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The Synthesis and Oxidation of N-Hydroxy-derivatives of the @-Adreno- 
ceptor Antagonists Bufuralol and Toliprolol 
By Steven Jordan, Roger E. Markwell,” and Barbara S. Woolcott, Department of Chemistry, Roche Products 

Limited, Welwyn Garden City, Hertforclshire AL7 3AY 

The m-tolyloxy-epoxide (5) reacts with N-isopropylhydroxylamine to give the hydroxylamine (7). Similarly, the 
benzofuran epoxide (27 ) reacts with N-t-butylhydroxylamine to give the hydroxylamine (1 3). These N-hydroxy- 
derivatives of the P-adrenoceptor antagonists toliprolol (6) and bufuralol (1 2) are possible metabolites involved in 
the in vivo degradation of the P-hydroxylamine side-chains of these compounds. The hydroxyiarnines (7) and (1 3). 
although stable in the form of their hydrochloride salts, undergo oxidation in solution. The hydroxylamine (7) is 
readily oxidised to the nitrone ( 8 ) ,  whereas the hydroxylarnine (1 3) gives a mixture of t-butylammonium salts of the 
acids (16) and (22). The synthesis of the oximes (29). (32), and (33) is also described. 

THE metabolism of many P-adrenoceptor antagonists has 
been extensively studied in animals and man.l One of 
the common features in the metabolism of almost all 
p-adrenoceptor antagonists is oxidative degradation of 
the p-hydroxy-amine side-chain. Compounds with 
general structure (1) often undergo oxidative degradation 
leading to the formation of metabolites (2)-(4).l 
Bufuralol (12) undergoes metabolic degradation of the 
p-hydroxy-amine side-chain to give the a-hydroxy-acid 
(15) 

In view of the hypothesis that the diverse activities of 
the p-adrenoceptor antagonists may be related to the 
formation of active  metabolite^,^ and the extensive 
evidence of metabolic N-hydroxylation of various 
aliphatic amines such as am~hetarnine,~ N-met hyl- 
amphetamine,6 and chlorproma~ine,~ we decided to 
attempt to synthesise N-hydroxy-derivatives of the P- 
adrenoceptor antagonists bufuralol (12) ,2*3 and toliprolol 
(6),s a compound which is known to undergo extensive 
metabolism by microsomal liver enzymes in vivo and in 
v i t r ~ . ~  These derivatives may be intermediates in the 
metabolic degradation of the p-hydroxy-amine side- 
chains. 

The m-tolyloxy-epoxide (5) ,lo prepared from m-cresol 
and epichlorohydrin,ll reacted smoothly with N -  
isopropylhydroxylamine l2 at  room temperature to give 
the hydroxylamine (7) (61%) as a fairly unstable oil. 
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Immediate treatment of the product with ethanolic 
hydrogen chloride gave the stable crystalline hydro- 
chloride salt. The structure of the product was con- 
firmed by the n.m.r. spectrum which showed the protons 
in close proximity to the N*OH group to be deshielded by 
0.06-0.27 p.p.m. compared with the equivalent protons 
in toliprolol (6), and by the mass spectrum which showed 
the base peak at  m / e  88, corresponding to fission a t  
(a) (see Scheme 1) .  The base peak in the mass spec- 
trum of toliprolol was shown to be at  mie 72 .  

The 5-bro1no-7-ethyl-benzofuran (26) l3 was hydrogen- 
ated to give the 7-ethyl-benzofuran (18). This reacted 
smoothly with sulphuryl chloride l4 to give the chloro- 
acetyl-derivative (19>, which after reduction with sodium 
borohydride followed by treatment with potassium 
hydroxide gave the unstable epoxide (21). This 
epoxide reacted smoothly with N-t-butylhydroxyl- 
amine l 5  to give the hydroxylamine (13) which was 
isolated as its stable crystalline hydrochloride salt after 
treatment with ethanolic hydrbgen chloride. The 5- 
bromo-analogue (14) was similarly prepared from the 
5-bronio-7-ethyl-benzofuran epoxide (27) l3 and t-butyl- 
hydroxylamine. The structures of the hydroxylamines 
(13) and (14) were confirmed by their m a s  spectra which 
showed strong ions at  m/e 102 corresponding to fission 
at  (a) (see Scheme 2). 

In view of the interest in the pathways involved in the 
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chemical oxidation of hydroxylamines,6 the nature of the 
products obtained when the hydroxylamines (7) and (13) 
were set aside in solution at room temperature was 
determined. The hydroxylamine (7) was found to be 

0 
/\ OH 

I 0 * CHz.CH-CHz ArO-CI-$*CHR (1) R = CH2.NHPri 
(2) R= COzH 
(3) R = CHz*OH 
(4) R = CHZ. NHZ (5) 

OH 
I (6) R =CHz-NHPri 

o.CH.?*CHR (7) R = CH,N(OH)Pri 
(8) R = CH=N(O) Pr' 

(10) R = CHz*OH 
bMe (9) R=CHO 

OH 

s 
OH 

(12) R'= H, R ~ =  N H B ~  
(13) R' = H, Rz = N(OH)BU' 

(15) R = CH(OH)CO,H 
(16) R = COZH 

(18) R = COMe 
(19) R = CO*CH2Cl 
(20) R =  CH(OH)CH,CI 
(21) R = -0 

(23) R = CO*C02'*NH Bu' 
(24) R = CO-CHO 
(25) R = CO*CN 

(14) R~ = w, R~ = N(OH)BU' (17) R = c0,- * N H ~ B ~  

(22) R = CO.COzH 

fairly stable in acid solution, but a t  neutral and alkaline 
pH, oxidation occurred to give the nitrone (8) as the 
major product. This same nitrone was produced, and 

OH OH 

SCHEME 1 

in improved yield, by oxidation with mercuric oxide.16 
Acid hydrolysis of the nitrone (8) gave an insoluble 
product, which was initially assigned the hydroxy- 
aldehyde structure (9) on the basis of its (E.I.) mass 
spectrum ( M +  180). The product, however, showed no 

l6 W. D. Emmons, J. Amer. Chem. SOC., 1957, 79, 5739. 
l8 J .  Hamer and A. Macaluso, Chem. Rev., 1964,64,473. 

carbonyl absorption in its i.r. spectrum. Field desorp- 
tion mass spectrometry, which often records the mole- 
cular ion when other mass spectrometric techniques do 
not ,17 showed M +  360. We therefore tentatively assign 
the dimeric hemiacetal structure (11) to the nitrone 
hydrolysis product. In support of this structure, 

(26) R = Ac 
B r a J R  (27) R = 

Et 

OH 0 
II 

RC /" 
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RCH-CH = N (0)Bu' 
\,C=N 
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(32) (33) 

R = 7-ethylbenzofuran-2- yl 

reduction with sodium borohydride gave the diol (10) ,18 

which was also prepared by hydrolysis of the epoxide (5). 
The hydroxylamine (13) slowly decomposed on storage 

at  room temperature, and more rapidly in ether solution, 
to afford a mixture of the t-butylammonium salts of the 
2-oxalobenzofuran (22) and the benzofuran-2-carboxylic 
acid (16). On one occasion a small quantity of the t- 
butylammonium salt of the benzofuran-2-ylglyoxylic 

OH 

Et 

SCHEME 2 

acid (22) was obtained pure. When the mixture of t- 
butylammonium salts (17) and (23) was neutralised, and 
the resulting mixture of free acids recrystallised, a pure 
sample of the benzofuran-2-carboxylic acid ( 16) was 
isolated. Treatment of the carboxylic acid (16) with t- 
butylamine gave a pure sample of the t-butylammonium 
salt (17). 

NN-Disubstituted hydroxylamines are known to 
undergo ready oxidation to give nitrones and oximes as 

l7 H. D. Beckey and H. R. Schulten, Angew. Chenz. Internat. 
Edn., 1975, 14, 403. 

18 K. Thomae, Fr. P. 1,445,01311966. 
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primary  product^.^^^^^^* The mixture of t-butylammo- 
nium salts of the acids (16) and (22) is, however, unlikely 
to be formed via the intermediacy of a nitrone [e.g. (28)] 
or an oxime [e.g. (29), (32), or (33)3 since none of these 
intermediates would liberate t-butylamine on hydroly- 
sis.16 We suggest that the mixture of acids (16) and (22) 
may be formed as shown in Scheme 3. 

Oxidation of the ' benzylic-like ' hydroxy-group would 
give the p-oxo-hydroxylamine (34) which could undergo 
dehydration to give the imine (35), a reaction for which 
there is precedent .21 Hydrolysis to the glyoxaldehyde 
(24), followed by oxidation would give the benzo- 
furan-2-ylglyoxylic acid (22) which may undergo decar- 
bonylation to give the benzofuran-2-carboxylic acid (16). 

0 
II - I I  

RC-CHO -f- H,NBut R C  * CH= NBu' 

(24) (35) 

)Ol 
0 
II _I_) RCOZH 

RC- C 4 H  

(22) (16) 

R = 7-ethylbenzofuran-2-yi 
SCHEME 3 

In  support of this mechanism a small quantity of the 
glyoxaldehyde (24) was isolated from the reaction 
mixture and identified by comparison with an authentic 
sample prepared by selenium dioxide oxidation 22 of the 
2-acetylbenzofuran (18). When the glyoxaldehyde (24) 
was set aside in ether in the presence of t-butylamine, 
slow oxidation occurred and the mixture of t-butyl- 
ammonium salts of the acids (16) and (22) was isolated. 
Oxidation of the aldehyde (24) with Jones reagent 
gave the benzofuran-2-carboxylic acid (16) as the 
only isolated product, indicating that benzofuran-2- 
glyoxylic acid readily undergoes decarbonylation under 
oxidising conditions. 

It was of interest to establish whether oximes such as 
(29), (32), or (33) were products of oxidation of the 
hydroxylamine (13). The glyoxaldehyde (24), on treat- 
ment with hydroxylamine yielded the (2)-oxime (29) as 
the only product. The oxime product, which was shown 
to be a single isomer from the n.m.r. spectrum,23 was 
assigned the (2)-stereochemistry on the basis of its i.r. 
spectrum which showed hydrogen bonding 24 between 

1% R. T. Coutts, G. W. Dawson, and A. H. Beckett, J .  Pharm.  
Pharmac., 1976, 28, 815. 

2o R. T. Coutts, and S. H. Kovach, Biochem. Pharmacol., 1977, 
26, 1043. 

21 D. St. C. Black and A. B. Boscacci, Austral. J .  Chem., 1976, 
29, 2511. 

the oxo-group and the hydroxy-group of the oxime 
(vmx, 3 200 and 1630 cm-l) [see structure (30)l. The 
stereochemistry of the oxime was confirmed by the 
following reactions. Although it was stable when heated 
in glacial acetic acid, treatment with acetic anhydride a t  
100 "C gave the unstable a-oxo-nitrile (25) ( v ~ , ~ ~ .  2 230 
and 1665 cm-l) presumably via the (2)-acetoxy-oxime 
(31). Treatment of the cc-oxo-nitrile (25) with sodium 
carbonate gave the benzofuran-2-carboxylic acid (16). 
The corresponding (E)-isomer would not be expected to  
undergo elimination to give the nitrile (25). 

Reduction of the (2)-oxime (29) with sodium boro- 
hydride gave a mixture of (E)- and (2)-oximes (32) and 
(33) as shown by the n.m.r. spectrum which showed two 
sets of signals for the -CH=N*OH and -CH*OH protons. 
The formyl proton of a (2)-aldoxime usually appears 
a t  lower field in the n.m.r. spectrum than the equivalent 
proton of an (E)-aldoxime 23 and so the proportions of 
(2)- and (E)-oximes in the mixture could be tentatively 
assigned (see Experimental section). Oxime isomers are 
often interconvertible and this isomerisation is catalysed 
by both acids and bases.24 It is probable, therefore, that 
isomerisation occurs during the basic conditions of the 
sodium borohydride reduction. 

When the hydroxylamine (13) was allowed to decom- 
pose in ether solution, analysis by t.1.c. showed negligible 
quantities of the oximes (29), (32), and (33) in the solu- 
tion. 

Preliminary biological results 25 suggest that the 
hydroxylamines (7) and (13), the nitrone (8), and the 
oximes (29), (32), and (33) possess none of the biological 
activities normally associated with p-adrenoceptor 
antagonists. 

EXPERIMENTAL 

Details of chromatographic materials and conditions for 
determination of physical data, etc., are reported in ref. 26. 
Field desorption (F.D.) mass spectra were run on a Varian- 
MAT CH5 mass spectrometer. Light petroleum had b.p. 

Reaction of 1,2-Efioxy-3-(1n-toZyloxy)~~ofiane (5) with 
N-rsofiro~yZl~ydroxylanzine.-The epoxide (5) (900 mg) in 
isopropyl alcohol ( 10 ml) was treated with N-isopropyl- 
hydroxylamine (450 mg) a t  room temperature for 72 h. 
The solvent was evaporated off in vamo  and the residue, in 
chloroform (40 ml), was extracted with 2~-hydrochloric 
acid (4 x 50 ml). The acidic fraction was neutralised with 
2~-sodium carbonate and extracted with chloroform (4 x 50 
ml). The chloroform fraction was washed with water, 
dried, and evaporated to dryness in T J ~ C U O  to give l-(hydro- 
xyisopropylaniino)-3-(rn-tolyloxy)propan-2-01 (7) (805 nig) 
as an unstable oil; i t  was homogeneous by t.1.c. jmethanol- 
benzene (1 : !I)] (Found: Mt 239. C,,H,,NO, requires M ,  
239), v, , ,~~ .  (film) 3 400 cm-l; 6 1.13 (6 H, d, J 6 Hz, CH*Me,), 
2.32 (3  H, s, Ar-Me), 2.03 (2 H,  ni, CH,-N), 3.0 ( 1  H, m, 
CH-Me,), 4.0 (2 H, m, 0-CH,), 4.30 (1 H,  ni, CH*OH), 5.35 

22 G. Cavallini, J .  Mfdic in .  Chem., 1964, 7, 255. 
23 C. G. McCarty in The Chemistry of thc Carbon-Nitrogen 

Double Bond,' ed. S. Patai, Intersciencc, London, 1970, p. 386. 
24 L. G .  Donaruma and W. 2. Heldt, Org. Reactions, 1960,11, 1. 
25 T. C. Hamilton, and I.  L. Natoff, personal communication. 
26 S .  Jordan and R. E. Markwell, J.C.S. Perkin I, 1978, 419. 
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(2 H, bs, OH), and 6.75-7.1 (4 H, ni, aromatic H ) ;  mle 
239 (8%), 224 (3), 195 (lo), 131 (lo), 116 (15), 108 (lo), 
91 (15), 88 ( lOO) ,  and 46 (60). 

A portion of the oily product in ethanol was treated with 
ethanolic hydrogen chloride and evaporated to dryness in 
vacuo. Crystallisation from ethanol-ether gave 1- (hydroxy- 
iso~ropylamino)-3-(m-tolyloxy)~,ropan-2-01 hydrochloride (7) , 
m.p. 93-95.5 "C (Found: C, 56.5; HI 8.15; C1, 12.85; N, 
5.05. C,,H2,N0,*HC1 requires C, 56.65; H, 8.05; C1, 
12.85; N, 5.05%). 

1-( Isopropylamino)-3-(rn-tolyloxy)~ro~an-2-01 (6) .-The 
free base, m.p. 80-81 "C, (MI2' 79 "C) had 6 1.07 (6 HI d, 
J 6 Hz, CH-Me,), 2.30 (3 H, s, &*Me), 2.80 (3 HI m, CH,= 
NHCH),  3.94 (2 HI m, O*CH,), 4.02 (1 H, m, CH*OH), and 
6.7-7.3 (4 HI m, aromatic H); mle 223 (3%), 208 (3), 
179 (S), and 72 (100). 

EfjCect of pH on the Oxidation of l-(Hydroxyisopropyl- 
amino)-3-(m-tolyloxy)~ropan-2-ol (7) .-Solutions of the 
hydroxylamine (7) (40 mg) in methanol (2 ml) and water 
(1 ml), adjusted to the following pH (i) 1, (ii) 4, (iii) 7, and 
(iv) 9 with 2M-hydrochloric acid or 2~-sodium carbonate, 
were set aside at room temperature for 7 days. Analysis 
by t.1.c. [methanol-benzene (1 : 9)] showed the following 
amount (&  10%) of hydroxylamine (7) remaining, (i) goyo, 
(ii) 90%, (iii) 70%, (iv) 10%. 

Oxidation of 1- (Hydroxyiso~ropylanino) -3- (m-tolyloxy ) - 
propan-2-01 (7) in Solution at pH 9.-A solution of the 
hydroxylamine (7) (150 mg) in methanol (10 ml) and water 
(5 ml) was treated with 2~-sodium carbonate until the pH 
of the solution was ca. 9, and was then set aside at room 
temperature for 7 days. The methanol was evaporated off 
in vacuo and the residue was extracted with chloroform. 
The recovered product (130 mg) crystallised from chloro- 
form-hexane to  give l-(iso~ropylamino)-3-(m-tolyloxy)- 
propan-2-ol N-oxide (8) (85 mg), m.p. 105-106 "C (Found: 
C, 65.8; H,  8.3; N, 5.95. C,,H,,NO,requiresC, 65.8; H, 
8.05; N, 5.9%)' v,,, 3 140, 1615, and 1590 cm-'; 6 1.42 
(6 H, d, J 6 Hz, CH*Me,), 2.34 (3 H, s, Ar*Me), 4.08 (1 HI 
m, CH-Me,), 4.20 (2 H, d, J 5 Hz, O*CH,), 4.96 (1 HI m, 
CH-OH), 5.68 (1 H, bs, OH), and 6.7-7.3 (5 H, m, Ar H and 
CH=N); m/e 237 (2%), 219 (6), 208 (14), 193 (46), 163 (SO), 
133 (36), 130 (44), 121 (64), 116 (36), 108 (50), 100 (as), 
91 (85), 88 ( S O ) ,  74 (loo), and 43 (85). 

Oxidation of 1 - (Hydroxyisopropylamino) -3-(ni-tolyloxy)- 
propan-2-01 (7) with Mercuric Oxide.-The hydroxylamine 
(7) (400 mg) in methanol (10 ml) and water (10 ml) was 
treated with yellow mercuric oxide (728 mg) at room 
temperature for 30 min. The reaction mixture was filtered 
and the filtrate was diluted with water and extracted with 
chloroform. The recovered product crystallised from 
chloroform-hexane to  give the N-oxide (8) (198 mg), 
identical (m.p. and i.r., n.m.r., and mass spectra) with the 
sample prepared above. 

Hydrolysis of 1-( Isopro~ylamino)-3-(rn-toZyloxy)~ro~a~zz-2- 
01 N-oxide (8).-The N-oxide (8) (300 mg) was shaken with 
BM-hydrochloric acid (10 ml) until the solid had dissolved 
(5 min), and was then set aside at room temperature for 3 h. 
The resulting precipitate was collected, washed with water, 
and dried to give 3,6-bis-(m-tolyloxymethyl)-1,4-dioxan-2,5- 
diol (11) (218 mg), m.p. 163-166 OC (Found.: C, 66.4; 
H, 6.75. C2,,H2406 requires C ,  66.65; H, 6.7%), v,,,. 3 440 
crn-l; 6 [(CD,),SO] 2.30 (6 H, s, Ar-Me), 3.4 (2 H, s, OH), 

A. F. Crowther, D. J. Gilman, €3. J. McLoughlin, L. H. 
Smith, R. W. Turner, and T. M. Wood, J .  Medicin. Ckem., 1969, 
12, 638. 

4.2 (6 H, m, 0-CH,*CH(), 4.85 [2 H, m, O-CH(OH)], and 
6.65-7.5 (8 HI m, Ar H ) ;  m/e (E.I.), 180 (50%),  121 (85), 
108 (85), and 91 (100); (F.D.), 361 (25%), 360 (loo), 
180 (28), and 58 (33). 

Hydrolysis of 1,2-Epoxy-3-(m-toZytoxy)pro~ane (5) .-The 
epoxide (5)  (12 g) in methanol (50 ml), water (100 ml), and 
toluene-4-sulphonic acid (250 mg) were heated under reflux 
for 5 h. The methanol was evaporated off in vacuo and the 
residue was extracted with chloroform. The recovered 
product was chromatographed on silica gel (150 g) . Elution 
with chloroform-hexane ( 1 : 1) gave 3- (m-toly1oxy)propane- 
l,%-diol (10) (7.2 g), m.p. 71.5-73 "C (lit.,l* 65-67 "C), 
vmx. 3 300 cm-l; 6 2.30 (3 H, s, Ar-Me), 2.8 (2 H, bs, OH), 
3.8-4.2 [5 HI m, O.CH,*CH(OH)*CH,(OH)], and 6.6-7.4 
(4 H, m, Ar H ) ;  m/e 182 (20%), 108 (loo), and 91 (24). 

Reduction of 3,6-Bis-(m-tolyloxywthyE)- 1,4-dioxan-2,5- 
diol (11) with Sodium Borohydride.-A suspension of the 
diol (11) (36 mg) in methanol (2 ml) was treated with 
sodium borohydride (12 mg) at room temperature for 1 h, 
water was added and the solution was extracted with 
chloroform. The recovered product crystallised from 
chloroform-hexane to  give 3-(m-tolyloxy)propane- I, 2-diol 
(10) (21 mg), m.p. 67-69 "C, identical (i.r. and mass 
spectra) with the sample prepared above. 

Hydrogenation of 5-Bromo-7-ethylbenzofuran-2-yl Meth-y1 
Ketone (26).-The 5-bromobenzofuran (26) (10 g) in ethanol 
(300 ml) and triethylamine (4.6 g) was hydrogenated over 
5% palladium-carbon (2 g) until uptake of hydrogen 
ceased. The solution was filtered, evaporated to dryness, 
and recrystallised from light petroleum to give ?-ethyl- 
benzofuran-2-yl methyl ketone (18) (6.4 g), m.p. 58-60 "C 
(Found: C, 76.5; HI 6.65. C,,H,,O, requires C, 76.6; H I  
6.4%), vmax. 1682 cm-l; 6 1.34 (3 HI t, J 8 Hz, CH,*Me), 
2.60 (3 H, s, CO-Me), 3.0 (2 HI q, J 8 Hz, CH,*Me), and 7.2-- 
7.6 (4 HI  m, Ar H) ;  m/e 188 (52%), 173 ( IOO) ,  131 (8), 
117 (S), and 115 (10). 

Reaction of 7-Ethylbenzofuran-2-yl Methyl Ketone ( 18) 
with Sulphuryl Chloride.-The benzofuran (18) (7.5 g) in 
chloroform (250 ml) was treated with sulphuryl chloride 
(7 g) at room temperature for 30 min. The solution was 
washed with 2~-sodium carbonate solution and water, and 
dried. The recovered product crystallised from ethanol to 
give chloromethyl 7-ethylbenzofuran-2-yl ketone (1 9) (7.8 g ) ,  
m.p. 91-92 "C (Found: 6, 64.85; H, 5.3; C1, 15.75. 
C12HllC102 requires C, 64.75; HI 5.0; C1, 15.95%), 6 1.34 
(3 H, t, J 8 Hz, CH,*Me), 2.98 (2  H, q, J 8 Hz, CN,*Me), 4.70 
(2 HI s, CO.CH,*CI), and 7.2-7.65 (4 H,  m, Ar H); vn/e 
224 (9%), 222 (20), 188 (6), 173 (loo), 117 (12), and 115 (14). 

Preparation of 2-Epoxyethyl-7-ethylbenzofuran (21) .-The 
chloromethyl ketone (19) (8.6 g) in methanol (70 ml) was 
treated with sodium borohydride (600 mg) at 10 "C for 1.5 
h.  The solution was diluted with water (60 ml) and the pH 
was adjusted to  ca. 6 with 2~-sodium carbonate solution. 
Water (40 ml) was added and the solution was extracted 
with chloraform. The chloroform fraction was washed 
with water, dried, and evaporated to dryness in vacuo to  
give 2-( 2-chloro- l-hydroxyethy1)-7-ethylbenzofuran (20) 
(7.9 g) as an oil (9 g) [Found: M+ 224, 226. C,,HI,C102 
requires 1I.f 224, ( M  + 2) 2261, 6 1.35 (3 H, t, J 8 Hz, 
CII,*Me), 2.95 (2 HI q, J 8 Hz, CH,*Me), 3.90 (2 H, m, 

and 7.1-7.5 (3 H,  m, Ar H); m/e 226 (6%), 224 (15), 
175 (lOO), and 91 (14). 

The chlorohydrin (20) (9 g) in dioxan (25 mlf was treated 
with a solution of potassium hydroxide (2.25 g)  in water 

CH,*Cl), 5.05 (1 H, q, J 6 Hz, CH*OH), 6.70 (1 H,  S, 3-H), 
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(75 nil) and the resulting solution was heated a t  50 "C for 
1.5 h. The reaction mixture was cooled and extracted 14 ith 
hexane. The hexane solution was washed with water, 
dried, and evaporated to  dryness in vacuo to give the un- 
stable 2-eposyethyl-7-ethylbenzofuran (21) (7.5 g) as an oil, 
which was used immediately for further reaction. T.1.c. 
[methanol-benzene (1 : 9)] showed the eposide (21) (RF 
0.9) as a faster running spot than the chlorohydrin (20) 

Reaction of 2-E~oxyetJ~yl-7-ethylbenzofurnn (21) witla Pu'-t- 
Butylhydroxyla~nine.-Tlie epoxide (2 1) (2  g) in isopropyl 
alcohol (40 ml) was treated with N-t-butylhydroxylamine 
(2 g) at room temperature for 72 h. The solution was 
evaporated to dryness in vacuo and the residue was dissolved 
in ethyl acetate (100 ml), washed with water (3 x 40 ml), 
and dried. The recovered product was treated with an 
excess of ethanolic hydrogen chloride, evaporated to 
dryness in vacuo, and recrystallised from ethanol-ether to 
give 7-ethylbenzo fumn- 2-yl (hydroxy-t-buty1alnino)methanol 
(13) lzydrochloride (1.04 g), m.p. 161-163O (Found: C, 
60.95; €3, 7.55; C1, 11.55; N, 4.35. C,,H2,N0,*HC1 
requiresC, 61.25; H, 7.7; C1, 11.3; N, 4.45%), 6 1.32 ( 3 H ,  
t, J 8 Hz, CH,*Me), 1.50 (9 H, s, C-Me,), 2.90 (2 H, q, J 8 
H z ,  CH,*Me), 3.58 (2 H,  ni, CH2*N+), 5.65 (1 HI dd, J 4, 0 Hz, 
CH-OH), 6.80 (1 H,  s, 3-H), and 7.1-7.4 (3 H, ni, aromatic 
H) ;  ln/e 175 (14y0), 174 (16), 173 (8), 172 (16), 159 (26), 
102 (2S), and 57 (100). 

Reaction of 5-Brovlzo-2-ef~oxyethyl-7-etliylbenzofuran (27) 
with ~-t-nufylh3ldroxylai?zine.-The epoxide (27) (3.4 g) 
in isopropyl alcohol (40 mI) was treated with N-t-butyl- 
liydroxylaniine (1.5 g) a t  room temperature for 4 days. 
The product was recovered and treated with ethanolic 
hydrogen chloride as described above for the reaction of the 
epoxide (2  1) with N-t-butylhydroxylamine. Crystallis- 
ation from ethanol-ether gave 5-bronzo-7-ethylbenzofuran-2- 
yl (hydroxy-t-butylaminomethyl)methanol ( 14) hydrochloride 
(2.4 g), m.p. 171-172 "C (Found: C, 48.7; H, 5 . 8 ;  Ur, 
20.55; C1, 9.1 ; N, 3.6. C,,H,,BrNO,*HCl requires C, 48.95; 
H, 5.9;  Br, 20.35; C1, 9.05; N, 3.55y0), 6 1.34 (3 H,  t, J 8 
H z ,  CH,*Me), 1.60 (9 H, s, C*Me,), 2.90 (2 H, q, J 8 Hz, 
CH,*Me), 3.60 (2 H,  m, CH,*NS), 5.75 (1 HI  dd, J 9, 4 Hz, 
CHQH), 6.80 (1 H, s, 3-H), and 7.1-7.6 (3 HI ni, Ar H ) ;  
nz/e 297 (So&), 295 (8), 265 (8), 266 (8), 267 (8), 255 (50), 253 
(551, 235 (20), 237 (22) ,  115 (16), 102 (36), and 57 (100). 

Oxidntion. of 7- Ethylbenzofuran-2-yl(Jzydroxy-t-butyla~nino- 
1 ~ ~ 1 ~ t h ~ ~ l ) m e 2 h a n o l  ( 13) in Etlier Solution.-A solution o f  the 
I~~~l rosylan i ine  (13) (1.5 g) in ether (200 ml) was set aside 
24 t ~ r m n  temperature for 14 days. The resulting precipitate 
W Z I ~  c+o1tectetl to give a mixture of t-butylammoniuni 7- 
ctl i i>r:11zc)i ~ir,zii-2-ylglyosylate (23) and t-butylamnionium 
;-t>tii! Iltc.nz.)fiiran-2-ylcarboxylate (17) (1.02 g), m.p. 
I'i0--17'2 'C' (tlecomp.) (Found: mle 218 and 190. CI2H1,0, 
reqnircs ,I? ' 21 8. C u f l , o 0 3  requires M C  l R O ) ,  vmnx. 3 100br, 
2 740, 2 (i.20, 2 540, 1 GFi5br, and 1 640 cm-l; S([Cl3,),SO] 
1.38 ( ? 2  H, r n ,  ('H,.llle and C-Me,), 2.95 (2  H,  q, J 8 Hz, 
CN,.h'Ie), and 7 1 - 4  0 (4 H, m, ArH); mle (E.I.) 218 (30y0), 
190 ( G O ) ,  175 ( 1 0 0 ) .  173 (95), and 58 (50); (F.D.) 218 ( 1OOyo) 
and 190 ( 8 6 ) .  Annlysis of the ether solution containing the 
hydroxylamine ( IS) by t.1.c. [niethanol-benzene ( I  : 6)] 
showed nepligible quantities of the osimes (291, (32), and 
(33) present. 

In one experiment when the precipitate was collected after 
5 11, a sniall quantity o f  t-butylammonium 7-ethylbenzo- 
furan-2-yl~l3'o~:ylate (23), m.p. 178-180 "C (deconip.), was 

(RF 0.7). 

28 G. A. Fothergill, unpublished data. 

isolated (Found: C, 66.0; H, 7.6; N, 4.65. Cl2HlOO,* 
C,H,,N requires C, 65.95; H, 7.25; N, 4.8%), vmaX 3 040, 
2 740, 2 640, 2 540, 1 660br, and 1 640 cm-l; m/e 218 (go%), 
173 (100), 117 (40), 115 (45), and 58 (100). 

The mixture of t-butylammonium salts (17) and (23) 
(900 mg) was dissolved in water (100 ml) and made acidic 
with B~-hydrochloric acid. The resulting precipitate was 
collected, washed with water, and recrystallised from 
ethanol-water to give 7-ethylbenzofuran-2-carboxylic acid 
(16) (360 mg), m.p. 195-196 OC, identical (m.p., i.r., and 
inass spectrum) with an authentic sample.28 

The carboxylic acid (16) (40 mg) in ethanol (3 nil) was 
treated with t-butylamine (1 ml), and the solution was 
evaporated to dryness in vacuo. The residue was re- 
crystallised from ethanol-water t o  give t-butylammonium 
7-ethylbenzofuran-2-ylcarboxylate (17) (28 mg), m.p. 
215-217 "C (Found: C, 68.15; XI, 8.0; N, 5.15. CllHl,- 
O,*C,H11N requires C, 68.4; H, 8.05; N,  5.3%), vmaX. 
3 060, 2 760, 2 640, 2 540, and 1 640 cm-'; m/e 190 (70%), 
175 (loo), 145 (8), 115 (lo),  91 (6), 77 (lo), and 58 (70). 

Isolation of the Glyoxaldehyde (24) from the Oxidation of 
7 -Et Iiylbenzo f zwan- 2-yl (hydr~x~-t-butylaminolnethyl) methanol 
(13).-A solution of the hydroxylamine (13) (0.1 g) in ether 
(30 nil) was set aside at room temperature for 4 days, when 
it  was evaporated to dryness in uucuo and the product was 
chromatographed by p.1.c. [methanol-benzene (1 : 9)]. 
Recovery of the band with RF 0.5 gave 7-ethylbenzofuran- 
2-ylglyosaldehyde (24) (0.5 mg) identical [t.l.c. (methanol- 
benzene 1 : 9) and mass spectrum] with an authentic 
sample (see below). 

Oxidation of 2-Acetyl-7-etlzylbenzofuran (18) with Selenium 
Dioxide.-The 2-acetylbenzofuran (18) (1 g) in dioxan (10 
ml) was treated with selenium dioxide (13.2 g) and the 
solution was heated uncler reflux for 18 h.  The reaction 
mixture was filtered and the filtrate was diluted with water 
(30 ml) and extracted with ethyl acetate. The recovered 
product was recrystallised from benzene to give 7-ethyl- 
benzo furan-2-ylglyoxaldeltyde Iieunihydvate (24) (650 mg), 
m.p. 129-130 "C (Found: C, 68.1; H, 5.45. C12H100,* 
0.5H,O requires C, 68.25, H, 5.25Y0), vm;,x. 3 480w, 3 380w, 
and 1 692 cm-1; 6[(CD,),SO] 1.20 (3 H, t, J 8 Hz,  CH,*Me), 
3.02(2H,q,J8Hz,CH2*LLle),6.20(lH,s,3~-H),7.4(3H,m, 
ArH), and 8.0 (1 H, s, CHO); rn/e 202 (20%), 173 (loo), 
117 (25), and 115 (22). 

Oxidation of 7-Etl~ylbenzofuran-2-yZglyoxaldehyde (24) .- 
(a) I n  etlier solution. To a suspension of the glyoxaldehyde 
(24) (50 mg) in ether (25 ml) was added t-butylamine 
(20 mg) and the solution was set aside a t  room temperature 
for 4 days. The resulting precipitate was collected to give 
a mixture of t-butylammonium 7-ethylbenzofuran-2-yl- 
glyoxylate (23) and t-butylammonium 7-ethylbenzofuran- 
2-carboxylate (17) (6 nig), m.p. 179-181 O C ,  identical mass 
spectrum with the product obtained from the oxidation of 
the hydroxylamine (13). 

The glyoxaldehyde (24) (1.0 g) 
in acetone (I50 ml) was treated with an excess of Jones 
reagent (3.0 nil) at room temperature for 1 h. The solution 
was evaporated to one quarter volume in vacuo, waker (100 
ml) wIas added, and the solution was extracted with ethyl 
acetate. The recovered product crystallised from ethanol- 
water to give 7-ethylbenzofuran-2-carboxylic acid ( 16) 
(0.6 g) identical (m.p. and i.r. spectrum) with an authentic 
sample. 

29 K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. 
Weedon, J .  Chem. SOG., 1946, 39. 

(b) With Jones i*eagent.29 
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Reaction of 7-Ethylbenzofuran-2-ylglyoxaldeliyde (24) with 
Hydroxy1amine.-The glyoxaldehyde (24) (3.5 g) in ethanol 
(100 ml) was treated with a solution of hydroxyammonium 
chloride (0.98 g) and sodium acetate (2.94 g) in water (30 
ml) and the solution was set aside a t  room temperature for 
30 min. It was evaporated to one third volume in vacuo, 
diluted with water, and the resulting product recrystallised 
from ethanol-water to give 7-eth-ylbenzofuran-2-ylgly- 
oxaldehyde (Z)-Z-oxime (29) (2.1 g), m.p. 127-131 "C (Found: 
C, 66.55; H, 5.2. ClZH11NO3 requires C, 65.5; H, 5.l%), 
v,,,. 3 200, 1 630, 1 610, and 1 595 cm-l; A,,,. 323, 274, and 
237 nm ( E  18 420, 3 640, and 12 770); 6[(CD,),SO] 1.36 
(3 H, t, J 8 Hz, CH,*Me), 2.95 (2 H, q, J 8 Hz, CH,*Me), 7.4 
(3H, m, ,4rH), 7.90 (1 H, s) and 8.0 (1 H, s) (3-H andCN=N), 
and 12.3 (1 H, s, =N-OH); nz/e 217 (loo%), 202 (40), 
184 (ZO), 173 (85 ) ,  117 (20), and 115 (30). 

Treatment of 7-Ethylbenzo furan-2-ylglyoxaldehyde (2)  -2- 
Oxime (29) with Acetic Acid-The (2)-oxinie (29) (35 mg) in 
glacial acetic acid (10 ml) was heated under reflux for 10 h, 
and then evaporated to dryness in vacuo. The crystalline 
product had an identical n.m.r. spectrum [(CD,),SO] with 
the original (2)-oxime (29). 

Reaction of 7-Ethylbenzofuran-2-ylglyoxaldehyde (27-2- 
Oxime (29) with Acetic Anhydride.-The (2)-oxinie (29) 
(0.5 g) was heated in acetic anhydride (10 ml) at 100 "C for 
12 h, poured into water, and extracted with ether (3 x 40 
ml). The ether layer was washed with 2M-sodium carbon- 
ate, water, and dried. Evaporation of the solvent in vacuo, 
followed by crystallisation from ether-hexane gave the 
unstable 7-ethylbenzofuran-2-ylglyoxylonitrile (25) (0.22 g), 
m.p. 70-71 "C (Found: M +  199.063 3. C,,H,hTO,requires 
M 199.063 3), v,,,,. 2 230 and 1665 cm-l; 6 1.38 (3 H, t, 
J 8 Hz,  CH,.lTfe), 2.98 (2 H, q, J 8 Hz, CH,*Me), 7.1-7.7 
(3 H, m, ArH), and 7.9 (1 H, s, 3-H); mle 199 (45%), 
184 (100)' 145 (12), 128 (lo), 115 (121, 102 (lo), and 101 (8). 

Treatment of 7-Ethylbenzofuran-2-ylglyoxylonitrile (25) 

with Sodium Carbonate.-The nitrile (25) (0.15 g) in methanol 
(10 ml) and water (2 ml) was treated with 2~-sodium 
carbonate (0.5 ml) for 3 h a t  room temperature. The 
methanol was evaporated off in vacuo and the residue was 
extracted with ether (2 x 20 ml). The aqueous fraction 
was acidified with 2~-hydrochloric acid and the precipitate 
was washed with water, and recrystallised from ethanol- 
water t o  give 7-ethylbenzofuran-2-carboxylic acid (1 6) 
(0.13 g), identical (m.p., i.r., and mass spectra) with an 
authentic sample. 

Reduction of 7-Ethylbenzofuran-2-ylglyoxaldehyde (2)-2- 
Oxime (29).-The oxime (29) (1.75 g)  in methanol (25 ml) a t  
0 "C was treated with sodium borohydride (86 mg) for 30 
min. Most of the methanol was evaporated off in vacuo and 
the residue was diluted with water and extracted with 
chloroform. The recovered product was chromatographed 
on silica gel (150 g). Elution with chloroform gave a 4 : 1 
mixture of 7-ethylbenzo furan- 2-ylglycolaldehyde (2) -oxirne 
(33), and 7-ethylbenzofuran-2-ylglycolaldehyde (E) -oxime (32) 
(1.48 g) [homogeneous by t.1.c. (methanol-benzene 1 : 6)] as 
an unstable oil which decomposed on attempted distillation 
(Found: C, 65.9; H, 6.05; N, 6.15. Cl2H1,NO3 requires 
C, 65.75; H, 6.0; N, 6.40/,), vmx. (film) 3 340 cm-l; 6 1.30 
(3 H, t, J 8 Hz, CH,*Me), 2.88 (2 HI q1 J 8 Hz, CH,*Me), 
5.48 [0.8H, d, J 8 Hz, CHeOH in (33)], 6.03 [0.2 H, d, J 
6 Hz, CH*OH in (32)], 6.65 (1 H, s, 3-H), 7.2 (0.2 HI  d, J 6 
Hz,  -HC=N*OH in (32)], 7.05-7.4 (3 H, m, ArH), and 7.74 
C0.8 H,  d, J 6 Hz, -HC=N*OH in (33)]; irradiation at the 
frequency of the signal a t  6 6.03 reduced the doublet a t  
6 7.2 to a singlet; m/e 219 (56%), 202 (12), 190 (20), 175 
(loo), and 159 (40). 

We thank Dr G. A. Fothergill for samples of the epoxide 
(27) and carboxylic acid (16), and for several of the micro- 
analytical data. 
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