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Abstract: A novel free radical initiated ring expansion of haloalkyl B-keto esters is described. 
Following alkylation of the /3-keto ester with the appropriate dikalide, the resulting halide is 
treated at reflux with tri-n-butyltin hydride. Rearrangement to the komologated pketo ester 

occurs smoothly. An oxy radical intermediate is proposed for tke reaction. 

Introduction 

Not as widely distributed as the five- and six-membered rings, the medium sized rings constitute, 

nonetheless, an important component of alicyclic organic chemistry. Considerable attention has been devoted to 

the synthesis of medium sired rings, yet the need continues for convenient new methods, particularly those tolerant 

of functional groups and those leading to rings bearing novel functionality. The free radical method described here 

provides a general new route to the medium sized rings. 1.2 The new method is, at this stage, most readily applied 

to &keto esters and provides a direct link to the well established Die&man and Claisen condensations. 

Results and Discussion 

The method is simple. The anion of the g-keto ester is alkylated with methylene dibromide. The 

bromomethyl substituted g-keto ester is then heated to reflux in benzene with tri-n-butyltin hydride13 in the 

presence of AlBN. Ring expansion occurs smoothly yielding the r-keto ester of the next higher ring size.4 For 

example (eq. 1) methyl cyclopentanone-2-carboxylate (1) was alkylated with methylene dibromide yielding 

0 0 Br 0 

(1) 
COOMe 

1 2 3 

the bromomethyl adduct 2 (67%). Following isolation, 2 was treated with hi-n-butyltin hydride and a catalytic 

amount of AlBN in refluxing benzene. 5~6 Smooth rearrangement to the ring expanded product, methyl 

cyclohexanone3carboxylate (3), occurred in 75% yield. Further examples are collected in Table 1. 
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Table 1 

Free radical rearrangement of bromomethyl-substituted Pketo esters (% isolated yield) 

CHzBr 
COOMC -& l.NaH COOMe Btt,Sfl 

2. CH2Br2 xiii7 
COOMe 

1 2 67) 3 (75) 

4 5 (781 6 (73) 7 (trace) 

$-_ 
8 9 (7% 10 (71) 11 (trace) 

COOEI 0 COOEt 
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COOEt CH, COOE( -\ 
CH, 

CHzBr COOE4 

phi2 COO& 

13 (26) 

ml, 

14 (76) 

Ph 

‘1 

)I -x 

COOEt N\ COOBt 

-r, 
CN3 

CH3 COOBt ‘3 cocm 
CHzBr ccxJ?t 

15 16 (22) 17 (80) 

CH, J-Y 0 0 3 

CooBt - CH, 4 COOEl - CH, Ax COO& 

CH, CH, CH,Br 

18 19 (70) 20 (64) 

The one-carbon ring-expansion reactions take place in uniformly high yield providing access to medium 

sized rings from readily available starting materials. The five-membered ring 2 expands readily under normal 

conditions of concentration, but the six- and seven-membered rings require syringe pump techniques in order to 

maximize the yield of rearrangement products 6 and 10 at the expense of the undesired direct reduction products 7 

and 11 (Table 1). Using the syringe pump technique, the yields of ring expansion products 6 and 10 from the six- and 

seven-membered rings are quite acceptable, and only traces of direct reduction products 7 and 11 were observed. 

Especially notable among the examples in Table 1 is the rearrangement of the Schiff base 16 to the Schiff 

base 17. This (and the 13 - 14 rearrangement) may be regarded as a model for the cuenzyme 812 dependent 

interconversion of P-methylaspartic acid with glutamic acid catalyzed by the enzyme glutamate mutase. In order 

that this be accepted as a model, it must be assumed that the enzyme functions through the agency of a Schiff base 
7 intermediate. There are serious questions surrounding this assumption, and it is by no means established that this 

is the case. 
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The ring expansion reaction probably occurs (Scheme 1) by attack of the first-formed primary radical on 

Scheme 1 

6 

the carbonyl carbon. The resulting oxy radical then forces the internal cyclopropane ring bond to cleave. The 

radical center is shifted to the carbon adjacent to the ester ,where it is stabilized through conjugation to the extent 

of approximately 5 kcal/mole. 

In its ease of rearrangement, the cyclopentanone ester 2 is more reactive than its six-and seven-membered 

ring counterparts as judged by the negligible amount of direct reduction product formed from 2. This order of 

reactivity seems reasonable in light of the proposed cyclic mechanism. The transition state leading to the 

cyclopropyloxy intermediate in the rate determining step introduces substantial eclipsing interactions in the six- 

and seven-membered rings whereas the eclipsing interactions in the cyclopentanone derived cyclopropyloxy 

radical intermediate differ little from those of the starting ketone 2. The 3.6 kcal/moM difference in strain energy 

between the bicyclo[3.l.Ojhexane and bicyclo[4.l.O]heptane intermediate ring systems will favor the latter, 

depending upon the degree of strain conveyed to the transition state. However, in the six-membered ring 

intermediate substantial angle strain arises from going to the half-chair transition state. 

The ester plays a critical role in the rearrangement .9 It provides useful activation for the bromomethylation 

reaction. It also appears to activate the ketone toward attack by the nucleophilic methylene radical, and, once the 

bond to the carbonyl carbon is formed, the ester provides the driving force for cyclopropane ring cleavage leading 
to ring expansion. 

A fragmentation pathway (Scheme 2) provides a mechanistic alternative. Cleavage of the ring 

Scheme 2 

carbonyl-carbon bond would yield an acyl radical and an acrylate, which could recombine in the opposite 

sense, the acyl radical adding to the j3-carbon of the acrylate. The same final radical intermediate as that in the 

cyclopropyloxy radical mechanism (Scheme 1) is obtained. There is no direct evidence to distinguish the 

mechanisms of Scheme 1 and Scheme 2. However, the cyclopropyloxy radical mechanism in Scheme 1 is favored 

on the basis of evidence obtained in experiments which extend the scope of the ring-expansion. 
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Ring Expansion by Three- and Four-Carbons. The ring expansion can be extended to include longer chain 

insertions. These experiments were begun by attaching a two-carbon bromoethyl unit to methyl cyclopentanone-2- 

carboxylate (1). The outlook for this experiment was not favorable. If the mechanism required formation of the 

intermediate four-membered ring oxy radical (Scheme 3), this would probably not 

&COOMe _ &OMe, c l O&,,,. 
1 21 

I 

Bu,snH 

0 

ti 

CH, 
COOMe 

22 

Scheme 3 

compete favorably with chain transfer reduction of the initial primary radical. In fact, the only product 

isolated from this reaction was the reduction product 22. 

The three-carbon and four-carbon ring expansions proved to be more fruitful and interesting. Treatment of 

ethyl cyclohexanone-2-carboxylate (4) with 1,3_dibromopropane yielded the bromopropyl adduct 24. When the 

latter was treated with tri-n-butyltin hydride and a catalytic amount of AlBN in refluxing 

26a 

CooEi 

27 28 

49% 15% 

benzene, rearrangement yielded the nine-membered ring expanded product 27. In this reaction, even under 

conditions of high dilution, the direct reduction product ethyl 2-n-propylcydohexanon-2-carboxylate (28) was pro- 

duced. Fortunately, the ring expanded products and the direct reduction products in this series are readily 

separated by chromatographic means (see the Experimental Part). 

Four-Farbon ring expansion proceeds by the same sequence of steps starting with 1,4iodo- ot 1,4- 

dibromobutane and the appropriate bketo ester. Examples of three- and four-carbon ring expansion reactions 

are collected in Table 2. 

As anticipated, based on the recent findings of Porter, 10 the alkyl iodides often give significantly better yields 

as a consequence of improved chain transfer reaction. lo Rearrangements of 23b and 26b in comparison with 23a 

and 26a (Table 2) are illustrative of the point. However, no difference was observed between 29a and 29b. 
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Table 2 
The- and Rm-mbon Pree Radlcd Rtng gxpanston ~cactions (z IA&d yield) 

X 

25a,X=.Rr,R=Me 
Ub,X-/R-E1 

moR 

~4a,R-Me (52) 
z4b, R = Et (659 

Ia, R - Me (14) 
2Sb,R-Rt (22) 

zc&x=w 
Ub,X.I 

2YW,X=Lh 
ZVb,X.I 

This series of experiments reinforces the postulate of preference for radical attack on the carbonyl carbon. It 

is not possible for the initial primary radical to unravel to an acyl radical-acrylate intermediate as it is in the one- 

carbon situation. The oxy radical (Scheme 4) resulting from attack of the primary radical on the carbonyl group is 

the most likely intermediate in this sequence. 

($2 _ l BooEt _ 
0 

(3 . 
COOEt 

0 

- c3 
COOEt 

Scheme 4 
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Experimental Section 

Geneql Alkylation Procedure. Methyl I-Bromomethyl-Z-oxocyclopentanoate (2). A solution of 0.43 g (3.0 

mmoles) of methyl Z-oxocyclopentanoate (1) in 2 mL of dry THF was added slowly to a suspension of 0.127 g (3.6 
mmoles, 67.6% suspension in mineral oil) of NaH in 5 mL of THP containing 0.645 g (3.6 mmoles) of 
hexamethylphosphoramide (HMPA) at room temperature under argon. The reaction mixture was stirred at room 
temperature for 1 hr, then treated with 2.6 g (15.0 mmoles) of dibromomethane. The reaction mixture was refluxed 
at 80’ for 10 hr, then poured into a separatory funnel containing 100 mL of ether. The organic layer was washed 
with five 5-mL portions of water, dried over KzCOs, filtered and concentrated, affording 810 mg of a brown oil. 
Column chromatography on 8 g of silica gel (elution with 41 hexaneethyl acetate) gave 435 mg (67%) of the 
desired bromide 2 as colorless oil, Rf 0.43 (31 hexaneethyl acetate). The 300 MHz proton nmr spectrum (CDCl3) 
showed a twoproton bromomethyl AB quartet (J = 10.5 Hz) at 8 3.75 and 8 3.6, a three-proton methyl singlet at 6 
3.72 and a six-proton multiplet at 8 2.62-1.93. The r3C nmr spectrum (CDCl3) showed 8 lines at S: 211.2 (s), 167.9 
(s), 60.9 (s), 52.8 (q, J = 148.8 Hz), 38.08 (t, J = 130 Hz), 33.6 (t, J = 156.4 Hz), 32.2 (t, J = 132.2 Hz), and 19.2 (t, J = 131.8 
Hz). The fR spectrum (neat) showed bands at: 2955 (m, CH), 1753 (vs, CO, 5-membered ketone), 1726 (vs, ester 
carbonyl), and 1435 cm-* (m). The mass spectrum (70 eV) showed peaks at m/z (rel. int.): 205,203 (2, M+-OMe), 155 
(37, M+-Br), 123 (28, M+-MeOH-Br), and 95 (30, M+-Br-CO-MeOH). Exact mass calc’d for C7Hs79Br02: 
202.9708. Found: 202.9708. 

General Rearrangement Procedure. Rearrangement of Methyl I-Bromomethyl-2-oxocyclopentanoate (2). 
To a 250-ml, round-bottomed flask fitted with a magnetic stirring bar and a reflux condenser were added methyl l- 
bromomethyl-2-oxocyclopentanoate (2) (100 mg, 0.43 mmoles), dry benzene (80 mL), and tri-n-butyltin hydride (116 
mg, 0.399 mmoles). AfBN (7 mg, 0.04 mmoles) was added, and the flask was heated for 24 hr at reflux. The 
reaction mixture was cooled to room temperature and evaporated on the rotary evaporator yielding an oil, which 
was dissolved in 30 ml of dichloromethane and washed with ten I-mL portions of 10% potassium fluoride solution. 
The organic layer was dried over K2CO3, filtered and concentrated. The resulting oil was taken up in 30 mL of 
a&o&rile, washed with four 5-mL portions of hexane and concentrated. Column chromatography on 2 g of silica 
gel (elution with 2:l hexane-ethyl acetate) gave 49.4 mg (75%) of the rearranged product, methyl 3- 
oxocyclohexanoate (3), a colorless oil, Rf0.31 (21 hexane-ethyl acetate). The 300 MHz proton nmr spectrum 
(CDCl3) showed a three-proton singlet at 8 3.7, a one-proton methine multiplet at 8 2.8, a two-proton methylene 
doublet (J = 7.8 Hz) at 8.255, a two-proton methylene multiplet at 8 2.43-2.26, a two-proton methylene muhiplet at 
8 2.11-1.97, and a two-proton methylene multiplet at 8 1.90-1.64. The 13C nmr spectrum (CDQ) showed 8 lines at 
8: 208.4 (s), 173.6 (s), 51.4 (q, J = 147.2 Hz), 42.4 (t, J = 129.8 Hz and d, J = 129.1 Hz overlapped), 40.3 (t, J = 129.0 Hz), 
27.1 (t, J = 128 Hz), and 23.8 (t, J = 129.1 Hz). The lR spectrum (neat) showed bands at: 2953.4 (m, CH), 2870.4 (m, 
CH), 1732.3 (VS, CO, ester), 1715 (vs, CO, 6-membered ketone), and 2435 cm-l (m). The mass spectrum (70 eV) 
showed peaks at m/z (rel. int.): 156 (3, M+), 124 (8, M+-OMe), and 97 (32, M+-COOMe). Exact mass calc’d for 
CsHr2O3: 156.0786. Found: 156.0787. 

Ethyl 1-Bromomethyl-2-oxocyclohexanoate (5). Following the general alkylation procedure, ethyl 2- 
oxocyclohexanoate (4) (0.504 g, 3.0 mmoles) was alkylated with dibromomethane (2.6 g, 15.0 mmoles) for 17 hr at 
reflux. Column chromatography on 8 g of silica gel (elution with 41 hexane-ethyl acetate) after standard aqueous 
workup gave 606 mg (78%) of the desired bromide 5 as a colorless oil, Rf 0.51 (51 hexane-ethyl acetate). The 300 
MHZ proton nmr spectrum (CDCl3) of 5 showed a two-proton methylene multiplet at 8 4.22, a two-proton 
bromomethyl AB quartet (J = 10.5 Hz) at 6 3.83 and 8 3.5, a one-proton mukiplet at 8 2.73-2.66, a two-proton 
multiplet at 8 2.46-2.41, a one-proton multiplet at 8 2.11-1.93, a four-proton multiplet at 8 1.52-1.88, and a three- 
proton methyl triplet (J = 7.2 Hz) at 8 1.27. The tv rum spectrum (CDQ) showed 10 lines at 6: 205.09 (s), 168.5 (9, 

61.6 (t, J = 148.6 Hz), 61.1 (s), 40.6 (t, J = 130 Hz), 35.2 (t, J = 157.5 Hz), 35.0 (t, J = 129.0 Hz), 27.06 (t, J = 130.0 Hz), 21.8 
(t, J = 128.9 Hz), and 13.8 (q, J = 127.4 Hz). The IR spectrum (neat) showed bands at: 2942 (m, CH), 1732 (vs, CO, 
ester), 1713 (VS, CO, 6-membered ketone), and 1265 an-t (s). The mass spectrum (70 eV) showed peaks at m/z (rel. 
int.): 219,217 (4, M+-OEt), 183 (90, M+-Br), 137 (60, M+-EtOH-Br), and 109 (30, M+-Br-CO-EtOH). Exact mass 
calc’d for CgH&@sBr: 216.9864. Found: 216.9864. 

Rearrangement of Ethyl 1-Bromomethyl-2-oxocyclohexanoate (5). 
(a) t.Jnd~ Sfandnrd Conditions: 5 mM in n-Bu3SnH. Following the general rearrangement procedure, a 

solution of ethyl I-bromomethyl-2-oxocyclohexanoate (5) (15 mg, 0.043 mmoles), tri-n-butyltin hydride (15.4 mg, 
0.0532 mmoles) and AIBN (3.5 mg, 0.02 mmoles) in 11 mL of benzene was heated for 17 hr at reflux. After standard 
aqueous workup, column chromatography of the crude product on 2 g of silica gel (elution with 31 hexaneethyl 
acetate) gave 3.7 mg (36%) of the rearranged product, ethyl 3-oxocycloheptanoate (6) as a colorless oil, and 4.2 mg 
(40%) of the reduced product, ethyl I-methyl-2oxocyclohexanoate (7), Rf 0.5 and Rf 0.6 (31 hexane-ethyl acetate) 
respectively. 
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The 301~ m proton nmr spectrum (CDC$) of the rearranged product 6 showed a two-proton methylene 
quartet (J = 7.1 Hz) at 8 4.14, a one-proton quartet (JAB = 15.5, Jvtr = 10.8 Hz) at 8 2.8, a hvo proton multiplet at 6 
2.72-2.65, a two-proton multiplet at 8 2.57-2.42, a six-proton muftipfet at 8 2.13-1.44, and a three-proton methyl 
triplet (J = 7.1 Hz) at 8 1.25. The 1% nmr spectrum (CDU3) showed 10 lines at 6: 211.9 (s), 174.3 (s), 60.6 (t, J = 148.1 
Hz), 45.38 (t, J = 127.9 Hz), 43.75 (t, J = 126.6 Hz), 41.09 (d, J = 134.6 Hz), 33.08 (t, J = 128.6 Hz), 28.14 (t J - 125.3 Hz), 
23.78 (t, J = 126.2 Hz), and 14.03 (q, J = 126.5 Hz). The IR spectrum (neat) showed bands at: 2930.2 (m, (X-0,2858.9 
(m, CH), 1728.4 (VS, CO, ester), 1701 (VS, CO, 7-membered ketone), and 1246.2 cm-l (m). The mass spectrum (70 eV) 
showed peaks at m/z (ref. int.): 184 (4, M+), 139 (5, M+-OEt), and 111 (20, M+-COOEt). Exact mass calc’d for 
cldf1603: 184.1100. Found: 184.1100. 

The 300 MHz proton nmr spectrum (CDCl3) of the reduced product 7 showed a two-proton methylene 
multiplet at 6 4.15-4.21, a two-proton multiplet at 8 2.52-2.4, a one-proton muhipfet at 8 204-2.02, a three-proton 
muldplet at 8 1.43-1.69, a three-proton methyl singlet at 8 1.28, and a three-proton methyl triplet (J = 7.1 Hz) at 8 
1.25. The t3C nmr spectrum (CDC13) showed 10 lines at 8: 207.3 (9, 172.4 (s), 60.6 (t, J = 147 Hz), 56.5 (d, 40.05 
(t, J = 128 Hz), 37.8 (t, J = 132 Hz), 26.98 (t, J = 129 Hz), 22.14 (t, J = 131 Hz), 20.6 (q, J = 130.0 Hz), and 13.5 (q, J = 127 
Hz). The TR spectrum (neat) showed bands at: 2938 (s, CH), 2867 (m, CH), 1718 (VS, CO, ketone and ester), and 
1155 cm-1 (m). The mass spectrum (70 eV) showed peaks at m/z (rel. mt.): 184 (36, M+), 156 (53.7, M+-CzH4), 141 
(67, M+-C2H4-Me), 139 (36, M+-OEt), and 111 (72, M+-COOEt). Exact mass calc’d for Cl$-I1603: 184.1100. 
Found 184.1100. 

(bj u&r Dilute Conditions: I mM in n-Bu$hH. Ethyl I-bromomethyl-2oxocyclohexanoate (5) (15 mg, 
0.043 mmole$, dry benzene (55 mL), and tri-n-butyltin hydride (15.4 mg, 0.0532 mmoles) were added to a lOO-mL, 
round-bottom Bask fitted with a magnetic stirring bar and a reflux condenser. AfBN (3.5 mg, 0.02 mmoles) was 
added, and the Eask was heated for 17 hr at reflux. The reaction mixture was worked up as described above to 
yield 7.6 mg (73%) of the rearranged product, ethyl J-oxocycloheptanoate (6) as a colorless oil. A trace of the 
reduced product, ethyl I-methyl-2-oxocydohevanoate (7) was detected by TLC. 

(c) &&ion using II Syringe Pump. A solution of tri-n-butyltin hydride (46 mg, 0.17 mmoles) in 4 mL of 
benzene was added over 10 hr to a stirring, refluxmg solution of the bromide 5 (30 mg, 0.114 mmoles) in 7 mL of 
benzene. AIBN (ca. 1 mg) was added to the reaction mixture every four hours during the reaction. The reaction 
was worked up as described above and yielded 12.5 mg (70%) of the rearranged product 6 and the 3.9 mg (13%) of 
the starting material 8. The reduced product 7 could not be detected by lH NMR or by TLC. 

Methyl l-Bromomethyl-2-oxocyctoheptanoate (9). Following the general alkylation procedure, methyl 2- 
oxocycfoheptanoate (8) (0.510 g, 3.0 moles) was alkylated with dibromomethane (2.6 g, 15.0 mmoles). Column 
chromatography on 8 g of silica gel (elution with 31 hexane-ethyl acetate) after standard aqueous workup gave 
628 mg (80%) of the desired bromide 9 as a colorless oil, Rf 0.45 (3:l hexane-ethyl acetate). The 300 MHz proton 
nmr spectrum (CDC13) showed a two-proton bromomethyl AB quartet (J = 10.4 Hz) at 8 4.01 and 8 3.5, a three- 
proton methyl singlet at 8 3.76, and a ten-proton multiplet at 8 2.75-1.24. The *x nmr spectrum (CDC13) showed 
10 tines at 6: 206.4 (s), 169.4 (s), 64.06 (s), 52.5 (q, J = 148 Hz), 41.7 (t, J = 130.3 Hz), 35.7 (t, J = 156 Hz), 30.6 (t, J = 129.5 
Hz), 29.5 (t, J = 127 Hz), 25.41 (t, J = 129.8 Hz), and 24.0 (t, J = 125.4 Hz). The fR spectrum (neat) showed bands at: 
2930.2 (m, CH), 1738.1 (vs, CO, ester), 1705.3 (vs, CO, 7-membered ketone), and 1246 cm-* (9). The mass spectrum 
(70 eV) showed peaks at m/z (rel. int.): 233,231 (3, M+-MeOH), 183 (80, M+-Br), 151 (90, M+-MeOH-Br), and 123 
(68, M+-Br_CO_MeOH). Exact mass calc’d for CsH1202slBr: 233.ooO. Found: 233.000. 

Rearrangement of Methyl 1-Bromomethyl-2-oxocycloheptanoate (9). Following the general 
rearrangement procedure, a solution of methyl I-bromomethyl-2-oxocycloheptanoate (9) (100 mg, 0.38 mmoles), 
tri-n-butylttn hydride (110 mg, 0.382 mmoles), and AIBN (20 mg, 0.12 mmoles) in 350 mL of benzene was heated for 
17 hr at reflux. After standard aqueous workup, column chromatography on 2 g of silica gel (eiution with 3:l 
hexane-ethyl acetate) gave 49.2 mg (71%) of the rearranged product, methyl 3-oxocyclooctanoate (10) as a colorless 
oil, Rf 0.45 (31 hexane-ethyl acetate). The 300 MHz proton nmr spectrum (CDQ) showed a three-proton methyl 
singlet at 8 3.69, a one proton multiplet at 8 2.93, a one-proton triplet (J = 12.9 Hz) at 8 2.79, a one-proton doublet of 
doublets (JAB = 12.5, Jvtc = 2.19 Hz) at 8 2.56, a two-proton multiplet at 6 2.42, and an eight-proton multiplet at 
8 2.04-1.39. The 13C rum spectrum (CDC13) showed 10 lines at 6: 214.2 (s), 174.6 (s), 51.6 (q, J = 146.6 Hz), 42.6 (t, J = 
124 Hz), 42.5 (d, J = 133 Hz), 42.4 (t, J = 124 Hz), 29.5 (t, J = 130.6 Hz), 26.95 (t, J = 124.2 Hz), 24.5 (t, J = 126.8 Hz), and 
23.0 (t, J = 123.7 Hz). The IR spectrum (neat) showed bands at: 2938.0 (m, CH),2860 (m, CH), 1734 (vs, CO, ester), 
1701 (vs, CO, amembered ketone), and 1279 cm-l (m). The mass spectrum (70 eV) showed peaks at m/z (rel. int.): 
184 (9, M+), 152 (5, M+-MeOH), and 127 (16, M+-CO-MeOH). Exact mass calc’d for Cl&Tt603: 184.1099. Found: 
184.1100. 

Diethyl3-Bromomethyl-3-methyl-2-ketosuccinate (13). Under an atmosphere of nitrogen, 4.088 g (0.036 
moles) of potassium t-butoxide was placed in a three-necked, 250-mL, round-bottom flask. The flask was fitted 
with a reflex condenser and 250 mL of dry benzene was added. To this solution 6.624 g (0.032 moles) of diethyl 
oxalpropionate (12) was added at a rate of 0.13 ml/mm. Dibromomethane (37.0 g, 0.21 moles) and 0.79 g (0.003 
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moles) of l&crown-6 were added. The reaction mixture was allowed to reflux for 6 hr and, upon cooling to 5: 
was poured into a separatory funnel which contained 150 mL of ether and 50 mL of ice cold 7% hydrochloric acid. 
The ether layer was washed once with 50 mL of ice cold 7% hydrochloric acid and with two 25mL portions of 
water; then it was dried with sodium sulfate, filtered and concentrated in vacua to 8.59 g of a dark brown oil. 
Column chromatography on 300 g of silica gel (elution with 7525 hexane-ethyl acetate) afforded 2.514 g (26%) of 
the desired bromide 13. The 300 MHz proton nmr spectrum (CDC13) showed two two-proton methylene quartets 
at 6 4.34 (j = 7.2 Hz) and at 8 4.23 (J = 7.1 Hz), a bromomethyl AB quartet (J = 10.7 Hz) at 8 4.0 and 8 3.7, a three- 
proton methyl singlet at 8 1.5, and two three-proton triplets (J = 7.1 Hz) at 8 1.2 and 8 1.1. The IR spectrum (neat) 
showed bands at: 2970 (w, CH), 1750 (m, CO), and 1725 cm-1 (s, CO). The mass spectrum (15 ev) showed peaks at 
m/z (rel. int.): 251, 249 (1, M+-OEt), 223, 221 (75, M+-COOEt), 195, 193 (25, M+-COCOOBt), 115 (100, 
CgH1@2+). Exact mass calc’d for C8H100479Br; 248.9762. Found: 248.9762. 

Rearrangement of Diethyl 3-Bromomethyl-3-methyl-2-ketosuccinate (13). Pollowing the general 
rearrangement procedure, a solution of diethyl 3-bromomethyl-3-methyl-2-ketosuccinate (13) (10.2 mg, 0.033 
mmoles), AIBN (3 mg, 0.018 mmoles) and tri-n-butyltin hydride (9.0 mg, 0.031 mmoles) in dry benzene (6.2 mL) was 
heated for 10 hr at refhrx. After standard aqueous workup, column chromatography on 2 g of silica gel (elution 
with 31 hexane-ethyl acetate) provided 5.4 mg (76%) of the rearranged product 14. Some starting material 13 (9%) 
was recovered as a colorless oil The 300 MHz proton nmr spectrum (CDC13) of the rearranged product 14 showed 
two two-proton methylene quartets (J = 7.1 Hz) at 8 4.3 and 8 4.1, a doubled AB quartet at 8 3.3 and 2.9 (JAR = 18.3, 
Jvtc = 8.3 and 5.1 Hz), a one-proton multiplet at 8 3.0, a three-proton methyl triplet at 8 1.4 (J = 7.1 Hz), a three- 
proton methyl triplet at 8 1.26 (J = 7.1 Hz), and a three-proton methyl doublet at 8 1.25 (J = 7.0 Hz). The IR spectrum 
(neat) showed bands at: 2920 (s, CH), 2849 (s,CH), and 1728 cm-r (vs, CO). The mass spectrum (70 eV) showed 
peaks at m/z (rel. mt.) : 216 (6, M+), 171 (10, M+-OEt), 143 (100, M+-COOEt), 115 (58, Mt- CUCOOEt). Exact 
mass calc’d for C10H1605: 216.0998. Found: 216.0994. 

Ethyl 2-Benzylamino-3-catboethoxybut-2-enoate (15). A solution of diethyl oxalpropionate (12) (20 g, 99 
mmoles), benzylarnine (10.8 mL, 99 mmoles), and ptoluenesulfonic acid (0.8 g 4.2 mmoles) in 250 mL of dry benzene 
was heated at reflux for 26 hr. Water was removed using a Soxhlet extractor containing calcium hydride. Upon 
cooling to room temperature, the reaction mixture was concentrated under reduced pressure yielding 36 g of a 
light yellow oil. Column chromatography on 250 g of silica gel (71 hexane-ethyl acetate containing 0.5% of 
Hunig’s base) provided 8.9 g of the desired enamine 15 as a colorless oil. The 300 MHz proton nmr spectrum 
(CDC13) showed two three-proton methyl triplets at 8 1.25 (J = 7.0 Hz) and at 8 1.27 (J = 7.2 Hz), a three-proton 
methyl singlet at 8 1.7, two two-proton methylene quartets at 8 4.24 (J = 7.2) and at 4.15 0 = 7.0 Hz), a two-proton 
benzylic doublet (J = 5.8 Hz) at 8 4.27, and a five-proton aromatic multiplet at 8 7.29. The IR spectrum (neat) 

Showed bands at: 3275 (w, NH), 2975 (m, CH), 1730 (s, CO), 1630 (s, C=C), and 1595 cm-l (s). The mass SpeChUm 

(15 eV) showed peaks at m/z (rel. int.): 291 (100, M+), 262 (17, M+-Et), 2% (40, M+-EtO), and 218 
(53, M+-COOEt). Exact mass calc’d for C16H2tN04: 291.1471. Found: 291.1467. 

Diethyl2-Benzylbnino-3-bromomethyl-~methylsucciate (16). Under an atmosphere of nitrogen, 1.3 g (11.6 
mm&s) of potassium f-butoxide was placed in a 25-mL, round-bottom flask. The flask was fitted with a three 
way stopcock with attached balloon, and 8 mL of dry benzene was added. A solution of 2.59 g (8.93 mmoles) of the 
enamine 15 and 3.1 g (11.6 mmoles) of lS-crown-6 in 7 mL of dry benzene was rapidly added to the slurry. The 
reaction mixture became dark red in ca. 30 set, then dibromomethane (8.73 mL, 124.6 mmoles) was added rapidly. 
The reaction mixture was stirred for 20 hr at room temperature then poured into a separatory funnel with 180 mL 
of ethyl acetate. The organic layer was washed with four IO-mL portions of saturated potassium chloride solution, 
dried over sodium sulfate, filtered and concentrated to 3.548 g of a yellow oil. Column chromatography on 280 g of 
silica gel (elution with 71 hexane-ethyl acetate containing 0.5% of Hunig’s base) provided 754 mg (22%) of the 

desired Schiff base 16. The 300 MHz proton nmr spectrum (ClX13) showed two three-proton methyl triplets at 8 
1.27 (J = 7.2 Hz) and 8 1.33 (J = 7.3 Hz) , a three-proton methyl singlet at 8 1.58, a bromomethyl AB quartet 0 AB = 
10.3 HZ) at 8 4.04 and 8 3.71, a four proton methylene multiplet at 8 4.32-4.13, a two-proton benzylic Sin&t at 8 4.73 
and a five-proton aromatic multiplet at 6 7.4-7.32. The 13C rum spectrum (CDC13) showed 15 lines at 6: li’0.3 (S), 

161.9 (s), 160.7 (s), 138.2 (s), 128.0 (d, J = 159.3 Hz), 127.2 (d, J = 158.5 Hz), 126.6 (d, J = 160.7 Hz), 61.42 (t, J = 148.6 
HZ), 61.3 (t, J -148.6 Hz), 57.3 (t, J - 135.7 Hz), 54.3 (s), 37.5 (t, J = 158.2 Hz), 20.1 (q, J - 131.0 Hz), 13.78 (q, J = 127.0 
Hz), and 13.69 (q, J = 127.0 Hz). The IR spectrum (CHC13) showed bands at: 2955 (m, CH), 1715 (s, CO), and 1640 
cm-1 (m, C-N). The mass spectrum (70 eV) showed peaks at m/z (rel. int.): 385,383 (19, M+), 356,354 (5, Mt-Et), 
312,310 (59, M+-COOEt), and 290 (65, M+-BrCH2). Exact mass calc’d for C17H22N04s1Br: 385.0712. Found: 

385.0712. 
Rearrangement of Diethyl2-Benzylimino-3-bromomethyl-3-methylsuccinate (16). Following the general 

rearrangement procedure, a solution of diethyl2-benzylimino-3-bromomethyl-3-methylsuccinate (16) (10 mg, 0.026 

mmoles), AIBN (3 mg, 0.018 mmoles) and tri-n-butyltin hydride (9.0 mg 0.026 mmoles) in dry benzene (5.5 mL) was 

heated for 19 hr at reflux. The rearranged Schiff base 17 (5.6 mg ) was obtained as a colorless oil after standard 
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aqueous workup. The 1H NMR of this substance was quite complex, probably as consequence of coexistence of the 
four possible diastereomers. However, it revealed the presence of neither the starting material 16 nor the 
rearranged-hydrolyzed product, diethyl 4-methyl-Z-ketoglutarate 14, which exhibits a characteristic one-proton 
AB quartet at 8 3.31. The IR spectrum (neat) showed bands at: 2980 (w, CH), 1730 (m, CO), 1658 (w), and 1454 an-* 
(w). The mass spectrum (70 eV) showed peaks at m/z (rel. int.): 305 (3.6, M+), 260 (4.5, M+-OEt), 232 (17, M+- 
COOEt), 204 (u), and 91 (100, PhCH2+). Exact mass calc’d for C17HzD4N; 385.1627. Found 305.1627. 

Column chromatography on 2 g of silica gel (elution with 80~20~0.1 hexane-ethyl acetate-Hunig’s base) 
provided 4.5 mg (80%) of rearranged and hydrolyzed diethyl4methyl-2-ketoglutarate 14, a colorless oil, whose 
nmr and IR spectra were identical to those of an authentic sample. 

Ethyl 2-Bromomethyl-2-methylacetoacetate (19). Following the general alkylation procedure, ethyl 2- 
methylacetoacetate (18) (0.216 g, 1.5 mmoles) was alkylated with dibromomethane (1.3 g, 7.5 mmoles) for 29 h at 
reflux. Column chromatography on 8 g of silica gel (elution with 4:l hexane-ethyl acetate) after standard aqueous 
workup gave 247 mg (70%) of the desired bromide 19 as a colorless oil, Rf 0.42 (41 hexane ethyl acetate). The 300 
MHz proton nmr spectrum (CDCl3) showed a two proton methylene multiplet at 8 4.2, a twoproton bromomethyl 
AB quartet (J = 10.6 Hz) at 8 3.8 and 8 3.67, two three-proton methyl singlets at 8 2.2 and at 8 1.52, and a three- 
proton methyl triplet (J = 7.2 Hz) at 8 1.28. The IR spectrum (neat) showed bands at: 2984.3 Cm, CH), 1738.1 (vs, 
CO, ester), 1714.9 (vs, CO), and 1277 an-l (s). The mass spectrum (70 eV) showed peaks at m/z (rel. int.): 195,193 
(1.4, M+-MeCO), 193, 191 (Xl, M+-OEt), and 157 (12, M+-Br). Exact mass calc’d for C6H80279Br: 190.9708. 
Found: 190.9708. 

Rearrangement of Ethyl 2-Bromomethyl-2-methylacetoacetate (19). Following the general rearrangement 
procedure, a solution of ethyl l-bromomethyl-2-methylacetoacetate (19) (30 mg, 0.128 mmoles), tri-n-butyltin 
hydride (44 mg, 0.15 mmoles) and AIBN (10 mg 0.06 mmoles) in dry benzene (30 mL). was heated for 24 hr at reflux. 
After standard aqueous workup, column chromatography on 2 g of silica gel (elution with 41 hexane-ethyl acetate) 
yielded 12.9 mg (64%) of the rearranged product, ethyl 2-methyl-3-oxopentanoate (20) as a colorless oil, Rf 0.38 (31 
hexane ethyl acetate). The 300 MHz proton nmr spectrum (WC&) showed a two-proton methylene quartet (J = 
7.13 Hz) at 8 4.12, a two proton multiplet at 8 2.91, a one-proton doublet of doublets (J = 20.2,7.79 Hz) at 8 2.46, a 
three-proton singlet at 8 2.15, a three-proton doublet (J = 6.86 Hz) at 8 1.39, and a three-proton triplet (J = 7.13 Hz) 
at 8 1.24. The IR spectrum (neat) showed bands at: 2980 (m, CH), 1732 (vs, CO, ester), 1709 (vs, CO, ketone), and 
1163 cm-l (m). 

Methyl I-Bromoethyl-2-oxocyclopentanoate (21). Following the general alkylath procedure, methyl 2- 
oxocyclopentanoate (I) (496 BL, 4.0 mmoles) was alkylated with 1,2-dibromoethane (5.23 g, 28 mmoles) at reffux for 
8 hr. Column chromatography (3:2 n-hexane-ethyl acetate) of the crude product after standard aqueous workup 
gave 610 mg (61%) of the bromide 21. The 300 MHz proton nmr spectrum (CDCl3) showed a three-proton methyl 
singlet at 8 3.72, a twoproton bromomethyl multiplet at 8 3.55 - 3.32, and an eight-proton muhtplet at 8 2.58 - 1.91. 
The 13C nmr spectrum (CDCl3) showed 9 lines at 6: 212.8 (s),l70.3 (sL59.68 (s), 52.3 (q, J = 147.38 fi), X65 (t, J = 
134.3 Hz), 32.95 (t, J = 134.0 Hz), 29.56 (t, J = 120.5 Hz), 27.46 (t, J = 153.2 Hz), 19.3 (t, J = 133.05 Hz). The IR spectrum 
(neat) showed bands at: 2955.3 (w, CH), 1749.7 (vs, CO, ketone), 1726.5 (vs, CD, ester), MS.2 (m), 1259.7 (m), and 
1163.2 (m) cm-l. The mass spectrum (70 eV) showed peaks at m/z (rel. int.): 250,248 (0.8, M+), 222,220 (37.2, M+- 
CHz=CHz), 119,117 (17.1 M+-OCH3). Exact mass calc’d for CsHr30PBr: 248.0048. Found: 248.0849. 

Reaction of Methyl 1-Bromoethyl-2-oxocyclopentanoate (21) with Tri-n-butyltin hydride. A solution of 
tri-n-butyltin hydride (54 BL, and AlBN (3 mg) in 4 mL of benzene was added dropwise over 20 hr to a refluxing 
solution of the bromide 21(33 mg, 0.134 mmoles) in 80 mL of benzene. Column chromatography (41 n-hexane - 
ethyl acetate) of the crude product, after standard aqueous workup, gave the reduced product 22 (16.2 mg, 71%) 
whose spectral data were identical to those of an authentic sample. 

Authentic Methyl 1-Ethyl-2-oxocyclopentanoate (22). Following the general alkylation procedure, 
methyl 2-oxocyclopentanoate (1) (496 uL, 4.0 mmoles) was alkylated with ethyl iodide (1.27 g, 8.0 mm&s) at room 
temperature for 2 hr. Column chromatography (41 n-hexane-ethyl acetate) of the crude product after standard 
aqueous workup gave 476 mg (70%) of the product 22. 

The 380 MHz proton nmr spectrum (CDCl3) showed a three-proton methyl singlet at 8 3.71, a two-proton 
multiplet at 8 2.6-2.2, a four-proton multiplet at 8 2.1-1.85, a two-proton muhiplet at 8 1.7-1.55, and a three-proton 
methyl triplet (J = 7.49 Hz) at 8 0.89. The W rum spectrum (CDCb) showed 9 lmes at 6: 214.5 (s), In.4 (s), 60.5 (s), 
52.02 (q, J = 147.4 Hz), 37.7 (t, J = 129.7 Hz), 31.8 (t, J = 133.0 Hz), 26.5 (t, 130.3 Hz), 19.2 (t, J = 132.18 Hz), 8.87 (q, J = 
126.8 Hz). The IR spectrum (neat) showed bands at: 2968.8 (s, CH), 2883.9 (w, CH),1750 (vs, CO, ketone), 1726.5 
(VS, CO, ester), 1460.3 (m), 1435.2 (m), 1230.7 (vs), and 1147.8 (vs) cm-l. The mass spectrum (70 eV) showed peaks at 
m/z (rel. int.): 170 (3.4, M+), 142 (38, M+-CzH& 139 (12.7, W-OCH3), 111 (13, M+-COOCH3). Exact mass calc’d 
for C9H1403: 170.0943. Found: 170.0943. 

Methyl 1-Bromopropyl-2-oxacyclopentanoate (23a). Following the general alkylation procedure, methyl 
P-oxocyclopentanoate (1) (0.568 g, 4.0 mmoles) was alkylated with 1,3-dibromopropane (1.21g, 6.0 nunales) at 
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refhrx for 21 hr. Column ch~mat~raphy (elution with 41 n-hexane-ethyi acetate) of the crude product cm 8 g of 
silica gel after aqueous workup afforded 628 mg (59%) of the bromide 23a as a pale yellow 0% The 300 MHz 

proton nmr spectrum (CDC13) showed a three-proton singlet at ii 3.72, a two-proton bromomethyl muWpk% at g 
3.39, a two-proton multlplet at 8 2.6-2.2, and a eight-proton multiplet at S 2.1-1.6. The IR Spectrum (neat) showed 

bands at: 29553 (m, CH), 1726.5 (vs, CO, ester and ketone), 1435 (m), 1236 (s). The ‘3<3 mm spectrum (cxb) 

showed 10 lines at 8: 213.2 (s), 170.5 (s), 58.9 (s), 51.7 (q, J = 147.2 Hz), 37.03 (t, J = 129.5 HZ), 32.8 (t, J = 151.7 Hzf, 
32.38 (t, J = 132.7 Hz), 31.7 (t, J = 127.8 Hz), 27.5 (t, J = 125.2 Hz), 18.9 (t, J = 132.0 Hz). The mass spectrum (70 ev) 
showed peaks at m/z (rel. lnt.): 264,262 (3.5, Mff, 236,234 (65, M+-C$-&), 183 (52, M+-R2). Exact mass c&d for : 
264.0184. Found: 264.0185. 

Rearrangement of Methyl 1-Bromopropyl-2-oxocyclopentanoate (23a). A solution of tri-n-butyltin 
hydride (151.48 mg, 0.52 mmoles) and AlBN (12 mg 0.07 mmoles) in 10 mL of benzene was added dropwise over 26 
hr to a refluxing solution of the bromide 23a (86.1 mg, 0.33 mmoles) in 160 mL of benzene, then the reaction was 
heated at reflux for an additional 3 hr. Column chromatography of this crude product on 2 g of Sih gel (&don 

with 3:2 n-hexane-ethyl acetate) after standard aqueous workup afforded 31.3 mg (52 %) of the rearranged 
product 24a as a colorless oil and 8.4 mg (14%) of the reduced product 25a. 

The 300 MHZ proton nrnr spectrum (CDC13) of the rearrangement product 24a showed a three-proton 
singlet at 8 3.64, a four-proton multiplet at 6 2.67-2.26, a five-proton multiplet at 8 2.2-1.9, and a four-proton 
multiplet at 8 1.89-1.5. The te nmr spectrum (CDC13) showed 7 lines at 6: 210.8 (s), 176.2 (S), 51.4 (q, J = 146.7 e), 
41.77 (d, J = 126.7 Hz), 41.60 (t, J = 127.8 Hz), 29.8 (t, J = 127.44 Hz), 24.17 (t, J = 127.9 Hz). The IR Spectrum (neat) 
showed bands at: 2951.5 (m,CH), 2862.7 (w, CH), 1734.2 (vs, CO, ester), 1699.5 (vs, CO, ketone), X437.1 (m), and 
1255.8 (m) cm-t. The mass spectrum (70 evf showed peaks at m/z (rel. int.): 184 (4.3, M+I, 153 (4.0, M+-OCH& 125 
(5.2, M*-COOCH3), 97 (9, M*-COGCH3-QH4). Exact mass calc’d for C$i~603: 184.1099. Found 184.1ioO. 

The 300 MHz proton nmr spectrum (CDC13) of the reduced product 25a showed a three-proton singlet at 8 
3.70, a two-proton multlplet at 6 2.46-2.19, a three-proton multiplet at 8 2.03-1.84, a five-proton multiplet at 8 1.67- 
1.18, and a threeproton methyl triplet (J = 7.33 Hz) at S 0.91. The IR spectrum (neat) showed bands at: 2959.2 (m, 
CH), 2894.3 (w, CH), 1732.3 (vs, CO, ester and ketone), 1435.2 (w), 1225.0 (m), and 1159.4 (m) cm-l. The mass 
spectrum (70 eV) showed peaks at m/z (rel. int.): 184 (26, M+), 153 (6.3, M+-OCH& 142 (35, M+-CH3CHE;CH$, 125 
(75, M+-COOCH3). 

EthyI I-Iodopropyl-Z-oxoryclopentanoate (23b). Following the general alkylation procedure, ethyl 2- 
oxocyclopentanoate (788 mg, 5 mmoles) was alkylated with I,?)-diiodopropane (861 pL, 7.5 mmoles) for 10 hr at 
reflux. Column chromatography (elution with 5:l n-hexane-ethyl acetate) of the crude product after standard 
workup afforded 39.4 mg (24%) of the iodide 23b. The 300 MHz proton nmr spectrum (CDC13) showed a two- 
proton methylene quartet (J = 7.0 Hz) at 8 4.17, a twoproton iodometbyl mdtiplet at 8 3.15, a ten-proton multiplet 
at 6 2.2-1.6, and a three-proton methyl triplet (J = 7.0 Hz) at 8 1.25. The 13C nmr spectrum (CDCl3, showed 11 lines 

at 6: 213.8 (s), 170.3 (s), 61.01 (t, J = 150.14 He), 59.19 (s), 37.3 (t, J = 129.4 Hz), 34.1 (t, J = 126.0 e), 32.7 (t, J = X33.2 
Hz), 28.5 (t, J = 125.2 Hz), 19.2 (t, J = 131.1 Hz), 13.8 (q, J = 127.1 Hz), 6.0 (t, J = 152.0 He). The IR spectrum (neat) 
showed bands at: 2985 (w, CH), 1749.7 (vs, CO,ester), 1722.6 (vs, CO, ketone), 1448.7 (w), and 1225 (m) cm-*. The 
mass spectrum (70 eV) showed peaks at m/z (rel. int.): 324 (0.44, M+), 296 (7.6, M+-C2H4), 279 (18, M+-OEt), 251 (11, 
M+-COOEt), 197 (100, M+-I). Exact mass calc’d for C11H1703I: 324.0222. Found: 324.0223. 

Rearrangement of Ethyl I-iodopropyi-2-oxocyclopentanoate (23b). A solution of tri-n-butyltln hydride 
(103 mg, 0.36 mmoles) and AIBN (9 mg, 0.05 mmoles) in 5 mL of benzene was added dropwise over 20 hr to a 
refluxing solution of the iodide 23b (97.2 mg, 0.3 mmdes) in 80 mt of benzene. After refluxhrg for an additional 24 

hr, the reaction was cooled to room temperature and concentrated. Column chromatography (elution with 51 n- 
hexane ethyl acetate) of the crude product after standard workup afforded 41 mg (69%) of the rearrangement 
product 24b as a colorless oil and 13.5 mg of the reduced product 25b. 

The 300 MHz proton nmr spectrum (CDCl3) of the rearrangement product 24b showed a two-proton 
metbyiene quartet (J = 7.1 Hz) at 6 4.09, a two-proton multiplet at 6 2.65-2.56, a two-proton multiplet at 8 2.35-2.26, 
a nine-proton mutiplet at 6 2.15-1.58, and a three-proton methyl triplet CJ = 7.1 I-W at 6 1.22. The 13C nmr spectrum 
(CDCl$ showed 8 lines at 6: 216.3 (s), 178.3 (s), 60.0 (t, J = 146.5 He), 41.8 (d, J = 126.6 Hz), 41.57 (t, J = 129.6 HZ), 29.7 
(t, J = 129.0 HZ), 24.1 (t, J = 127.4 Hz), 13.8 (q, J = 126.8 Hz). The IR spectrum (neat) showed bands at: 2938.0 (m, 
CH), 1730.4 (VS, CO, ester), 1699.5 (vs, CO, ketone), 1468.1 (w), and 1176.7 (s) cm-t. The mass spectrum (70 eV) 
showed peaks at m/z (rel. int.): 198 (30, MS), 153 (43, M+-OEt), 125 (50, M+-COOEt). Exact mass calc’d for 
CllHtg03: 198.1256. Found: 198.1256. 

The 300 MHz proton nmr spectrum (CDCl3) of the reduced product 25b showed a two-proton methylene 
multiplet at 8 4.15, a &me-proton multiplet at 6 2.55-2.18, a four-proton mdtiplet at 6 2.06-1.84, a three-proton 
multiplet at 6 1.70-1.30, a three-proton methyl triplet (J = 7.89 Hz) at 8 1.24, and a three-proton methyl triplet (J = 
7.4 Hz) at 6 0.91. The ni spectrum (neat) showed bands at: 2961 (m, CH), 1751.6 b, CO, ketone), 1728.4 (vs, CO, 



ester), 1456 (w), 123 (m), and 1159.1 (m) cm-t. The mass spectrum (70 eV) showed peaks at m/z (ml. mt.): 198 (1.6, 
M+), 170 (20, M+-C$-L4), X56 (100, M+-CH$H=CH2), 125 (29, M+-COOEth Jhct mata dc’d for c&H1t303: 
198.1256. Form& 198.1257, 

Ethyl l-B~mopropyI-~~~cyciohexanoate @6ak Following the general alkyfatk?n peocedt.~ ethyt 1- 
oxocyclohexanoate (4) (680 mg, 4.0 mm~les) was a&j&ted with 13-dibromoprop ane (1.2 g, 6.0 mmoles) for 12 hr at 
reflux. Hash cohnnn chromatography (etution with 5~1 n-hexane-ethyl acetate) of the crude product after 
standard aqueous workup afforded 418 mg (36%) of the bromide 26s. 

The 300 MHZ proton nmr spectrum (CDC13) showed a two-proton methylene quartet (I = 7.12 )Ez) at 6 
4.21, a two-proton bromomethyl multiplet at 8 3.39, a four-proton multiplet at 8 2.53-2.01, an eight-proton 
muftipiet at 8 1.9-1.44, and a three-proton methyl triplet (J = 7.12 Hz) at 8 1.27. The I36 nmr spectrum (Cml3) 
showed YIZ &es at 8: 206.7 (s), 171.16 (s), 60.78 (t, J = 146.7 Hz), 59.8 (s), 48.5 ft, J = 130.8 I-IZ), 35.8 (t, J = 131.8 H& 
33.3 (t, J = 151.3 Hzf, 3299 (t, J = 133.1 He), 27.4 (t, J = 132.4 ELZ), 27.1 (t,J = 131.5 HZ), 22.11 (t, f = 127.8 H& 13.7 (q, f 
= 127.1 HZ). The IR spectrum (neat) showed bands al: 2941.8 (m, CH), 2866.6 (w, c;H), 1714.9 (W, CQ ester and 
k&me overlapped), 1448.7 (m), 1242.3 (s), and 1174.8 (m) cm -1. The mass spectrum (70 eV) showed peaks at m/z 
(ml. mt.): 292,290 (0.2# M*), 247,245 (8, M+-OEt), 219,217 (6, M+-COOEt), 211 (100, M*-Br). Exact mass cak’d for 
C@r@$Brz 247.0157. Found: 247.0156. 

Rearrangement of Bthyl l-Bromopr~oh~anoate (26ak A s~hn_ton of fri-hay&in hydride 
(K?O FL, 0.45 mmotes) and AIBN (12 mg, 0.067 mmotesf in benzene (10 mL) was added dropwise over 24 hr to a 
&htxing solution of the bromide 26a (87 mg, 0.3 mmoles) in 160 mL of benzene. Column chromatography (elution 
with 40~1 methylene chloride-acetonitrile) of the crude product after standard aqueous workup afforded 31.7 mg 
(49%) of the rearrangement product 27 and 9.6 mg (15%) of the reduced product 28. 

The 380 MHz proton nmr spectrum (CDCl3) of the rearrangement product 27 showed a two-proton 
methylene quartet (J = 7.13 Hz) at 8 4.1, a four-proton multiplet at 8 252-2.34, an eleven-proton muhipiet at 8 2.04- 
1.54, and a three-proton methyl triplet (J = 7.13 Hz) at 8 1.24. The 1* nmr spectrum (-31 showed 11 Iines at 6: 
216.7 (s), 175.4 (S), 59.7 (t, J = 147‘9 Hz), 42.4 (t, J = 127 Hz), 41.2 (d, J = 127.4 Hz), 27.9 (t, 3 = x25.6 Hz), 26.4 (t, J = 
123.03 HZ), 24.0 (t, J = 119.2 HZ), 23.5 (t, J = 126.6 HZ), 22.4 It, J = 127.6 HZ), 13.8 (q, J = 126.8 HZ). The IE spectrum 
(neat) showed bands at: 2938.0 (m, CH), 1728.4 (vs, CO, ester), 1701.4 (vs, CO, ketone), 1446.8 (m), and 1180.67 (m) 
cm-l. The mass spectrum (70 eV) showed peaks at m/z (rel. int.): 212 (8.1, M+), 184 (2.5, M+-C2&), X6 (2.5, M+- 

EKNi), 156 (31.2, M+-C$S&O), 138 (32, M+-EtOH-CO). Exact mass calc’d for C12H&3: 212.1412. Found: 
212.1413. 

The 308 MHz proton nmr spectrum (CDCl$ of the reduced product 28 showed a two-proton methyiene 
quartet (J = 7.1 Hz) at 8 4.20, a four-proton mutiplet at 8 2652.25, an eight-proton mutiplet at 8 2.1-1.15, a three- 
pr~mn methyl triplet (J = 7.1 Hz) at 6 1.26, and a three-proton methyl triplet at 6 0.90 (J = 7.28 Hz). The IR spectrum 
(neat) showed bands at: 2939.9 (m, CH), 2870.4 (w, CH), 1714.9 (vs, CO, ester and ketone), 1450.7 (w), 1145.9 (m), 
and 1203.7 (vs) cm-l. The mass spectrum (70 eV) showed peaks at m/z (rel. int.): 212 (1.2, M+), 184 (1, M*-C2H& 
170 (100, M+-C&CH = CH2). 

Ethyl I-lodopra~yl-2-oxocyctohexanoate (26bL F0110wing the general alkylation procedure? ethyf 2- 
oxocyclohexanoate (4) (680 mg, 4.0 mmoles) was alkyfated with lo-d~~~oprop~e (1.8 g 6 mmotes) for 17 hr at 
refh.tx. Flash column chromatography (ehttion with 2582 methylene dichluride-a&Q&rile) of the crude product 
after standard aqueous workup afforded 296 mg (22%) of the iodide 26b. 

The 300 MHZ proton nmr spectrum (CDC13) showed a twa-proton methylena quartet (J = 7.17 Hz) at 8 
4.20, a two-proton iodomethyl multiplet at 8 3.15, a four-proton multiplet at 8 2.45, an eleven-proton multiplet at 
8 1.9 - 1.39, and a three-proton methyl triplet at 8 1.27 Q = 7.171. The 1% nmr spectrum (CDCfJf showed 12 lines at 
6: 206.94 (s), 171.2 (s), 60.9 (t, J = 158.9 Hz), 59.8 ($5 48.6 (t, J = 132.8 Hz& 35.9 (t, 131.6), 35.3 (tp J = 133.4 Hz), 28.2 (t, J 
= 125.6 Hz), 27.2 (t, J = 133.0 Hz& 22.2 (t, J = 128.2 H& 13.9 (qlJ = 126.7H@, 6.31 (t, f = 148.3 Hz). The IRspectrum 
(neat) showed bands at: 2939.9 (m, CH), 28646 (w, CH), 1714.9 (vs, CO, ester and ketone overlapped), X448.7 (m), 
and 1205.7 (m) cm-*. The mass spectrum (70 eV) showed peaks at m/z (rel. int.): 338 (0.2, M+), 293 (8, ii&CEt), 265 
(9.5, hi+-COOEt), 211 (100, M+-I). Exact mass calc’d for C1oH1402I: 293.0039. Found: 293.0040. 

Rearrangement of Bthyt f-lodopropyt-Z-oxocyclohexanoate (26b). A solution of tri-n-butylgermanfum 
hydride (73 BL, 0.3 mmoles) and AlBN (3 mg, 0.017 mmoles) in benzene (5 mL) was added dropwtsa over I2 hr to a 
refhuxing solution of the iodide 26b (67.6 mg, 0.2 mmotes) in 80 mL of benzene. CoIumn ~~mato~apby (e&ion 
with 5~1 hexane-ethyl acetate) of the crude product after standard aqueous workup afforded 32 mg (75%) of the 
rearrangement product 27 and 5 mg (12%) of the reduced product 28, 

The spectral data for the rearrangement product 27 and the reduced product 28 were identical to thQse Qf the 
products from the rearrangement of the corresponding bromide 26a. 

Methyl I-BromopropyK&oxocycloheptanoate f29a). Ebllowing the general alkylation procedure, methyl 
2~~~ohept~~te (8) (680 mg, 4 mmoles) was afkyiated with l~dib~rno~o~e (686 FL, 6.8mmoles) for 24 hr 
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at reflux. Column chromatography (elution with 5O:l dichloromethane-acetonitrile) of the crude product after 
standard aqueous workup afforded 457 mg (39%) of the bromide 29a. 

The 300 MHz proton nmr spectrum (CDCl3) of 29a showed a three-proton methyl singlet at 6 3.72, a two- 
proton bromomethyl multiplet at 6 3.38, and a fourteen-proton multiplet at 6 2.8-1.4. The IR spectrum (neat) 
showed bands at: 2932.2 (m, CH), 2858.2 (w, 0,173B.l (vs, CO, ester), 1711.1 (vs, CO, ketone), 1446.8 (w), 1228.8 
(m), and 1178.7 (m) cm-l. The 13c nmr spectrum (CDC13) showed 12 lines at 6: 208.8 (s), 172.4 (s), 62.04 (s), 51.99 (q, J 
= 147.1 Hz), 41.76 (t, J = 148.8 Hz), 33.8 (t), 33.4 (t), 32.8 (t), 29.58 (t), 27.8 (t), 25.32 (t, J = 129.4 Hz), 24.60 (t, J = 126.2 
Hz). The mass spectrum (70 eV) showed peaks at m/z (rel. int.): 292,290 (0.3, M+), 260,258 (7, M+-C&OH), 233, 
231 (6, M+-COOCH$, 211 (65, M+-Br). Exact mass calc’d for CllH150z79Br: 258.0255. Found: 258.0256. 

Rearrangement of Methyl 1-Bromopropyl-2-oxocycloheptanoate (29a). A solutlon of tri-n-butyltin 
hydride (120 pL, 0.45 mmoles) and AlBN (12 mg, 0.007 mmoles) in benzene (10 mL) was added dropwise over 24 hr 
to a refluxing solution of the bromide 29a (87 mg, 0.3 mmoles) in 80 mL of benzene. Column chromatography 
(elution with 51 n-hexane-ethyl acetate) of the crude product after standard workup afforded 18.6 mg (29%) of the 
rearrangement product 30 and 20.4 mg (32%) of the reduced product 31. 

The 300 MHz proton nmr spectrum (CDCI3) of the rearrangement product 30 showed a three-proton 
methyl singlet at 6 3.65, a five-proton multiplet at 8 2.73-2.28, a twelve-proton multiplet at 8 2.1-1.2. The l3C nmr 
spectrum (CDC13) showed 11 lines at 8: 214.1 (s), 176.7 (s), 51.6 (q, J = 147.4 Hz), 42.9 (t, J = 133.8 Hz), 41.9 (d, J = 
129.4 Hz), 41.1 (t, J = 120.0 HZ), 27.8 (t, J = 126.6 Hz), 27.3 (t, J = 131.8 Hz), 25.4 (t), 23.5 (t), and 21.9 (t, J = 122.3 Hz). 
The IR spectrum (neat) showed bands at: 2934.1 (m, CH), 2870.4 (w, CH), 1734.2 (vs, CO, ester), 1699.5 (vs, CO, 
ketone), 1435.2 (ml, 1699.5 (m), 1435.2 (ml, and 1169.0 (ml cm-l. The mass spectrum (70 eV) showed peaks at m/z 
(rel. int.): 212 (5, M+), 180 (25, M+-CHsOH), 153 (23.5, M+-COOCH3). Exact mass calc’d for C12H2oO3: 212.1412. 

Found: 212.1413. 
The 300 MHz proton nmr spectrum (CDC13) of the reduced product 31 showed a three-proton methyl 

singlet at 6 3.67, a four-proton multiplet at 6 2.9-2.2, a ten-proton multiplet at S 2.1-1.2, and a three-proton methyl 
triplet (J = 7.3 Hz) at 6 0.89. The IR spectrum (neat) showed bands at: 2953.4 (w, CH), 2970.4 (w, CH), 1734.2 (vs, 

CO, ester), 1711.1 (vs, CO, ketone), and 1167.1 (m) cm-l. The mass spectrum showed peaks at m/z (rel. int.): 212 (4, 
M+), 181 (8.1, M+-OCH$, 170 (2.0, M+-CH$ZH=CH$, and 153 (6, M+-COOCH3). Exact mass calc’d for 

Ct2H@3: 212.1412. Found: 212.1413. 

Methyl I-Iodopropyl-2-oxocycloheptanoate (29b). Following the general alkylation procedure, methyl 2- 
oxocycloheptanoate (8) (680 mg, 4 mmoles) was alkylated with I,&diiodopropane (596 pL, 5.2 mmoles) for 2 hr at 
room temperature. Flash column chromatography (elution with 125:l dichloromethane-acetonitrlle) of the crude 
product after standard aqueous workup afforded 561 mg (41%) of the iodide 29b. 

The 300 MHz proton nmr spectrum (CDC13) showed a three-proton methyl singlet at 8 3.73, a two-proton 
iodomethyl multiplet at 6 3.15, a two-proton multiplet at 6 2.68-2.45, a two-proton multiplet at 8 2.18-2.00, and a 
ten-proton multiplet 6 1.83-1.62. The l3C nmr spectrum (CDCl$ showed 12 lines at 8: 208.8 (s), 172.4 (s), 62.0 (s), 

52.05 (q, J = 147.1 Hz), 41.7 (t, J = 129.04 Hz), 36.12 (t, J = 127.7 Hz), 32.8 (t, J = 122.7 Hz), 29.6 (t),28.6 (t), 25.32 (t, J = 
130.18 Hz), 24.62 (t, J = 127.0 Hz), and 6.25 (t, J = 150.7 Hz). The IR spectrum (neat) showed bands at: 2932.2 (m, 
CH), 2858.9 (w, CH), 1736.2 (vs, CO, ester), 1709.1 (vs, CO, ketone), 1444.9 (ml, 1225.0 (s), and 1153.6 (m) cm-l. The 
mass spectrum (70 eV) showed peaks at m/z (rel. int.): 338 (1, M+), 307 (3.8, M+-OCH$, 279 (7, M+-COOCH$, 
and 211 (100, M+-I). Exact mass calc’d for C12H1903k 338.0379. Found: 338.0380. 

Rearrangement of Methyl I-Iodopropyl-2-oxocycloheptanoate (29b). A solution of tri-n-butyltin hydride 
(70 pL, 0.27 mmoles) and AlBN (6 mg, 0.034 mmoles) in benzene (5 mL) was added dropwise over 20 hr to a 
refluxing solution of the iodide 29b (58 mg, 0.1717 mmoles) in 80 mL of benzene. Column chromatography (elution 
with 51 n-hexaneethyl acetate) of the crude product after standard aqueous workup afforded 12.7 mg (34 %) of 
the rearrangement product 30 and 13.7 mg (38%) of the reduced product 31. The spectral data of both products 
were identical to those obtained from the corresponding bromide 29a. 

Ethyl I-Iodobutyl-2-oxocyclopentanoate (32). Following the general alkylation procedure, ethyl 2- 
oxocyclopentanoate (653 mg, 4.1 mmoles) was alkylated with 1,4diiodobutane (I.07 mL, 8.25 mmoles) for 24 hr at 
reflux. Flash column chromatography (6~1 n-hexane-ethyl acetate) of the crude product after standard aqueous 
workup afforded 79Smg (58%) of the iodide 32. 

The 300 MHz proton nmr spectrum (CDC13) showed a two-proton methylene quartet (J = 7.15 Hz) at 8 4.15, 
a two-proton iodomethyl triplet (J = 6.81 Hz) at 6 3.18, a four-proton multiplet at 6 2.6-W an eight-proton 
multiplet at 6 2.1-1.27, and a three-proton methyl triplet (J = 7.15 Hz) at S 1.26. The 13C nmr spectrum (Cx13) 

showed 12 lines at S: 214.5 (s), 170.7 (s), 61.2 (t, J = 150.1 HZ), 60.1 (s), 37.8 (t, J = 129.3 I-J& 33.4 (t, J = 128.6 Hz), 32.6 

(t, J = 128.5 Hz), 32.4 (t, J = 132.7 Hz), 25.6 (t, J = 126.9 Hz), 19.5 (t, J = 132.5 Hz), 14.04 (q, J = 126.9 Hz), 6.3 (t, J = 
150.9 Hz). The IR spectrum (neat) showed bands at: 2957 (m, CH), 1749.7 (vs, CO, ketone), 1722.6 (vs, CO, ester), 
1454.5 (m), and 1174.8 (s) cm-l. The mass spectrum showed peaks at m/z (rel. int.): 310 (3, M+-C2H4), 293 (10, M+- 
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ORt), 265 (5, M+CooEt), 211 (40, M+-I), 183 (16, M+-I-CzI-Is). Exact mass calc’d for CllH902I: 310.0430. Found: 

310.0430. 
Rearrangement of ethyl 1-Iodobutyl-Z-oxocyclopentanoate (32). A solution of tri-n-butyhin hydride (121 

PL, 0.40 mmoles) and AIBN (9 mg, 0.05 mmoles) in 6 mL of benzene was added dropwise over 12 hr to a reffux@ 
solution of the iodide 32 (130 mg, 0.38 mmoies) in 80 mL of benzene. Column chromatography (lOO:l methylene 
chloride-acetonitrile) of the crude product after standard aqueous workup afforded 29 mg WW of the 
rearrangement product 27 and 29.8 mg (37%) of the reduced product 33. 

The 300 fv4f& proton nmr spectrum of the reduced product 33 showed a two-proton methylene multiplet at 6 
4.16, a two-proton multiplet at 8 2.58-2.17, a ten-proton muhiplet at 6 2.06-W and a three-proton methyl triplet (J 
= 7.0 Hz) at 5 0.9. The IR spectrum (neat) showed bands at: 2959.2 (s, CH), 2860.8 (s, CH), 1751.67 (vs, CO, ketone), 
1724.6 (vs, CO, ester), 1464.2 (m), and 1223.0 (s) cm-l. The mass spectrum (70 ev) showed peaks at m/x (rel. int.): 
212 (0.4, M+), 184 (4.3, M+-C2H4), 167 (12.4, M+-OEt), 156 (100, M+-CH3CH2CH = CH2), 139 (15, M+-COCW. 
Exact mass calc’d for Cr2H2oC3: 212.1412. Found: 212.1412. 

Ethyl 1-Iodobutyl-2-oxocyclohexanoate (34). Following the general alkyfation procedure, ethyl 2-oxocydO- 
hexanecarboxylate (4) (680 mg, 4.0 mmoles) was alkylated with of 1,4_diiodobutane (1.8 g, 5.8 mmoles) for 6 hr at 
room temperature. Flash chromatography (elution with 9:l hexane-ethyi acetate) of the crude product after 
standard aqueous workup gave 1.03 g (73%) of the iodide 34 as a colorless oil. The 300 MHz proton nmr spectrum 
(CLQ) showed a two-proton methyiene quartet at 8 4.21 (J = 7.1 Hz), a two-proton iodomethyf triplet (J = 7.0 Hz) 
at 8 3.17, a three-proton muitiplet at 8 2.54-2.01, an eleven-proton muhiplet at 5 1.91-1.29, and a three-proton 
methyl triplet at 8 1.27 (J = 7.1 Hz). The fR spectrum (neat) showed bands at: 2938 (m, CH), 2604 (w, CH), 1713 (vs, 
CO, ester and ketone). The 13~ rum spectrum (CJX13) showed 13 lines at 6: 207.4 (s), 171.5 (s), 60.9 (t, J = 150 Hz), 
60.3 (s), 40.8 (t, J = 131 Hz), 35.8 (t, J = 131 Hz), 33.4 (t, J = 128 Hz), 33.2 (t, J = 127 a), 27.3 (t, J = 131 Hz), 24.9 (t, J = 
128 Hz), 22.3 (t, 127 Hz), 13.9 (q, J = 127 Hz), 6.15 (t, J = 149 Hz). The mass Spectrum (70 ev) showed peaks at m/Z 
(rel. int.): 307 (3.4, M+-OEt), 279 (4.2, M+-COOEt), 225 (13, M+-I), and 170 (100). Exact mass calc’d for CllHl60Zk 

307.0195. Found: 307.0195. 
Rearrangement of Ethyl I-Iodobutyl-2-oxocyclohexanoate (34). A solution of tri-n-butyltin hydride (90 uL, 

0.36 mmoles) and AlBN (10 mg, 0.061 mmoles) in benzene (5 mL) was added over 24 hr to a refhndng sohnion of the 
iodide 34 (105.6 mg, 0.3 mmoles) in 80 mL of benzene. The reaction mixture was heated to refhtx for an additional 
24 hr. Column chromatography on 2 g of silica gel (elution with 51 n-hexane-ethyl acetate) of the crude product 
after standard aqueous workup afforded 47.8 mg (71%) of the rearrangement product 35 and 16.9 mg (25%) of the 
reducedprcduct36. 

The 300 MHz proton nmr spectrum (CDC13) of the rearrangement product 35 showed a two-proton 
methylene quartet (J = 7.1 Hz) at 8 4.11, a twoproton multiplet at 8 2.75-2.66, a three-proton muhipiet at 6 247- 
2.31, a twelve-proton multipiet at 8 1.98-1.42, and a three-proton methyl triplet (J = 7.1 Hz) at 5 1.24. The ** nmr 
spectrum (CDCl$ showed 9 lines at 6: 214.08 (s), 176.10 (s), 60.03 (t, J = 147 Hz), 41.67 (t, J = 124.9 Hz), 41.47 (d, J = 
126.2 Hz), 27.43 (t, J = 128.9 Hz), 23.6 (t, J = 124.8 Hz), 22.9 (t, J = 127.8 Hz), 14.1 (q, J = 126.6 Hz). The fR spectrum 
(neat) showed bands at: 2932 (m, CH), 2872 (w, CH), 1730 (vs, CO, ester), 1703 (vs, CO, ketone), and 1462 (m) cm-l. 
The mass spectrum showed peaks at m/z (rel. int.): 226 (4.3, M+), 181 (15. M+-OEt), 170 (60), 153 (20, M+-COOEt). 
Exact mass for Cr3H2203: 226.1569. Found: 226.1570. 

The 300 A&& proton nmr spectrum (CDC13) of the reduced product 36 showed a two-proton methylene 
quartet (J = 7.13 I-Ix) at 8 4.19, a seventeen-proton muitipiet at 6 2.52-1.16, and a three-proton methyl triplet (J = 
7.13 Hz) at S 0.88. The IR spectrum (neat) showed bands at: 2936 (m, CH), 2864 (w, CH), 1728 (s, CO, ester), and 
1715 (vs, CO, ketone) cm-*. The mass spectrum showed peaks at m/z (rel. int.): 226 (0.7, M+), 181 (3.5,14+-OEt), 
170 (25, M+-CO-CH2CH2), 153 (7, M+-COOEt). Exact mass calc’d for Cr3Ha03: 226.1569. Found: 226.1570. 

Methyl l-Iodobutyl-2-oxocycloheptanoate (37). Following the general alkylation procedure, methyl 2- 
oxocycloheptanoate (8) (680 mg, 4 mmoles) was alkylated with I,4diiodobutane (1.5 g, 4.8 mmoles) at room 
temperature for 1 hr. Flash column chromatography (elution with 15O:l dichioromethane-acetonitrile) of the crude 
product after standard aqueous workup afforded 585 mg (41%) of 37. The 300 MHz proton mm spectrum (CDQ) 
showed a three-proton methyl singlet at 6 3.74, a two-proton iodomethyl triplet (J = 7.1 Hz) at 6 3.19, a two-proton 
multipiet at 8 2.7-2.43, and a fourteen-proton multiplet at 8 2.2-1.23. The r3C nmr spectrum (CD’&) showed 12 
lines at 6: 209.2 (s), 172.8 (s), 62.6 (s), 52.2 (q, J = 150.0 Hz), 41.9 (t, J = 131.0 Hz), 34.0 (t, J = 129.0 Hz), 33.8 (t, J = 132.0 

Hz), 32.5 (t, J = 127.5 Hz), 29.8 (t, J = 134.2 Hz), 25.6 (t, J = 134.2 Hz), 24.9 (t, J = 135.0 Hz), 6.3 (t, J = 156.7 Hz). The IR 
spectrum (neat) showed bands at: 2932.2 (m, CH), 2858.2 (w, CH), 1734.2 (vs, CO, ester), 1699.5 (vs, CO, ketone), 
1456.4 (w), 1228.8 (m), and 1151.6 (m) cm-l. The mass spectrum (70 eV) showed peaks at m/z (rel. int.): 352 (0.23, 
M+), 321 (1.4, M+-OCHB), 293 (4.7, M+-COOCH$, 225 (7, M+-I), 170 (100, M+-ICH2CH2CH=CH& Exact mass 
calc’d for Cl2HlsO2I: 321.0352. Found: 321.0351. 

Rearrangement of Methyl 1-Iodobutyl-2-oxocycloheptanoate (37). A solution of tri-n-butyltin hydride (80 
uL, 0.297 mmoles) and AlBN (9 mg, 0.05 mmoles) in benzene (5 mL) was added over 20 hr to a refluxing solution of 
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the iodide 37 (69.8 mg 0,198 mmoles) in 88 mt of be-e= C&mm chromatography felution with S:I n-hexane- 
ethyi acetate) of the crude product foilowing stat\d~d aqueous workup afforded 20.1 mg (43 Xf of the rearranged 
pmduct 38 and U-4 mg (30%) of ,the reduced product 39. 

The 300 MHZ proton nmr spectrum (CDCl3) of the rearrangenwnt product 38 showed a three-proton 
methyl &ghrt at 8 3.E9* a fiveproton multiplet at 6 2&2.20, a fourteen~proton muitiplet at 6 1.93-1.2. The ‘3c nmr 
speafilrn (-3) showed 13 Jines at 6: 214.1 fs), 176.6 fs), 51.4 &J = 146.6 Hz)* 41.95 ft, J = 124.5 Hz& 4U6 {d, J = 
X29.8 Hz), 4155 [& J = X23.4 Hz& 27.59 ct), 2623 ft), 26.14 fr), 24.00 @)* 22.R ft& 2232 ItI* 22.X6 &)* The TB spec&m 
(neat) showed bands at: 29437 (m, CM, 2372.4 <w, CH), 1734.2 @s, CO, ester& fX6.3 tvs, CO, kem?e~~ 1456.4 <WI, 
and t165.f (w) cm-r. The mass spectrum c70 eV1 showed peaks at m/z (rei. int.): 226 fS.1, h4+), 194 CZ8.1, I@+- 
CH@H), 1&j (18, M+-CH3OHXZO). Exact mass calc’d for C13H2203: %%.1569. Found: 226.1569. 

the 398 hf~x proton nmr spectrum (CDCM of the reduced product 39 showed a three-proton methyl 
singlet ai 8 3.71, a two-proton muhiplet at 6 2.61*2.48, a two-proton muhipiet at 6 2.184.91, a tweive-proton 
multiply at S 1.79-1.X3, and a three-proton me&y1 ttiplet ff = 7.1 E&j at S 0.88 The W Specm &eat) showed 
bands ab 2$32.2 [us, Cm), 2868.8 fin, CH& 173S.2 &s, CO, ester& X’X.T @?s, Co, ketone& 1455.4 trnjr ZfQ.6 (s), 
I 147.8 fs). The mass spectrum (78 eV) showed peaks at mfz &eJ. mt,): 226 Q.66, M”), @5 (4.3, M*-OCH& X94 (3, 
M+-CH@kj), 178 fl08, M*-CH@i2CH=CH2). &act mass cak’d for CfJH3~03: 226.1568. Found: 226.1563. 
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