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ABSTRACT. - The degree of alkoxy group participation 

in the solvolysis of allylic p-nitrobenzoates with 

an w-alkoxyalkyl side-chain at C-2 center was studied. 

In 80% EtOH the solvolysis rates, secondary a-deute- 

rium isotope effects, and the product composition 

show that, contrary to n-participation, neighboring 

oxygen interacts to a certain degree in the rate- 

-determining step of solvolysis when a six-membered 

oxygen-containing ring can be formed. In all other 

cases, and also when 97% CF3CH20H was used as a sol- 

vent, no oxygen participation could be detected. 

In our previous investigations' of possible neighboring group participation 

in ally1 derivatives, various 3-methyl-2-cyclohexenyl p-nitrobenzoates 1 with an 

internal nucleophile G in the 2-substituted side chain were studied. 

In case where G is weakly nucleophilic doublela or triple bond, lb the ab- 

sence of n-participation was demonstrated. However, with an alkylthio group as a 

strong nucleophile and with the proper length of the 2-substituted side chain to 

enable the closure of a five- or six-membered ring, neighboring sulfur partici- 

pation was observed." It is reflected in the formation of rearranged and cyclic 

products, and in complex kinetics which includes formation,of an intermediate cy- 

clyc sulfonium cation. For substrates with dialkylamino group G similar results 

were obtained. Id Between these groups which represent extremes in nucleophilic 

strength lies the alkoxy group as a moderate nucleophile. 2 Our recent study le 

of the solvolysis of ester 2a showed that the methoxy group does not assist the - 
ionization. In this work the solvolyses of 2-(w-alkoxyalkyl) derivatives 2 - 2 

and the reference esters 2 were studied in order to investigate the possible n- 

-participation of an alkoxy group in more details. 
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PJR H OPNB 

2_a,R=H &,R=H &R=H 
b. R=QH~ b,R=cgti5 

&,R=H 
b,R=cgH5 b,R =C#5 

RESULTS 

p-Nitrobenzoates 2 - 2 were prepared by appropriate modification'ale of 

published procedures (see Experimental section). 394 Solvolyses of these esters 

were accomplished in 97 wt % 2,2,2-trifluoroethanol (TFE) at 25'C and 80 vol % 

ethanol at 50°C. The rates were measured potentiometrically at a constant pH. 

Clear first-order kinetic behavior was observed in all cases. The kinetic results 

are presented in Table I. 

For product studies esters 2b and 3b were also solvolyzed under identical - - 
conditions as for the kinetic runs. The results are summarized in Table II. 

DISCUSSION 

The solvolyses of p-nitrobenzoates 2 - 3 in 97% TFE at 25'C show solvolysis 

rate retardation in comparison with the solvolyses of reference esters 5, due to 

the electron-withdrawing inductive effect of the ethereal group. Log k values for 

solvolyses of esters 2a - h, as well as z - _ 4b in 97% TFE at 25'C show good - 
linear correlation (correlation coefficients are 0.977 and 0.987, respectively) 

with the logarithm of the number of C-atoms between the side-chain oxygen and the 

leaving group. The observed regularity in solvolytic behavior confirms that all 

of these esters solvolyze in 97% TFE via ally1 cation 9 (C = OCH3 or OCH2C6H5), 

which was found' to be the reaction intermediate in the solvolysis of esters with 

various other nucleophiles G. 

The observed difference in reactivity of the reference esters 2 and 2 in 97% 

TFE is probably due to the retardative electron-withdrawing inductive effect of 

phenyl group in the side chain of ester E, similarly to the effect of the side- 

-chain double or triple CC bond in esters 1 
la,b 

The normal values of secondary a-deuterium isotope effects 5-7 for the sol- 

volysis of p-nitrobenzoates 2 - 2 in 97% TFE (1.20-1.25; Table I) are also keep- 

ing with the proposed mechanism according to which n-participation is not reve- 

aled in ionization of these esters. 

For the solvolysis of p-nitrobenzoates 2 - 4 in 80% EtOH at 50°C, the diver- 

sity of solvolytic mechanisms was observed. The esters 2a and 2b show again solvo- - - 

lysis rate retardation in comparison with the rates of the reference esters s 

and 2, respectively, but these retardations are not so pronounced as in 97% TFE'a 
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Table XI. Solvolysis Products of 2-(2-Benzyloxyethyl)-3-methyl-2-cyclohexenyl p-Nitrobenzoate (2b) and - 
2-(3-Benzyloxypropyl)-3-methyl-2-cyc~ohexenyl p-Nitrobenzoate (2) 

$&&. n=2 3. n =2. R=F @, n=2 
&t.n=3 A, n=3,R=F b, n=3 

s, n=2,R=H 

cf. n=3,R=H 

Ester 
Reaction 

Conditionsa 
a 

Products, % 

1 

2b - 
VT; 25’C 4ab 47bsd qb 

80~; 5o”c 4ab 4!jbse gb 

O-3 97T; 25’C 

Ph 80~; 5o”c 

46’ 

58’ 

4c 

llC 

a97T is 97 wt % aqueous 2,2,2-trifluoroethanol and 80~ is 80 vol % aqueous ethanol. bn = 2. ‘n + 3. 

dR = F. eR z H. 
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The normal values of c-deuterium effects 5-7 of eaters 2a and 2b in 80% EtOH (1.20 - - 
and 1.24, respectively; Table I) confirm that the neighboring ethereal group does 

not participate in ionization of these eaters 

However, eater 3b aolvolyzea in 80% EtOH at 50°C significantly faster than - 
the reference eater 5&, whereas p-nitrobenzoatea 2 and 4b under the same condi- - 
tiona aolvolyze slightly faster than the reference eaters 5a and 2, respectively. - 
As in various other cases 597 , secondary a-deuterium isotope effects were shown to 

be valuable mechanistic probes in determining whether in these aolvolyaea neigh- 

boring group participation la present or not. The p-nitrobenzoate 2 shows in 80% 

EtOH at 50°C slightly reduced value of a-deuterium isotope effect (1.1851, where- 

as the effect for eater 3b is even significantly reduced (1.164). This is a strong - 
indication of oxygen participation in the ionization step of eaters 3a and 2. - 

For aolvolyaea of eaters 4a and 4b in 80% EtOH at 50°C the normal values of - - 
secondary a-deuterium isotope effects were observed (Table I), confirming that 

n-participation is not revealed inionization of these eaters. The slightly in- 

creased reactivity of eater 4b relative to 5b is probably due to the inadequate - - 
choice of reference eater for comparison of aolvolytic data. 

If the log k values for aolvolyaea of eaters 2a - s, as well as 2b - 4b in - - - 
80% EtOH at 50°C are plotted against the logarithm of the number of C-atoms be- 

tween the aide-chain oxygen and the leaving group, deviations from linearity were 

observed. Presuming that eaters &, b, &, and !l& aolvolyze without any oxygen 

participation, the ks constants (i.e. the rate constants for the hypothetical pro- 

cess which excludes n-participation )for eaters 3a and 3b were calculated to be 

2.48 x 10-4a-1 -4 -1 
- - 

and 2.17 x 10 a , respectively. The percentage of participation 

can be calculated from the relation (1) 

k = ka + k 
c 

where k is the observed rate constant, and kC is the fraction of aolvolytic pro- 

cess which includes participation. 8 Using this relation the approximative per- 

centage of n-participation in the aolvolyaea of eaters 3a and 3b in 80% EtOH were - - 
calculated to be 16% and 19%, respectively. 

It is interesting to note that this participation is reflected only in the 

kinetic behavior, and not in the product composition (Table II). Eaters b and 

2 in either 97% TFE or 80% EtOH give only products of direct substitution or 

elimination, whereas rearranged products or bicyclic ethers were not detected. 

These results, as well as the fact that for aolvolyaea of eaters 2 and 2 in 80% 

EtOH clear first-order kinetic behavior was observed, indicate that the cyclic 

oxonium cation 10 (R = H or C6H5) is noJ an intermediate in these aolvolyaea. - 

I ?s f”+ 
!! 

R 

Eaters 3a and 3b aolvolyze in 80% EtOH via a single pathway which probably - - 
includes weak participation of a aide-chain ethereal groups in the trhnaition 

state leading to intermediate ally1 cation 2. In these aolvolyaea ethereal groups 

compete with the allylic double bond for the participation in the ionization step. 

Such behavior was observed only in the case of eaters 2 were a six-membered cy- 

clic transition state is formed by oxygen participation, but not in the case of - 
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esters 2 and 3 which would give a five- and seven-membered cyclic transition state, 

respectively. This result is peculiar because in various systems n-participation 

od alkoxy groups which leads to the formation of a five-membered oxygen-containing 

ring (RO-5) is very favorable and often superior to the formation of oxonium ions 

of other ring sizes.6-13 In partly-planar rigid systems, six-membered rings seem 

to be favored relative to five-membered ones. 

It seems that in the solvolysls of ester 1 the oxygen participation and for- 

mation of a five-membered cyclic transition state Is prevented by the fact that 

placing the side-chain oxygen in a position which enables effective directionality 

of oxygen orbitals for participation causes a prohibitive strain due to severe 

structural deformations. 14 In the case of esters 3 the side chain is sifficiently 

long to enable the low-strained conformation of the transition state with oxygen 

orbitals in a favorable orientation for participation.These results are in con- 

trast to the observed neighboring sulfur participation and formation of a flve- 

-membered cyclic sulfonium ion as the intermediate in the solvolysis of substra- 

tes 1 with the 2-alkylthioethyl side chain.lc Sulfur with its large size and pola- 

rizable electrons seems to be better able than oxygen to accommodate a bent tra- 

jectory necessary for formation of a five-membered cyclic structures.15 

It is known16 that benzyloxy substrates are prone to cleavage of C6H5CH2-0 

bond in oxonium cations. Therefore, in the case that esters 2b - 4b solvolyze -- 
with the neighboring oxygen participation via cyclic oxonium cation as the inter- 

mediate, these esters should be expected to give a considerable amount of bicyclic 

ethers as solvolytlc products, and to solvolyze significantly faster than their 

methoxy counterparts 2a - 4a. However, -- not only for 2b but also for 3b which sol- - - 

volyze with some degree of n-participation, the formation of such bicyclic ethers 

was not observed (Table II). This result, as well as the similarity in kinetic 

data of substrates 2a - 4a and 2b -- - 4b with the methoxy and benzyloxy group in the -- 
side chain, respectively (Table I), additionally confirm that the cyclic oxonium 

cation is not included in these solvolyses as reaction intermediate.* 

Finally, it is important to discuss the difference in solvolytic behavior of 

esters 2 - - 2 in 97% TFE with that in 80% EtOH, which was also observed in our 

previous investigations.le TFE can form strong hydrogen bonds with the side chain 

ethereal group, 17 making it ineffective for participation as internal nucleophile. 

On the contrary, EtOH is a weak proton donor which cannot form strong hydrogen 

bonding with the ethereal group, thus leaving the lone-pair electrons on the side- 

-chain oxygen in esters 3a and 3b effective for n-participation. - - 

EXPERIMENTAL 

Inqrared spectra of neat samples were recorded on a Perkin-Elmer 257 spectro- 
meter. H NMR spectra of samples dissolved in tetrachloromethane were recorded on 
Varian EM-360 or T-60 spectrometers, with tetramethylsilane as internal standard. 
All reported yields are isolated yields. For ketones 11 yields are from ethyl 2- 
-methyl-4-keto-2-cyc ohexenecarboxylate. 
content >98% d,, (by t 

All deuterata compounds have deuterium 
H NW). All new compounds were oily liquids and were cha- 

racterized by H NMR and IR spectroscopy and in some cases also by elemental 
analysis. 

Synthesis of Compounds 

Following the published procedures la,e,3,4 p-nitrobenzoates 2-1 were pre- 
pared according to Scheme 1. 

*We agree with the comment of a referee who suggested that the loss of PhCH+ from 
BzO+R is expected if R is an ordinary alkyl group. 
allyl'group, 

Here one R is a tetraa kylated z 
which might well be lost more easily. 
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The synthesis and spectral identification of 2-(2-methoxyethyl)-3-methyl-2- 
-cyclohexenone (21, 2-butyl-3-methyl-2-cyclohexenone (Ilg), 2-(2-methoxyethyl)- 
-3-methyl-2-cyclohexenol (m), 1-deuterio-2-(2-methoxyethyl)-3-methyl-2-cyclo- 
hexenol (6aD), 2-butyl-3-methyl-2-cyclohexenol (m), 
-2-cyclohznol (m), 

2-butyl-1-deuterio-3-methyl- 
2-(2-methoxyethylj-3-methyl-2-cyclohexenyl p-nitrobenzoate 

(2aH), l-deuterio-2-(2-methoxyethyl)-3-methyl-2-cyclohexenyl p-nitrobenzoate (E), 
2;butyl-3-methyl-2-cyclohexenyl p-nitrobenzoate (5aH), and 2-butyl-l-dggtgrio-3- 
-methyl-2-cyclohexenyl p-nitrobenzoate (5aD) were-ported previously. ’ - 

PNBCI 
pyridine 

an. R=OCH3 

h, R =OCH&H5 

G> R=CHwH3 

9, R=CH@CH2C6H5 

c. R=(CH2)@CH3 

1, R =(~2)20Cti&H1j 
2, R=CH$H3 

h, R q (CH$&H5 

&, R =OCH3 

k, R =OCH$6Hg 

E. R=CH$CH3 
4, R =CH2OCH&Hj 

4, R=(CH&OCH3 

I, I? =(CH$@CH&jHg 
1, R=CH$H3 

h. R=(CH2@Hcj 

aJ I R 
0 

a, RzCCH3 

1, R=OCH&ti5 

c, R =CH20CH3 

p. R =CHflCH&ti5 

e , R =(CH2)2OCH3 

t a R -(CH$@CH2CgHg 

2, R =CH2CH3 

ha R =(CH$$gHg 

PNB = p-nitrobenzoyl 

Scheme 1 

2-(2-Benzyloxyethyl)-3-methyl-2-cyclohexenone (lib) - 
Yield = 25.7%; 3060, and 3030 (Ar-H), 1662 (C=O), 1630 (C=C), 1105 

(C-O-C), 742 and 702 IR_1090, cm (Ar-H); 1~ NMR 6 7.24 (5H, 
3.40 (2H, t, J = 6.5 Hz, OCl2CH2), 

s, C6H5), 4.43 (2H, S, Arc%), 

C=C-CH3), l-40-2.27 (6H). 
2.55 (2H, t, J = 6.5 Hz, OCH2CH2), 1.92 (3H, S, 

2-(3-Methoxypropyl)-3-methyl-2-cyclohexenone (>) 

Yield = 30.0%; IR 1665 (C=O), 1630 (C=C), 1120 cm-' (C-O-C); 'H NMR d 3.25 
W&t, J = 6.5 HZ, OCH21, 3.22 (3H, S, OCH3). 1.92 (3H, 9, C=C-CH31, 1.20-2.40 

'Anal. Calcd. (96) for C,,H,808: C, 72.49; H, 9.95. 
Found (%I: C, 72.71; H, 9.99. 

2-(3-Benzyloxypropyl)-3-methyl-2-cyclohexenone (fi) 

Yield = 32.3%; IR 3090, 306O,,and 3030 (Ar-H), 1665 (C=O), 1630 (C=C), 1105 
(C-O-C), 742 and 702 cm-l (Ar-H); H NMR 6 7.23 (5H, s, 
3.37 (2H, t, J = 6.5 Hz, OC&CH2), 1.87 (3H, s, C=C-CH ), 

C H 1, 4.38 (2H, S,ArCli2), 
'i.2 8-2.45 (10H). 

Anal.Calcd. ($1 for C17H2202: C, 79.03; H, 8.58. 
Found ($1: C, 79.08; H, 8.79. 

2-(4-Methoxybutyl)-3-methyl-2-cyclohexenone (c) 

Yield I 17.0%; IR 1.665 (C=O), 1630 (C=(Z), 1120 cm-'(C-O-C); 'H NMR 6 3.25 
WA,", J = 6.5 Hz, OCH2), 3.22 (3H, s, OCH3), 1.90 (3H, S, C=C-CH3), 1.25-2.33 

'Anal. Calcd. (%I for C12H2002: C, 73.43; H, 10.27. 
Found ($1: C, 73.41; H, 10.05. 
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2-(4-Benzyloxybuty~)-3-methyl-2-cyclohexenone (llf) 

Yield = 20.3%; IR 3090, 3060,,and 3030 (Ar-H), 1665 (C=O), 1630 (C-C), 1110 
(C-O-C), 742 and 702 cm-l (Ar-H); 
ArC$), 3.37 (2H, t, J = 6.5 Hz, OCH$H2), 1.85 (3H, s, C= - H3), 1.25-2.30 (l2H). 

H NMR 6 7.13 (5H, s, CgH$, 4.37 (2H, sL 

Anal. ;z;;;. ;;,):fo’ C1gH2402: Ep ;;.;;i ;, ;.;if. 
I f t f - 

3-Methyl-2-(4-phenylbutyl)-2-cyclohexenone (x) 

Yield 
and 702 cm-l 

= 28.1%; IR 3080, 3055, and 3025 (Ar-H), 1660 f&O), 1630 (C-C), 748 
(Ar-H); lH NMR 6 7.07 (5H, 3, C6H5), 2.57 (2H, t, J = 7.0 Hz, ArCfi2ttZ), 

1.83 (3H, s, C=C-CR ), 0.93-2.32 (1lH). 
AnaL.Calcd. (2) for C,7H220: C, 84.25; H, 9.15. 

Found (%I: C, 84.19; H, 9.24. 

2-(2-Benzyloxyethylj-3-methyl-2-cyclohexenol (m) 

Yield = 93.9%; IR 3400 (O-H), 3090, 3060, and 3030 (Ar-H), 1105 and 1080 
(C-O), 742 and 702 cm-l (Ar-H); 1H NMR 6 7.17 (5H, s, C6H ), 4.45 (2H, s1 ArCHff), 
3.75-3.95 (lH, broad s, 0-CH), 3.41 (2H, t, 0W2CH2), 3.38-3.35 (lH, broad s, 
OH), 1.57 t3H, s, C=C-CHj), 1.6~2,60 (SH). 

2-(2-3enzyloxyethyl~-l-deuterio-3-methyl-2-cyclobexenol (z) 

Yield = 92.7%; IR 3400 (O-H), 3090,,3060, and 3030 (Ar-H) 2130 (C-D), 1105 
and 1080 (C-O), 745 and 705 cm-l (Ar-H); H NMR 6 7.17 (5H, s, C6H ), 4.41 (2H, s, 
Arc&), 3.41 (2H, t, OC%CH2), 3.30-3.35 (lx, broad s, OH), 
1.83-2.60 (8H). 

7.54 (32, 9, C=C-CH3), 

2-(3-Methoxypropyl)-2-cyclahexenol (6cHf - 
Yield = 90.4%; IR 3400 (O-H), 1120 and 1080 cm-' (C-O); 'H NMR 6 3.77-4.05 

(lH, broad s, 0-CH), 3.28 (2H, t, J = 6.0 Hz, OCH 1, 3.25 (3H, s, OCHgf, 2.43 
(lH, broad s, OH), 1.60 (3H, s, C-C-CH3), 1,15-2,?7 (70H). 

l-Deuterio-2-(3-methoxypropyl)-3-methyl-2-cyclohexen~l (-1 

Yield = 93.3%; IR 3400 (O-H), 2120 (C-D), 1120 and 1080 cm-'(C-0); 'H NMR 6 
3.3l (2H, t, J 
(3H, e, C-C-CH3), 1.15-2,23 &OH). 

= 6.0 Hz, OCH f, 3.27 (3H, s, 0CH3), 2.47 (lH, broad s, OH), 1.60 

2-(3-Benzyloxypropyl)-3-methyL-2-cyclohexenol (6dH) - 

(C-of, 
Yield = 93.3%; IR 3390 (O-H), 3090, 3060, and 3030 (Ar-H), 1105 and 1080 
740 and 702 cm-l (Ar-H); 1H NMR 6 7.07 (5H, s, 

3.75-4.00 (lH, broad s, O-CH), 3.39 (2H, t, J 
C6H ), 4.38 (2H, s, ARC%;?), 

= 6.0 Hz, 
s, OH), 1.58 (3H, s, C-C-CH3), 1.20-2.30 (10H). 

0 H2CH2), Z 3.00 (IH, broad 

2-(3-BenzyloxypropyL)-l-deuterio-3-methyl-2-cyclohexenol (G) 

Yield = 92.6%; IR 3390 (O-H), 3090, 3060, and 3030 (Ar-H), 2130 (C-D), llO5 
and 1080 (C-O), 740 and 700 cm-l (Ar-H); 
Arc%), 3.38 (2H, t, J = 

1H NMR d 7.13 (5H, s, 
6.0 Hz, 0C$CH2f, 2.70 (lH, broad s, 

C H5), 4.38 12H, s, 

C-C-CH3), l-20-2.30 (10H). 
OH , l-58 (3H, s, 9 

2-(4-Methoxybutyl)-3-methyl-2-cycloh~xe~oi (-1 

Yield = 92.9%; IR 3390 (O-H), 1120 and 1080 cm-' (C-0); 1H NMR 6 3.74-4.03 
(lH, broad s, 0-CH), 3.29 (2H, t, J = 
(lH, broad s, OH), 1.60 (3H, s, G=C-CH3), 0.90-2.30 (12H). 

6.0 Hz, OCH 1, 3.25 (3H, s, 0CH3), 2.40 

l-Deuterio-2-(4-methoxybutylf-3-methyl-2-cyclohexenOl ((Jeff 

Yield = 91.4%; IR 3390 (O-H), 2130 (C-D), 1120 and 1080 cm-' (C-0); lH NMR 
6 3.30 (ZH, t, J = 6.0 Hz, OCH2), 3.25 (3H, 9, OCH3), 2.34 (IH, broad 9, OH), 
1.60 (3H, s, C=C-CH3), 0.90-2.13 (12H). 

2-(4-Benzyloxybuty~)-3-methyl-2-cyclohexenol (6fH) 

Yield = 96.7%; IR 3400 (O-H), 3090, 3060, and 3030 fAr-HI, 1108 and 1080 
(C-O), 742 and 700 cm-l (Ar-H); 1H NMR 6 7.13 (5H, S, 
3.70-3.93 (lH, broad s, 0-CH), 3.37 (2H, t, J = 

C6H ), 4.38 (2H, St At+&), 
6.0 Hz, 

1.57 (3H, s, C=C-CH3), 1.10-2.30 (l2H). 
0 H2CH2), i? 

s, OH), 
3.24 ClH, broad 

~-(4-Benzyloxybuty~)-l-deuterio-3-methyl-~-~YC~ohexe~o~ f6fD) 

Yield = 87.6%; IA 3400 (O-H), 3090, 3060, and 3030 (Ar-H), 2120 (C-Df, IlO5 
and 1080 (C-O), 742 and 702 cm-l (Ar-H); 1H NMR 4-38 (2Hf 31 

3.38 (2H, t, J = 
t'l:%:;,, 1.10-2.30 (12H). 

6 7.13 (5H, 9, C P H5)' 
6.0 HZ, 0W2CH2), 3.27 (lH, broad s, OH ) 1.57 (3H, e+ 



Solvolysis of2-(cu-alkoxyalkyl)-3-methyi-2-cyciohexe p-nitrobcnzoates 187 

3-Methyl-2-(4-phenylbutyl)-2-cyclohexenol (m) 

Yield = 95.5%; IR 3350 (O-H), 3080, 3060, and 3030 (Ar-H), 1080 (C-O), 745 
and 702 cm-' (Ar-H); 'H NMR 6 7.15 (5H, 9, C6H5)r 3.77-4.05 (IH, broad 8, 0-CH), 
2.60 (2H, t, J = 
1.10-2.25 f12H). 

6.5 HZ, Arc%), 2.48 (IH, broad s, OH), 1.60 (3H, a, C=C-CH3), 

l-Deuterio-3-methyl-2-(4-phenylbutyl)-2-cycIohexe~oI (m) 

Yield = 90.0%; IR 3350 (O-H), 3080, 3060, and 3030 (k-H>, 2110 (C-D), 1080 
(C-O), 745 and 700 cm-1 (Ar-H); 1H NMR 6 7.15 (5H, e, C6H5), 2.57 (2H, t, J = 6.5 
Hz, ArCg2!2), 2.47 (IH, broad s, OH), 1.60 (3H, S, C=C-CH3), 1.10-2.25 (12H). 

2-(2-Benzyloxyethyl)-3-methyl-2-cyclohexenyl p-Nitrobenzoate (cf 

Yield = 94.6%; IR 3105, 3090, 3060, and 3030 (Ar-H), 1715 (CO-O-Cl, 1608 
(C-C), 1528 and 1348 (N02), 1272, 1118, and 1103 (C-O), 735 and 700 (Ar-Hf,Benzyl), 
722 cm- 1 (Ar-H, p-nftrobenzoyl); 1H NMR 6 8.06 (4H, s, p-02N-C H ), 7.08 (5H, s, 
C6H5), 5.37-5.67 (lH, broad s, 0-CH), 4.37 (2H, s, Arcs), 3.48 $ 2H, t, J = 6.0 
Hz, OC$CH2), 2.37 (2H, t, J = 6.0 Hz, OCH2C!i2), 1.73 
(6~). 

H, s, C=C-CH3), 1.45-2.20 

Anal. Calcd. (%I for C23H25N05: c, 69.86; H, 6.37; N, 3.54. 
Found ($1: C, 69.84; H, 6.56; N, 3.54. 

2-(2-Benzyloxyethyl)-l-deuterio-3-methyl-2-CyCIoheXenyI p-Nitrobenzoate (2bD) - 

Yield = 92.5%; IR 3110, 3090, 3060, and 3030 (Ar-H), 1720 (CO-O-C), 1608 
(C-C), 1530 and 1353 (N02), 1290, 1108, and 1103 (C-O), 740 and 702 (Ar-H, 
benzyl), 722 cm-l (Ar-H, p-nitrobeczoyl): 1H NMR 6 8.07 (4H, s, p-0 N-C6H4), 
:;.'; ;TH; z,~C~H$; W;'g;; ::7:r~~I~.i.l~c~~~;,~~,~4~_~:~~~~H~~~cH2)' 2.35 

2-(3-Methoxypropyl)-3-methyl-2-cyclohexenyl p-Nitrobenzoate (wf 

Yield : 85.5%; IR 3105, 3080, and 3050 (Ar-H), 1715 (CO-O-C), 1608 (C=C), 
1530 and 1350 (N02), 1275, 1120, and 1105 (C-o), 722 cm-l (Ar-H); 'H NMR 6 8.10 
(4H, s, p-02N-C6H4), 5.37-5.67 (lH, broad s, 0-CH), 3.25 (2H, t, J = 6.0 Hz, 
OCH2), 3.20 (3H, s, OCH3), 1.76 (3H, s, C=C-CH3), 1.42-2.45 (1OH). 

l-Deuterio-2-(3-methoxyprcpyl)-3-methyl-2-cyClohexenyI p-Nitrobenzoate (3aDf 

Yield : 89.8%; IR 3105, 3075, and 3050 fAr-H), 1715 (CO-O-C), 1608 (C=C), 
1530 and 1350 (N02), 1285, 1118, and 1105 (C-Of, 722 cm-l (Ar-H); 1H NMR 6 3.12 
(4H, s, p-02N-C6H4), 3.25 (2H, t, OCH2), 3.20 (3H, e, OCH3L 1.75 (3H, 3, 
C:C-CH3), 1.40-2.45 (IOH). 

2-(3-Benzyloxypropyl)-3-methyl-2-cyclohexenyl p-nitrobenzoate (z) 

Yield 2 91.7%; IR 3105, 3090, 3060, and 3030 fAr-H), 1717 (CO-O-C), 1610 
(C-C), 1530 and 1350 (NO2), 1270, 1117, and 1103 (C-O), 740 and 700 (Ar-H,benzyl), 
722 cm-l (Ar-H, p-nitrobenzoyl); 1H NMR 6 8.07 (4H, s, P-O,N-C~H~:~,~~~~~(~H~.~, 

C, 70.16; H, 6.69; N, 3.61.' 

2-(3-Benzoylpropyl)-l-deuterio-3-methyl-2-cyclohexenyl p-Nitrobenzoate (s) 

Yield = 91.7%; IR 3110,3090, 3060, and 3030 (Ar-H), 1715 (CO-O-C), 1608 
(C=C), 1530 and 0350 (N02), 1275, 1118, and 1105 (C-O), 740 and 700 (Ar-H, 
benzoyl), 722 cm-1 (Ar-H, p-nitrobenzoyl); 
7.12 (5H, e, C6H5), 

lH NMR 6 8.10 (4H, s, p-02N-C6H4). 

(3H, s, C=C-CH3), 
4.37 (2H, s, Arc&), 3.40 (2H, t, J = 6.0 Hz, OCE12CH2), 1.75 

1.40-2.35 (10H). 

2-(4-Methoxybutyl)-3-methyl-2-cyclohexenyl p-Nitrobenzoate (w) 

Yield = 85.8%; IR 3105, 3080, and 3050 fAr-H), 1720 (CO-O-C), 1608 (C-C), 
1530 and 1350 (NO2f, 1275, 1120, and 1105 (C-O), 722 cm-l (Ar-H); lH NMR 6 8.10 
(4H, ZI, p-02N-Cf,H4f, 5.34-5.65 (lH, broad s, 0-CH), 3.23 (2H, t, J = 6.0 Hz, 
COfi2CH2), 3.08 (3H, s, OCH3). 1.75 (3H, s, C=C-CH3), 1.23-2.30 (12H). 

l-Deuterio-2-(4-methoxybutyl)-3-methyl-2-cyclohexeny~ p-Nitrobenzaote (s) 

Yield z 88.7%; IR 3105, 3080, and 3050 (Ar-H), 1717 (CO-O-C), 1610 (C=C), 
1530 and 1350 (NO2), 1285, 1120, and 1105 (C-O), 722 cm-l (Ar-H); 1H NMR 6 8.13 
(4H, e, p-02N-C H4), 

? 
3.23 (2H, t, J = 6.0 Hz, 

(3H, s, C=C-CH3 , 1.20-2.30 (12H). 
OCii2CH2), 3.19 (3H, s, OCH3), 1.74 

2-(4-Benzyloxybutyl)-3-methyl-2-cyclohexenyl p-Nitrobenzozte (I(bH) 

Yield I 90.8%; IR 3110, 3090, 3060, and 3030 (Ar-H), 1720 (CO-O-C), 1610 
(C=C), 1530 and 1350 (N02), 1268, 1120, and 1105 (C-O), 740 and 702 (Ar-H,BenzoyU, 
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723 GUI” (Ar-H), p-nitrobenzoyl); 'H NMR 6 8.08 (4H, 9, p-o N-C H ) 7.10 (5H 
C6H5), 5.40-5.67 (IH, broad s, 0-CH), 4.37 (2H, s, ArCH2), $.42%$H: t, J = 610 

S, 

Hz, OCg,CH,), 1.73 (3H, s, C=C-CH3), 1.27-2.35 (12H). 

2-(4-Benzyloxybutyl)-l-deuterio-3-methyl-2-cyclohexenyl p-Nltrobenzoate (z) 

Yield = 96.4%; IR 3110, 3090, 3060, and 3030 (Ar-H), 1720 (CO-O-C), 1610 
(tic), 1530 and 1353 (No2), 1285, 1120, and 1108 (C-O), 742 and 702 (Ar-H), 
benzoyl), 723 cm-1 (Ar-H, p-nitrobenzoyl); 1H NHR 6 8.08 (4H, 9, 

7.12 (5H, s, C6H5), 4.33 (2H, s, Arc&), 3.38 (2H, t, J = 6.0 Hz, 
p-02N-C H4), 
OCE2CH2 P , 1.73 

(3H, s, C=C-CH3), 1.24-2.30 (12H). 

3-Methyl-2-(4-phenylbutyl)-2-cyclohexenyl p-Nitrobenzoete (=) 

Yield = 92.0%; IR 3105, 3080, 3060, and 3030 (Ar-H), 1713 (CO-O-C), 1605 
(C=C), 1527 and 1345 (N02), 1270, 1118, and 1105 (C-O), 750 and 702 (Ar-H,bh?nyl), 
722 cm-1 (Ar-H, p-nitrobenzoyl); 1H NMR 6 8.10 (4H, 9, p-02N-C6HQ), 7.05 (5!i, 9, 

5.37-5.67 (lH, broad s, 0-CH), 2.53 (2H, t, J = 6.0 Hz, ArC122), 1.72 (3H, 
1.15-2.27 (12H). 

1-Deuterio-3-methyl-2-(4-phenylbutyl)-2-cyCloh~xenyl p-Nitrobenzoate (5bD) - 
Yield = 83.0%; IR 3105, 3080, 3060, and 3030 (Ar-H), 1703 (co-o-c), 1603 

(C-C), 1526 and 1350 (N02), 1275, 1118, and 1105 (C-O), 750 and 703 (Ar-H,phenvl), 
722 cm-l (Ar-H, p-nitrobenzoyl); 1H NMR 6 8.08 (4H, p-o N-C&), 7.03 (5H, 3, 9, 

C6H5), 2.52 (2H, t, J = 6.0 Hz, ArCfi2i2), 1.70 (3H, s, C=C-C 6 3), 1.20-2.20 (12H). 

Kinetic Measurements 

Reaction rates were measured by c ntinuous automatic potentiometric titra,- 
tion of the released p-nitrobenzoic acid by means of a pH-stat (Radiometer, 
Copenhagen). In each measurement, ca. 0.03 mm01 of the p-nitrobcnzoate was dis- 
solved in 15 cm3 of solvent and the released acid titrated with 0.025 M NaOH so- 
lution in the same solvent.18 

Product Studies 

Esters 2b and 3b were solvolyzed for product studies according to the pub- 
lished procexrela Gd the products were separated by chromatography on silica 
gel.19 The structures of products were determined by IR and 1H NMR, as well as 
by comparison with previously identified compounds. 

2-(2-Benzyloxyethyl~-l-methyl-3-(2,2,2-trifluoroethoxy~-cyclohexene (3). 

IR 3090, 3060, and 3030 (Ar-H), 1280, 1160, and 1110 (C-F), 740 and 702 cam1 
(Ar-H); 
Hz, 0CH2~~,;""364~.::Hi':: ;,="g"a';lz~'~~~~~~,1,20~~~r:; ?;z? ~%d"~,"O~C~j? 
2.40 (2H, , J 6.0 Hz, OCH,Cx,), 1.63 (3H, s, C=C-CH3), 1.15-2.15 (6H). 

2-(3-Benzyloxypropyl)-l-methyl-3-(2,2,2-trifluoroethoxy~-cyclohexene (7b) - 

IR 3090. 3060. and 3030 (Ar-H), 1282. 1160, and 1110 (C-F), 740 and 702 cm-' 
(Ar-H); i~-~i4~-6 7123 (5H,-s, 
Hz, OCH,CF3), 3.40 (2H, t, J = 

C H 1, 4.40.(2H, s, OCk12Ar), 
k.3 

1.62 (3H, 
Hz, OC&CH2), 2.57-2.75 

9, C=C-CH3), 1.20-2.60 (1OH). 

2-(2-Benzyloxyethyl)-3-ethoxy-l-methylcYclohexene (s) 

IR 3090, 3060, and 3030 (Ar-H), 1105 (C-O-C), 740 and 

3.75.(2H, o, J = 7.0 
(lH, broad s, 0-CH), 

702 cm-'(Ar-H); 'H NMR 
6 7.22 (5H, a, 
3.41 (2H, t, J C6H5), = 6.0 

4.40 (2H, a, OCH Ar), 
3.3-3.65 

3.44 (2H, q, J = 7.5 Hz, 
Hz, OC&CH2), (IH, 0-CH), 2.33 (2H, 

OCH_&H3), 
m, t, J = 6.0 

Hz, 0CH2CH2), 
CH2CE13L 

1.63 (3H, S, C=C-CH~), 1.40-1.92 (6H), 1.12 (3H, t, J = 7.5 HZ, 

2-(3-Benz~loxypropyl)-3-ethoxy-l-methylcyclohexene (z) 

IR 3090, 3060, and 3030 (Ar-H), 1105 (C-O-C), 740 and 702 cm-' (Ar-H); ‘H NMR 
6 7.24 (5H, S, C6H5), 4.45 (2H, s, OC&Ar), 3.44 (2H, q, J = 7.5 Hz, OC&CH ), 
3.40 (2H, t, J z 6.0 Hz, OC$CH2), 3.35-3,65 (lH, m, 0-CH), 1.64 (3H,, s, C= -CH3), C? 
1.41-2.20 (lOH), 1.15 (3H, t, J = 7.5 Hz, CH2CX31. 

2-(2-Benzyloxyethyl)-I-methyl-1,3-cyclohexadiene (&) 

IR 3088, 3060, and 3028 (Ar-H), 1638 and 1608 (C=C), 1105 (C-O-C), 810 
(C=C-H), 740 and 702 cm-l (Ar-H); 1H NMR 6 7.21 (5H, s, C H 1, 5.43-5.80 (2H, m, 
HC=CH), 4.45 (2H, S, 0CH2Ar), 3.50 (2H, t, J = 6.0 Hz, OC_22H22, 1.77 (3H, s, a 
C-C-CH3), 1.25-2.68 (~HT. 



Solvolysis of2-(w-aikoxyalkyl)-3-mclhyl-2-cyclohexenylpnitrobcnzoatcs 

2-(3-Benzyloxypropyl)-~-methyl-l,3-cyclohexadiene (8b) - 
IR 1090. 1060. and 3030 (Ar-H). 1640 and 1605 (CzC). 1105 (C-O-C). 810 

(Cd-H), 740 and 762 cm-i <A&-H); iir NMR 6 7.24 t5ii, 5, C6H 1, 5.40-5.82 f2H, 
m, HC=CH), 4,116 (2H, s, OCH Ar), 
s, C-C-CH3), 1.33-2.67 (8H? 

3.U3 (211, t, 3 = 6.0 Hz, G H+CH2f, 2 1.78 (3H, 
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