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SOME T R A N S F O R M A T I O N S  OF 

N-(2 ,3-EPOXYPROPYL)-  1 ,8 -NAPHTHOSULTAM 

A. A. Stanishauskaite' and V. A. Paulauskas-" 

A method ~/" synthesis has been devehqwd fro N-(2,3-epo_~ypr~qyyl)-l.8-naphthosnltam and some 
transformations qf this compnund n'ere studied. 
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Epoxypropyl derivatives of heterocyclic compounds such as 9H-carbazole and its halo derivatives, 
1 I H-benzol a ]carbazole, 7H-benzol c Icarbazole, 1.2,3,4-tetrahydro-9H-carbazole, 9H-phenothiazine, 2-chloro-9H- 
phenothiazine, and indole may be obtained by the action of I-chloro-2,3-epoxypropane (CEP) on heterocyclic 
compounds in the presence of alkali and dehydratin.g agents [I-4]. However, 1,8-naphthosultam does not react 
with CEP under conditions optimal for obtaining 9-(2,3-epoxypropyl)-9H-carbazole (in excess CEP in the 
presence of alkali in ratio 1:3. and dehydrating agents at 25-30~ A study of this reaction showed that the action 
of KOH on 1.8-naphthosultam at 20-40~ leads to the formation of potassium salt of 1,g-naphthosultam, which 
does not react with CEP under these conditions and alkylation occurs only upon reaching 60~ The reaction is 
completed in 2-2.5 h at 6(1~'C, but only in 20-30 rain at 115~ The product yield reaches 95-98c,~. The following 
conditions were developed for obtaining N-(2,3-epoxypropyl)-1,8-naphthosultam (I)  (see Scheme below I. 

The action of hydrogen chloride in methanol or hydrochloric acid in dioxane on the compound 1 leads to 
N-I3-chloropropyl-2-hydroxy)-1,g-naphthosultam (2). Then, compounds 1 and 2 were subjected to the action of 
sodium cyanide. Shaking a solution of compound ! in methanol with sodium cyanide at room temperature 
(method A) or heatin.g compound 2 with sodium cyanide in methanol at reflux (method B) gave 
N-I3-cyanopropyl-2-hydroxy I-1,8-naphthosultam (3). In the former case. the yield of product 3 is 85-88% though 
this reaction requires five days. In the latter case, the reaction time is reduced to 0.5-1.5 h but the yield is only 
76.3r Thus, the preparation of nitrile 3 from epoxy compound 1 is the most applicable. 

A detailed study of the reactions of nitrile 3 showed that heating this compound with POCI, at 90~ for 6 h 
and chromatographic separation of the reaction products gave N-(2-chloro-3-cyanopropyl)-1,8-naphthosultam (4) 
in about 30% yield and negligible amounts of N-(3-carbamoyl-2-chloropropyl)-l,8-naphthosultam (6). The 
fom3ation of the latter may be explained by saponification of chloronitrile 4 in the presence of hydrochloric acid to 
amide 6. The yield of compound 6 i~ enhanced upon further healing of the reaction mixture and reaches 20% after 
12 h, while the yield of chloronitrile 4 decreases to 6~.  Amide 6 was also isolated upon the action of POCI, on 
N-I3-carbamoylpropyl-2-hydroxy)-1,8-naphthosultam (5), obtained by the saponification of nitrile 3 by sodium 
hydroxide in methanol in the presence of hydrogen peroxide and also by the saponification of chloronitrile 4 using 
concentrated hydrochloric acid. 

Thin-layer chromatography indicated the formation of several products upon treating chloronitrile 4 with 
sodium hydroxide in methanol or with diethylamine in benzene. However, only one pure compound was isolated 
upon chromatographic separation of the reaction mixture. The structure of this compound was solved by IR, 
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TABLE 1, The Characteristics of  Compounds 1-7, 8a,b, and 9 
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' f l NMR. and UV spectroscopy. The analysis of the specml showed that a srnall amount of a mixture of isomeric 
nitriles characterized by an IR absorption band for the CN group at 2240 cm '. was present in addition to the major 
product, trans-N-(3-cyano-l-propenyl)-1.g-naphthosultam (71. Such an absorption is observed at conjugation 
between the CN-group and double bond that indicates the formation of cis- or tra.s-N-(3-cyano-2-propenyl)-1,8- 
naphthosultam. 

Hence. hydrogen atom from C., mainly participates in the splitting off hydrogen chloride from 
chloronitrile 4 and the participation of  hydrogen at C,,, is h>ignificant. 

Two compounds were isolated upon treating amide 6 with sodium hydroxide in methanol or with 
diethyknnine in benzene and chronmtographic separation of the reaction mixture. IR, 'H NMR. and 
UV-spectroscopic analysis indicated that these compounds were cis-N44-carbamoyl-l-propenyl)-1.g- 
naphthosuhanl (8a) and trans-N-(4-carbamoyl-l-propenyl)-l.8-naphthosultam (8b). These isomers have IR 
spectra with absorption bands at 344(), 32()0, 1695, 1679, and 14 I() cm'  (amide 8a) and at 3380. 322(), 1680, 163(), 
and 1406 cm'  (amide 8b). Several nonplanar delbmmtion vibration bands characteristic of the HC=CH bond are 
lound at 715 cm '  tbr 8a (cis form) and 940 cm'  tbr 8b ( t rans  Ibm1). The observed bathochromic shift and 
enhanced absorption intensity in the UV spectra of amides 8a and 8b relative to the spectrum of compound 6 
indicate the presence of a double bond in amides 8a and 8b, while the bathochromic shift with maximum at 500 
and 600 cm'  and enhanced intensity of the absorption band in the spectrum of trans-isomer 8b indicate more 
cornplete conjugation in the molecule of 8h in comparison with that of c/s-isomer 8a. The 'H NMR spectrum of 
amide 8b shows that the coupling constant of the vinyl protons is 16 Hz, which also indicates their tratts  

arrangement. The signals of the vinyl protons (N-CH=CH) in the 'H NMR spectrum of t rans-ni t r i le  7 and amides 

8a and 8b are located in the region above 6.0 ppm. 
Amide 8b was obtained at the saponification of nitrile 7 using sodium hydroxide m the presence of 

hydrogen peroxide as well as at the saponification of  chloronitrile 4 also using sodiunl hydroxide in the presence 
of hydrogen peroxide. In the latter case, hydrogen chloride is eliminated from chloronitrile 4 and then the resultant 

nitrile 7 is saponified to give amide gb. 
Heating ch[oronitrile 4 and chloramide 6 with concentrated hydrochloric acid at reflux gave 

N-(3-carboxypropyl-2-chloro)-l,g-naphthosultam (9), which is also lbrmed upon heating unsaturated compounds 
7, 8a, and 8b with hydrochloric acid at reflux. In this case, hydrogen chloride is initially added to the double bond 

and the resultant chloro derivatives are saponified to give acid 9. 
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TABLE 2. Spectral Characteristics of  Compounds 1-7.8a,b,  and 9 
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E X P E R I M E N T A L  

The IR spectra were recorded on an UR-20 spectrophotometer using potassium bromide pellets. The 
'H N M R spectra were taken on a Tesla BS--487C spectrometer at 80 MHz using tetramethylsilane as the standard. 
The UV spectra were obtained on a Specord UV-VIS spectrophotometer for ethanolic solutions (c = 1.2.10 ' M). 
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The reaction course and purity of the products were monitored by thin-layer chromatography on Silufol plates. 
The characteristics of the synthesized products are given in Table 1. The IR, 'H NMR, and UV spectral data are 
given in Table 2. 

N-(2,3-Epoxypropyl)- l ,8-naphthosultam (1). A. Mixture of 1,8-naphthosultam (20.5 g, 0.1 tool), 
powdered potassium hydroxide (6.2 g, 0.11 m o l l  and CEP (92.5 g, 1 tool) was stirred vigorously at room 
temperature tot 2.5 h. Then, temperature was elevated to 60~ and the mixture was heated and stirred for 2 h, and 
filtered. The inorganic residue was washed two or three times with CEP. Excess CEP was evaporated off and the 
remaining crystalline precipitate was recrystallized front ethanol. 

B. Mixture of 1,8-naphthosultam (20.5 g, 0.1 tool), powdered potassium hydroxide (6.2 g, 0. I1 tool), and 
CEP (92.5 g, I tool) was stirred vigorously at 40~ for 1.5 h. The reaction was then t a m e d  out and product 
isolated as in method A. The yield of compound 1 was 25.5 g (98%). 

C. Mixture of 1,8-naphthosultam (20.5 g, 0.1 tool), powdered potassium hydroxide (6.2 g, 0.11 tool), and 
CEP (92.5 g, I tool) was stirred vigorously at 90~ for 2.5 h. The temperature was then raised to 110-115~ The 
reaction was completed in 30 rain. The product was separated front the reaction mass by treatment with water. The 
yield of naphthosultam 1 was 25. I g (96.2%). 

N-(3-Chloropropyl -2-hydroxy)- l ,8-naphthosul tam (2). A. Sample of compound 1 (13.1 g, 0.05 mol) 
was dissolved in methanol and hydrogen chloride was introduced into the solution under cooling. At the end of the 
reaction, methanol was distilled oft'. The residue was treated with ethanol and cooled to 0~ The I"ormed 
crystalline precipitate was filtered of f  and washed with ethanol. 

B. Mixture of compound 1 (2.6 g, 0.01 tool) and concentrated hydrochloric acid (d = 1.19) (3 ml) in 
dioxane (30 ml) was heated at reflux for 0.5 h. The product was then separated as described above to give 1.9 g 
(649/) of compound 2. A mixed probe with a sample of compound 2 obtained according to method A did not give 
melting point depression. 

N-(3-Cyanopropyl -2-hydroxy)- l ,8-naphthosul tam (3). A. Mixture of compound I (10.5 g, 0.04 tool) 
was dissolved in methanol (240 ml), sodium cyanide (2.16 g, 0.044 tool) was added, and the mixture was stirred 
vigorously at 2()-25~ for 120 h. Methanol was distilled off. The residue was extracted with chlorol'orm and then 
washed with water to neutral reaction. Chloroform was distilled oft'. The crystalline precipitate was filtered and 
washed with ethanol. 

B. Mixture of compound 2 (3.0 g, 0.01 mol) and sodium cyanide (0.54 g, 0.011 tool) in meth;mol (70 ml) was 
heated at reflux for I h. Methanol was removed and the residue was treated as in the above procedure to give 2.2 g (76%).  
of" compound ,3. A mixed probe with a sample of 3 obtained using method A did not give melting point depression. 

N-(2-Chloro-,3-cyanopropyl)- l ,8-naphthosultam (4). Mixture of compound 3 (28.8 g, 0.1 tool) and 
POCI, (46. I g. 0.3 tool) was heated at 90~ for 6 h. The reaction mixture was poured onto ice. The resultant oily 
residue was subjected to chromatography on a colunm packed with L40/100 silica gel using 1:2 hexane-ether as 
the eluent. The precipitate was crystallized front ethanol. 

N-(3-Carbamoylpropyl-2-hydroxy)- l ,8-naphthosul lam (5). Mixture of compound ,3 (2.9 g, 0.01 mol), 
methanol (60 ml), powdered NaOH (0.44 g, 0.01 l tool), and 25c~ H,O: ( l0 ml) was stirred vigorously at room 
temperature for seven days. The reaction mixture was then cooled to -3~ The formed crystalline precipitate was 
filtered off and recrystallized front ethanol. 

N-(3-Carbamoyl-2-chloropropyl)-l ,8-naphthosultam (6). A. Mixture of compound 4 (3.1 g, 0.01 tool) 
and concentrated hydrochloric acid (d = 1.19) (40 ml) was heated at 80~ for 4 h. The product was separated by 
chromatography using 2:3 acetone-hexane as the eluent. The precipitate was crystallized from ethanol. 

B. Mixture of compound 3 (14.4 g, 0.05 mol) and POCI, (23.0 g, 0.15 mol) was heated at 90~ ['or 12 h. 
The reaction mixture was poured onto ice. The product was purified by chromatography using 1:4 hexane-ether as 
the eluent to give 3.5 g (2%) of compound 6 and 1.0 g (6~)  of compound 4. Mixed probes of 4 and 6 with samples 
obtained as described above did not give melting point depression. 

C, Mixture of compound 5 (3.1 g, 0.01 mol) and POCI, (7.7 g, 0.05 tool) was heated at 90~ for 5 h. The 
reaction mixture was cooled and poured onto ice, The product was purified by chromatography as described above 
to give 0.7 g (22%) of compound 6. A probe mixed with a sample of 6 obtained by method A did not give melting 
point depression. 
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trans-N-(3-Cyano-l-propenyl)- l ,8-naphthosultam (7). A. Mixture of compound 4 (3.1 g, 0.01 mol) and 
diethylamine (1.5 g, 0.02 tool) in benzene (60 ml) was heated at reflux for I h. The solution was cooled and 
diethylamine hydrochloride was filtered off, The solvent was removed to give an oil, which was subjected to 
chromatography using 1:3 hexane-ether as the eluent. The product was crystallized from ethanol. 

B. Mixture of  compound 4 (3.1 g, 0.01 tool) and powdered NaOH (0.4 g, 0.01 tool) in methanol (50 ml) 
was stirred vigorously at 40~ The product was separated as described above to give 1.7 g (63%) of  compound 7. 
A mixed probe with a sample of compound 7 obtained by method A did not give melting point depression. 

cis-N.(3.Carbamoyl-l-propenyl)-l,8-naphthosultam (8a) and trans-N-(3-Carbamoyl-l-propenyl)- 
1,8-naphlhosultam (8b), A. Mixture of compound 6 (6.5 g, 0.02 tool) and diethylamine (3.0 g, 0.04 tool) in 
benzene (300 ml) was heated at reflux for 1.5 h. The solution was cooled and the precipitated diethylamine 
hydrochloride was filtered off. The solvent was removed and the oily product was subjected to chromatography 
with 3:2 hexane-acetone as the eluent. At first the product 8a was isolated, then product 8b. The product.,, were 
crystallized from ethanol. 

B. Mixture of  compound 6 (3.3 g, 0.01 mol) and powdered NaOH (0.4 =,,, 0.01 mol) in methanol (70 ml) 
was stirred at 40~ 30 min. Products 8a and 8b were isolated as described above. The yield of  8a was 0.5 ,, 
(17%) and the yield of 8b was 0.9 g (31%). 

C. Mixture of compound 4 (9.2 g, 0.03 tool), methanol ( 150 nail powdered NaOH ( 1.3 g, 0.033 mol), and 
25%. H,O, (20 ml) was stirred vigorously for 10 days at room temperature. Methanol was removed and the oily 
product was subjected to chromatography as described above to ~ive 2.1 =,, (24%) of compound 8b. 

D. Mixture of compound 7 (I,35 ~,,, 0.005 tool), methanol (30 nd), powdered NaOH (0.22 =,,, 5.5 tool), and 
25e,~ H:O: (3 ml) was stirred intensely at room temperature lot  8 days. Methanol was distilled off. The obtained 
oily residue was chromatographed as described above to give 0.8 ~,, (56%) of compound 8b. 

Samples of 8b obtained by methods C and D, and mixed with a sample of 8b obtained by method A did 
not give melting point depression. 

N-(3-Carboxypropyl-2-chloroJ- l ,8-naphthosul tam (9). A. Mixture of compound 4 (1.5 =,,, 0.005 tool) 
and concentrated hydrochloric acid (d = 1.19) (30 ml) was heated at reflux for 8 h. After cooling, the oily product 
was subjected to chromatography using 1:1 hexane-acetone as the eluent. The precipitate was crystallized from 
4:1 ethanol-water. 

B, Mixture of compound 6 ( 1.6 g, 0.005 tool) and concentrated hydrochloric acid (30 hal) was heated at 
reflux for 6.5 h to give 0.8 g (49%) of compound 9. 

C. Mixture of  compound 7 (I.35 g, 0.005 tool) and concentrated hydrochloric acid (30 nal) was heated at 
reflux for 9 h to eive 0.45 ,, (28%) of compound 9. 

D. Mixture of compound 8a (0.6 g, 0.002 mol) and concentrated hydrochloric acid (15 ml) was heated at 
reflux for 8 h to give 0.3 g (46c/c) of compound 9. 

E. Mixture of compound 8b (0.6 g, 0.002 tool) and concentrated hydrochloric acid (15 nal) was heated at 
reflux tor 8 h to give 0.25 g (38c~) of compound 9. 

The product was isolated in methods B-E as in method A. Samples of 9 obtained by methods B-E mixed 
with a sample obtained by method A did not give melting point depression. 
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