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4-Pentenenitriles reacted with PhI(OAc), in acetic 
acid, in the presence of 48% HBF,, at 70 'C, to afford 
the dihydro-5-acetoxymethyl-2(3H)-furanones in good 
yields. Similarly, 3-butenenitriles gave the dihydro-4- 
acetoxy-2(3H)-furanones, although in lower yields. 
Parallel experiments showed that, under the same 
conditions, 4-pentenoic and 3-pentenoic acids reacted 
much more easily and gave the same ace toxy- 
lactonization process at room temperature. 

The lactonization of unsaturated acids, promoted by several electrophilic 

reagents,'.' is a familiar process in organic synthesis. We have recently 

reported some examples of phenylselcno-lactonization' of unsaturated acids 

using a phenylselenium electrophilic reagent generated by the oxidation of 

diphenyl diselenide with ammonium peroxydisulphate." This reagent presents 

several advantage over the more commonly used phenylselenenyl chloride. We 

have also reported that similar lactonization processes can be effected 

starting from unsaturated nitriles also.lo,” In order to ef feet the 

phenylseleno-lactonization of these nitriles the oxidation of diphenyl 

diselenide with ammonium peroxydisulphate was carried out in the presence 

of a strong acid and water.‘O 

We now report that unsaturated nitriles can easily give similar ring 

closure reactions using iodine (IIT) reagents. These reactions were 

carried out with PhI(OAc), in acetic acid, in the presence of a strong 

acid and water, and gave the acetoxy lactones indicated below: 
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Under the same experimental conditions unsaturated carboxylic acids 

reacted more easily and gave the same acetoxy-lactonization process. The 

lactonization of alkenoic acids promoted by iodine (III) compounds has 

already been observed. Thus, tosyloxy lactones and phosphoryloxy lactones 

were obtained from the reactions of alkenoic acids with PhI(OH10Tos7 and 

PhI(OH)OPO(OPh),," respectively. 

RESULTS AND DISCUSSION 

The reactions of PhI(OAc), with olefinic nitriles were carried out in 

acetic acid, at 70 OC for 2 - 15 h, in the presence of 46% HBF,. The first 

substrates investigated were the 4-pentenenitriles la - If indicated in 

Scheme 1. The products of these reactions were identified as the 5- 

acetoxymethyl- y-lactones 2. Reaction yields of isolated products, after 

column chromatography, are reported in Scheme 1; reaction time; are 

indicated in parentheses. The progress of the reactions was monitored by 

t1c, glc-Ms, and in some cases by nmr analysis of small aliquots of the 

reaction mixtures. 

SCHEME 1 

R 

tL 
CN - 

Phl(OA&. HBFI) ~ 
H20) CH~COOH 

1 2 

a: R = R, = H 83% (6h) 
b: R = R, = Me 62% (4h) 
c: R = R, = Ph 67% (15h) 
d: R = H, R, = He 63% (5h) 
e: R = H, R, = Et 67% (5h) 
f: R = H, R, = Ph 64% (15h) 

As indicated by glc and nmr spectra, compounds 2d, 2e, and 2f were 

obtained as a 1:l mixture of cis and trans isomers which could not be 

separated by column chromatography. 

The same reaction carried out on the 3-butenenitrile 3a, 4-methyl-3- 

pentenenitrile 3b, and 3-pcntencnitrile 3c afforded the 4-acetoxy- 1 - 

lactones 4a - 4c (Scheme 2). Reaction yields were considerably lower in 

the cases of 3a and 3b. From the reaction of 3c small amounts of the 
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unsaturated lactone 5c (6%) were also obtained. As it will be shown below, 

the lactone 5c is the major reaction product when the reaction is carried 

out starting from the corresponding unsaturated acid. Similar results 

were obtained in the case of the tosyloxy-lactonization of alkenoic 

acids.7 Compound 4c was a 1:l mixture of two diastcreoisomers which could 

be separated by column chromatography. 

SCHEME 2 

f-J- CN 
R Rl 

3 

a: R = R, = H 
b: R = R, = MC 
C: R - H, R, = MC 

SC 

Finally the reaction of 

t 

OAc 

38% (4h) 
36% (2h) 
58% (14h) 

OAc 

the 2,2-dimcthyl-5-hcxcnenitrile 6 was also 

investigated. This compound when treated with acid in water gave the 5- 

ethyl- y -1actone." whereas with clcctrophilic phenylselcnium reagents it 

afforded the (phenylsclcnolmcthyl - 6 -1dctonc." In the present case also 

the reaction product was a 6-lactone, 7, which was obtained in good 

yield. 

Some experiments were also carried out starting from unsaturated acids. 

These reactions took place much more easily than those with the 

corresponding nitriles. After few minutes at room temperature the starting 

acids were in fact completely consumed. 4-Pcntcnoic acid 8 afforded the 

lactone 2a in 73% yield, whereas 2-cyclopentcncacetic acid 9 gave 

exclusively the unsaturated lactone 10 in 90% yield (Scheme 3). These 

results are similar to those observed from the reactions of PhI(OH)OTs 

with the same acids.7 The results obtained from 3-butenoic acids 11 are 

also reported in Scheme 3. The 4-acetoxy-y-lactoncs were obtained in every 

case, but with the 3-pcntcnoic acid llc and the 3-hcxcnoic acid lld the 
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major reaction products were the unsaturated lactones 5c and 5d, 

respectively. This latter was obtained as the sole product (80%) from a 

reaction of lld carried out in acetonitrile. As demonstrated by glc and 

nmr spectra the lactones 4c and 4d were obtained as a single 

diastereoisomer. The lactone 4e was instead a mixture (1:21 of two isomers 

which were separated by column chromatography. 

SCHERE 3 

AL= - 2a(73%) 

8 

a: R = R, = H 
C: R = H, R, = Me 
d: R = H, R, = Et 
e: R = Me, R, = H 

9 

65% 
25% 
20% 
51% 

+ oh 0 Rl 

5 

___ 
41% 
48% 

It has been reported that PhI(OAc1, in chloroform reacts with HBF. and 

water to give the iodosobenzene tetrafluoborate, Phi-0-:Ph 2BF.-, which 

can be obtained as a yellow solid. ’ ’ This can be formed under the 

conditions employed in the present work also. However, it can also be 

suggested that in acetic acid the reactive species is the acetoxy 

phenyliodonium tetrafluoborate generated according to the following simple 

react ion: 

PhI(OAc) 2 + HBF, - Ph-f-OAc BF, - + CH,COOH 

For the sake of simplicity, in the following discussion we will consider 

that this is the iodine (III) reactive species. 

The formation of the acetoxy lactones from unsaturated acids can be 

explained in a way similar to that proposed for the tosyloxy-lactonization 

reaction.7 As indicated in Scheme 4 for compound 8, it can be suggested 
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that the iodine reagent effects the electrophilic addition to the carbon- 

carbon double bond to give the intermediate 12 which suffers 

intramolecular capture by the carboxy group to form 13 which can be in 

equilibrium with the iodonium ion 14. Reductive elimination of Phi from 13 

or nucleophilic substitution in 14 would eventually afford the observed 

acetoxy lactone 2a. 

As far as the acetoxy-lactonization of unsaturated nitriles is concerned, 

it could be suggested that these are first hydrolyzed to the corresponding 

SCHEME 4 

OAc 

2a 

oJAAph 
AcO- 

14 

acids which then undergo the process described above. However, in the case 

of the phenylseleno-lactonization of the same nitrilcs, carried out under 

experimental conditions very similar to those employed in the present 

case, we observed that the first step of the reaction was the 

phcnylseleno-hydroxylation of the carbon-carbon double bond.'O Thus, in 

order to find experimental cvidcnccs that in the present case also a 

similar mecchanism is operating, the reaction of lb was carried out at 

room temperature. After 4 h, together with minute amounts of the lactone 

2a and most of the unreacted nitrile, a new compound was detected. This 

was isolated by column chromatography and identified as the 2,2-dimethyl- 

4,5-diacetoxypcntancnitrilc 16 (Scheme 5). When this compound was treated, 

in acetic acid at 70 'C, with 48% HBF,, it was quantitatively transformed 

into the lactone 2.3. In the light of this result WC propose that in the 

case of unsaturated nitrilcs the reaction takes the course indicated in 

Scheme 5 for compound lb. It is suqgcsted that the initially formed 

organoiodine intermediate 15 is captured by acetic acid to give the 

diacctoxy nitrile 16, as it 1s known to occur with other alkencs.' ’ 
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OAc - 

6Ac 

16 

17 18 2a 

Reaction of 16 with acid and water can give the hydroxy compound 17. As it 

has been shown to occur with other hydroxy nitriles having similar 

structures,‘“.” the acid catalyzed hydrolysis of the cyan0 group can 

occur with intramolecular assistance by the hydroxy group to give the 

cyclic ether bearing an cxo-imino substituent 18. Further reaction with 

acid and water should eventually occur very easily to afford the observed 

lactone 2a. 

The results reported in this paper further emphasize the synthetic 

importance of the iodine (III) reaqcnts. We have shown that starting from 

tllC commercially available PhIfOAc), it is possible to effect the acetoxy- 

lactonization of unsatux atcd acids and nitriles in a very simple and 

cf f icient way. The procedur-c dcscr i bed in this paper can easily find 

further useful applications. 
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EXPERIMENTAL 

Glc analyses and MS spectra were carried out with an HP 5890 

gaschromatograph (dimethyl silicone capillary column, 12.5 ml equipped 

with an HP 5971 Mass Selective Detector. Proton and carbon-13 nmr spectra 

were recorded at 200 and 50.32 MHz, respectively, on a Bruker AC 200 

instrument; CDCl, was used as solvent and TMS as standard. IR spectra were 

recorded on a Perkin Elmer 1320 spectrophotometer. Elemental analyses were 

carried out on a Carlo Erba 1106 Elemental Analyzer. 

Compounds 3a, 3c, 8, 9, lla, and lld were commercial products and were 

used without further purifications. Compounds la, lb, Id, lc, If and 6 

were prepared as previously described.'O Compounds lc,'. 3b.l. and lle15 

were prepared as described in the literature. The acid llc was obtained 

from the corresponding nitrile after hydrolysis under basic conditions. 

All these compounds were fully characterized by MS, proton and carbon-13 

spectroscopy. 

Acetoxy-Lactonization of Unsaturated Nitriles. General Procedure. 

To a solution of PhI(OAc1, (10 mm011 in acetic acid (8 ml) 48% HBF, (1.8 

ml1 was added. The resulting yellow solution was stirred at 70 "C and the 

nitrile (5 mmol) was added. The progress of the reaction was monitored by 

t1c. glc and in some cases by nmr. After the time indicated in Schemes 1 

and 2 the reaction mixture was poured on water and extracted with 

chloroform. The organic layer was washed with a solution of sodium 

carbonate and with water and then dried and evaporated. The reaction 

products were obtained in pure form after column chromatography on silica 

gel using mixtures of light petroleum and ether as eluant. Reaction yields 

are indicated in Schemes 1 and 2. Physical and spectral data arc given 

below. All the acctoxylactoncs prcscntcd two carbonyl absorptions at about 

1740 an 1770 cm '. 

Dihydro-5-acetoxymcthyl-2(3Hl-furanone, 2a. Oil.'" lH NMR 6 4.75 (m, 1 H), 

4.3 (dd, 1 H, J = 3.1 and 12.2 Hz), 4.15 (dd, 1 H, J = 5.5 and 12.2 Hz), 

2.7 - 2.3 (m, 3 Hl, 2.2 - 1.95 (m, 1 Hl, 2.1 (s, 3 H). "C NMR 6 176.4, 

170.4, 77.4, 65.3, 28.2, 24.0, 20.7. MS m/c 128 (21, 98 (151, 85 (1001, 

57 (71, 43 (451. 

Dihydro-3,3-dimcthyl-S-acctoxymethyl-2(3H)-furanone, 2b. Oil. 'H NMR d 

4.68 (ddt, 1 H, J = 3.0, 6.4 and 9.8 Hz), 4.33 (dd, 1 H, J = 3.0 and 12.3 

Hz), 4.1 (dd, 1 H, J = 6.4 and 12.3 Hz), 2.18 (dd, 1 H, J = 6.4 and 12.8 

Hz), 2.1 (s, 3 Hl, 1.9 (dd, 1 H, J = 9.8 and 12.8 Hz), 1.3 (s, 3 Hl, 1.27 
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(se 3 H). "C NMR 6 180.8, 170.2, 73.7, 64.9, 39.6, 38.7, 24.7, 24.4, 

20.3. MS m/e 143 (l), 126 (9), 113 (51), 85 (57), 67 (29), 43 (100). Anal. 

Calcd. for C,H,,O,: C, 58.06; H, 7.58. Found: C, 58.16; H, 7.51. 

2,2-Dimethyl-4,5-diacetoxypentanenitrile, 16. Oil. IR 2250, 1740 Cm-'. 'H 

NMR 6 5.35 (dddd, 1 H, J = 2.6, 3.9, 5.7 and 10.2 Hz), 4.25 (dd, 1 Ii, J = 

3.9 and 11.8 Hz), 4.05 (dd, 1 H, J = 5.7 and 11.8 HZ), 2.1 (s, 3 H), 2.08 

(s, 3 H), 2.07 (dd, 1 H, J = 10.2 and 14.8 Hz), 1.65 (dd, 1 H, J = 2.6 and 

14.8 Hz), 1.4 (s, 3 H), 1.39 (s, 3 H). I'C NMR 6 170.4, 124.1, 67.6, 

65.1, 41.1, 29.7, 28.0, 25.9, 20.8, 20.5. MS m/e 197 (2), 154 (16), 125 

(21, 112 (14), 99 (2), 86 (2). 69 (5), 44 (46), 43 (100). Anal. Calcd. for 

C,,H,,NC,: C. 58.14; H, 7.54: N, 6.16. Found: C, 58.07; H, 7.49; N, 6.20. 

Dihydro-3,3-diphenyl-5-aceto~thyl-2(3H)-furanone, 2~. Oil. 'H NMR 6 7.5 

- 7.15 (m, 10 H), 4.64 - 4.45 (m, 1 H), 4.35 (dd. 1 H. J = 2.95 and 12.3 

Hz), 4.1 (dd, 1 H, J = 6.1 and 12.3 Hz), 3.0 (dd, 1 H, J = 5.3 and 13.0 

Hz), 2.62 (dd, 1 H, J = 10.5 and 13.0 Hz), 2.0 (s, 3 H). "c NMR 6 176.0, 

170.0, 141.5, 139.4, 128.7, 128.2, 127.6, 127.4, 127.0, 74.1, 64.2, 57.4, 

39.1, 20.3. MS m/c 310 (2), 206 (loo), 191 (32), 178 (20), 165 (28), 128 

(17), 115 (27), 103 (27). 91 (62). 77 (ll), 43 (46). Anal. Calcd. for 

C,,H,,O.: C, 73.54; H, 5.85. Found: C, 73.61; H, 5.79. 

Dihydro-3-methyl-5-acetoxymethyl-2-(3H)-fUranOne, 2d. Oil. 1:) Mixture of 

cis and trans isomers. *H NMR 6 4.8 - 4.65 (m, 1 H), 4.65 - 4.55 (m, 1 H), 

4.4 - 4.0 (m, 4 H), 2.9 - 2.6 (m, 2 H), 2.6 - 2.4 (m, 1 H), 2.4 - 2.2 (m, 

1 H), 2.2 - 2.0 (m, 1 H), 2.08 (s, 6 H), 1.8 - 1.6 On. 1 H), 1.28 (de 6 He 

J = 7.0 Hz). "C NMR6 177.9, 169.7, 74.7, 74.3, 64.8, 64.3, 34.4, 33.1, 

31.8, 31.2, 19.9, 15.3, 14.4. MS m/C 112 (15), 99 (91), 71 (34)~ 68 (13), 

43 (loo); 112 (15). 99 (85), 71 (32), 68 (16), 43 (100). Anal. Calcd- for 

C,H,,C,: C, 55.81; H, 7.03. Found: C, 55.75; H, 7.11. 

Dihydro-3-cthyl-5-acetoxymethy~-2(3H)-furanone, 2e. Oil. 1:l Mixture of 

cis and trans isomers. *H NMR 6 4.8 - 4.65 (m, 1 H), 4.65 - 4.55 (m, 1 H), 

4.4 - 4.2 (m, 2 H), 4.2 - 4.05 (m, 2 H), 2.74 - 2.55 (m, 1 H), 2.55 - 2.4 

(m, 1 H), 2.3 - 2.0 (m, 4 H), 2.1 (s, 6 H), 2.0 - 1.8 (m, 2 H), 1.7 - 1.45 

(m. 2 H), 1.05 (t, 3 H, J = 7.0 Hz), 1.02 (t, 3 H, J = 7.0 Hz). "C NMR6 

177.7, 17~.3, 75.2, 75.0, 65.4, 64.9, 41.5, 40.3, 29.9, 29.4, 24.0, 23.3, 

20.5, 11.3. MS m/c 158 (2), 126 (16), 113 (loo), 98 (19), 85 (18)v 67 

(35), 57 (18), 43 (92); 158 (3), 126 (15), 113 (92), 98 (22). 85 (17). 67 
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173.7, 169.5, 78.5, 70.9, 36.2, 20.2, 13.7. MS m/e 130 (11, 114 (61, 98 

(21, 87 (181, 86 (271, 71 (61, 55 (21, 43 (1001. Found: C, 53.13; H, 6.32. 

5-Methyl-2(5H)-furanone, SC. 0i1.19 'H NMR 6 7.5 (dd, 1 H, J = I.5 and 5.7 

Hz), 6.15 (dd, 1 H, J = 1.9 and 5.7 Hz), 5.15 (tq, 1 H, J = 1.7 and 6.9 

Hz), 1.5 (d, 3 H, J = 6.9 Hz). MS m/e 98 (511, 83 (54), 69 (151, 55 (loo), 

54 (27), 43 (59). 

Tetrahydro-3,3-dimcthyl-6-acctoxymethyl-2H-pyran-2-one, 7. Oil. 'H NMR d 

5.15 - 5.0 (m, 1 Hl, 4.26 (dd, 1 H, J = 3.6 and 11.9 Hz), 4.05 (dd, 1 J H, 

= 5.4 and 11.9 Hz), 2.1 (s, 3 Hl, 1.9 1.5 (m, 4 H), 1.35 (s, 6 Hl. l'C - 

NMR 6 170.3, 170.1, 124.2, 70.9, 64.5, 36.4, 31.9, 26.4, 20.7, 20.5. MS 

m/c 168 (111, 126 (161, 103 (21, 81 (31, 69 (21, 43 (1001. Anal. Calcd. 

for C ,0H,hC4: C, 59.99; H, 8.05. Found: C, 59.92; H, 8.11. 

Acctoxy-Lactonization of Unsaturated Acids. Gcncral Procedure. 

To a solution of PhI(OAc), (10 mm011 in acetic acid (8 ml1 48 % HBF, (1.8 

ml) was added. To the rcsultinq yellow solution the acid (5 mm011 was 

added. A colourlcss solution was obtained. The mixture was stirred at room 

temperature for 1 h and then poured on water. The reaction mixture was 

worked up as described above in the cast of the nitriles. Reaction yields 

arc indicated in Scheme 3. Compounds 2a, 4a, and SC have been described 

above. Physical and spectral data of all the other reaction products are 

qivcn below. 

Tctrahydro-2H-cyclopcnta(blfuran_2_one, 10. Oil."' 'H NMH 6 6.15 - 6.05 

(m, 1 HI, 5.9 - 5.8 (m, 1 H), 5.55 - 5.45 (m, 1 HI, 3.25 - 3.15 (m, 1 HI, 

2.95 - 2.65 (m, 2 H), 7.4 - 2.2 (m. 2 HI. "c NMR 6 176.6, 136.6, 128.4, 

89.1, 39.1, 35.4, 34.6. MS m/e 124 (371, 95 (201. 81 (181, 80 (941, 79 

(1001, 77 (191, 68 (161, 67 (231, 65 (111, 55 (121, 53 (121, 41 (211. 

Dihydro-4-acetoxy-5-methyl-2(3H)-furanonc, 4c. Cis isomer. Oil. 'H NMR 4 

5.45 (ddd, 1 H, J = 1.2, 4.1 and 5.7 Hz), 4.74 (dq, 1 H, J = 4.1 and 6.5 

Hz), 2.95 (dd, 1 H, J = 5.7 and 18.) Hz), 2.6 (dd. 1 H, J = 1.2 and 18.2 

Hz), 2.12 (s, 3 H), 1.4 (d, 3 H, J = 6.5 Hz). "C NMR 6 173.7, 169.5, 

78.5, 70.9, 76.2, 20.2, 13.7. MS m/c 130 (11, 114 (61, 98 (21, 87 (181, 86 

(271, 71 (6). 55 (21, 43 (1001. 

I)ihydro-4-acctoxy-5-cthyl-2(3H)-furanonc, 4d. Oil.>' 'H NMR 6 5.5 (dd, 1 

11, J : 5.1 and 5.9 Hz), 4.45 (ddcl, 1 ii, J = 4.0, 5.1 and 8.3 HZ), 2.9 (dd, 
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1 H, .l = 5.9 and 18.2 Hz), 2.56 (d, 1 H, J = 18.2 Hz), 2.1 (s, 3 Hl, 2.0 - 
1.6 (m, 2 H), 1.05 (t, 3 H, J = 7.5 Hz). "c NMR 6 173.9, 169.7, 84.0, 

70.3, 36.7, 21.8, 20.5, 9.7. MS m/e 143 (2l, 114 (51, 101 (231, 86 (211, 

83 (241, 43 (100). 

5-Ethyl-2(5H)-furanone, 5d. Oil.'*'^ 'H NMR 6 7.45 (dd, 1 H, J = 1.4 and 

5.7 Hz), 6.15 (dd, 1 H, J = 1.8 and 5.7 Hz), 5.0 (ddt, 1 H, J = 1.4, 1.8 

and 6.2 Hz), 2.0 - 1.6 (m, 2 Hl, 1.0 (t, 3 H, J = 7.3 Hz). "C NMR b 

172.6, 156.0, 121.0, 83.9, 25.8, 8.4. MS m/e 112 (61, 84 (141, 83 (1001, 

57 iii), 55 iii;. 

Dihydro-3-methyl-4-acetoxy-2(3H)-furanonc, 4e. N.0.c. experiments allowed 

to assign the structure of the two isomers. Trans: Oil. 'H NMR 6 5.06 (dt, 

1 H. J = 3.6 and 5.7 Hz), 4.6 (dd, 1 H, J = 5.7 and 10.6 Hz), 4.2 (dd, 1 

H. J = 3.6 and 10.6 Hz), 2.7 (dq, 1 H, J I- 4.0 and 7.6 Hz), 2.1 (s, 3 Hl, 

1.38 (d, 3 H, J = 7.6 Hz). "c NMR d 176.6, 169.8, 75.2, 70.0, 40.1, 

20.2, 12.9. MS m/c 116 (41, 98 (211, 85 (41, 72 (101, 58 (51, 57 (7l, 56 

(71, 43 (100). Anal. Calcd. for C,H,,,O,: C, 53.17; H, 6.37. Found: C, 

53.22; H, 6.34. 

Cis: Oil. 'H NMR 15 5.5 (dd, 1 H, J = 3.6 and 5.8 Hz), 4.4 (dd, 1 H, J = 

3.6 and 11.1 Hz), 4.25 (d, 1 H, J = 11.1 Hz), 2.8 (dq, 1 H, J = 5.8 and 

7.2 HZ), 2.12 (S, 3 Hl, 1.22 (d, 3 H, J = 7.2 HZ). "C NMR 6 176.9, 

169.8, 71.8, 71.2, 37.9, 20.4, 8.2. MS m/c 116 (51, 100 (31, 98 (121, 72 

(151, 58 (5l, 57 (8). 56 (7l, 43 (100). Found: C, 53.14; H, 6.42. 
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