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INTRODUCTION 

During studies on rearrangements of ally1 imidates. l-3 the highly diastereoselective conversion of N- 
phenylimidates 1 to amides 2 via Claisen rearrangement of N-silyl ketene N,O-acetals has been achieved 
(Scheme 1).2*4 In view of synthetic applications of this procedure, a method was needed which allows for a 
hydrolysis of anilides 2 to the corresponding carboxylic acids without epimerixation cc to the carbonyl group. 
While a saponification of acetoxypivaliide derivatives could be envisioned.5 this article describes an effiient 
alternative solution through the use of an iodolactonixationkduction sequence.6 In addition, the 
diastereoselectivity of the iodolactonization step is addressed.7 
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Scheme 1. Claisen rearrangement of ally1 N-phenylimidates 1 via deprotonation/silylation 
WE.4 = lithium &ethylrunide; TBDMSCl I r-butyMimethyl&lonAhe) 

RESULTS AND DISCUSSION 

Hydrolysis of Anilides 2 
Reaction of anilides 2 with iodine in 1,2dimethoxyethane/watertt led after 3 h at room temperature 

directly to iodolactones 3. No lactams9 were produced and exclusive formation of five-membered rings was 
observed. Apparently, the intermediate iminolactones are immediately hydrolyxed to 3 under these slightly 
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acidic conditions. Subsequent reduction of the crude iodolactones 3 with zinc in acetic acid6 yielded the 
carboxylic acids 4 (Scheme 2). 
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Scheme 2. Iodolactonization/reduction sequence 
@ME= 12dime.thoxyethane) 

4 

The presence of water during iodolactonization of 2 is essential. An attempt to effect this transformation 
under thermodynamic control using iodine in acetonitrilet”J1 resulted in extensive epimerization a to the 
carbonyl group in anti-28 and very slow conversion to 3n. In line with this flnding is the reported failure of 
iodine-induced cycllzation of y,bunsaturated secondary amides ln tetrahydrofuran. l2 

Three amides of each diastemomeric series were subjected to this two-step hydrolysis (Table 1). As is 
inferred from the isomeric purities of substrates 2 and products 4, no significant epimerization took place for 
any substrate, thus establishing this procedure as a very mikl and efficient method for the hydrolysis of ‘y16 
unsaturated anilides. 

Table 1. Two-Step Hydrolysis of Anilides 2. 

2 anti : syna Rl R2 R3 4 anti : synb Yield 4 [%lc 

anti-a 99.5 : 9.5 H Me H anti-a 90.4 : 9.6 68 
anti-b 89.8 : 10.2 H n-Pr H anti-b 90.2 : 9.8 68 
anti-c 98.3 : 1.7 H Me Me anti-c 97.8 : 2.2 66 

syn-a 9.0 : 91.0 Me H H syn-a 9.4 : 90.6 68 
syn-b 14.1 : 85.9 n-Pr H H syn-b 13.8 : 86.2 68 
syn-c 5.3 : 94.7 Me H Me sync 5.5 : 94.5 64 

a Determined by capi 
u”?b 

CC analysis of sobstmtes 2 (a: column 1,190 ‘C; b: column 1,210 %; c: CO~U~II 2.50 ‘C to 200 ‘C with 

5 Cc/aua, then 200 %). Determined by capillary GC analysis of the metbyl esters derived ftom products 4 (a, b: column 2,SO ‘C; 
E column 1.50 ‘C). c Total yield of acids 4 from 2 after cbromatograpbic purification. 

Diastereoselective Iohlactonization of Anilides 2 
The relative configuration of iodolactones 3 was unambiguously assigned by NOE difference and 

NOESY spectral3 of the crude mixtures obtained from amides 2, and the same samples were used to measure 
the diastereomeric ratios by ‘H NMR integration (Scheme 3, Scheme 4). 

Evidently, a delicate balance of nonbonding interactions is responsible for the stereochemical outcome of 
these iodolactonizations. As is depicted in Scheme 3, the relative configuration of the major product in the anti 
series switches from 2,4-cis (cc-3a) to 2,4-trans (tc-3b) on increasing the size of the substituent R2 from methyl 
to n-propyl, whereas the additional methyl group at C-4 in anti-k does not alter the stereochemical preference 
for the 2,4-cis product (cc&) noted for anti-2a. On the other hand, exchanging R* = Me against R1 =n-Pr in the 
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syn-series (Scheme 4) only diminishes the pnponderance of the 2,4-trans isomer which is favored for both syn- 
2a and syn-Zb (da vs. ff-3b), while the substituent R3=Me (syn-2c) again causes a preferential formation of 
the 2.44s product (cf-3c). 
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Scheme 3. Diastereoselective iodolactonization of anilides 2; anti series 
(ratios determined CII a sample of the crude products by IH NMR integration) 

As far as comparative data are available, the diastereoselectivity inherent in these iodolactonizations of 
anilides resembles the kinetic stereoselection found for the corresponding transformations of related carboxylic 
acids. Thus, unri-2c and syn-2c react similarly to 2.3.~trialkyl substituted carboxylic acids,14 and also anti-2a. 
syn-2a, as well as syn-2b display a stereochemical preference that has been observed for comparable 2,3- 
disubstituted 4-pentenoic acids.‘5 However, the iodolactonization of anti-2b is rather reminiscent of the 
behavior of NJVdimethyl 2,3dimethyl-4-pentenamides which, irrespective of their relative configuration, 
favor the formation of 2,&runs iodolactones.8 

For some substrates (unti-2b. syn-2a). the iodolactonization of anilides 2 reaches quite good levels of 
diastereoselectivity which might well be exploited synthetically, particularly since the conversion of 2 to 3 is 
highly efficient. 
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Scheme 4. Diastereoselective iodolactonixation of anilides 2; syn series 
(ratios detemiiaed on a sample of the crude products by tH NMR integration) 

EXPERIMENTAL 

General Remarks 
Capillary GC analyses were perfotmed with a Shimadzu GC14APFsc. a Shimadxu GR6A integrator, a 

FFAP CB column, 50 m length, 0.32 mm i. d.. 0.25 pm film (column l), and a SE 54 CB column, 25 m length, 
0.25 mm i. d., 0.25 l.tm film (column 2). lH NMR spectra (300 MHz. CDCl$, NOE difference spectra (300 
MI-Ix, C!DCl$ and 1% NMR spectra (75.47 MHz, CDC13) were obtained on a Brulcer WM 300 - rq-multiplet 
centered at, br. =broad. ‘%Z multiplicities were determined using INEPT or DEPT pulse sequences. NOESY 
spectra (360 MI-Ix, CDC13) were recorded on a Bruker AM 360. IR spectra (CHCl3) were obtained on a 
Shimadzu IR-408 and a Nicolet 5DXC FT-IR Mass spectra (GUMS) were recorded with a Varian MAT CH- 
7A (70 eV) and a data system Finnigan MAT 200. Methyl esters of carboxylic acids were prepared with excess 
diazomethane in ether/methanol (9: 1) at room temperature. Microanalyses were performed by 
Mikroanalytisches Laboratokm M. Beller, Giittingen. 
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Iodolactones 3 - General Procedure 
Iodine (2.2 mmol) is added to a solution of an amide 2 (1 mmol; for isomeric purities, see Table 1) in 1,2- 

dimethoxyethane (2.5 ml)/water (2.5 ml) at room temperatute and the resultant mixture is stirred at room 
temperature with exclusion of light for 3 h (complete conversion of 2). After dilution with ether (50 ml), the 
mixture is washed successively with 10 % aqueous Na&%S Hz0 (10 ml) and brine (10 ml), dried over 
MgS04, and concentrated in vacua to give the crude iodolactones 3 as oils (yields >90 %; for diaatereomeric 
ratios, see Scheme 3 and Scheme 4). 

c-4-Ioa&ethyl-r-2,c-3-dimethyl-y-butyrolactone (ccda). 1H NMR 6 0.88 (d, 3 H, J = 7.2 Hz. 3-CI-Ij), 
1.19 
H, J 

(d, 3 H, J = 7.3 Hz, 2-CH3), 2.73 (n&. 1 H, 3-H). 2.87 (dq, 1 H, Jd = 7.2 Hz, Jq = 7.3 Hz, 2-H). 3.09 (dd, 1 
= 10.0, 10.0 Hz, CI$I), 3.44 (dd. 1 H, J = 5.7. 10.0 Hz, CH21), 4.58 (ddd. 1 H, J = 4.6,5.7, 10.0 Hz, 4-H); 

selected NOE difference data: irradiation of 3-CH3 (0.88 ppm) caused enhancement of 5.8 % for one CH$ 
proton (3.09 ppm), irradiation of 4-H (4.58 ppm) caused enhancements of 4.5 46 for 3-H (2.73 ppm) and 3.6 %I 
for 2-H (2.87 ppm); MS (GUMS) m/e (relative intensity) 254 (M+, 23). 169 (3). 141 (CH21+, 3). 127 (M - I. 
63). 113 (M - CH21.16). 99 (5). 56 (65), 55 (83). 43 (RIO), 41 (85). 

t-4-Zo&xnethyl-r-2,c-3-dbnetI@y-buqroiactone (tc-3a) 8. 1H NMR 6 1.08 (d, 3 H. J = 7.1 Hz, 3-U-I& 
1.19 (d, 3 H, J = 7.3 Hz, 2-CH3), 2.55 (me, 1 H. 3-H). 2.83 (dq, 1 H. Jd = 8.5 Hz, Jq = 7.3 Hz+, 2-H). 3.34 (q, 2 
H, CH$), 4.13 (ddd, 1 H, J = 4.6.5.9.5.9 Hz, 4-H); selected NOE difference data: irradiation of 3-CH3 (1.08 
ppm) caused enhancement of 5.5 96 for 4-H (4.13 ppm); MS (GC/MS) m/e (relative intensity) 254 (M+, 17). 
169 (1). 141 (CH$+. 2), 127 (M - I, 45). 113 (M - CH21. 33). 99 (8). 56 (27), 55 (42), 43 (100). 41(51). 

c-4-Iodomethyl-r-2-methyl-c-3-propyl-y-butyrolactone (cc3b). ‘H NMR 6 1.26 (d, 3 H, J = 7.2 Hz, 2- 
CH3). 2.57 - 2.66 (m, 1 H, 3-H), 2.82 (dq, 1 H, Jd = 7.4 Hz, Jq = 7.2 Hz, 2-H). 4.63 (ddd, 1 H, J = 5.5,7.4,7.4 
Hz, 4-H); selected NGE difference data: irradiation of 4-H (4.63 ppm) caused enhancements of 6.1 % for 3-H 
(2.57 - 2.66 Pam) and 5.0 % for 2-H (2.82 ppm); MS (GC/MS) m/e (relative intensity) 282 (M+, 5). 169 (5), 
155 (M - I. 30). 141 (CH21+. M - CH& 21), 127 (16). 95 (14), 84 (26), 83 (26), 69 (55), 57 (19), 56 (29), 55 
(lOO), 43 (91), 41 (85). 

t-4-kdomethyl-r-2-methyl-c-3-propyl-y-butyrolactone (tc3b). ‘H NMR 6 0.97 (t, 3 H, J = 6.9 Hz, CH2- 
C&h 1.20 (d, 3 H, J = 7.5 Hz, 2-CH3). 1.3 - 1.5 (m, 4 H, CI$CH& 2.39 (me, 1 H, 3-H), 2.85 (dq, 1 H, Ju = 
8.0 Hz. J,, = 7.5 Hz, 2-H). 3.32 (ad, 1 II, J = 5.1, 10.7 Hz, CH21). 3.39 (dd, 1 H. J = 6.2, 10.7 Hz, CH21), 4.18 
Wd. 1 H. J = 5.L566.2 HZ, 4-H); selected NOE difference data: irradiation of 2-c~~ (1.20 ppm) caused 
enhancement of 2.5 % for 4-H (4.18 ppm); MS (GUMS) m/e (relative intensity) 282 @I+, 6). 169 (3), 155 (M 
- I, 42), 141 (CH2I? M - CH2I. 36). 127 (12). 95 (14). 84 (14), 83 (19). 69 (50). 57 (27), 56 (16). 55 (97). 43 
(100). 41 (65). 

c4-lodomethyl-r-2,c-3,4-trimethyl-y-butyrolactone (cc-3~). 1H NMR 6 1.02 (d, 3 H, J = 6.7 HZ, 3-U-19, 
1.18 (d, 3 K J = 7.3 Hz, 2-C&), 1.64 (s, 3 H, 4-CH3). 2.46 (dq, 1 H. Jd = 7.4 Hz, J, = 6.7 HZ. 3-H). 3.08 (dq, 1 
II, Jd = 7.4 Hz. Jq = 7.3 Hz, 2-H). 3.22 (d, 1 H, J = 10.2 Hz, CH21), 3.40 (d, 1 H, J = 10.2 Hz, CH21); selected 
NOE difference data: irradiation of 3-CH3 (1.02 ppm) caused enhancement of 3.4 % for one CH21 proton (3.22 
PPm). irradiathn of 4-CH3 (1.64 ppm) caused enhancements of 4.1 96 for 3-H (2.46 ppm) and 5.8 % for 2-H 
(3.08 ppm); MS @C/MS) m/e (relative intensity) 268 @I+. 16). 185 (8), 183 (3), 169 (8). 141 (M - I, CH,I+, 
13). 127 (M - CH2k 89). 113 (7). 97 (231369 (21), 57 (14). 56 (50), 55 (100). 43 (67). 41 (48). 

t4-Momethyl-r-2,c-3,4-trbnethyl-~butyrolactone (tcdc). *H NMR 6 1.00 (d, 3 H, J = 6.8 HZ, 3-C!&), 
1.20 (d, 3 H, J = 7.3 Hz, 2-CH3). 1.53 (s, 3 H, 4CH3). 2.74 (dq, 1 H, Jd = 8.7 Hz, Jq = 6.8 Hz, 3-H), 2.94 (dq, 1 
H, Jd = 8.7 I-k Jq = 7.3 Hz, 2-H) 3.38 (me, 2 H, CH2I); selected NOE difference data: irradiation of 4-cH3 
(1.53 Ppm) caused no enhancement for 3-H (2.74 ppm) or 2-H (2.94 ppm); MS (GC/MS) m/e (relative 
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Acids 4 - General Procedure 
The crude iodolactones 3 (from 1 mm01 2) ate dissolved in glacial acetic acid (2 ml) and treated with zinc 

dust (10 mmol). The mixture is heated to 65 ‘C for 1 - 2 h (complete conversion of 3). cooled to mom 
temTeratum, and 1 N HCl(20 ml) is added. After extraction with ether (7 x 20 ml) and drying over MgSO4. the 
solvent is removed in vacua (rotary evaporator, 5 min at 40 ‘C bath temperature). Filtration of the crude 
product through a short column filled with silica gel (2 cm length, 2 cm i. d.) using ether (20 ml) as eluent and 
subsequent evaporation of the solvent in vacua (rotary evaporator, 10 mitt at 35 ‘C bath temperature) give the 
pure acids 4 as colorless liquids (for yields and diastereomeric ratios, see Table 1). 

anti-2,3-DimethyWpentenoic acid (antida) ‘6. 1.5 h 65 ‘C; 1H NMR 6 1.08 (d, 3 H. J = 6.6 Hz, CH- 
W3), 1.13 (d, 3 H, J = 6.9 Hz, CH-W3), 2.36 (me. 1 H, U+CH3), 2.46 (me, 1 H, W-CH3), 5.04 (br. d, 1 H. J 
= 10.2 Hz, CH=CH-H), 5.06 (br. d, 1 H. J = 17.1 Hz, CH=CH-H), 5.66 (ddd, 1 H. J = 8.2, 10.2 I-Ix. 17.1 Hz, 
CH2=CYf-CI-I); l3C NMR 6 14.29 (9). 18.32 (q), 40.75 (d). 44.89 (d), 115.32 (t), 140.45 (d), 182.62 (s); IR 
3600 - 2400 (G-I-I), 1700 (C=O) cm-l; MS (GUMS; methyl ester) m/e (relative intensity) 142 @I+, l), 127 (M 
- CH3, 29), 111 (M - CH30, 12). 110 (M - CH30H, 7), 88 (CH30-CG-qHS+, 45), 83 (M - CH30-Co, 50), 82 
(M - CH,OH - CO, 15), 55 (CH2=CH-CH-CH3+, 100). 

anti-2-Methyl-3-propyl-4-pentenoic acid (anti4b). 1 h 65 “C, lH NMR 6 0.88 (t, 3 H, J = 6.8 Hz, CH2- 
CH3), 1.1 - 1.5 (m, 7 H. including d with J = 6.7 Hz at 1.11 ppm, CG-CH-Uf3, CZf$Zf2-CH3). 2.27 - 2.46 
(m, 2 H. CO-CWCH,, CH-W-CH2), 5.05 (dd, 1 H, J = 1.9, 16.9 Hz, CH=CH-H), 5.09 (dd, 1 H, J = 1.9, 10.1 
Hz, CH=CH-H), 5.49 (ddd, 1 H, J = 9.2, 10.1 Hz, 16.9 Hz, CH2=CWCH); 13C NMR 6 13.85 (9). 13.91 (q), 
20.29 (t), 34.68 (t), 43.82 (d), 46.51 (d), 117.00 (t), 138.81 (d), 182.86 (s); IR 3600 - 24W (O-H), 1700 (C=O) 
cm-l; MS (GUMS; methyl ester) m/e (relative intensity) 155 (M - CH3, 6). 141 (M - C2Hg. 2), 139 (M - 
CH,O, 4), 138 (M - CH30H, 5), 128 @I - C,Q, 3), 127 (M - C3H7. 4). 111 (M - CH,O-CO. 5), 110 (M - 
CH30H - CO, 8), 88 (CH30-CO-C2H,+, 100). 83 (CH,=CH-CH-C3H7+, 30), 69 (51), 55 (96). 41 (84). Anal. 
Calcd for C@t&: C, 69.21; H, 10.33. Found: C, 69.18; H, 10.28. 

anti-2,3,4-TrimethyWpentenoic acid (anti4c). 1.5 h 65 “C, IH NMR 6 1.08 (d, 3 H, J = 6.6 Hz, CH- 
W3). 1.11 (d, 3 H, J = 6.5 Hz, CH-CH3), 1.64 (b r. s, 3 H, CH&-W3), 2.3 - 2.5 (m, 2 H, CH-CkLCH3, CO- 
W-CH,), 4.79 (br. s, 2 H, C&=C); 13C NMR 6 16.09 (q), 18.14 (q, very intense: presumably 2 x CH3), 43.53 
(d), 44.62 (d), 112.44 (t), 146.45 (s), 183.17 (s); IR 3500 - 2400 (G-H), 1690 (C=O) cm-l; MS (GUMS; 
methyl ester) m/e (relative intensity) 156 @I+, 5), 141 (M - CH,, 20). 125 (M - CH,O, 4), 124 (M - CH,OH, 
7) 97 (M - CH30-CO, 49). 96 @I - CH30H - CO, 14), 88 (CH,G-CO-qH,+, 32). 83 (27), 69 
(CH2=C(CH3)-CH-CH3+, 74) 55 (49), 41 (C3Hg+, 100). HRMS (GC/MS; methyl esters of anti-rlc and sywk) 
Calcd for C$iHt& (M+): 156.1150. Found: 156.1172. 

syn-2,3-DimethyWpentenoic acid (syn-4a) 16. 1.5 h 65 ‘C; ‘H NMR 6 1.04 (d, 3 H, J = 6.7 Hz, CH- 
W3), 1.13 (d, 3 H, J = 6.9 Hz, CH-W3), 2.47 (me, 1 H, U-f-CH3), 2.54 (rite, 1 H, CH-CH3), 5.02 (br. d, 1 H, J 
= 10.3 Hz, CH=CH-H), 5.06 (br. d, 1 H, J = 17.3 Hz, CH=CH-H), 5.78 (ddd, 1 H, J = 7.3, 10.3, 17.3 Hz, 
CH2=W-CH); t3C NMR 6 13.09 (q), 15.96 (CL), 40.04 (d), 44.49 (d), 114.61 (t), 141.17 (d), 182.07 (s); IR 
3600 - 2400 (O-H), 1709 (C=G) cm-l; MS (GUMS; methyl ester) m/e (relative intensity) 127 (M - CH3,24), 
111 (M - CH30, 9), 110 (M - CH30H, 5). 88 (CH30-CO-qH5 +, 39) 83 (M - CH3G-CO, 45), 82 (M - CH30H 
- CO, 13) 55 (CHz=CH-CH-CH3+, 100). 

syn-2-Methyl-3-propyWpentenoic acid (syn4b). 1 h 65 ‘C, ‘H NMR 6 0.89 (t, 3 H, J = 7.0 Hz, CH2- 
W3), 1.1 - 1.5 (m, 7 H, including d with J = 7.0 Hz at 1.15 ppm, CG-CH-CH3, CH2-CYf2-CH3). 2.26 (me, 1 H, 
CH-CH-CH2). 2.49 (me, 1 H, CO-W-CH3), 5.03 (br. dd, 1 H, J = 1.8.16.7 Hz, CH=CH-H), 5.06 (dd. 1 H, J = 
1.8, 10.3 Hz, CH=CH-H), 5.64 (ddd, 1 H, J = 9.2, 10.3 Hz, 16.7 Hz, CH,=C%CH); t3C NMR 6 13.95 (q), 
14.05 (q), 20.29 (t), 33.28 (t), 43.89 (d), 46.70 (d), 116.40 (t), 139.40 (d), 182.14 (s); IR 3600 - 2300 (G-H), 
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16% (C=O) cm-l; MS @C/MS; methyl ester) m/e (relative intensity) 155 (M - U-Is, 6). 141 (M - C$-$, 2). 
139 (M - CH30. 4), 138 (M - CH30H, 2), 128 @I - C&, 4). 127 (M - C3H,, 30). 111 (M - CH,O-CO, 4). 110 
(M - CH30H - CO, 7), 88 (CH30-CO-QHs+, 64), 83 (CHz=CH-CI-I-C3H7+, 27). 69 (47). 55 (100). 41 (76). 
Anal. Calcd for CoI-Il& C. 69.21; H. 10.33. Found: C, 69.05; H, 10.39. 

sm-2j,4-Trirnerhyi4-~~e~ic acid (syn-4~). 2 h 65 ‘C; tH NMR 8 1.03 (d, 3 H, J = 6.8 Hz, CH-C.&l, 
1.11 (d, 3 H, J = 6.7 HZ, CH-C&), 1.73 (br. S, 3 H, C!H@X!Jf3), 2.49 (II+., 1 H, cHCH3), 2.59 (mc. 1 H, CH- 
CH3), 4.74 (br. s, 1 H, CH=CH-H), 4.78 (br. s, 1 H, (33cH-H); l3C NMR 6 12.96 (q), 15.23 (q). 20.31 (q), 
42.92 (d), 43.02 (d), 111.04 (t), 147.68 (s), 182.55 (s); IR 3600 - 2400 (O-H), 1700 (C=O) cm-t; MS @C/MS; 
methyl ester) m/e (relative intensity) 156 (M+, 9). 141 (M - CH3, 29). 125 @I - CH30, 6), 124 (M - CH30H, 
11). 97 (M - CH,G-CO, 85), % (M - CH30H - CO, 21), 88 (CH30-CO-QHs+, 31), 83 (39). 69 
(CI+C(CH$-CH-CH3 +, 79). 55 (65). 41 (GHs+, 100). For HRMS data, see anti-& 
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