g 18252) of 2,5-dichloro-3-chloron1ethyl-4- 
hydroxymethylthiopherie (3) was obtained: mp 79-80' (from 
petroleum ether, bp 60-80'); iiv max 251 mp ( E  5900); ir (KBr) 
3300 cm-' (OH); nmr (10% in CDC13) 7 5.37 (s, 2, CHZOH), 
5.39 (s, 2 ,  CHQCl), 7.56 (broad s, 1, OH). 

Anal. Calcd foi C6HdC130S (231.52): C, 31.11; H,  2.1s; 
C1, 45.95. Found: C, 31.1, 31.4; H,2.3,2.3; C1,45.6,45.6. 
4,6-Dichloro-lH,3H-thieno[3,4-c]furan (4).-A solution of 9.3 

g (0.04 mol) of hydroxy chloride 3 in 200 ml of anhydrous t -  
butyl alcohol aiid a solution of 2.3 g (0.06 g-atom) of potassium 
in 200 ml of nnhydrous t-biityl alcohol were added to 400 ml of 
boiling t-batyl alcohol diiriiig 3 hr, in a nitrogen atmosphere. 
After the addition, the reaction mixture %'as stirred and boiled 
for 2 hr, and concentrated zn tacuo. The residue was taken up in 
ether aiid water. The ethereal extract was dried (CaC12) arid 
concent iated. The reiidue wai purified by column chromatog- 
raphy (iilica gel, tube 40 cni loiig and 2.4 ern diameter, elueiits 
CCla and benzene) giving 1.95 g (25(,5,) of thienofuran 4: mp 
48-49', after iubliniation [ 3 0 °  (0.1 mm)]; uv max 247 mp (e 
10,000); ir (KBr) 1130 rm-1 (-CI120CH2-); nmr (10% in  CClr) 
T 5.36 (s, ArCH20-). 

.4nal. Calcd for CoIT4C120S: C, 36.!)4; IT, 2.07; S, 16.43; 
mol wt .  195.OG. Fouid:  C. 3G.9, 36.8; 11, 2.1, 2.1; S ,  16.4, 
16.3; mol wt (in ethyl acetate), 2i2, 203. 
1H,3H-Thieno[3,4-c]furan (5).-To a suspeiision of 1.8 g of 

10% Pd/C in 50 ml of methanol was added a solution of 1.1 g 
(5.7 mmol) of 4 and 1 .S g (32 nimol) of KOH in 50 ml of methanol. 
The reaction mixture was refluxed and a slow stream of hydrogen 
was bubbled through the mixture. After a reaction time of 22 
hr a suspension of 0.5 g of 10% Pd-C in 50 ml of methanol was 
added to the reaction mixture and hydrogen was bubbled through 
the mixture for another 18 hr. The reaction mixture was filtered 
and concentrated i n  cacuo. The residue was taken up in water 
and ether. The ethereal solution was dried (CaC12) and con- 
centrated. The residue was crystallized from petroleum ether 
(bp 40-60') at low temperature (-70") giving 320 mg (45yc) of 
lH,3H-thieno[3,4-c]furan (5): mp 53-54"; uv max 244 mp (e 
6600); nmr (10% in C!C14) T 3.26 (s, 2, thiophene aromatic), 
5.26 (s, 4, ArCH20-). 

Anal. Calcd for C~HE.OS (126.17): C, 57.11; H, 4.78; 8, 
25.42. Found: C, 57.1; H,  4.9; S, 24.6. 

Dimesylate of 2,5-Dichloro-3,4-bis(hydroxymethyl)thiophene 
(6).-To a solution of 20.4 g (0.1 mol) of silver rnethanesulfonate* 
in 100 ml of anhydrous acetonitrile was added 10.0 g (0.04 mol) 
of 2,5-dichloro-~3,4-bis(chloromethyl)thiophene (1). The solu- 
tion was stirred for 3 hr a t  room temperature and refluxed for 1 
hr. After cooling, the reaction mixture was filtered and the 
filtrate was concentrated in vacuo. The residue was extracted 
with benzene. The benzene solution was concentrated and the 
residue was crystallized from carbon tetrachloride giving 10.5 g 
(717,) of the uiistable dimesylate 6: mp 85-86'; uv max 256 
mp (e 5800); ir (KBr) 1350 and 1190 cm-1 (ROSOZR); nmr 
(207, in CDC13) T 4.75 (Y, 2, ArCH20-), 6.92 ( s ,  3, OSOZCHB). 

Anal. Calcd for C8H10C1206S3 (369.26): C, 26.02; H, 2.72; 
S,26.05. Found: C,25.9,25.9; H,  2.8,2.8; S,25.5, 25.5. 
2,5-Dichloro-3,4-bis(hydroxymethyl)thiophene (7).-A solLl- 

tion of 3.7 g (0.01 mol) of dimesylate 6 in 75 ml of water and 
75 ml of dioxane was refluxed for 5 min and 2.1 g (0.02 mol) of 
Na~C03 was added in 5 min. The reaction mixture was boiled 
for 5 min and after cooling saturated with NaCl. The reaction 
mixture was extracted with ether. The ethereal extract was dried 
(CaC12) and Concentrated. The residue was crystallized from 
carbon tetrachloride giving 1.85 g (87%) of the dihydroxy com- 
pound 7: mp 107-107.5'; uv max 248 mp (e 6700); ir (KBr) 
3350 cm-' (OH); nmr (4% in CDCl3) 7 5.42 (broad s, 4, CH20H), 
6.33 (broad s, 2, CHQOH); nmr (107, in CD3COCD3) 7 5.36- 
5.52 (m). 

Anal. Calcd for CeHeC1202S (213.08): C, 33.82; H,  2.84; 
S, 15.04. Found: C, 34.0, 33.7; H ,  2.9, 2.9; S, 15.2, 14.8. 

The dihydroxy compound 7 was obtained in 65% yield on 
boiling 2.0 g (5.4 mmol) of dimesylate 6 with 75 ml of water for 
5 min. The hot reaction mixture was filtered and after cooling 
0.75 g (65%) of 7, mp 106-107', was obtained. 

Reaction of 2,5-Dichloro-3,4-bis(chloromethyl)thiophene (1 ) 
with Sodium Hydroxide in Water-Dioxane.-A solution of 3.2 
g (0.08 mol) of NaOH in 100 ml of water and 100 ml of dioxane 
was added to a stirred, boiling solution of 10.0 g (0.04 mol) of 
tetrachloride 1 during 8 hr. After the addition the reaction mix- 
ture was refluxed and stirred for 1.5 hr. After cooling the pre- 
cipitate was collected (for the filtrate, see below) and crystallized 
from chloroform giving 3.0 g (38%) of the dithienodioxecin 8: 
mp 270-271'; uv max (CI-12C12)12 246 mp (e 14,400); ir (KBr) 
1090 cm-' (CHZOCHZ), nmr (5% inpyridine) 7 5.49 (s, ArCHzO-). 

Anal. Calcd for C12HsC1d02S2: C, 36.94; H, 2.07; S, 16.43; 
mol wt, 390.12. Found: C, 36.9, 36.7; H, 2.1, 2.1; S, 16.3, 
16.3; mol wt (mass spectroscopy), 388 (on basis of 3% and 36Cl). 

The precipitate (3.0 g) 
was collected and crystallized from CHC13 giving 0.85 g (10%) of 
ether 9: mp 179.5-180.5'; uv mas 247.5 mp (e 12,400); ir 
(KBr) 3350 (OH) and 1070 cm-l (-CHlOCH*-); nrnr (107, iri 
pyridine) T 5.17 (s, 4, CHZOH), 5.23 (3, 4, -CH20CHI-). 

Anal. Calcd for CltFI&1403S~: C, 35.30; TI, 2.40; C1, 34.75; 
S, 15.71; mol wt, 408.16. Foiuid: C, 35.0, 35.2; 11, 2.4, 2.5; 
C1, 35.0, 35.2; S, 15.7, 15.6; mol wt ( in  ethyl acetate), 397, 40s. 

111 the CfIC13 mother liquors, 9 and 4 could not be detected 
(tlc, silica gel, eluent benzene). 

Reaction of 2,5-Dichloro-3-chloromethyl-4-hydroxymethylthio- 
phene (3) with Sodium Hydroxide in Water-Dioxane .-A solu- 
tion of 1.15 g (0.005 mol) of hydroxy chloride 3 in 25 ml of water 
and 25 ml of dioxane wa5 added in 2.5 hr to a boiling solution of 
0.40 g (0.01 mol) of NaOFI in 2ri nil of water and 25 ml of dioxane. 
After the addition the reaction mixture wa'i boiled for 1 hr. After 
cooling i n  ice the precipitate was collected a id  crystallized from 
carbon tetrachloride giving 0.5 g (497,) of ether 9: mp 179-180". 
In the mother liquor no thienofuran 4 could be detected. 

Reaction of 2,5-Di-t-butyl-3,4-bis(chloromethyl)thiophene (10) 
with Water According to Gol'dfarb and Kondak~va.~-A stirred 
mixture of 5.0 g (0.017 mol) of 2,5-di-t-buty1-3,4-bis(chloro- 
methy1)thiophene ( l O ) l 3  and 70 ml of water was heated a t  80-90' 
for 6 hr. After the work-up as described by Gol'dfarb and Konda- 
kovag 0.8 g of dihydroxy compound 12, mp 167-169" (lit.9 mp 
167-169'), and 0.5 g of a colorless solid, mp 220-221", were 
obtained. The spectral data and the elemental analysis are in 
accordance with dithienodioxecin 13: ir (KBr) 1090 cm-1 
(CHZOCHZ); nmr (10% in cc14) 7 5.40 (s, 4, ArCH20-), 8.58 (s, 
18,   CHI)^). 

Anal. Calcd for C * ~ H ~ ~ O ~ S Z :  C, 70.53; H,  9.31; S, 13.45; 
mol wt, 476.78. Found: C, 70.9, 70.8; 11, 9.3, 9.2; S, 13.2, 
13.3; mol wt (in ethyl acetate), 478, 476. 

The filtrate was poured into water. 
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