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Summary: Cyclic a-(nitroalkyljenones and U-(phenylsulfonylalkyl)enones undergo 
regioselective substitution of the nitro group by relatively soft sulfur, nitrogen and 
carbon nucleophiles. 

Aliphatic nitro compounds are versatile components in organic synthesis due to the high 

electron-withdrawing property associated with the nitro group. This property permits them 

to play an Important role in key organic reactions for carbon-carbon bond formation such dS 

aldol, the Mrchael (both as acceptor and donor), and the Diels-Alder (as dienophile) 

1 reactions . 

A new mode of their reactivity was demonstrated when certain nitro compounds were shown 

to undergo substitution of the nitro group by some nucleophiles via an electron transfer- 

2 chain process (the SRNl reaction) . This mode of reactivity bears some resemblance to 

that of transition-metal-catalyzed substitution reactions 3,4b , and consequently we have 

aimed to develop a new and general substitution reaction of nltro compounds utilizing 

organotransition metal catalysts. Thus, we and another group have reported that in the 

presence of palladium(O)-phosphine complexes a variety of primary to tertiary allylic nitro 

compounds and even a-nitro oleflns are subJected to replacement of the nitro group by 

nucleophiles such as stabilized 4 carbanions , 5 amines , phosphines6, sulfinate ion7, hydride 

El ion , 9 and enolate ions from ketones (albeit limited to tertiary nitro substrates) . As a" 

extension of this work we have recently revealed that cyclic Cx-(nitroalkyl)enones, activated 

allylic nltro compounds, undergo the regioselective replacement of the nitro group directly 

by soft nucleophiles" without the aid of a metal catalyst and indirectly by 

organocuprates 11 to give SN2 and SN2'type products, respectively, (eq 1 and 2) 12 . Ill 
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this paper we report the full experimental results of our further investigation on the 

former substitution reactions using various cyclic a-(nitroalkyl)enones and the sulfonyl 

analogues, which also enables us to evaluate the synthetic utility of these reactions. 

Preparation of Cyclic a-(Nitroalkyl)enones 

To study the substrate substituent effects,@-(nitromethyllenones 1-3, branched a- 

(nitroalkyl)enones 4-6, and the 8-methyl-a-(nitromethyl)enone 7 were prepared from the 

corresponding cyclic ketones and nitroalkanes 13.14 . Overall isolated yields are shown in 

Scheme 1. Unlike the simple allylic nitro compounds, the Michael reaction of 2 with 

activated olefins succeeded only in the case with methyl vinyl ketone to give 4 upon careful 

selection of solvent and base catalyst; the "se of acrylic ester and acrylonitrile resulted 

in the recovery of 2. 
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Reaction with Sulfur Nucleophiles 

Regioselective conversiton of cyclic a-(nitroalkyl)enones to the corresponding a- 

(phenylsulfonylalkyl)enones was easily accomplished by exposure of the former enones to 

PhS02Na*2R20 in DMF at room temperature (eq 3 and Table 1). Alternatively, the five and 

six membered a-(pheny~sulfonylmethyl)enones 8a and 8b could be obtained in good yields from 

the cycloalkenones by a-phenylthiomethylation 16 followed by oxidation with OxoneR (eq 4). 

Replacement of the NO2 group by PhS, or formal reduction of the PhS02 group to PhS in 

the activated enones was achieved regioselectively by subjecting these substrates to PhSNa 

in DMF at room temperature (eq 5 and Table 2). Thus,Cz-fphenyls"lfonylalkyl)enones and 
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DMF 
+ PhS02Na.ZH20 v S%Ph + NaN02 ( 3 ) 

r.t.. 0.5 h 

8a - f 
Table 1. Denitro-Sulfonylation of 1-5 and 7 

entry enone n 
5 R3 

product isolated yield($) 

1 1- 1 H II 8a 72 

2 2 2 H H 8b 75 

3 5 2 H Me 8c 75 

4 4 2 H CH2CH2COMe 8d 75 

5 7 2 Me H 8e 69 

6 3 3 H H 8f 63 

0 PhSH, HCHO 0 0 

Et3N. EtOH OxoneR, aq.MeOH 

( 6 I - reflux. 5 days ( ti 
I 

SPh - ( 
(4) 

n 
e ’ 

S&Ph 

n r.t., 1.5 h n 

9a: n-l. 67% 8a; n-l. 97% 

9b: n-2. 70% 8b; n-2, 100% 

PhSNa SPh + 
NIX (5) 

9a-f 

Table 2. DcniLro- and Desulfonyl-Sulfenylation of 1-5, 7, 8a, 8b and 8f 

entry enone n R, R, X oroduct isolated vield(0) 

1 1 1 II H NO2 9a 88 

2 2 2 H H NO2 9b 83 

3 5 2 H Me NO2 9c 94 

4 4 2 II CH2CH2COMe NO2 9d 83 

5 7 2 Me H NO2 9e 72 

6 3 3 H H NO2 9f 95 

7 8a 1 H H S02Ph 9a 84 

El 8b 2 H H S02Ph 9b 92 

9 8f 3 H H S02Ph 9f 79 

the corresponding Q-Lphenylthioalkyl)enones are easily interconvertible. 

A further interesting aspect of these transformations is the control of the reactlon 

site in the substitution with alkanedithiols. Typical examples are shown in eq 6 and 7. 

Subjection of 2 and 8bto 1,2-ethanedithiol monosodium salt or disodium salt led to the 

selective formation of the cyclized product 10 via substitution followed by intramolecular 

1,4-addition or the intermolecularly linked product 11 through the consecutive two 

substitutions, respectively. These results suggest the applicability of these reactions to 
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macrocycle synthesis 12e . 
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Reaction with Nitrogen Nucleophiles 

Cyclic a-(dialkylaminomethy1)enone.s are interesting compounds in view of synthetic 

manipulation of cyclic enones 17 ; e.g., the introduction of a chiral amino group would 

provide an asymmetric environment around the enone system 18 . Thus, we carried out denitro- 

amination and desulfonyl-amination using pyrrolidine and (S)-2-(methoxymethyl)pyrrolidine. 

The use of sulfonyl substrates often needed rather longer reaction time than that of nitro 

substrates, although yields of the desired products were comparable (eq 8 and Table 3). 

3 
CH$N 

+ HN 

+ HX (6) 
r.t. 

k4 
12P-g 

Table 3. Denitro- and Desulfonyl-Amination of l-3, 7, Ra, 8b and 8f 

entrv enone n R. X R, time(h) oroduct isolated vield(B) 

1 1 1 H NO2 H 1.0 12a 56 

2 8a 1 H S02Ph H 2.0 12a 57 

3 1 1 H NO2 CH20Me 1.0 12b 55 

4 8a 1 H S02Ph CH20Me 48 12b 57 

5 2 2 H NO2 H 1.0 12c 89 

6 8b 2 II S02Ph H 7.0 12c 78 

7 2 2 H NO2 CH20Me 1.0 12d 94 

8 7 2 Me NO2 H 1.0 12e 67 

9 3 3 H NO2 H 1.0 12f 94 

10 8f 3 H S02Ph H 1.0 12f 93 

11 3 3 H NO2 CH20Me 1.0 129 95 

As expected addltlon of R2CuLl in the presence of Zn13r2 to (s)-a-[(Z-methoxymethyl-l- 

pyrrolidinyl)methyllenone 12d produced the optically active 3-substituted 2-exo- 
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18 
methylenecyclohexanones in good yield with high enantiomeric excess (90% eel (eq 9) . 

0 
ZnBrl, THF RPCULi . 

P- 
82-07% ( 9 1 

90 %ee 

Denitro-azidation also occurred smoothly to produce the a-(azidomethyl)enones 13a and 

13b in good yields (cq 10). 

0 0 

DMF 

Noz + 

NaN3 e NaN02 ( 10 1 
( r.t. ( 

” ” 

13a; n-l. 73% 
13b; n-2, 79% 

Reaction with Stabilized Garbanions 

In a previous communication paper 10 , we showed that rather poor results occurred upon 

denitro-alkylation of O-(nitroalkyllenones. However, systematic studies lising structurally 

differenta-(nitroalkyllenones as well as the phenylsulfonyl analogues with various 

carbanions (eq 11 and Table 41 demonstrated that this type of substitution reaction could 

indeed occur to generate the desired products. It would appear that the failure to 

denitro-alkylate a-(nitroalkyllenones arose from the high acidity of a-nitro protons in 

substrates 1, 2 and 3. Carbanions abstract the acidic proton to generate the corresponding 

nitronate, which undergoes further undesired side reactions, probably initiated by intra- or 

inter-molecular con3ugate addition of the nitronate oxygen atom to the enone moiety. There- 

fore, the use of the phenylsulfonyl analogues Ea, 8b and 8f possessing less acidic CI- 

sulfonyl protons resulted in successful substitution reaction to produce SN2 type products 

reqioselectively (entries 2, 4, 8, 16, 18 and 20 in Table 4). Noteworthy is the fact that 

the presence of a methyl group at the fl position of the a-(nitromethyllenone (7) effects 

the smooth substitution reaction with all carbanions employed (entries 5, 11, 14, 19 and 

21). This substituent effect may be ascribed to steric suppression of the above described 

side reaction. The reaction of enones 2 and 8b with the enolizable carbanions 

NaCH(COCH31COOCH3 or LiCH(CH31N02 in DMF led to no detectable amount of substitution 

products 17a or 18a despite complete consumption of 2 and 8b (entries 9, 10, 12 and 131, 

while the same carbanions reacted with the @methylated enone 7 to give the desired products 

17b and 18b in 76 and 61 $ yields, respectively (entries 11 and 14). Interestingly, 

LiC(CH312N02 reacted with 8a and 8b as well as 7 to respectively afford the SN2 type 

products 19a. 19b and 19c in good yields (entries 16, 18 and 19). These results imply 

that the once formed SN2 type products 17a and 18a bearing an acidic proton are likely to 

undergo further side reactions, probably intramolecular ones, although details are not 

understood yet. This drawback was surmounted by replacing DMF by methanol (entries 9, 10, 

12 and 131. 
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Table 4. Denitro- and Desulforlyl-Alkylation of 1-3, 5, 7. 8a, 8b and 8f 

entry NU- enone n II1 R2 X time (h) product yield (%la 

1 NaCll (COOMe ) 2 1 

2 8a 

3 2 

4 Elb 

5 7 

6 5 

7 3 

8 l3r 

9 NaCH(COMe)COOMe 2 

10 8b 

11 7 

12 I.iCHMeN02 2 

13 l3b 

14 7 

15 LiCMe2N02 1 

16 6a 

17 2 

18 8b 

19 7 

20 

21 

Bb 

1 II II 

1 II II 

2 II II 

2 II II 

2 Me II 

2 II Me 

3 tl II 

3 II II 

2 II II 

2 II II 

2 Me II 

2 II II 

2 II II 

2 Me II 

1 II II 

1 II II 

2 II II 

2 II II 

2 Me II 

2 II II 

2 Me H 

NO2 

S02Ph 

NO2 

S02Ph 

NO2 

NO2 

NO2 

S02Ph 

NO2 

S02Ph 

NO2 

N02 

S02Ph 

NO2 

NO2 

S02Ph 

NO2 

S02Ph 

NO2 

S02Ph 

NO7 

1.0 

1.0 

2.0 

2.0 

2.0 

1.5 

2.0 

2.0 

48 

48 

2.0 

48 

24 

2.5 

2.0 

2.0 

2.0 

2.0 

2.5 

2.5 20 59 

2.5 21+22(60:40) 86 

14a 

14b 

14b 

14c 

14dt15(56:44) 

14etl6(80:20) 

14&16(80:20) 

17a 

17a 

17b 

1Ba 

18a 

18b 

19a 

19a 

19b 

19b 

19c 

0 

74 

24 

70 

82 

73 

33 

91 

O(lO)b 

0(32jb 

76 

0(601b 

O(70)b 

61 

0 

65 

(10 

74 

60 

a) Isolated yield. b) Performed in MeOH. 

14 15 16 17 16 
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Mechanism 

At the beginning of our studies, we postulated that most of the described substitution 

reactions of Q-(nitroalkyljenones might involve an electron-transfer process and proceed 

by a non-chain radical mechanism partly similar to the SRNl reaction, since the sterically 

congested carbanion LiC(CH312N02 and the methyl-substituted enone 7 participated in this 

substitution reaction. After several inhibition experiments with an excess amount of 

scavengers for free radical and anion radical, however, we noted that the radical mechanism 

should be a minor pathway if any, because so far no pronounced inhibition was observed in 

the reaction of 2 or 7 with PhSO2-, PhS-, or -CH(CCOMel2. Moreover, the fact that tertiary 

nitro enone 6 failed to undergo the substitution reaction by PhS02-, PhS- and -CH(COOMe12, 

instead giving the 

principal pathway. 

elimination product 23 (eq 121, supports the non-radical mechanism as a 

p * [*I _ p t12) 
23 

Nu-- PhS&-. PhS-. ‘CH(COOMe), 

Two possible reaction mechanism compatible with these results involves either A) an 

SN2'-allylic rearrangement process or B) a SN2'-SN2' reaction, depending on the type of 

nucleophiles (Scheme 21. It is more likely that the substitution reaction with enolizable 

carbanions is initiated by conlugate addition of the enolate oxygen atom to the B position 

of enones and subsequent elimination of the leaving group X followed by either 

[3,3lrearrangement or additional SN2' proce~.sI~~. This explanation convinces us of the 

observed smooth reactions of 85, 8b and 7 with the hindered carbanion LiC(CH312N02 (entries 

16, 18 and 19 in Table 4 and Scheme 21. The simultaneous formation of the SN2 and SN2' 

type products from NaCH(COOMej2 and 5, 3, or 8f (entries 6, 7 and 8 in Table 4) seems to 

reflect the competition between initial O-attack and C-attack of -CH(COOMe12, since 

rearrangement of the separated SN2' product15 into the SN2 one 14d upon treatment with 

NaCH(COOMe12 occurs quite slowly. As to the other heteroatom nucleophiles employed, both 

pathways A and B should be considered. 

Conclusion 

Studies on reaction of cyclic a-(nitroalkyll- and Cx-(phenylsulfonylalkyl)-enones with 

various soft nucleophiles reveal that (il these enones undergo the regioselective 

replacement of NO2 and S02Ph groups by SPh, NR2 groups and stablized carbanions to give the 

SN2 type products, (ii) a-(phenylsulfonylalkyll- and the corresponding a-(phenylthio- 

alkyllenones are interconvertible, (iii) optically active a-(pyrrolidinylmethyllenones are 

obtained, (iv) a-(phenylsulfonylalkyllenones are the more suitable substrate than the nitro 

analogues with respect to substitution by stabilized carbanions, while unexceptionally the 

6-methyl-cl-(nitromethyllenone 7 effects smooth substitution reaction with all carbanions 
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Scheme 2 

SN2’- allylic rearrangement (pathway A) 
S,,2’- SN2’ process (pathway B) 
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employed to afford 

proceed through SN2' 

reaction (Scheme 2). 

the SN2 type products, and (VI this type of substitution reaction may 

reaction followed by either allylic rearrangement or additional SN2' 

Experimental Section 

General procedure for the Preparation of a-(Nitroalkyljenones (Scheme 1). TheBZ( 
Epoxynitro compound (20 mmol), 
compound13*14, 

prepared by epoxydation of the corresponding allylic nitro 
was dissolved in CH3CN (60 mL) [DMF for 71, 

(2mmol) for 51 was added. 
and Et3N (2 mmol) IH N(CH2j2NMe2 

The resulting orange to red solution was heated at B O'=C for 2h 
148 h for 5 and 7; r-t., 24 h for 11 and then poured into aq. 2N HCl (100 ml). The aqueous 
mixture was extracted with ether (3 X 40 mL). The ether extracts were washed with water 
(40 mL) [brine (3 X 40 mL) and water (40 mt) for 71, dried over MgS04, and concentrated in 
"ac"0. The crude hydroxy allyllc nitro compound was dissolved in CH2C12 (50 mL) and added 
to a mixture of pyridinium chlorochromate (PCC, 25-30 mmol) and neutral alumina (25 g) in 
CH2C12 (250 mL). After approximately 2 h, the mixture was filtered through celite. The 
filtrate was concentrated and then subjected to column chromatography on silica gel (CH2C12) 
to give the pure a-(nitroalkyllenones. 

Allylation of 5 was carried out according to published procedure 15 . Compound 4 was 
prepared by stirring a mixture of 2 (20 mmol), methyl vinyl ketone (24 mmol) and t-BuOK (2 
mmol) in MeOH (80 mL) overnight at r.t. followed by concentration and purification by column 
chromatography on silica gel (1:l hexane-EtOAc). 

General Procedure for Denitro-Sulfonylation, Denito-Sulfenylation, Desulfonyl-Sulfenylation 

and Denitro-Azidation (eq 3.5.6.7.10 and Table 1.2). A mixture of the enone (5 mmol) and 
PhS02Na*2H20 (7.5 mmol), PhSNa (7.5 mmol), or NaN3 (7.5 mmol) in DMF (10 mL) was stirred at 
r.t. for 0.5 h under argon. The reaction mixture was partitioned between ether (50 mL) and 

water (50 mL), and the aqueous phase was extracted with ether (2 X 30 mL). The ether 

extracts were washed with brine (3 X 30 mL) and water (30 mL), dried over MgS04. and 
concentrated in vacua. The crude product was purified by column chromatography on silica 
gel (4:l hexane-EtOAc). Compounds 10 and 11 were prepared by stirring a mixture of 2 Or 8b 
(1 mmol) and N~SCH~CH~SH (lmmol) or N~SCH~CH~SN~ (1 mmol) in DMF (5 mL) at r.t. for 1.5 h 
followed by the above workup procedure. 
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General Procedure for Denitro-Amination and Desulfonyl-Amination (eq 8 and Table 3). A 

mixture of the enone (5 mmol) and the amine (10 mmol) in CH3CN (10 mL) was stirred at r.t. 
for the stated period of time. The solvent was evaporated in vacua and the residue was 
dissolved in ether (100 mL). 'The ether solution was washed with water (30 mL). 'The 

aqueous phase was extracted wrth ether (3 X 30 m1.j. The combined organic phase was dried 
over MgS04, and concentrated in VRCUO. The crude product was in a high state of purity and 
if necessary may be purified by column chromatography on neutral alumlna. 

General Procedure for Denitro-Alkylation and Desulfonyl-Alkylation (eq 11 and Table 4). 
Solid LiCHMeNO2 or LiCMe NO2 was prepared by stirring a mixture of MeOLi (1 equiv) and EtN02 
or Me2CHN02 (1.05 equivf in MeOH at r.t. for 24 h under argon, respectively, followed by 
concentration, washinq with Dontane, and drying in vacua. Other carbanions were prepared 

by adding the active methylene compound (1 equiv) to a slurry of pcntane-washed Nat1 (1 
equiv) in DMF and stirring until homogeneous. 

To the carbanlon (1.05 mmol) in DMF (2 mL) was added a DMF (2 mL) solution of the enone 
(1.0 mmol) at r.t. The reaction mixture was stirred for the stated period of time and then 
partitioned between ether (30 mL) and water (30 mL1, and the aqueous phase was extracted 
with ether (3 X 30 mL). The ether extracts were washed with brine (3 X 30 mL) and water 
(30 mL), dried over MgS04, and concentrated in vacua. The crude product could be purified 
by column chromatography on silica gel (4:l hexanc-EtORc). 

Table 5. Spectroscopic data of compounds l-20, 22 and 23" 

compound 1 H NMR spectra h 13 
C NMR SDeCtra 

b 
I.R.C 

114c 

214c 

$4c 

4 

5 

49 

7 

8af 

8bf 

8cf 

&I 

7.88(br,lH1,5.14(s,2H),2.75-2.55(m,2H) 
2.50-2.45Cm.2H) 
7.20(t,J=3.9Hz,lH),5.04(s,3H),2.72-2.38 
(m,4H),2.32-1.90(m,2H) 
6.89(t,J=6.1Hz,1H),5.100,2.04-2.38 
(m,4ll),2.04-1.6S(m,4H) 

7.19(t,J=3.9Hz,1H1,5.400.2.68-2.32 
(m,8H),2.32-1.83(m,210.2.16~s,3ll~ 

7.98-7.40(m,5H),4.020.2.86-2.53 
(m,2H),2.52-2.2O(m,2H) 
7.98-7.36(m,SH),7.23(t,J=4.4Hz,lHl, 
4.07(s,3l11,2.61-2.180.2.12-1.90 

(m,2H) 

8.06-7.33(m,5H1,7.30(t,J=4.2Hz.lH), 
4.81(q,J=7.6Hz,lH),2.66-2.l5~m,4H). 
2.15-1.75(m,2t1),1.5O(d.J=7.OHz,3H) 
7.84-7.47(m,5H),~7.29(t,J=4.2Hz,lH), 
4.64(dd,J=10.3,4.6Hz,1Hl,2.60-2.24 
(m,6H),2.22-1.92(m,4H),2.09(s,3H) 

206.2.165.5.135.5, 
69.0,34.0,27.3 
196.H,153.9,130.5, 
73.5,37.5,26.2,22.5 

201.9,150.6,133.8, 
77.2,42.4,28.5,25.0, 
21.2 
206.2,196.1,149.5, 
134.6,82.6,39.6,37.8, 
30.0,26.4,26.1,22.2 

d 

196.5,147.4,138.0, 
131.3,120.2,89.3, 
41.5,38.6,26.1,24.0, 
22.1 

196.3,165.0,126.3, 
68.9,36.7,32.9,21.6, 
21.5 
d 

195.7,153.3,138.8, 
133.7,128.9,128.6, 
128.2,54.2,37.4,26.5, 
22.5 

d 

206.6,196.0,151.0, 
138.0.133.7.132.3, 
129.1,128.8,58.5, 
40.5,37.3,29.9,26.4, 
22.4.22.2 

1710,1642,1555, 
1375 
1680,1555,1380 

1667,1553,1377 

1708,1690,1548, 
1370 

1680,1550,1385 

1682.1545.1343, 
995,925 

1670.1630.1550, 
1380 

1709,1448,1320, 
1310,1155 
1675,1445,1318, 
1307,1128,1082 

1680,1635,1583, 
1443,1380,1300, 
1150 
1713,1672,1580, 
1480,1438,1170 
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82 

Off 

9s 

9b 

9c 

9d 

9e 

9E 

10f*q 

11 

x2a 

12bh 

12c 

12dh 

12e 

12f 

12gh 

13a 
13b 

ft. TAMURA et al. 

7.87-7.49(m,5tl),4.2o(s,211),2.44~~,2H), 195.4,164.3,138.8, 1665.1620.1440, 

2.23~m,2111,2.10~s,311~,1.09~m,2~l1 i33.5,128.5,128.2,123.9 1380,1310,1140, 
51.7,36.4,33.0,22.5,21.3 1080,730,690 

7.80-7.50~m,511~,6.84~1;,J=6.311t.111~, d 1665,1448,1388, 

4.13(s,2H),2.48(m,411),1.73(m,411) 1305,1140,1090, 

7.38(m,lt!),7.33-7.14(m,5tI),3.67(brs,2fll, d 1700,1635,1582, 
1480,1440 

198.1,147.4,136.3, 1670.1585.1482, 
135.3,130.4.128.8, 1438,1370,1255, 
126,5,38.4,32.?,26.1, 1172 

23.0 
1680,1440,1380, 

d 1025 

1712,1672,1582, 
d 1480,1483,1170 

197.0,159.3,136.5, 1665,1625,1440, 
131.3,131.0,128.6,126.5, 1380,740,690 
37.4,32.8,28.9,21.9,21.3 

203.5,143.6,138.7, 1665,1480.1440, 
135.9,130.6,128.7, 740,690 
126.4.42,6,36.4,27.4, 
24.8.21.1 
209.1,207.9,60.4, 1710,1410,1305, 
55.4,$0.2,50.0,41.9, 1280,1170,1020 
40.6,39.4,39.3,37.5, 
37.0,33.4,33.3,32.9, 
31.3,25.4,23.0 
198.0,147.X,136.1, 1675,1420,1370, 
38.2.31.7.29.9.25.9, 1260,1175,1135, 
22.8 1100,1070 
d 1700,1632,1422 

209.4,160.5,143.7, 1700,1440,1120 
76.0.63.1.59.1.54.7, 735 
48.8,34.7,28.2,26.6, 
22.8 

6.97(t,J=4.OHz,111~,3.26~brs,2H~,2.83- d 1670,900,725 
2.25fm,81i),2.22-1.58(n1.611) 
6.98(t,J=4.0iiz.lH),3.631d,J=14.0tiz,1H), 199.1,147.4,137.1, 1675,1120,735 
3.46(dd,5=4.6,9.5t1z,111),3.36(s,311),3.29 76.0,63.2,59.0,54.6. 
(dd,J=6.4,9.5Hz,11i),3.08(d.J=l4.01Iz,lH), 52.7,38.4,28.3,25.9, 
2.99(m,1H),2.66(m,111).2.48-2.34(m,41~), 22.9,22.8 
2.16(m,1H~,2~05-1.82~m,3~~~,1.76-1.~6~m~~~1~ 
3.36(~,2Hf,2.37-2.52(m,8t~~,2.07~~,3H), 198.2,159.5,132.6, 1665,1620,1380 
1.95~m,211).1.73~m,4II) 53.8,48.1,37.6,32.9, 

23.2,21.9,21.4 
6.66ft,J=l.2fiz,lFI1,3.27fs,2H),2.50- 204.8,142.8,140.8, 1665,1460,1130 

2.38(m,8H),1.84-1.72(m,811) 57.2,54.0,42.6,27.5, 
25.0,23.3.21.6 

6.64(t,J=6,lf?z,lH1,3.74~d,J=13.4Hz,~H~, 204.7,142.7,141.0. 1670,1450,1120 

3.43(dd,J=4.2,9.411z,lli),3.35(S,31i~.3.23 75.9.62.9,58.9,56.3, 
(dd,J=6.4,9.4~Iz,tli),3.52~d,J=l3.4Hz,lH), 54.4,42.6,28.4.27.6, 
2.95(brm,111),2.60(brm,3ff),2.40~brm,2H), 25.0,22.7,21.7 

2.12~m,lt1~,1.95-1.5O~m,~~~ 
7.66(brm,11i),4.04(brs,211),2.80-2.24(m,41~) d 2100,1700 

7.00(t,J=3.9lIz,lH),3.97(s,2H),2.62-2.32 '198.1,148.4,134.4, 2100,167O 



Regioselective replacement by nucleophiles 
7567 

14a 

14b 

14c 

14d 

15 

14e 

16 

17a 

17b 

18a 

18b 

19af 

19b 

19c 

20 

22f 

23 

49.7,38.1,26.0,22.8 

208.9,169.0,159.9. 1740,1700,1440, 

142.0,52.5,49.6,34.2, 1235,1155.1130 

198.7.169.3.148.2, 1740.1670.1435, 

135.5,52.3,50.3,38.2, 1235,1155,1030 

29.8.26.0.22.8 

198.1.169.3.158.2, 1730.1640.1430, 

130.9,52.0,49.9,37.3, 1235.1150,1040 

32.7,24.9,21.7,21.0 

1740,1650,1430, 

d 1235,1150,1035 

d d 

203.8,169.3,145.4, 1740,1660,1440, 

139.2,52.2,50.7,42.3, 1235,1150,1020 

32.9,27.4,24.7,21-o 

202.5.199.0.169.6, 1745,1710,1670, 

14Et.6,135.8,57.9, 1435.1360.1240, 

52.2,38.2,29.3,28.9, 1155 

26.0,22.8 

203.0,198.6,169.9 1740.1715.1660, 

158.6,131.3,57.7, 1430,1360,1150 

52.1,37.6,32.9,29.2, 

24.4,21.9,21.3 

198.7,149.3,134.2, 1670,1545,1385, 

82.6,38.1,36.3,26.0, 1110 

22.7,19.3 

198.4,159.8,130.0, 1660,1625,1545, 

82.4.37.5.33.0.31.8, 1300,136O 

21.9,21.3,19.2 

208.9,162.0,140.3, 1700,1540,1345 

88.4,34.6,33.8,26.8, 

25.8 

19Q.5,150.5,134.3, 1675,1535,13t30, 

89.1,3S.3,38.1,26.3, 1345,113o 

25.7.22.7 

198.2,160.7,130.2, 1665,1540,1380, 

80.3,37.5,35.3,33.2, 1350,1135 

25.9,21.7,21.6 

204.5,198.0,171.3, 1665,1615,1385, 

152.1,137.6,112.2, 1370,1240,1160, 

50.6,43.0,37.6,31.4, 1105,1080,1040, 

28.3,27.1,26.1,22.7, 735 

22.3 

207.1,197.5,167.4, 1720.1620.1390, 

108.0,81.4,50.5,50.1, 1295,1210,1140, 

42.4,40.3,36.6,32.2, 1115,1070,735 

29.1,27.2,25.3,21.4,14.9 

19t3.6.145.4.143.7, 1680,990,905 

135.5.133.0.129.4, 

117.4,39.2,26.2,22.9, 

16.5 

(a) Satisfactory microanalyses are obtained. (b) All spectra are recorded in ClX13 using TMS 

as internal standard. (c) As film (noat) for liquids, or KBr plates for solids. (d) Not 
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recorded. (e) Referred to the terminal olefinic isomer. (f) M.p.('C): 150.0-151.0 (8a); 

128.5-130.0(8b); 120.0-122.0 (8~); 99.0-101.0 (8.e); 73.5-75.0 (8f); 70.0 (10); 64.0-65.5 

(19a); 113.0-120.0 (22) (g) A mixture of cis and trans isomers. (h) [e1y(CHC13): -77.0'(C 

1.26, 12b); -60.6' (c 1.34, 12d); -53.9O (c 1.14, 129). 
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