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Abstract --- The ring opening of 2-acylamino-4.5-dihydro3- 
furancarbonitriles (la-f) with titanium (IV) chloride gavc the 

corresponding N-acyl-4-chloro-2-cyanobutan~mides (Za-f). On 

treatment with potassium carbonate, compounds (2a-f) were con- 

verted to the corresponding N-acyl-1-cyanocyclopropanecarbox- 

amldes (3a-f). On the other hand, the reaction of 2-benzamido- 

4,5-dihydro-3-thiophenecarbonitriles (4a-c) with titanium (IV) 

chloride gave the corresponding 2-benzamido-4,5-dihydr0-3-thi- 

ophenecarboxamldes (5a-c). 

In the preceding papcr, we reported that the reaction of 2-amino-4.5-di- 

hydro-3-furancarbonitriles with a sodium halide gave l-cyanocyclopropane- 

carboxamides, and proposed that this reaction occurs via the ring opening. 

of' 2-amino-4.5-dihydro-3-furancarbonitriles by a halide ion to give 2-cy- 

ano-4-halogenobutanamides, which undergo cyclization to form the cyclo- 

propanecarboxamides. This reaction suggests the posslbllity that the In- 

termediates, 2-cyana-4-halogenobutanamides may bo prepared from 2-amino- 

4.5-dihydro-3-furancarbonitriles. Attempts t o  prepare 2-cyano-4-halogeno- 

butanamides were unsuccessful. Therefore. we examined this reaction with 

2-benzamido-4.5-dihydro-3-furancarbonitri13 instead of 2-amino-4.5-dlhy- 

dro-3-furancarbonitriles, but the desired products were not obtained. How- 

ever, we found that when titanium (IV) chloride was used in place of a so- 
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dium halidc, thc cxpected products were obtained. We report here a synthe- 

sis of E-acy1-4-chloro-2-cyanobutani1mides, and also describe thcir c y -  

clization. Whcn a solution of 2-hcnzamido-4.5-dihydr0-3~furilnc~rbonitrile 

3 (la) and titanium ( T V )  chloride (1.2 e q . )  in chloroform was refluxed for 

1 h, the expected ~-benzoyl-4-chlor0-2~cyanobutanamide (2al was obtained 

in 82% yield. Thc ir spectrum of 2a exhibited bands due to a nonconjugated 

Cyan0 group at 2250 cm-I and carbonyl groups at 1740 and 1695 cm-l. 'The 

'H nmr spectrum showed a one-proton doublc doublet at 6 5.00 assignable to 

a mcthinc group. and a two-proton multiplet at 6 2.17-2.71 and a two-pro- 

ton triplct at 6 3.76 indicative of two methylcne groups, bcsides thc sig- 

nals due to an imino proton and thc aromatic protons. 

la-f 2a-f 3a-f 
a : R'=c,H,, R,=H b : R'=cH,, R ~ = H  C :  R I = R ~ = C ~ H ~  
d : R1=CH,, R2=C6H5 e : RI=OC,H~,R~=H f : R1=OCH,, R'=H 

Compound ( Z a )  reacted with potassium carbonate in rcfluxing acetonc to 

yield E-benzoyl-lcyar~ocyclopropanecarboxamidc ( 3 a )  which was provcd to bc 

identical with an authentic sample prepared by thc rcaction of N-benaoyi- 

a-cyanoacctamide4 with 1.2-dibromocthane in thc presencc of sodium h y -  

dride. Whcn 3 a  was trcatcd with titanium ( I Y )  chloride in chloroform. 2a 



Table 1. Some Properties of 2a-f and 3a-f 

R2-CH -CH-CN 

R2* 

a : R ~ = c ~ H ~ .  R'-H d : R ~ = C E ~ ,  R'=C~B~ 
I I 
CH, CO 
I I b : R'=cH~. R'=E : R'=oc~E~. R'=H 
CI NHCOR' CONHCOR' 

c : R~=R'=c E 
6 5 

i : R'=OCE~, R'=H 
za-f 3a-i 

Analysis (PI 
Compd Yield mp ("C) Appearance Formula Calcd (Found) 

Yo.  % (Recrystallizacion solvent) (Colorless1 
C H N 

2a 82 118-119 Needles C12H11X202C1 57.49 4.42 11.18 
(acetone-petr-benzin) (57.59 4.40 11.141 

2b 55 68-69 Prisms C-H Y 0 C1 I9'2 2 
44.58 4.81 14.85 

ICH C1 -petr.benzin) 2 2 
(44.33 4.81 14.90) 

Prisms 

Prisms 

Needles 

c01ums 

C O l ~ S  

Needles 

Needles 

Veedle~ 
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was obtained in 89% yield. On hydrolysis with aq. sodium hydrogen carbon- 

ate, :<a gave 1-cynnocyclopropanecarboxylic acids in 87% yield. On the ba- 

sis of these data. Za was assigncd as ~ - b e n z o y l - 4 - c h l o r o - 2 - c y ~ r ~ o b ~ t a n i 1 m -  

lde. Similarly. thc reactions of 2-acetamido-4.5-dihydro-3-furancarboni- 

trile (Ib). 2-bcnznmido (or acetamido1-4,5-dihydr0-4-ph~nyl-3-f~r~n~arbo- 

nitrile (le or id), and ethyl (or mcthyl) N-2-(3-cyano-4.5-dihydroftiryll- 

cnrbnmate (lc or I f )  with titanium ( I V )  chloridc rcsultcd in the formation 

of the corresponding 4-chloro-2-cyanobutanamidcs (2b-fl, which werc cy- 

clizcd by refluxing them with potassium carbanatc in acetone to providc 

thc corresponding cyclopropanc dcrivativcs (3b-f1. The structural assign- 

ments of thcse products were made on the basis of the elemantal analysis 

(Table 1) and spectral data (Table 2). Furthermore. thc structure of :ic 

was confirmed by direct comparison with an authentic sample prepared from 

~ - b e n z ~ y l - ~ - c y a r ~ o a ~ e t a m i d e ~  and 1.2-dibromo-1-phcnylethnnc. X-Renzoyl (and - 

acety1)-1-cyano-2-phenylcyclopropanccarhoxamides (3c, dl were hydrolyzed 

by hot 5% potassium carbonate to give ( ~ ) - l - c y a n o - 2 - p h o n y l c y ~ I 0 p r 0 p ~ n ~ ~ a r -  

boxylic acid.6 Therefore, both 3e and Bd have (El-conf iguration. 

Scheme 2 

Keasonable pathway for the ring opening is shown in Scheme 2. Compound 

(la) reactcd with titanium ( 1 V )  chloridc to form an oxonium salt ( 8 ) .  a n d  

Lhen a chloride ion attacked at C - 5  of 8 to furnish 9, which was hydro- 

lyzed to give Za. The proposed mechanism is similar to that rcported by 

Olah in thc case of the reaction of lactoncs with boron tribromide 

On the other hand, the reactions of 2-benzamido-4,5-dihydro-3-thiophenc- 
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carbonitrile (4a) and its 5-methyl or 4-phcnyl derivatives (4h  or 4cl 8 

with titanium (IV) chloride did not give the expected ring opening prod- 

ucts, hut resulted in the formation of the corrcsponding Z-bcnzamido-4.5- 

dihydro-3-thiophcnccnrhoxiimides (5a-c). The structures of 5a-e wcre cori- 

firmed by direct comparison with the authentic samplcs which wcre synthc- 

sized by the following route: On acidic hydrolysis, Z-amino-4.5-dihydro-3- 

thiophenecarbonitrilc and its 5-methyl o r  4-phenyl derivatives8 wcre con- 

verted to the corrcsponding tetrahydro-2-0x0-3-thiophcnccarbonitrilcs (6a -  

c ) .  Compounds 6a-c were allowed to react with ammonium hydroxide accordirip 

9 to thc mcthod of Campaignc al_ to provide 2 - a m i n o - 4 . 5 - d i h y d r o - 3 - t h i o -  

phcnecarhoxamides 7a-c. On treatment with benzoyl chloride in pyridine, 

7a-c gave 5a-c. 

EXL'ERTMENTAI. 

All melting points are uncorrected. Ir spcctra wcrc rccordcd on an T R A - 2  

spectrophotometer. 'H Nmr spcctra wcre taken on a 11iCachi R-22 specfrome- 

ter (90 MHz) with tetramethylsilane as an internal standard. Vs spectra 

W C ~ C  measured with a JEOL model JVS-n 300 mass spcctromctcr. 

2-Acctamido-4.5-dihydro-3-furancarhonitrIl (lb). A suspension of 2-amino- 

4.5-dihydro-3-furancarbonitrilc (1.1 g. 0.1 moll in Ac20 (30 ml. 0.32 mol) 

w a s  heated at 40-50°C for 2 h, and then coolcd. The crystals were collect- 

ed, washed with ether, and recrystallized from acetone-petr. bcnzin to 

yield lb (11.2 g. 74%) as colorless prisms, mp 142-143°C. Anal. Calcd for 

C H N 0 . C, 55.25; H. 5.30; S, 18.41. Found: C. 55.53; H. 5.44: 2 1 ,  1 8 . 6 6 .  7 8 2 2 '  

Ms mlz: 152 (M') . Tr ( K B r )  : 3220. 3140 (NH) . 2210 (CNI . 1603 cm-' (COI . 

'11 Nmr (CnC13) 6 : 2.18 3 1  S .  C 3  2.95 (2H, t, J=9.0 H Z ,  C4-11). 4.53 

(2H. dd, J=9.5, 9.0 ilz, C - I  8.61 (lH, br s ,  NHI. 

2-Aectnmido-4.5-dihydro-4-phenyl-3-f~ran~arhonitril (Id). A suspension of 

2-amin0-4,5-dihydr0-4-phcny1-3-f~ran~arb0nitri1 (1.86 g. 0.1 moll in Ac 0 2 

(40 ml, 0.42 moll was hcatcd at 50-60°C for 2 h. Work-up as described a- 



bove gave i d .  Recrystallization from acetone-pctr. benzin gave id as col- 

orlcss prisms. 16.92 g (69%). mp 136-138'C. Aria!, Calcd for C13H12N202 : 

C. 68.41: 11. 5.30; N. 12.27. Found: C. 68.51; 11. 5.24: N. 12.29. ns  m/z: 

228 ( M + ) .  Ir (KBr): 3260, 3160 (Nti), 2210 (CN). 1702 cm-l(C0). 'H Ymr 

(CDCI 6 : 2.10 (3H. s .  CH 1 ,  4.24-4.45 (ZH, m, C5-HI, 4.72-4.94 (lH, m, 3 3 

C4-Ill. 7.14-7.38 (511. m. aromatic HI, 8.73 (IH, br s .  KH). 

Ethyl (or Methyl) N-2-(3-Cyano-4.5-dihydrofuryl)carbamate (lc or if). 

A solution of ethyl (or mcthyl) chloroformate (5.97 g or 5.20 g. 55 mmol) 

in CiI2CI2 (5 ml) was added dropwise to a suspension of 2-amino-4.5-dihy- 

dro-3-furancarbonitrile 1 . 1  g 50 mmol) and pyridinc (4.35 g. 55 mmol) In 

CH2C12 (50 ml) with stirring and ice-cooling. The mixturc was stirred at 

room temperature for 2 h, pourcd into ice water, and thcn extrnctcd with 

CH2C12. The CH2C12 extract was washed with water, dricd over Sa2SOq, and 

concentrated in vacuo. The rcsidue was purified by column chromatography 

on silica gel with CH2C12 as the clucnt. 

i) Compound lc : Colorless columns (5.16 g, 57%). mp 67-69°C (ether-pctr. 

ether). Calcd for C8H10N203: C, 52.74: H. 5.53: N. 15.38. Found: C. 

52.74; H. 5.58: N. 15.38. Ms m/z: 182 ( M * ) .  I r  (KBr): 3320 (Ntl), 2220 

(CX). 1725 c~-'(co). 'H Nmr (CDC13) 6 : 1.32 (3H. 1. J=7.0 Hz. Cii3). 2.97 

(ZH, 1. J=8.5 Ilz. C4-11). 4.27 (2H. q ,  .J=7.0 Hz, CO CH Ci13), 4.53 (2H, t ,  2 2 

5-8.5 Hz. C5-ll). 7.24 (lH, br s ,  NH). 

ii) Compound If: Colorless columns (4.28 g. 5 %  mp 87-88°C (CIl2Cl2-petr. 

benzin). & Calcd for C7H8N203: C. 50.00; H. 4.80; N, 16.66. Found: C. 

49.97: H. 4.74; N. 16.66. Ms m/z: 168 (M*). I r  (KBr): 3290 (NH), 2200 

(CN) . 1735 cm-I (CO) . 'B Nmr(CDC13) 6 : 2.97 (211, 1. J=9.0 llz. C4-H) . 3.82 
(3H, s .  CH3). 4.54 (ZH, t, J=9.0 117. C5-H). 

Reaction of la-f with Titanium (IV) Chloride. General Procedure. Titanium 

(IVI chloridc (2.28 g. 12 mmol) was added dropwise to an ice-cooled and 

stirred solution of la-f (10 mmol) in CiIC13 (20 ml). After thc mixturc was 

refluxed for 1 h, the precipitate was dissolved in 5% TIC1 (10 ml) with 
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s~lrring and ice-cooling, and the CHC13 layer was separated. The aqueous 

layer was extractcd with CHCl3. The CHC13 laycr and the CIiC13 cxtract werc 

combined, dricd over Na SO and concentrated in vilcuo. The residuc was 2 4' 

purified by column chromatography on silica gel with CHCI3 as thc eluent 

to yicld 28-f. Thc analytical and spcctrol data for 2a-f arc given in 

Tables 1 and 2. 

Reaction of N-Rmeoyl (or Acetylj-1-cyanocyclopropancearboxamide (3a or 

Sb) with Titanlum (TV) Chloride. A solution of 3a or 3b (10 mmol) and t l -  

h. After thc same work-up as noted in the rcactlon of la-[ with titanium 

( I V )  chloride, Za or Zb was obtained in 89% or 82% yicld, rnspcctively. 

Con~ersion of 2a-f into 1-CyanoCYelopropanecarboxamides (3a-f). Gcrneral 

Procedure. A suspension of 2a-P (10 mmol) and K2C03 (1.38 g. 10 rnmol) in 

acetono (30 ml) was refluxcd for 1 h. Aftcr removal of the acctonc LI 

vncuo, the rcsidue was poured into ice water, acidified with 10% HCl, and 

extracted with CHC13. The C K 1 3  layer was dried over Sa2S04, and concen- 

trated in vacuo. The r c s i d u e  was recrystallized from thc solvcnt indicated 

in Table 1. The analytical and spectral data for 3a-f are given in Tables 

1 and 2. 

llydrolysis of ~-Hen&oyl-l-cyanocye1opropanecarboxam1d (Sa). A silspenslorl 

of :<a (2.14 g, 10 mmol) in saturated as. NaHC03 (20 ml) was heated at 70- 

80°C for 3 h with stirring. The reaction mixture was coolcd, and washed 

with CIICl3 to removc benzamide. The aqucous layer was acidlficd with 10% 

HC1. salted out with NaCl, and thcn extractcd with AcOEt. Thc AcOFt layer 

was dried over Na2S04, and concentratcd in vacuo. The rcsidue was rccrys- 

tallized from C1I2Cl2 to provide 1-cyanocyclopropanec.~rboxylic acid (965 

mg. 87%) as colorless columns (mp 145-147"C, lit.5 mp 142-144'C). This 

compound was shown to be identical with an authentic sampleJ by mixcd 

melting point detcrmination and comparison of the ir spectra. 



Aydroly~is of 3e or 3d. A suspension of 3c or 3d ( 5  mmol) in 5% K2C03 (10 

ml) was heated at 80°C for 2 h. Work-up as describcd above gave (El-1- 

cyano-2-phenylcyclopropanecarboxylic acid (mp 136-137%. lit.6 137-138°C) 

in 65% or 67% yield. respectively. This compound was shown to be identical 

with an authentic sample6 by mixed melting point determination and com- 

parison of thc ir spectra. 

Preparation of N-Benzoyl-1-eyanoeyelopropanecarhoxamide (3a). 60% Sodium 

hydrlde (0.4 g. 10 mmol) was added to a solutlon of N-henzoyl- a -cyan"- 

acetamide (1.18 g. 10 mmol) in DMF (20 ml) with stirring and ice-coaling 

The stirring was continued aL room temperature until evolution of gas 

ceased, and a solution of 1.2-dibromoethane (2.07 g, 11 mmol) in D M F  (5 

ml) was added. The whale was stirred at room temperature for anothcr 30 

min and 60% sodium hydride (0.8 g. 20 mmol) was added undcr ice-cooling. 

and the reaction mixture was stirred at room temperature for 1 h. After 

removal of the solvent in vacuo, ice water was added to the residue and 

the mixture was acidified with 10% HCI. The deposited crystals werc col- 

lectcd, washed with water, dried, and subjected to silica gcl column chro- 

matography. Elution with CHC13 gave 3a (1.19 g, 56%). which was recrystal- 

lized from acetone-petr. benzln to provide c o l o r l c s s  needles, mp 125-126'C. 

Preparation of (~)-~-Benzoyl-l-cyano-2-phenylcy~1o~ro~anccarboxaide (3~). 

60% Sodium hydride (0.4 g. 10 mmol) was added to an ice-cooled solution of 

N-benzoyl acyanoacetamide (1.88 g. 10 mmoll in D M F  ( 5  ml). and a 501"- - 

tion of 1.2-dibromo-1-phenylethanc (2.9 g. 11 mmol) In DMk (5 ml) was 

added. The reaction mixture was heated at 40-50-C for 1 h and then 60% 

sodium hydride (0.8 g. 20 mmol) was added under ice-cooling. The wholc was 

heated at 40-50°C for another 1 h. Work-up as described above gave 3c 

(0.29 g. mp 135-136%) in 10% yield. 

Reaction of 4a-c with Titanium (IV) Chloride. Titanium ( I V )  chloride (3.R 

g, 20 mmol) was added dropwise to an ice-cooled solution of 4a, 4b or 4c 
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(10 mmoll in 1.2-dichloroethane (20 ml). The mixture was refluxed for 2 h 

(in the case of 4a and 4b) or 10 h (in the case of 4c). After the same 

work-UP as noted in the reaction of la-f with titanium (IV) chloride. 5a-c 

were obtained. These compounds were identical with the authentic samples 

prepared by the method described later. The analytical and spectral data 

for 5a-c are given in Tables 3 and 4. 

Tetrahydro-2-0x0-3-thlophenecarbonltrile (6a-c). A suspension of 2-amino- 

4.5-dihydro-3-thiophenecarbonitrile or 2-amino-4,5-dlhydro-5-methyl-3-thi- 

ophenecarbonitrile (10 mmol) in 5% HC1 (10 ml) was heated at 60°C for 30 

min. The reaction mixture was extracted with CHC13. The CHC13 extract was 

washed with water, dried over Na2S04, and concentrated in vacuo. 

i) The residue was recrystallized from CH2C12-petr. ether to give tetrahy- 

dro-2-0x0-3-thiophenec~rbonitrile (6a) as colorless columns. 1.17 g (92%). 

mp 51-52T. Anal. Calcd for C5H5NOS: C. 47.23: H. 3.96: N. 11.01. Found: 

c, 47.31: H. 3.98: N, 11.07. Msmlz: 127 ( M + ) .  Ir (KHr): 2230 (CN), 1750 

-1 cm (CO). 'H Nmr (CDC13) 6 : 2.26-2.96 (2H, m. C4-11). 3.26-3.75 (3H, m, 

C -H and C5-H). 3 

ii) The residue was purified by column chromatography on silica gel with 

ether as the eluent to give tetrahydro-5-methyl-2-0x0-3-thiophenecarboni- 

trile (6b) as colorless oil, bp 140-150T (oil bath temperature), 1.27 g 

(90%). Anal. Calcd for CsH7NOS : C. 51.04: H, 5.00; N. 9.92. Found: C. 

50.85: H. 4.97: N. 10.19. MS m/z : 141 (M+). I r  (neat): 2230 (cN). 1700 

cm-l(c0). Nmr (CDC1 ) 6 : 1.55 (3H. d, J-6.6 Hz, CH3), 1.90-3.00 (2H, m. 
3 

C4-B). 3.75 (1H. dd. 5.14.0, 6.6 Hz. C3-H), 3.70-4.30 (lH, m. C5-HI. 

iii) A suspension of 2-amino-4,5-dihydro-4-ph~ny1-3-thiophenecarbonitrile 

(2.02 g, 10 mmol) in CHC13 (5 ml) and 10% HCl (10 ml) was refluxed for 1 

h. After work-up as noted in i), tetrahydro-2-0~0-4-pheny1-3-th1~phenecar- 

bonitrile (6e) was obtained. Recrystallizatlon from acetone-petr. benzin 

gave 6c (1.84 g. 91%) as colorless columns. mp 108-109°C. Anal. Calcd for 

Cl1HgN0S: C, 64.77: H. 4.32; N, 6.79. Found: C, 65.00: N. 4.46; N, 6.89. 



Ms m/z: 203 ( M + )  . Ir IKHr) : 2230 (CN) . 1700 cm-'(co). 'H Nmr (CDC13) 6 : 

3.50-4.00 (4H, m, C3-H. C4-H, and C5-H), 7.30-7.55 (SH, aromatic H). 

2-Amlno-4,5-dlhydro-3-thiophenecarboxamides (7a-c). A suspension of 6a. 

6b or 6c (20 mmol) in conc. NH40H (10 ml) was stirred at room temperature 

for 1 h. The reaction mixture was cooled, and the precipitate was col- 

lected, washed with water, and then dried. 

i) 2-Amino-4.5-dihydro-3-thiophenecarboxamide (7a): Colorless scales (2.32 

g. 81%), mp 138-139-C (acetone). Anal. Calcd for C5H8N20S : C. 41.65: H. 

5.59: N, 19.43. Found: C. 41.65: H. 5.67: N, 19.31. Ms m/z: 144 (~'1. Ir 

(KBr) : 3400. 3270. 3180 (NH), 1640 crn-l(C0). 'H Nmr [ (CD312SOI 6 : 2.68- 

2.88 (2H. m. C4-H). 2.99-3.17 (2H. m. C5-H). 6.17 12H. br s .  NA2). 7.26 

(2H. br s .  NH2). 

ii) 2-Amino-4.5-dihydro-5-methy1-3-thi0~hene~ab0xamid (7b): Colorless 

prisms (1.62 g. 51%). mp 135-136°C (acetone-petr. benzin). Anal. Calcd for 

C6H10N20S : C, 45.55: H, 6.37: N, 17.71. Found : C, 45.63: H, 6.56; N. 

17.47. Ms m/z: 158 (Mi). Ir (KHr): 3470. 3360, 3250. 3160 (NH). 1610 cm-' 

(CO). Nmr (CDC13) 6 :  1.43 (3H, d, J.7.0 Hz, CH3). 2.54 (lH, dd, J=12.0. 

6.0 Hz. C4-H). 3.07 (1H. dd. J=12.5. 7.5 Hz. C4-HI. 3.56-3.90 (lH, m. C5- 

H). 5.07 IZH, br s. NH2). 6.37 (ZH, br s. NH2). 

iii) 2-Amino-4.5-dihydro-4-pheny1-3-thiophene~arboxamide (7c): Colorless 

columns (3.89 g. 88x1, mp 171-172-C (acetone). Anal. Calcd for CllH12N20S: 

C, 59.98; H, 5.49; N, 12.72. Found: C, 60.08; H, 5.53: N, 12.77. Ms m/z: 

220 (Mi). Ir (KBr): 3465. 3380. 3260. 3160 (NH), 1635 crn-l(C0). 'H Nmr 

(CDC13) 6 : 2.95 (1H. dd. J=7.0. 4.0 Hz, C5-H) 3.71 (1H. dd, J=11.0. 9.0 

Hz. C5-H) 4.34 IlH, dd. 5.8.5, 4.0 Hz, C4-HI. 4.68 (2H. hr s, NH2) 6.62 

(2H, br s ,  NH2) 7.32 (5H. s .  aromatic HI. 

2-Benzamido-4.5-dibydro-3-thiopheneearboxamides (5a-el. Benzoyl chloride 

(1.69 g, 12 mmol) wasadded to an ice-cooled solution of 7a. 7b or 7c (10 

mmoll in pyridine (10 mll. The reaction mixture was stirred at 40-50°C for 

1 h and poured into ice water. The precipitate was collected, washed with 
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water, dried and recrystallized from the solvent listed in Table 3. Yields 

were 81% (Sa). 87% (Sb). and 87% (5~). respectively. 
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