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OF VARIOUS O=-FORMYLTHIOPHENECARBAMATES WITH ETHANOLAMINE 

Mltsua Su9iyama. Toshlakl Sakamota, and Hlroshl Fukumi' 

Med~clnal Chemistry Research Laborator~es, Sankyo Co., Ltd., 

1-2-58 Hlromachl. Shlnagawa-ku, Tokyo 140, Japan 

Abstract- Condensatlo" of various --formylthlophene- 

carbarnates with ethanolamine afforded angular annelated tricyclic 

oxazolothienopyrimid~ne derlvatives, 2.3.6.9b-tetrahydro-5g- 

oxazolo 13.2-cl thieno 12,3-el-, and 13,Z-elpyrlmidin-5-ones (1) .  

which have new heterocyclic rlng systems. The reaction 

mechanism on the foraatlon of 1 is discussed. 

It 1s well known that a number of thlenopyrimidlne analogues show various 

blologi~al activities.2 Recently we reported the synthesis of 2.3-dihydro-5g- 

oxazolo[3,2-althien0I3,2-dlpyrimidin~5~one derivatives havlng gastric antl- 

secretory actiuity.'b 

In the course of the synthesis of 2,3-dlhydro-5~-oxaz01013,2-a1th1en0pyri.1d1ne 

derlvatives, we found that the reactions of some e - f o r m y l t h i o p h e n e c a r b a m a t e s  

with ethanolamlne under refluxlng in EtOH gave angular annelated tricyclic 

oxazolothien~pyrimidine derivatives besides the anticipated Schiff's bases.'= The 

reaction of ethyl N(2-formyl-4-methyl-3-thieny1)carbamate (&) with ethanolanlne, 

for example, gave 7-methy1-2.3,6,9b-tetrahydr0-5~-0~az01013,2-c1thien012,3-e1- 

pyr~mldln-5-one ( g )  and the desired Schlff's base ( & I  in 71% and 19% y~elds, as 

illustrated in Chart 1. However, there have been no systematic studies on the 

qcH0 H2 NCH? CHI OH 
\ N ~ O H  
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+ 

NHCOOEt 
Me Me H Me 
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formation of thls type of angular annelated oxazolothienopyrimidine derivatives. 



The present paper describes the reactions between varlous e-formylthiophene- 

carbamates and ethanolam~ne in detail. 

Initially, in order to clarify the defferences in reactivity between thiophene 

derlvative and benzene one, the reaction of ethyl 1-(2-formylpheny1)carbanate ( $ I 3  

or 1 wlth ethanolamine was carried out (Chart 2). The reaction of $ with 

ethanolamine under refluxlng in EtOH afforded 2-hydroxyethylimine derivative ( 5 ) .  

The Schiff's base (2) was heated under refluxing in B,g-dlmethylformamide (DMF) to 

give a tricyclic compound ( 5 ) .  

acHO EtoH, HI NcHl CHI reflux OH reflux 
NHCOOEt 88% - EN-0H NHCOOEt 4 8 %  H 

(R, =R, =HI 
HINCH~ CHI OH DMF 
EtOH, reflux 

NHCOOEt 82% NHCOOEt 70% 
R2 R ,  H 

1 a-d 3 a 
,=.A 

\ Hz NCHI CHI OH / 
Chart 2 EtOH, reflux 

The reaction of laqa with ethanolamine under refluxlng in EtOH gave only 2- 

hydroxyethylimine derlvative (%)la in excellent yield. The tricyclic analogue 

(La) was obtained by refluxing a solution of % In DMF. The reactivity of with 

ethanolamlne is similar to that of 4 in the formation of the stable 2-hydroxyethyl- 

 mine. On the other hand, the reactions of other 2-formylthiophene-3-carbamate 

analogues ( E d ) "  wlth ethanolamine afforded dlrectly angular annelated tricyclic 

analogues (=) under refluxing in EtOH (Table 1 ) .  In 2-formylthlophene-3- 

carbamate derivatlves (-), therefore, it was found that exhlbrted a 

different reactivity from the other derivatives ( = I .  The yields of 2bd from 

lb-d were affected by the presence of alkyl-substltuents on the th~ophene rlng. 

Methyl-substituted derivatlves ( k d )  at R, gave Zc-d in better ylelds than an 

unsubstituted one ( e l ,  and especially la did not give & under refluxing in EtOH. 
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Table 1 Investlgatlon of the Reactlon Condltlon far Synthesis of 2 or 2 under 
Refluxlng in EtOH 

Startlng Product React~on Tlme Yleld of lsolated 2 or 2 
Materlal RI Rz (h) ( % I  

1 a - H H 3a 7 8 2 - 
1 b - Me H 2b 4 2 1 - 
1 c H Me - 2c 2 7 1 
1 d - Me He 2d 1 8 7 - 
1 e - H H - 3e 7 quant . 
1 f Me H 3 f 7 9 5 

2 H Et 3 7 quant. 
- Me M e  - 7 quant. 
1 I H H 21 3 4 0 - 
G H Me 3 1 . 5  37 

HI NCHI CH2 OH 
EtOH, reflux ref lux 

NHCOOEt HCOOEt 
Rz R2 H 

1 e-h 3e-h 2e-h 
- 

R 2 & ~ 0  

NHCOOEt 

HI NCHI CHg 
EtOH, rel 

li-i Zi-i 
Chart 3 

In contrast wlth the reactions of lad, the reactions of 4-foymylthiophene-3- 

carbanate derlvatlves (kh)" wlth ethqnolamlne gave the Schiff's bases (=I  in 

excellent ylelds as whole products, regardjess of the existence of alkyl- 

substituents on the thiophene ring (Chart 3). However, attempted ring closures of 

to tricyclic compounds were unsuccessful. 

Tricyclic compounds (Zi-j)  were easily obta~ned from the reactions of 3- 

formylthiophene-2-carbarnates ) '  with ethanolamine under refluxing in EtOH 

(Table 1 ) . 

We investigated the utilization of varlous organic solvents on this reactlon 

(Table 2). It was observed that la gave only dehydrated product ( g )  at a 

temperature below 150.C, regardless of the species of organic solvent. Under 

refluxing at a temperature above 1 5 0 ' C ,  cyclized product (&) was formed. Under 

refluxins in DMF, & w a s  obtained in 70% y~eld, together with a trace amount of 

3a. - 



Table 2 Solvent Effects in the Reactlon of la wlth Ethanolamlne 

Run Solvent Temperature Tzme 
I T  ) (hl 

1 THF reflux 7 
2 EtOH reflux 7 
3 Benzene reflux 6 
4 MIBK') reflux 6 
5 Xvlene reflux 7 
6 DMF 100 6 
7 DMF reflux 6 

a) 4-Methyl-2-pentanone. 

Product 
(Isolated Yield, % )  
3a 1 9 4 )  

Table 3 Uv Spectral Data far 2-Hydroxyethyllmlno Dervatives (2 and 5) 

\ N-OH q NHCOOEI skN NHCOOEt -OH R2qH:z0H NHCOOEI 

Rz Rt 

Compd. Uv 
No. R I  Rz A IMeOH) , nm ( c  I 
3a"l - H 232 (58001, 280 112900). 299 (12400) 
3"') - Me 285 (68001 
3eal H H 230 (30000). 234 (292001, 248 (sh.13900) - 
3ha1 Me Me 229 l20000). 257 (114001 - 

Fa) Me 237 (23100). 252 (12000). 320 15700) 
- 226 (449001. 232 (46500). 260 (12000). 268 (9600) 

314 (44001 
a) Ref la. 

In order to obtaln mechanlstlc informat~on concerning the d~fferent reactlvrties 

between and e, ultraviolet luvl spectra of 3a,cre.h,l4 and 5 were 
measured, as shown in Table 3. The maximum absorpt~ons of Z-lmlnothiophene-3- 

and benzene analogue (51 appeared at a hlgher wavelength than those of 4-1mlno 

th~ophene-3-carbaaate derlvatrves I* and 3)  I" the uv spectra, because the lmlne 

Hs NCHZCHI OH - W " O H  

-EtOH 

NHCOOEt 

1 a - 3a - 8 - 
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group could conjugate with the carbanate group in 3a-d, 3i-j, and 5 .  The hard 

cyclzzatlon of Ze-h from 3e-h is supposed to be related to "on-conjugation between 

the carbamate group and the irnine group. 

In speculating on a posslble mechanistic pathway to 2 ,  we proposed that might be 

involved as a labile intermediate, regardless of the existence of the tautomer (1) 

of 2. From this mechanism, the possibility of ring closure of 3e-h mlght be 

excluded by the absence of formation of an interned~ate lrke tj from 3e-h (Chart 

4). 

Gastrlc antisecretory actlv~ty of these angular annelated trlcycllc compounds lk 

1 will be reported elsewhere. 

EXPERIMENTAL 

All melting points are uncorrected. Infrared (Ir) spectra were measured on a 

JASCO A-102 spectrophotometer. Nuclear magnetic resonance (Nmr) spectra were 

recorded wlth a Varian T-60A (60MHz) or EM-390 (90MHz) spectrometer and the 

chemical shlfts are expressed in ppm from tetramethylsllane as an internal 

standard. Uv spectra were recorded on a Shimadzu UV-3100 spectrophotometer. Mass 

spectra (Ms) were obtalned with a JEOL JMS-O1SG or JMS-G300 mass spectrometer. 

Herck sll~ca gel (Xieselgel 60 Art.7734) was employed for column chromatography. 

Ethyl N-(4,5-Dlmethyl-2-formyl-3-thlenyl)carbamate (Id) 

Methyl 4,5-dimethyl-3ethoxycarbonylaminothlophene2-carboxy1ate'b (15.00 g. 58.3 

m.01) was added portlonwise to a suspension of llthlum aluminum hydride (LAH, 2.88 

g, 75.9 mnol) in dry ethyl ether (220 11) at 0 "C during 10 mln under a nitrogen 

atmosphere, and the whole was stlrred for 20 min at the same temperature. After 

saturated NH,Cl solution was carefully added to the reactlon mrxture, the 

precipitate was filtered through celite. and the flltrate was washed with water, 

dried over MgSO,, and fzltered. To the filtrate was added activated manganese(N 

oxide (MnOz, 120 g), and the resulting reaction mixture was stirred at room 

temperature for 3 h. The insoluble material was fzltered off, the flltrate was 

concentrated in vacuo, and the resldue was chromatographed on silica gel using 

ethyl acetate (Ac0Et)-hexane 11:3) as an eluent. Recrystallization from AcOEt- 

hexane gave id (7.87 g. 59 % )  as colorlass needles. np 104-105 % . Anal. Calcd 
for C10H,3N03S: C.52.85; H.5.77; N.6.16; S.14.11. Found: C.52.80; H.5.67; N.6.12; 

5.14.03, Ir (KBr): 1730, 1700, 1645cm-'. Nmr ICDCIS) 6 ppm: 1 .30 13H. t8J=7.2Hz). 

2.06 and 2.40 leach 3H.s). 4.21 (2H,qrJ=7.2Hz), 7.67-8.20 (1H.hr). 9.74 11H.s). 

MS In/?) : 227 (I#+). 
Ethyl N-(3-Formyl-2-thieny1)carbamate lli) 

The same procedure as descr~bed for id was applied to methyl Z-ethoxycarbonyl- 
aminothiophene-3-~arbaxylate'~ I1 .002 9, 4.37 mmol), using LAH 1252 mg, 6.64 m01) 

as a reducing agent and pyridinium dichtomate (1 .61 9, 4.28 mmol) as an oxidizing 

agent. Recrystallization from AcOEt-hexane afforded ir 176 mg, 9 % )  as colorless 

needles. mp 42-44 C .  Anal. Calcd for CBH9NOSS: C.48.23; H.4.55; N.7.03; 
S.16.09. Found: C.47.94; H.4.49; N.6.98; 5.15.79. Ir (KBr): 1730. 164Ocm-I. Nnr 

(CDCll) 6 ppn: 1.34 (3H. t,J=7.OHz), 4.31 (2H,q,J=7.OHz), 6.69 and 7.1 1 leach lH, 

d,J=6. OH.), 9.82 (1H.s). MS (!/?I : 1991M*) . 



ÿ able 4 2,3,6,9b-Tetrahydro-5~-0xa~010I3,2-c1 t h l e n 2 3 - 1  and (3.2-el 

pyrlmldln-5-one Derlvatlves (2a-d.1-1) 

Analysis (%I 
Compd. Yield Mp (C ) Recryst. Formula Calcd (found) 
No. Rj RZ ( % I  solvent C H N S 
2.3 H H - 71 228-230 DMF-MeOH CgH8N2025 48.97 4.11 14.28 16.34 

(decomp) (48.83 4.05 14.25 16.21) 
2b Me H - 21 206-208 DMF-EtOH CpH10N2025 51 .41 4.79 13.32 15.25 

(decomp) (51 .44 4.89 13.26 15.20) 
zc H Me 71 - 248-252 DMF-MeOH COHION2D2S 51 .41 4.79 13.32 15.25 

(decompl (51 .48 4.72 13.38 15.08) 
2d Me Me 87 - 209-211 DMF-MeOH C I O H 1 2 N 2 0 2 S  53.55 5.39 12.49 14.29 

(decomp) (53.52 5.54 12.26 14.20) 
21 - H 4 0 205-206 DM€ C ~ H ~ N ~ O Z S  48.97 4.11 14.28 16.34 

-acetone (49.09 4.30 14.27 16.331 
a Me 37 230-232 MeOH C9HI0N2O25 51 .61 4.79 13.32 15.25 

(51.17 4.85 13.16 15.04) 

Table 5 Spectral Data for 2a-d.1-i 

Compd. Ir (KBrl Nmr (DMSO-d,) 
No. v (cm-'I S (PP~). J (Hz1 
2a 1640 - 3.48-3.85 (ZH,mI. 3.93-4.16 (2H.m). 4.96 (1H. br s) , 7.04 

and 8.46 (each 1H,d,J=5.7), 8.96 (1H.s) 
2b 1640 - 2.57 (3H.s). 3.56-3.80 (2H.m). 3.87-4.06 (2H.m). 4.93 

(1H.br sl. 6.79 (1H.sI. 8.73 (1H.s) 
2c 1640 - 2.1 7 (3H,d,J=1 .51, 3.60-3.87 (2H.n). 3.93-4.23 (2H.ml. 

4.83-5.10 1 H b  8.07 (lH,d,J=1.51, 8.88 (1H.s) 
2d 1640, 1605 2.06 and 2.47 leach 3H,s), 3.57-3.87 (2H.m). 3.90-4.1 9 - 

(2H.m). 4.75-5.20 (1H.brl. 8.70 (1H,sl 
2i 1639, 1611 - 3.57-3.85 (ZH,m), 3.95-4.13 (2H.m). 4.99 (1H.br sl, 7.15 

and 7.29 (each lH,d,J=6.01. 8.76 (1H.s) 
1644, 1606 2.40 (3H,d,J=l .2), 3.58-3.81 (2H.m). 3.90-4.1 0 (2H.m). 

4.93 (1H.br s), 6.80 (lH.d.J=l .2), 8.51 (1H.s) 

Ethyl N (2- (2-Hydroxyethxl) iminornethylphenyll carbamate (5) 

A solution of i3  (273 mg, 1 .41 mmol) and ethanolamine (0.43 ml, 7.11 mmol) in EtOH 

(4 mll was refluxed for 6 h and then the solvent was evaporated m vacuo. After 

the addition of water to the res~due, the mixture was extracted wlth AcOEt, and a 

residue obta~ned from the extracts was recrystallized from CH2C1,-hexane to give 5 
(294 mg. 88 %I as colorless needles. mp 87-88 C . u. Calcd for C12H16N203: 
C.61.00; H.6.83; N.11.86. Found: C.61.07; H.6.63; N.11.57. Ir (KBr): 1697, 

1642cm-'. Nmr (CDCl,) S ppm: 1 .30 (3H. t,5=7.OHzl. 3.64-4.03 (4H.mI. 4.1 9 (2H.q. 

J=7.OHzI, 6.90-7.50 (3H.m). 8.31 -8.47 (2H.m). 2.30 and 1 1  .14 (each 1H. br s) . Ms 
(n/g) : 236 (M* ) . 
2 , 3 , 6 , 1 0 b - T e t r a h y d r 0 - 5 H - 0 ~ a ~ 0 1 0 l 3 , 2 - ~ 1 q ~ n a 1 i - 5 - n  (6) 

A solution of 5 (216 ng, 0.91 mmol) In DMF (8 mi) was refluxed for 8 h, and then 

the solvent was evaporated to dryness. After the addition of RcOEt to the 

residue, the precipitate was collected by filtration, washed with AcOEt, and 

recrystallized from DM€-AcOEt to give g. (83 mg. 48 % )  as colorless needles. mp 

194-196 9C . u. Calcd for C i ~ H 1 0 N 2 0 2 :  C.63.15; H.5.30; N.14.73. Found: 

C.63.09; H.5.37; N.14.77. Ir (KBr): 1671, 1600cm-'. Nmr (DMSO-d,) S ppm: 3.18- 

4.27 (4H.m). 5.65 (1H.s). 6.85-7.43 (4H.mI. 9.82 (1H.br s). Ms (g/z): 190(Mt). 
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The compound (&I was similarly prepared. Other data for & are listed in Tables 
4 and 5. 

7.8-Dimethy1-2.3.6.9b-tetrahydr0-5H-0xaz010 13,2-c) thieno r2,3-elpyrimidin-5-0ne 

(2d) (General Procedure) 

A solution of (5.00 g, 22.0 mmol) and ethanolanine (6.6 ml. 109 mmol) In EtOH 

(40 mll was refluxed for 1 h (Table 1). A residue obtalned by evaporation of the 

solvent was recrystallized from DMF-MeOH to afford g (4.31 9, 87 % )  as yellow 

prisms. Ms ( ~ / z ) :  224(M'). Other data are llsted in Tables 4 and 5. ,. 
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