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-tract: The sokolys~s of 2-(w-methylthioalkyl)- and 2-(o-benzylthioalkyl)-3-methyl-2-cyclohexenyl p 
nitrobenzoates 5 and 6 in 80 ~01% ethanol includes several competitive reactions. Path kl is a stepwlse 
process (kH/kD = 1.18-l .20) which Includes allylic cation 9 as a reaction intermediate, while path k2 
involves a neighboring sulfur participation (kH/kD = 1 .O I- 1.03) and formation of an intermediate Cyclic 

sulfonium cation 10. Esters 5 and 6 solvolyze In 80% EtOH with a greater neighboring group 
participation than In 97% TFE It has been concluded that In solvolytic reactions of allyfic substrates a 
pronounced neighboring group participation (k2/kl= 900) may occur only with very strong internal 
nucleophiles. and In solvents which can no1 form slrong hydrogen bonds with these nucleophiles. 

The participating ability of a neighboring group in solvolytic reactions depends on the 

type of substrate, nature and location (and orientation) of internal nucleophile, stability 

of a reaction intermediate formed upon participation, solvent, and some other factors2 

During our previous study of neighboring group participation in the solvolysis of allylic 

substrates we have shown that alkeny13 and alkynyl groups4, although properly 

juxtaposed for the possible closure of a five- or six-membered ring, do not participate in 

the ionization step of solvolysis of 2-cyclohexenyl esters 1 and 2 in 97% TFE and 80% 

EtOH as solvents. 

oj 

la, R = CH=CH2 3a, R = 0CH3 

R lb, R = CH=C(CH& 3b, R = 0CH2CaHs 

2, R = C=C-CHB 4a, R = CH20CHs 

OPNB 
4b, R = CH,0CH2C& 
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In the solvolysis of p-nitrobenzoates 3 and 4 which each have an alkoxy group in the 
C-2 substituted side-chain, a weak neighboring group participation was observed only 
with esters 4 where the formation of a six-membered ring is possible, but not with esters 
3 which would form a five-membered ring.5 Furthermore, it was found that the ability of 
alkoxy groups to participate in the solvolysis of esters 4 was expressed only with 80% 
EtOH, and not with 97% TFE as a solvent. It was concluded that TFE can form strong 
hydrogen bonds with the side-chain ethereal group,6 making it ineffective as an internal 
nucleo 

fip 
hile. Bivalent sulfur is a better internal nucleophile than oxygen7 and therefore 

it is e ective for participation in similar allylic systems even with 97% TFE as a solvent. 
When p-nitrobenzoates 5 and 6 were solvolyzed in 97% TFE, a marked n-participation of 
thioethereal group was observed with esters Sa. Bb, 6a, and 8b which can form the 
intermediate five- or six-membered cyclic sulfonium cation.8 Similarly to the alkoxy 
group. 

0: 

Sa, R = H; n = 2 6a.R = ChHs;n=2 

(CHP),SWB 
5b, R = H; n = 3 6b, R = C6H,; n = 3 

5~. R = H; n = 6 
OPNB 

6c. R = C6H5; n = 6 

the alkylthio group can form strong hydrogen bonds with TFE, but not with EtOH which 

is a weak proton donor.6 Therefore, we predicted that the participating ability of 

thioethereal group in esters Sa, 5b. 6a. and 6b. which is expressed even in 97% ‘WE, 

should be much greater in 80% EtOH as a solvent. In order to investigate such a 

possibility, p-nitrobenzoates 5 and 6 were solvolyzed in 80% EtOH and their rate 

constants were compared with rates of esters 7 and 8. 

V 

R 
7, R=H 

8, R=C,HS 

OPNB 

REXXJLTS AND DISCUSSION 

Esters S-8 were solvolyzed in 80 vol % EtOH at 50°C and their reaction rates were 

measured by continuous automatic potentiometric titration of the released p-nitro- 

benzoic acid. In the solvolysis of 5c and 6c a clear first-order kinetic behavior was 

observed, similarly to the ethanolysis of reference esters 7 and 8. as well as to the 

solvolytic behavior of these four esters in 97% TFE.8 For the solvolysis of esters 5a. 5b. 

6a. and 6b in 89% EtOH the shape of the plot of base consumption vs. reaction time 

indicates that these solvolytic reactions. as with solvolyses of these esters in 97O/6 TFE,8 

include several competitive reactions. The kinetic data for these esters were collected by a 

microcomputer and analyzed by a nonlinear least-squares computer program using 

various kinetic models. For esters 5a and 5b the best fit of kinetic data was obtained by 
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model (ljg which is equivalent to model (21 assuming a steady-state approximation for I. 

Pdts * 
kl 

A 
kz k3 

e B - Pdts (1) 

Pd+ k2 * 
k7 

B u Pdts (2) 

For esters 6s and 6b rate constants k2 are almost lo3 times larger than constants kl, 
reducing model (2) to a simple model (3) for consecutive reactions. 

A 
kz k3 

* B _ Pdts (3) 

The mechanism of solvolysis of esters 5 and 6 was rationalized using these kinetic models 
to give Scheme 1. The rate constants k 1, k2 and kg were calculated (for more information 

see the Experimental Section) and their values are listed in Table 1. 

Table 1. Rate constants for solvolyses of 2substituted 3-methyl-2cyclohexenyl 
p-nitrobenzoates 5 and 6 in 80% EtOH at 50°C. 

Ester kl x 104s k2xW’s k3 x 104s (kz/kl)80Ea (k2/k1)&’ 

5a l.l04(5)C 12.5(6) 2.69(7) 11.3 1.0 

5b 1.410(91 42.4 2.32(2) 30.1 0.8 

5c 2.74(2) 0 0 

7 2.94(l) 

6a 0.39d 343(33) 1.875(8) -900 4.8 

6b O.tMd 454(56) 2.042(5) -700 3.2 

6c 1.792(7) 0 0 

8 2.359(4) 

aFW.io of rate constants for solvolyses in 80% EtOH at 50°C. 

bRatio of rate constants for solvolyses m 97% TFE at 50°C: values from ref. 8. 

CNumbers in parentheses are standard deviations of the mean. 

dEstimated values; see text for explanation. 

Path kl represents the formation of unrearranged products 11 and 12 via ally1 cation 

9, without sulfur participation. For the solvolysis of esters 5a-Sc, 6c, 7 and 8 in 80% 
EtOH at 5OW the cx-deuterium isotope effects are 1.18-1.20. These values are in the 
range of analogous effects for the kl path of the same esters in 97% TFE, as well as of 

isotope effects for esters l-3 in 80% EtOH and in 97% TFE where the neighboring group 
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participation is absent. The similarity of these isotope effects confirms that, likewise the 
solvolysis of esters 5 and 6 in 97% TFE. path kl is a stepwise process which includes the 
ally1 cation 9 as a reaction intermediate.8 The kl rate constants of esters 5 and 6 are 

reduced in comparison with the rates of the reference esters 7 and 8, respectively, due to 
the electron-withdrawing inductive effect of a thioethereal group. Log kl values for 

solvolyses of esters 5 in 80% EtOH at 50°C show an excellent linear correlation 
(correlation coefficient r= 0.9983) with the logarithm of the number of carbon atoms 
between the side-chain sulfur and the leaving group. Similar linear correlations were 
observed for solvolysis of esters 5 and 6 in 97% TFE.8* 1 o Assuming that such a linear 
correlation also exists for solvolyses of esters 6 in 80% EtOH at 50°C, and estimating 
that the slope of this correlation1 o is 2 20. it was calculated that kl constants for 

solvolysis of esters 6a and 6b in 80% EtOH at 50°C should have values around 0.39 x lo- 
* and 0.64 x lo-* s-l, respectively (Table 1). These values are used in the discussion for 
the degree of sulfur participation in solvolysis of esters 5 and 6. 

11 12 13 
14 

lla, n=2; R’=H 

llb, n=2; R’=Et 

llc, x3, R’=H 

lld, n=4, R’=Et 

12a. II=2 

12b, n=3 

13a. n=2, R’=H 

13h. n=2; R’=Et 

13~. II=.?. R’=H 

IhI. n=3, R’=Et 

14a, n=2 
14b, n=3 

Scheme 1 

Path k2 involves neighboring sulfur participation and the formation of an intermediate 

cyclic sulfonium cation 10. For the solvolysls of esters 5c and 6c in 80% EtOH. similarly 
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to their solvolysis in 97% TFE,8 k2 is negligible in comparison with kl, so that first order 

kinetics is observed. Obviously, for these esters the formation of a cyclic sulfonium cation 

10 with nine atoms in the ring is not favorable in 97% TFE, nor in 80% EtOH. On the 

other hand, solvolyses of -esters 5a and 6a, as well as 5b and 6b. include the 

advantageous intermediate sulfonium cation 10 with five- and six-membered rings, 

respectively. For the solvolysis of esters 5a and 5b in 80% EtOH at 50°C, a-deuterium 
isotope effects for the k2 path are 1.03 and 1 .O 1, respectively, falling in the normal range 

for kA processes. ’ ’ 

Esters 5a, Bb, 6a. and 6b solvolyze in 80% EtOH with a far larger degree of 
neighboring sulfur participation than m 97% TFE. The k2 rate constants for these esters 

in 97% TFE at 50°C are several times smaller than the solvolysis rates of reference esters 
7 and fL8 However, in 80% EtOH at 50°C the solvolysis of esters 5a and Sb via k2 path 

is 4.3 and 14.4 times faster than the solvolys~s of ester 7. while the k2 rate constants for 

esters 6a and 6b under the same conditions are 145 and 190 times faster than the rate 

constant for ester 8 (Table 1) Another parameter that reflects the degree of sulfur 
participation in these solvolytic reactlons is the ratio of rate constants for the k2 path 

(which involves sulfur participation) and the kl path (which is a stepwlse process without 

participation). For all esters 5a, 5b. 6a, and 6b this ratio is much larger in 80% EtOH 
than in 97% TFE [ratios (kz/kl)SOE and (kz/kl)g7T, respectively: Table 11. additionally 

con&ning the pronounced sulfur participation in the former solvent. It is interesting to 
note that in both 80% EtOH and 97% TFE the k2/kl ratios for esters 6a and 6b are larger 

than for Sa and 5b. This result can be explained by stabilization of a benzyl-sulfonium 

cation 10 by a phenyl group which acts as a K-electron donor. l2 
The intermediate sulfonium catlon 10 collapses via path k3 giving unrearranged 

monocyclic products 11 and 12 (wh:ch can also be formed via path kl). rearranged 

products 13, and bicyclic products 14 (Scheme 1). The formation of these products can be 

explained by nucleophillc attack of a solvent at various sites on the sulfonium cation 10 

(Scheme 2). 

10 '~Nu.(-e14) 

Scheme 2 

Solvolysis of esters 5c and 6c m 80% EtOH at 500C gives only unrearranged products 

11 and 12, and not the rearranged and bicyclic products 13 and 14. confirming the 

proposed solvolysis mechanism On the other hand, in the solvolysis of esters 5a, 5b. 6a. 
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and 6b in 80% EtOH the kA path is predominant, and all kinds of solvolysis product 11 - 

14 were obtained. The product composition for the solvolysis of esters 6a, and 6b in 80% 

EtOH at 50X! is listed in Table 2. It is interesting to note the similarity in product 

composition for esters 6a and 6b in 97O/6 TFE8 and 80% EtOH. In all those cases the 

percentages of unrearranged. rearranged, and bicyclic products are about 30%, 67% and 

3%, respectively. 

Table 2. Solvolysis products of esters 6a and 6b in 80% EtOH at 50°C 

Ester 

Product, % Yield 
________________________~~~~~__~~~~___~~~__~~~~~~~~~~~~~~~~~~~~~~ 

Unrearranged Rearranged Bicyclic 

Product@ Productsa PIdUCtS 

6a 

lla, 12% 13a. 48Oh 

llb, 9% 28% 69% 14a, 3% 

12a, 7% 13b. 21% 

llc, 14% 13~. 42% 

6d lld, 13% 33% 64% 14b, 3% 

12b. 6% 13d, 22% 

aR = CgH5 in all products. 

Although the k2/k 1 ratios for the solvolysis of these esters in 80% EtOH are about 

200 times larger than in 97% TFE. indicating that the degree of sulfur participation in the 

former solvent is much larger, this difference does not reflect on the product composition. 

This result proves the known observation l3 that the percentage of cyclized and/or 

rearranged products in solvolyttc reaction is not a reliable criterion for conclusions about 

a degree of neighboring group participation in the ionization step. 

In conclusion, our results show that in solvolytic reactions of allylic substrates. 

pronounced neighboring group participation can occur, but only with very effective 

internal nucleophiles, and only in solvents which will not reduce the participating ability 

of these nucleophiles by protonation or formation of strong hydrogen bonds. 
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EXPERIMENTAC SECTION 

All compounds were identified by IR, 1 H NMR, and in some cases by elemental 
analysis. Infrared spectra of neat samples were recorded on a Perkin-Elmer 257 
spectrometer. 1H NMR spectra of samples dissolved in tetrachloromethane were recorded 
on a Varian EM-360 or T-60 spectrometer, using tetramethylsilane as an internal 
standard. All reported yields are isolated yields. For ketones yields are from ethyl 2- 
methyl-4-keto-2-cyclohexenecarboxylate. All deuterated compounds have a deuterium 
content > 98% d 1 (by 1 H NMR). 

COOC2H5 

CT R 
+ NaH 

Cl HCON(CH3j2 

0 0 

5 or 6 

16 - 19, 5, 6 a, R=SCH? 
b, R=CH2SCH? 
c, R=(CH2)4SCH3 
d , R = SCl-&jki~ 
e, R = CH$W-l2C&Is 
f, R = (CH2)&CH2C& 

Scheme 3 

General Procedure for the Preparation of Ketones 18 
These compounds were prepared according to slightly modifiedI literature 

procedures. 15*16 Ethyl 2-methyl-4-keto-2-cyclohexenecarboxylate (15)17 (8 g, 43.9 mmol) 
was alkylated with chloride 1618 (45 mmol) in N.N-dimethylformamide (35 mL) using NaH 
(1.1 g. 46 mmol) as a base. The resulting ketoester was hydrolyzed and decarboxylated 
with KOH (4.48 g, 80 mmol) in anhydrous ethanol (30 mL), and the crude product was 
putied on a silica gel column with benzene-ether (4: 1) as eluent to give ketone 18. 

2-12-Methvlthioethyh-3-methvl-2-cyclohexenone (18al 
Yield 16%: IR 1655 (C=O) and 1628 cm-1 (C=C); 1H NMR 6 2.07 (3H, s, SCH3). 1.96 

(3H, s, C=C-CH3), 2.45-2.18 [lOH). 
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oDroDvl)-3methvl-2-cvclohexenone rlSbl 
Yield 18.1%; IR 1662 (C=O) and 1628 cm-i (C=C); 1H NMR 6 2.13 (3H, s, SCH3) 1.94 

(3H. s, C=C-CH3). 2.50-2.17 and 1.73-1.23 (12H). 
Anal. CaIcd. for CllHIaSO: C, 66.62; H. 9.15; S. 16.17 
Found: C, 66.79; H, 9.37: S, 16.43 

- _ _ _ e (18d 
Yield 17.5%; IR 1660 (C=O) and 1625 cm-l (C=C); 1H NMR 6 1.98 (3H, s. SCH3). 1.90 

(3H, s, C=CCH3), 2.40-2.15 and 1.40-1.25 (18H). 
Anal. CaIcd. for C 14H22SO: C, 69.95: H, 10.16: S, 13.34 
Found : C. 70.07; H, 10.26; S, 13.32 

oethvll 3 _ _ methvl 2 _ _ cvclohexenone (l8gl 
Yield 18.6%; IR 3060. and 3020 @r-H), 1655 (C=O), 1630 (C=C), 770, and 702 cm-r (Ar- 

H); 1H NMR 6 7.15 (5H, s. CsH5). 3.53 (2H, s, CHzPh), 1.85 (3H, s, C=C-CH3), 2.40-2.05 
and 1.70-1.10 (1OH). 

Anal. Calcd. for ClgHzoSO: C, 73.80; H. 7.74; S, 12.31 
Found: C, 73.95; H, 7.69; S, 12.45 

_ _ 
Yield 15.9%; IR 

3090. ) 3 methv 306;, _ 2 - cvc&hexenone (18fA 
and 3030 @r-H), 1660 (C=O), 1640 (C=C), 760 and 705 

cm-l @r--H); 1H NMR 6 7.10 (5H, s, CsH5). 3.57 (2H. s. CHzPh), 1.85 (3H, s, 
C=C-CH3), 2.40-2.10 and 1.40-1.20 (12H). 

klaL Calcd. for Cr7H22SC: C. 74.40: H. 8.08: S, 11.68 
Found : C. 74.29; H. 8.09; S, 11.58 

2-(6-Phenvlthiohexvb-3-methvl-2-cvclohexenone (18fl 
Yield 19.0%; IR 3080. 3060, and 3040 W-H), 1670 (C=O), 1625 (C=C), 765 and 702 

cm-l @r-H): 1H NMR 6 7.04 (5H, s, CsH5), 3.56 (2H, s. CHzPh), 1.80 (3H. s, 
C=C-CH3). 2.30-1.90 and 1.50-1.20 (18H). 

General Procedure for the Preparation of Alcohols 19. 
Ketones 18 (1.54 mmol) were reduced with LiAIH4 (600 mg; 15.8 mmol) in dry ethyl 

ether (20 mL) by using a previously described procedure15 to give alcohols 19. 

2-(2-Methvlthioethvll-3-methvl-2-cvclohexenoi (19aHl 
Yield 96.0 %; IR 3390 cm-1 (OH); IH NMR 6 3.97 (lH, br.s, WOH), 2.50 (lH+2H+2H, 

m, CH&H@CHQ+OH), 2.10 (3H. s. SCH3), 1.68 (3H. s, C=C-CH3). 1.60-1.30 (6H). 

l-Deuterio-2-~2-metbvlthioethvl~-3-methvl-2-cvcloh~enol (1QaD) 
Yield 94.0%; IR 3380 (OH) and 2140 cm-l (C-D): 1H NMR 6 2.58 (lH, br.s, OH). 2.47 

(4H, 2t. CHPCH~SCH~). 2.08 (3H. s, SCH3), 1.67 (3H, s, C=C-CH3), 1.60-1.25 (6H). 

2-(3Methvlthionrorh-3-methvl-2cvclohexenol (1QbH) 
Yield 94.6%: IR 3360 cm- 1 (O-H); IH NMR 6 3.90 (lH, br. s, UOH), 2.03 (3H. s. 

SCH3). 1.64 (3H. s, C=C-CH3), 2.50-2 00 and 1.50-1.20 (12H). 

- u terio-2-~3-Methvlthioproovl~-3-~ne~yl-2-cyclohexenol (1QbD) 
Yield 95.2%; IR 3360 (OH) and 2120 cm-1 (C-D); ‘H NMR 6 2.55 (1H. br. s. OH), 2.03 

(3H, s, SCH3), 1.63 (3H. s. C=C-CH3), 2 45-2.10 and 1.50-1.20 (12H). 



Solvolyses of allylic substrates 2725 

_ _ _ _ hexenol I 19cEl) 
Yield 94.3%: IR 3360 cm-1 (OH): ‘H NMR 6 3.87 (lH, br. s, CHOH), 2.40 (2H. t. 

J=GHz. CHZSCHQ), 2.03 (3H, s. SCH3), 1.65 (3H. s, C=C-CH3), 1.50-0.90 (17H). 

1-Deut&o 2 (6 methvlthiohexvl) 3 methv QcD1 __ _ _ _ 1-2-cyc ohexenol I1 1 
Yield 94.3%: IR 3390 (OH) and 2120 cm-i (C-D); 1H NMR 6 2.42 (2H. t. Q&SCHz). 

2.03 (3H, s, SCH3) 1.87 (lH, s, OH), 1.62 (3H, s, C=C-CH3), 1.50-1.10 (16H). 

2-(2-Benzvl,$hro t&II 3 _ _ cvc methv12 _ _ lohe xenol l lQdH1 
Yield 90.O%TIR 3360 (O-H), 3090,3060, and 3030 @r-H), 1030 (C-O), 730 and 702 cm- 

1 @r-H); iH NMR 6 7.13 (5H, s, CeH5). 3.80 (1H. br. s, CHOH), 3.60 (2H. s, CHzPh), 2.77 
(1H. br. s. OH), 1.65 (3H, s. C=C-CH3). 2.33-1.80 and 1.50-0.90 (10H). 

2-(2-Benzvlthioethvll-l-deuterio-3-methvl-2-cyclohexenol (19dD) 
Yield 97.5%: IR 3370 (OH), 3090. 360, and 3030 @r-H), 2120 (C-D), 705 cm-l: 1H 

NMR 6 7.12 (5H. s, CeH5), 3.60 (2H, s. CH2Ph). 2.75 (lH, br. s. OH), 1.67 (3H. s. C=C- 
CH3), 2.40-1.80 (10H). 

2-(3-Benzvhhionropvl)-3-methvl-2-cyclohexenol 119eHI 
Yield 96.7%: IR 3360 (OH), 3090. 3060, and 3030 @r-H), 740 and 702 cm-l &r-H): 1H 

NMR 6 7.20 (5H. S, CeH5). 3.85 (lH, br. s, CHOH), 3.61 (2H, s, CHzPh), 2.73 (lH, br. s, 
OH), 1.65 (3H, s. C=C-CH3). 2 30-l 80 and 1.50-1.10 (12H). 

2-B-Benzvlth’oo ODV 1 deuterio-3-methvl-2-cvclohexenol I19eD1 
Yield 93.2%; rIR && (OH), 3090, 3060, and 3030 &r-H). 2140 (C-D), 702 cm-l @r-H); 

lH NMR 6 7.27 (5H, s, CeH5). 3.63 (2H, s. CHzPh). 2.32 (2H. t. J=7Hz, WpSBz), 1.65 (3H, 
s, C=C-CH3). 2.10-1.80 and 1.40-0.90 (10 H). 

2-(6-Benzvlthiohexvh-3-methvl-2-cyclohexenol UQiHl 
Yield 94.0%; IR 3350 (OH), 3085, 3060. and 3020 @r-H), 725 and 702 cm-i 

@r-H); lH NMR 6 7.07 (5H. s. CeH5), 3 70 (1H. br.s, WOH), 3.50 (2H, s. CHzPh), 2.47 
(lH, br. s, OH), 1.67 (3H. s. C=C-CH3). 2 20-l 80 and 1.50-1.10 (18H). 

161 2- - -Bn 1 ih 
Yield 93.0%; IR 3360 (OH), 3080, 3055, and 3020 &r-H, 2120 (C-D), and 702 cm-l 

@r-H): iH NMR 6 7.05 (5H, s, CeH5), 3.50 (2H. s, CHzPh), 1.67 (3H, s, 
C=C-CH3), 2.20-1.75 and 1.50-1.10 (18H). 

General Procedure for the Preparation of p-Nitrobenzoates 5 and 6. 
Alcohol 19 (1.37 mmol) was dissolved in dry pyridine (20 mL) and the mixture was 

cooled (ice-water bath). p-Nitrobeneoyl chloride (800 mg, 4.31 mmol) was added in small 
portions over 5 min. and the reaction mixture was stirred at room temperature overnight. 
The reaction mixture was then poured on ice (500 g) and extracted with n-pentane (4x100 
mL). The organic extracts were dried over anhydrous sodium sulfate and evaporated in a 
vacuum. The oily residue was purified on a silica gel column using a mixture of n- 
pentane and benzene (9: 1) as an eluent to give ester 5 or 6 a yellow oil. 

2-(2-Methvlthioethvll-3-methvl-2-cvclohexenvl n-Nitrobenzoate (II- 
Yield 93.4%: IR 3110, 3080. and 3050 W-H), 1720 (COO), 1530 and 1350 (NOz). and 

722 cm-l @r-H): iH NMR 6 8.23 (41-I, s. CsH4NOz). 5.62 (lH, br.s, CHOPNB). 2.40 (4H, 
2t, CHGH2SCHs). 2.03 (3H. s, SCHs), 1 80 (2H, s, C=C-CH3). 2.10-1.70 (6H). 
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thioethvl) _ - 3 m&hvl 2 cvd _ - 
10.3080. and 3050 @r-H). 1720 (COO), 1530 and 1353 (NO& and 

722 cm-l @r-H): IH NMR 6 8.22 (4H. s, CeH4N02). 2.42 (4H, 2t. wG&SCH& 2.02 
(3H, s, SCH3). 1.80 (3H, s, C=C-CH3). 2.10-1.70 (6H). 

I 3 methvl 2 cvc ohexenvl D Nitrobenzow 
l-05, 3070:and ;050 @r-HI: 1730 (COO), 1525 and 1345 (NO& and 

722 cm-l @r-H); IH NMR 6 8.17 (4H. s. CsHsNC2). 5.53 (lH, br.s. CHOPNB). 2.40 (2H, t, 
J=7Hz, mSCH3). 1.97 (3H, s, SCH3). 1.78 (3H, s, C=C-CH3), 2.20-2.00 and 1.70-1.20 
(10H). 

I-Deuterio 2 I3 methv __ _ lthiooroovh-3-methvl-2-cvclohexenvl p-Nitrobe 
Yield 93.9%: IR 3110, 3080. and 3050 W-H), 1705 (COO), 1525 and 1350 (N02) and 

722 cm-1 @r-H); *H NMR 6 8.13 (4H, S. C&+N&), 2.37 (2H, t, J=‘IHz, uSCH3)). 1.95 
(3H, s, SCH3). 1.77 (3H, s, C=C-CH3), 2.20-2.00 and 1.70-l .40 (10H). 

_ _ vhhiohexlv 1 3 methvl 2 cvc ohe e v n nmobenzoate (5cm _ . 
Yield 94.8%: IR’ilOO. 3080,~and130:O;dr-H), 1715 (COO), and 722 cm-l &r-H); lH 

NMR 6 8.10 (4H, s, C&I4N02), 5.49 (1H. br.s, CHOPNB), 2.33 (2H. t, J=6.5Hz, SX2SCH3), 
1.98 (3H, s, SCH3), 1.73 (3H. s. C=C-CH31. 1.70-1.10 (16H). 

I-Deuteno (6 methvlt ‘ohexv 1 3 methv 2 cvclohe1 n-Nitrobenzo&AUU 
Yield 93%; IR 311%. 308b:and 305: (L-H), 1705 (COO), 1525 and 1350 (NO2), and 

722 cm-l @k-H); IH NMR 6 8.07 (4H. s, CeH4NC2). 2.38 (2H, t, J=6.5Hz). 2.02 (3H, s. 
SCH3), 1.73 (3H, s, SCH3). 1.73 (3H. s. C=C-CH3). 1.57-1.20 (16H). 

2-(2-Benz&hioethvl)-3-methvl-2-cvclohexenvI n-Nitrobenzoate (6aIik 
Yield 90%; IR 3110, 3060, and 3030 @r-H), 1750 (COO). 1530 and 1350 (NO2). 1120 

(C-O), 722 and 702 cm-1 @r-H); IH NMR 6 8.08 (4H. S, p-@NCdh), 7.10 W-4 Se c&g). 
5.47 (lH, s, CHOPNB). 3.58 (2H. S. CHsPh), 1.72 (3H. s, C=C-CH3), 2.33-1.80 and 1.50- 
0.90 (1OH). 

Anal. CaIcd. for QsH2sN04S C, 67 13; H. 6.02: N. 3.40; S, 7.79 
Found : C. 67.30; H. 6.08; N. 3.31; S, 7.65 

- - 
Wm-3;,5, 3,8-0:3060, -and 3030 &r-H). 1720 (COO), 1525 and 1360 

1 deuteno 3 methyl 2 cvcU_wate (-1 

(NOz), 722 and 704 cm- i @r-H); ‘H NMR 6 8.08 (4H, s, CeH4NC2). 7.08 (5H, 8, CaH5). 
3.60 (2H, s, CHsPh), 2.30 (4H. 2t. Q&CH2SBz), 1.68 (3H. s. C=C-CH3), 2.20-1.80 (6H). 

- - 
yiem 31;. 3080; 3060. and $025 W-H), 1740 (COO). 1530 and 1350 

1I 3 m&w1 2 cvclohexenv D nitrobenzoate (w 

(NO& 722 and 702 cm- 1 @r-H) ; ‘H NMR 6 8.08 (CeH4N&), 7.12 (5H, 8. CtiH5), 5.45 (1H. 
s. CHOPNEt). 3.55 (2H. s. CHzPh), 1.67 (3H. s. C=C-CH3). 2.40-l. 10 (8H). 

- _ 
~jlO5. 3080, 3050. ::d 3d20 W-H), 1715 (CCC). 1527 and 1350 

11 1 deutg@ 3 methv cvc ohexenvl n-nitrobenzoate (SW 

(NOs), 722 and 705 cm- 1 @r-H); ‘H 6 8.19 (4H. s. CeH4NC2), 7.20 (5H. s, CoHs). 3.57 
(2H. s. CH2Ph). 1.72 (3H, s, C=C-CH3), 2.40-1.85 and 1.50-1.10 (8H). 

- _ _ . 
Yield~3020 @r-H), 1715 (COO), 1525 and 1345 (NO219 

clohexenyl_g mtrobe.w!Uko 
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product Studies 
Esters 6a and 6b (6.8 mmol) were solvolyeed in nitrogen atmosphere in 80% EtOH 

(220 mL) at 50.0 + O.l°C under the same conditions as in our kinetic measurements. but 
for about 20 half-lives. The products were extracted with n-pentane (3 x 200 mL), the 
combined organic solvents were dried over anhydrous sodium sulfate, and the solvent was 
evaporated under reduced pressure. The product mixture was separated by column 
chromatography and thin-layer chromatography on silica gel. The structures of products 
were determined by IR and 1H NMR. as well as by comparison with previously identified 
compounds. 
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