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The relative rates of the leaving groups in free radical SH2’ reactions have been determined. The order 
of the relative elimination rates of the leaving group is: I > Br { 14) > SPh (2) > Cl { 1) >> OPh, SiMe,. This 
is consistent with the bond dissociation energy of the C-X bond. The less the bond dissociation energy value 
is, the better the leaving group is. 

! -  

The leaving group effect is fully studied in aiiphatic 
nucleophilic substitution reactions, including SN I and S ~ 2 . l  
It is rare to find depicted in the literature the leaving group 
ability in  radical substitution reactions because the folIow- 
ing reaction (eq. 1) seldom occurs in free radical chemistry. 

I I 
A. + y - L G +  A- F --+ LG. (11 

Russell et al.’ indicated that the tert-butyl radical add-  
tion to allyl derivatives proceeded with the S H ~ ’  reaction 
mechanism as shown in Scheme I. 

Scheme I 

CH2=CHCH2X + R . +  RCH2CHCH2X (2) 

RCH,CRCH,X+ KCH2CH=CH2 + X. I3 1 
X. + KHgCl- XHgCI + R. (4) 

The alkyl radical adds to the terminal carbon of the 
double bond to form an intermediate radical which under- 
goes fast p-elimination of the leaving group X- in a chain 
process. It looks like the X. acts as a leaving group in sH2’ 
reaction. The S d ’  reaction may be a good candidate for 
studying the leaving group effect in free radical addition- 
elimination reactions. Russell et aL2 also indicated that the 
rate of tert-butyl radical addrtion to allyl derivatives obeyed 
the following order: H2C=CHCH2CI > HzC=CHCH&r > 
I-IK=CHCHzI. This does not mean that the C1 radical is a 
better leaving group than the others in the s H 2 ’  reaction be- 
cause the halogen in the allylic derivatives might play a role 
in the substituent effect as well as in the leaving group effect 
in the SH2’ reaction. Giese3 has reported that Lhe rate of ad- 
dition of alkyl radicals to alkenes is controlled mainly by the 
polar effects of the substituents. Therefore, the substituent 
effects of the free radical addition reactions must be the 

same for different leavisg groups, if the leaving group ef- 
fects could be determined correctly. It should be evident 
that a number of criteria are important in choosing a model 
system for evaluating the leaving group effect on radical ad- 
dition reactions: (1) the substituent effect in the system 
should not be changed as the leaving group is altered (2) the 
side reactions should be minimized (3) the sterfc effect 
should be negligible; and the model compound 1 should be 
readily accessible. Compound 1 includes two different 
leaving groups, X’ and X2; the substituenl effect would be 
identical for these two leaving groups in an SHY reaction. 
The reactions of 2-substituted allyl derivatives with tert- 
BuHgCI, under photolytic condition, gave the substituted 
products in good yields and there was no steric effect ob- 
~ e r v e d . ~  We chose the S H ~ ‘  reaction of tert-BuHgC1 with 
compound 1 (eq. 5) a? fuifilling thesecriteria without exces- 
sive experimental difficulty. 

CH,X‘ h” CH2X1 CH2BU-I 
CHI=< * CH2=< + CH2=< (5 1 

CHzXz I-BuHgCI CH~BU-I CH2X2 

1 2 3 

Ir I b  Ic Id lc 

x’= C I  CI CI CI CI 

X2= 1 Br SPh OPh SMe, 

In the present report, we investigated the leaving group 
effect of compound 1 with lert-BuHgCl in a photostimu- 
laled SH2’ reaction. Compounds la-ld were synthesized by 
reported methods.’ The competitive kinetic experiments 
were carried out by compound 1 (at least 10 times with re- 
spect to tert-BuHgC1 in CHsCN or Me2SO) and after at least 
3 half-lives determining the relative amounts of two adducts 
by GC. Identification of substitution products was con- 
firmed by comparison of their GCMS data with those of the 



862 1. Chin. Chem. SOC., Vol. 46, No. 6, 1999 Wu et al. 

Table 1 .  The Reaction of Compound f with fert-BuHgC1 at 35- 
45 “C in CHJCN or MezSO’ 

Substrate conditions % product Zb % product 3 kx2/kx1 

l a  3h, CH3CN 43 0 
Ib  3h. CH3CN 57 4 14.3 
IC 3h, CH3CN 55 26 2.1 
I d  3h, CH3CN 0 70 
l e  3h, Me2SO 0 6 

a Substrate ( 1  M) and mercurial (0.01 M) in nitrogen-purged dry 
MezSO or CHyCN were irradiated with a 100 W UV lamp ca. 
20 cm from the reaction quartz tube. Each reaction was run at 
least three times. Error f4 %. 
The yield was determined by GC. 

authentic compounds synthesized by methods reported in 
the literat~re.~’~.’ The relative elimination rates of the leav- 
ing groups as given in Table 1, were measured by the rela- 
tive yields of the two substitution products, compound 2 and 
compound 3. 

From Table 1, the relative elimination rate of the leav- 
ing group follows the order: I > Br > SPh > CI >> OPh, 
SiMes. This is consistent with bond dissociation energy of 
the C-X bond (Table 2). The less the bond dissociation en- 
ergy value is, the better the leaving group is. The photolytic 
reaction of compound Ib with tert-BuHgCI in C H F N  gave 
only compound 2b and 3b as the substitution products and a 
similar result was found in the photolytic reaction of com- 
pound lc. The yields of substitution products and relative 
elimination rates are shown on Table 1. The relative ratio of 
k d k n  is 14 and k S P h b  is 2.1 in CHKN. This suggests that 
the Br and SPh radicals are better leaving groups than the C1 
radical in S H ~ ‘  reactions. The bond dissociation energy of 
the C-X bond follows the order: C-Cl > C-S > C-Br. I t  
seems reasonable that the elimination rate of the leaving 
group is kRr > ksph > kn. 

The photolytic reaction of compound l a  with feri- 
BuHgCI gave more complicated results. The products in- 
cluded compound 2a, 2-methylallyl chloride, and ten-butyl 
iodide, but compound 3a was not observed. This indicated 
the iodo radical might be a better leaving group than the 

Table 2. Bond Dissociation Energy of C-X bond (kcaUmol) 

c-x C1’ Bra Ia Sb 0‘ s ib  

71 57 44 65 84 77 

a Cited from Wentrup, C. “Reacrive Molecules“ John Wiley & 
Sons, New York 1984, pp 29. 
Cited from reference 8.  
Cited from reference 1 ,  pp 147. 

chloro radical; moreover, the yields of these products were 
low. Owing to the small bond dissociation energy of the C-I 
bond, the abstraction of iodo by tert-butyl radical is com- 
petitive with the addition of rert-butyl radcal in a photolytic 
reaction of compound la.  The iodo absuaction by tert-butyl 
radical caused a low yield of substitution product and re- 
sulted in  the formation of fert-butyl iodide and 2-chlo- 
romethyl-2-propenyl radical which formed 2-methylallyl 
chloride by abstraction of hydrogen. Similar results were 
also observed by Russell et al.’ in the photolytic reaction of 
propargy1 iodide with terbBuHgC1. It is recognized that 
oxygen-centered radicals are not readily eliminated in reac- 
tion 3. That’s why onIy the 70% yield of compound 3d was 
observed and none of compound 2d was detected in the pho- 
tolytic reaction of compound Id. The photolytic reaction of 
compound le  wiIh ten-BuHgCl in Me2S0 solution gave low 
yields of substitution products which included a small 
amount of compound Ze, 2,4,4-trimethyl- l-pentene, hex- 
amelhylsiloxane; none of 3e was observed. There was none 
of compound 2e and 3e detected and hexamethylsiloxane, 2- 
methylallyl chloride, 2,4,4-trimethyl- l-pentene formed in 
C H X N  solution. The allyiuimethylsilane was unreactive 
with isopropylmercury chloride under photolytic condition 
as previously reported by Hershberger et aL8 This is consis- 
tent with our result. I t  seemed unlikely that th is  reaction 
proceeded via the SH2’ mechanism. The electron transfer 
might be involved in this reaction;’ this part will be dis- 
cussed in another place. 

ACKNOWLEDGMENT 

This research was supported by a grant from the Na- 
tional Science Council of the R.O.C. to Yuh-Wem Wu (NSC 
85-21 13-M-2 14-001). 

Received March 8, 1999. 

Key Words 
Leaving group effect; SH2’ mechanism; terf-Bu- 
tyi radical; ferbButylHgC1. 

REFERENCES 

1. Lowery, T. H.; kichardson, K. S. “Mechanism and The- 
ory in Organic Chemistry“ 2ed. Harper & Row hblish- 
er. 1981, pp 339-342. 



Leaving Group Effect in SH2' J. Chin. Clzem. Soc., Vol. 46, No. 6, j999 863 

2. Russell, G. A.; Nogviwatchai, P.; Wu, Y. W. J. Am. 

3. Giese, B. Angew. Chem. hi. Ed. Engl. 1983,22,753. 
4. Wu, Y. W. J. Chin. Chem. Sac. 1996,43, 507. 
5. Compound l c  was prepared by treatment of 2-chlo- 

romethyl-3-chloro-1 -propene with thiophenolate which 
was produced by h e  reaction of NaH and thiophenol in 
dry ether. 'H NMR (300 MHz, CDC13) 6 7.4-7.1 (m, 
SH), 5.18 (s, lH), 5.12 (s, IH), 4.21 (s, 2H), 3.69 Is, 2H); 
MS (El) d z  200 (M+2+, 20), 199 (M+l+, 6.6), 198 (M+, 
5 3 ,  163 (go), 135 (50), 129 (43, 109 (61), 89 ( 7 3 ,  77 
(30), 53 (100). Compound l d  was prepared by the reac- 
tion of 2-chloromethyl-3-chloro- 1-propene with pheno- 
late which was produced by the reaction of potassium t- 
butoxide and phenol in  t-hutanol. b.p. 84-86 "C10.1 
mmHg; 'H NMK (300 MHz, CDCl,) 6 7.28 (m, 2H), 
6.95 (m, 3H), 5.37 (m, 2H), 4.62 (s, ZH), 4.18 (s, 2H); 
"C NMR (75 MHz, CDCI,) 6 158, 141, 130, 121, 117, 
115, 68,45; MS (EI) d z  184 (M+Z+, 6), 182 (M+, 17), 
147 (loo), 77 (30),53 (80). 

6. Liu, Y-K.; Wang, R-T.; Chau, F-L.; Luo, F-T. Bull. Insf. 
Chem., Academia Sinica 1990,43. 

7. Authentic 3b was prepared by the reaction of 3-chlo- 
romethyl-4,4-dimethyl-l -pentene with NaSr in DMF so- 
lution. 'H NMR (300 MHz, CDCJ,) 6 5.32 (s, lH), 4.94 

Chem. SOC. 1989,111,4921. 
(s, IH), 4.02 (s, ZH), 2.17 (s, ZH), 0.93 (s, 9H); MS (EI) 
d z  192 (M+2+, 0.08), 190 (M+, 0.08), 175 (0.32), 95 
(1 0), 57 (100). Authentic 3c was prepared by the reac- 
tion of 3-chlorornethyl-4,4-dimethyl- l-pentene with 
thiophenoate in THF solution. 'H NMR (300 MHz, 
CDCl,) 6 7.38 (m, ZH), 7.36 (m, ZH), 7.29 (m, IH), 5.05 
(s, lH),  4.84 (s, 1H), 3.6 (s, 2H), 2.15 (s, 2H), 0.98 (s ,  
9H); I3C NMR (75 MHz, CDC13) S 143, 137, 130, 129, 
126, 117,48,43, 30. MS (EI) m/z 222 (M+2+, 1.6), 221 
(M+I+, 4.7), 220 (M+, 29), 205 (3), 164 ( 1 9 ,  149 (261, 
131 (21), 111 (14), 110 (24), 109(15), 95 (22),77 (111, 
69 (33), 57 (100). Auhentic 3d waq prepared by the re- 
action of compound Id with lerr-butyl magnesium chlo- 
ride in THF solution. 'ti NMR (300 MMz, CDCL,) 6 
7.29-7.26 (m, 2H), 6.93-6.90 (m, 3H), 5.29 (d, J = 1.8 
Hz, lH), 4.98 (d, J = 1.8 Hz, lH), 4.45 (s, 2H), 2.06 (s, 
2H), 0.96 (s, 9H), ',C NMR (75 MHz, CDCI3) 6 159, 
143, 129, 120, 115, 114, 72,47, 31, 30; GCMS (EI) m'z 
205 (M+l+,  1.3), 204 (M*, 10.6), 133 (50), 94 (501, 57 
(100). 

8. Light 11, J. P.; Ridenour, M.; Beard, L.; Hershberger. J. 
W. .I, Organometal. Chem. 1987,326, 17-24. 

9. Russell, G. A.; Hu, S.; Herron, S.; Baik, W.; Ngovi- 
watchai, P.; Jiang, W.; Nebgend, M.; Wu, Y. W. J. Phys. 
Org. Chem. 1988, I, 239-303. 


