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A solution of 0.681 g (0.0030 mol, 0.30 M) of N-chloro-(1,l-di- 
methyl-4-chloropenty1)acetamide in cyclohexane was degassed and 
irradiated for 8 hr; GLC analysis (column temperature 124") indi- 
cated peaks at 1.4 and 2.6 min with relative areas (in percent) of 15 
and 85%, corresponding in retention time with the mono- and di- 
chloro amides. 

Registry No.-la, 5014-39-1; lb,  79-16-3; 2a, 10271-73-5; 2b, 
762-84-5; 3a, 55281-79-3; 3b, 5531-33-9; 3c, 55281-80-6; 30,55281- 
81-7; 4a, 55281-82-8; 4b, 686-96-4; 4c, 55281-83-9; 5a, 55281-84-0; 
5b, 55281-85-1; 512, 55281-86-2; 5d, 55281-87-3; 6a, 55319-71-6; 6b, 
55281-88-4; tert-butyl hypochlorite, 507-40-4; a,a-dimethyl-& 
phenethylamine, 122-09-8; acetic anhydride, 108-24-7; tert- butyla- 
mine, 75-64-9; 2,2-dimethylpropionyl chloride, 3282-30-2; chlorine 
monoxide, 14989-30-1; N-(l,l-dimethyl-2-hydroxy-2-phenyleth- 
yl)acetamide, 55281-89-5; l-phenyl-2-amino-2-methyl-l-propanol, 
34405-42-0; TMP, 108-75-8. 
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Selectivity in chlorinations of alkanes with N-chloro amides has been examined, providing evidence for several 
different hydrogen-abstracting species as a function of reaction conditions; e.g., for N-chloro-N-tert- butylaceta- 
mide (2a) with 2,3-dimethylbutane the relative reactivity of the tertiary hydrogen compared with the primary hy- 
drogen, kJk, ,  is 19 (hv, degassed), 4.8 (hu, oxygen present), 1.6 (hu, with 2,4,6-trimethylpyridine present, or ben- 
zoyl peroxide, 80"). In the presence of oxygen (and absence of base) the principal chain-carrying species are chlo- 
rine atoms; in the presence of the base (or under initiation by benzoyl peroxide, 80") the principal chain-carrying 
species are considered to be amidyl radicals. Selectivity in amidyl radical, CHsCONR, is markedly dependent on 
R; e.g., with 2,3-dimethylbutane k J k p  Y 95 for R = methyl, 1.6 for R = tert-butyl. Decomposition of 2a by photo- 
chemical initiation in the absence of oxygen or trimethylpyridine proceeds more rapidly and shows higher selec- 
tivities than in the presence of either of these additives; the abstracting species under these conditions is not 
known. Steric effects in hydrogen abstraction reactions are briefly discussed. 

In Part I,la the decomposition of a series of N-chloro am- 
ides in alkane solvents was examined. The compounds de- 
compose by free-radical chain reactions of long chain 
length and afford products of intermolecular and intramo- 
iecular chlorination. Rates and products showed marked 

dependence on the N-chloro amide, on oxygen, on 2,4,6-tri- 
methylpyridine (TMP), and on mode of initiation (hv, 25' 
or dibenzoyl peroxide, SO0).  The results were suggestive of 
the occurrence of two principal chain mechanisms: amidyl 
radical paths and chlorine atom-HC1 paths. The amidyl 
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0 R R' 
I I  

CH3 R-C-N-R' la  CH3 
I 2a CH3 tert- butyl 

4a tert-butyl tert-butyl 
5a CH3 C(CH3) 2CH2CH,CH2CH3 

c1 3a CH, C(CH,),CH,C~H, 

radical path appeared to be operative in two situations: (a) 
initiation by light in the presence of 2,4,6-trimethylpyri- 
dine and (b) decomposition (in the absence of oxygen) of 
an N-chloro amide in which the resulting amidyl radical 
had the opportunity for intramolecular 1,5 hydrogen ab- 
straction by the nitrogen atom. The chlorine atom-HC1 

RCONR' + HS - RCONHR' + S* (14 

S* + RC0NCI.R' -+ SC1 + RCONR' (lb) 

C1* + HS - HC1 + S* ( 2 4  

HC1 + RCONClR' - C1, + RCONHR' (2b) 

s*  + c1, - sc1 + c1* ( 2 4  
path appeared to be operative in the decompositions in the 
absence of trimethylpyridine and to be of increased impor- 
tance in decompositions in the presence of molecular oxy- 
gen. In order to provide further evidence on these points 
and to learn about the selectivity of amidyl radicals, de- 
compositions of the N-chloro amides have been carried out 
in a series of hydrocarbons (n-hexane, cyclohexane, 2,3- 
dimethylbutane,2 Z,Z-dimethylbutane, and adamantane), 
analyzing for the chloroalkanes.3 Selectivity in hydrogen 
abstraction was observed to depend markedly on reaction 
conditions. Various additives were examined as possible 
scavengers for chlorine atoms or HC1. Trichloroethylene, 
which has proved useful with alkyl hypochlorites,4 had 
some effect. Much more effective was the hindered base 
2,4,6-trimethylpyridine. Most of the work has been done 
with N-chloro-N-tert-butylacetamide (24 .  The results are 
presented in Tables I-V. A summary of the selectivities in 
chlorinations with 2a, relative to the primary hydrogen of 
n-hexane, is shown in Table VI. 

Discussion 
The principal findings regarding the selectivity of hydro- 

gen abstraction for decomposition of N-chloro amide 2a in 
alkane solvent are: (a) selectivity is markedly dependent on 
reaction conditions (e.g., k t / k p  for 2,3-dimethylbutane: hv, 
degassed, 19; hv, undegassed, 4.8; hv, trimethylpyridine, 

1.6); (b) in the presence of oxygen the selectivity is approxi- 
mately the same as for Clz, hv (Table VI, 4 vs. 5); (c) selec- 
tivity is increased severalfold by removal of oxygen (Table 
VI, 1 vs. 4); (d) selectivity is altered by the addition of 
2,4,6-trimeth~lpyridine~ (Table VI, 1 vs. 2) and is not the 
same as forClz, hv (Table VI, 2 vs. 5); (e) selectivity is ap- 
proximately the same for initiation by hv, 25' in the pres- 
ence of trimethylpyridine as for initiation by dibenzoyl per- 
oxide, 80% (Table VI, 2 vs. 3). 

Nature  of the Reaction and Assessment of the  Hy- 
drogen-Abstracting Species. The results of this study of 
chlorinations with N- chloro amides provide evidence for 
three different hydrogen-abstracting species as a function 
of reaction conditiom6 

A. RCON(Cl)R', hv, 25', Undegassed (Table VI, Line 
4). 

Assignment. Chlorine atom-HC1 chains. 
Basis. (a) The selectivities are approximately the same 

as for Clz, hv (for some comments on how oxygen may in- 
crease the importance of the chlorine atom-HC1 chains, see 
Part Ila); (b) the inhibition in rate and changes in selectivi- 
ty observed upon the addition of trimethylpyridine are 
most simply ascribed to the scavenging of HC1 by the base; 

Table I 
Light-Initiated Chlorination of 2,3-Dimethylbutane 

,with 0.038 M N-Chloro-N-tert-butylacetamide 
(2a) a t  25" 

Scavengera (h!) k t l  k p  per H '5 yieldb 

None 14.5 97 
None 15.5 100 
Oxygena 4.4 84 
T C E  (0.10) 16 .O 93 
T C E  (0.50) 13.5 93 

T M P  (0.10) 1.9 74 

TCE (1.00) 11.0 84 
T M P  (0.05) 1.9 89 

T M P  (0.50) 2.8 58 
TMP (0.50), C6H6 (2.8)' 
C6H6 (4.0)' 25 (34)d 

5 .O 

C6H6 (4.01, clz 2Od 
clze 3 .ge 

a Ox 3 sample was not degassed; TCE, trichloroethylene; TMP, 
2,4,6-trimethylpyridine; C6H6, benzene. Percent yield of 1- and 
2-chloro-2,3-dimethylbutanes based on N-chloro amide. 2a, 
0.054 M .  Reference 2. e Photochlorination with Clz at 25", ref 3. 

Table I1 
Chlorination of 2,3-Dimethylbutane and Cyclohexane with N-Chloro-N- tert-butylacetamide (2a) 

Relative reaetivlty per H 
D ~ / C B H I : !  

[Zal, M Conditions a (mol ratio) k t  / k P  k c h p  % yieldb 

0.18 h v ,  25" 1.37 19 11 
0.08 hv, 21", NZC 2.34 7.7  3 .7  
0.08 hv, 21", oxd 2.34 4.8 3.1 
0.12 hv, 25", 0.11 M T M P  0.87 1.8 10.5 97 
0.12 kv, 25", 0.11 M T M P  2.81 1.6 9.8 91 
0.06 hv,  25", C6HIZe 97 

0.12 80", dark ,  9 mol  %j DBPO 1.5 100 

0.12 80°, d a r k  5.3 93 

0.06 hv, 25", C6HI2, 0.19 M TMPf 89 

0.14 80", dark ,  5 mol o/c DBPO 1.57 1.6 9.5 98 

Clt, h v ,  40°h 3.9 2.7 
TMP, 2,4,6-trimethylpyridine; DBPO, dibenzoyl peroxide. Percent yield of all chloroalkanes. c Degassed by bubbling nitrogen through 

the solution for LO min before irradiation. Oxygen bubbled into the solution for 1 min before irradiation. e t i l 2  of 3 min. f t l , ~  of 125 min. 
g Approximately 55% of the N-chloro amide remained after 21 days at  80". Photochlorination with Clz, ref 3. 
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Table I11 
Chlorination of n-Hexane and Cyclohexane with 0.10 

M N-Chloro-N-tert-butylacetamide (2a) 

Relative reactivity0 

per H 

Conditionsb 

lzv, 25"' 7.3 
hv, 250d 7.5 7.6 
hv, 25", not degassed 2.7 
hv, 25", not degassedd 2.8 2.8 

4.5 
hv, 25", TMP (0.05 4.4 4.2 
Dark, 80°, DBPO (2.5 mol %)" 4.1 
Dark, 80", DBPO (2.5 mol %)d  3.8 3.8 
hv, 25", C1, 2.8 

Izv, 25", TMP (0.05 M)C 

a k  = - re1 ksecondary for C-2 and C-3 together; k p  E re1 kprimary 
for C-1; k, = re1 k c y c ~ o ~ e Y y ~ .  TMP, DBPO: see Table 11, footnote 
a. C Chloroalkane yield determined, quantitative. The mole ratio 
of n-hexane/cyclohexane was 1.65. 

(c) the changes in intra- vs. intermolecular reaction dis- 
cussed in Part Ile are most easily understood on the basis 
of this assignment. 

B. RCON(C1)Rr, hv, 25O, 2,4,6-Trimethylpyridine, 
Degassed (Table VI, Line 2). 

C. RCON(Cl)R', Dibenzoyl Peroxide, SO",  Dark 
(Table VI, Line 3). 

Assignment for B and C. Amidyl radical chains. 
Basis. The selectivities observed under these two condi- 

tions are approximately the same. A feature that these two 
reaction conditions have in common is the absence of chlo- 
rine atom chains; toward some substrates selectivity in hy- 
drogen abstraction is lower than for chlorine atom, toward 
others the selectivity is higher than for chlorine atom. The 
light-initiated reaction, B, would generate both amidyl rad- 
icals and chlorine atoms (eq 3), but the chlorine atom-HC1 

RCONClR' - RCONR' + C1* ( 3) 

(CgH,COO), -----t %CeH,COO* --t R" ( 4 4  

hv 

A 

Rtr* + RCONClR' - R"C1 + RCONR' (4b) 

(R" = C,H,* or solvent-derived radical) 

chain sequence (eq 2a-c) could be eliminated by the acid- 
scavenging action of the trimethylpyridine. (The lack of at- 
tack on the benzylic hydrogens of the trimethylpyridine is 
suggestive that amidyl radicals, like chlorine are 
more reactive toward alkyl H than toward benzyl H). 
Under initiation by dibenzoyl peroxide, reaction would 
proceed as shown in eq 4a,b with no path for initiation of 
chlorine atom chains. On these grounds, the principal hy- 
drogen-abstracting species under conditions B and C is 
considered to be amidyl radicals. This conclusion is also 
consistent with the changes in intra- and intermolecular 
reactions as a function of reaction conditions discussed in 
Part 1 , l a  and with the specific hydrogen atom selectivities 
observed, detailed examination of which is taken up after 
the fourth major reaction condition, D. 

D. RCON(Cl)Rr, hv, 25O, Degassed (Table VI, Line 1). 
Decomposition of 2a under these conditions proceeds more 
rapidly and shows higher selectivities than decomposition 
in the presence of trimethylpyridine or oxygen (Table VI, 1 
vs. 2 and 4).  The abstracting species under these conditions 
is not known. Hydrogen chloride probably is involved in 
some way, since the addition of trimethylpyridine strongly 
inhibits the rate (e.g., Table 11, line 6 vs. 7 )  and changes the 

Table IV 
Chlorination of 2,2-Dimethylbutane and Cyclohexane 

with 0.10 M N-Chloro-N-tert-butylacetamide (2a) 
Relative reactivity per H a  

Conditionsb k pi1 kp4 kslkp4 k/ kp4 

hv, 25"' 0.84 8.0 
hv, 250d 0.85 8.5 8 .O 
hv, 25", not degassed 0.89 2.9 
hv, 25", not degassedd 0.90 3.0 2.8 
hv, 25", TMP (0.06 0.11 0.45 
hv, 25", TMP (0.05 MId 0.10 0.38 4.7 
80" dark, DBPO (2.5 mol %)' 0.10 0.52 
80" dark, DBPO (2.5 mol %Id 0.09 0.44 4.2 
25", h V ,  C1, 0.77 3.3 
a kpl  E kprlmary at C-1; kp4 kprlmary at C-4; ks E ksecondary 

a t  C-3; k, E kcyclohexyl.  TMP, DBPO: See Table 11, footnote a. 
C Chloroalkane yield determined, quantitative. The mole ratio of 
2,2-dimethylbutane/cyclohexane was 6.55. e Chloroalkane yield 
determined, 72%. 

Table V 
Relative Reactivities in the Light-Initiated Chlorination 

of Adamantaqe and. 2,a-DimeLhylbutane with 0.3 
M N-Chloro-N-tert-butylacetamide (2a) at 16" 

Relative reactivity per 
Percent 

Conditions 0 ,  b ktlkp kAtlkAs kAtlkp kAslkp yiel* 

a 25. 5.1 42. 8.2 100 
a 25. 5.5 40. 7.9 100 
ox 12. 2.9 14. 4.9 88 
ox 15. 3.7 21. 5.6 89 
TMP (0.1 111) 1.7 35. 15.  0.44 76 
TMP (0.2 M )  1.8 18. 14. 0.79 61  
TMP (0.1 M), Ox 1.6 23. 18. 0.82 7 1  
TMP (0.2 M), Ox 1.8 21. 20. 0.92 57 

a Ratio of 2,3-dimethylbutane to adamantane -30. 
Cl,, CCI,, hv, 250e 1.9 

notde- 
gassed; TMP, 2,4,6-trimethylpyridine. k t l k ,  zz ktertiary/kprimary 
for 
d Percent yield of chloroalkanes. e Reference 7 .  

2 , 3 - D m 1  ki\t/kAs E - k t e r t  fo r  adamantanelksee  f o r  adamantane. 

selectivity. Some suggestions on the nature of the abstract- 
ing species under these conditions are taken up at the end 
of this paper. 

Selectivity in  Hydrogen Abstraction by the N-tert- 
Butylacetamidyl Radical. Conditions for amidyl radical 
chains: hu, 25O, trimethylpyridine, B, or dibenzoyl perox- 
ide, 80°, C. 

The selectivities in Tables I-VI show some striking 
changes from usual expectations. (a) The selectivity toward 
tertiary hydrogen of 2,3-dimethylbutane is low ( k , / k ,  = 
1.6), even lower than that of chlorine atom ( k t / k ,  = 3.9). 
(b) The selectivity for cyclohexyl hydrogen vs. the primary 
hydrogen of 2,3-dimethylbutane is higher ( k , / k ,  = 10.5) 
than that for chlorine atom ( k , / k ,  = 2.7). (c) Selectivity for 
the secondary hydrogens of 2,2-dimethylbutane is very low, 
even less than for the primary hydrogens a t  (2-4 of this 
molecule (k,/k,* = 0.38). (d) Selectivity for the primary hy- 
drogens a t  C-1 of 2,2-dimethylbutane is much below that 
for the primary hydrogens a t  C-4 ( k p l / k p 4  = 0.1). (e) Dis- 
crimination between the tertiary and secondary positions 
of adamantane is high ( k ~ J k a ,  = 35), much above that for 
chlorine atom ( h ~ t / k ~ ~  = 1.9).7 

Steric hindrance appears to be an important factor in the 
selectivity of the N-tert-  butylacetamidyl radical. The 
biggest reductions in rate are associated with abstraction of 
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Table VI 
Summary of Reactivities in Chlorinations with N-Chloro-N-tert-butylacetamide 

Relative to the Primary Hydrogens of n-Hexane 

C,---  

n -Hexane hexane 2,3-DMBa 2,2-DMBa Adamantane - 
Conditionsa kP ks kc kP kt PI kp4 ks  kAs kAt 

1 hv, 25" 1 .o 7.5 7.6 0.69 13. 0.81 0.95 8.1 5.5 28. 
2 hv, TMP,  25" 1.0 4.4 4.2 0.43 0.69 0.09 0.90 0.34 0.17 6.5 
3 DBPO, 80" 1 .o 3.8 3.8 0.39 0.62 0.09 0.90 0.40 
4 hv, ox, 25" 1 .o 2.8 2.8 0.90 4.2 0.90 1.0 3 .o 
5 hv, CI,, 250b 1.0 -2.8 -2.7 1 3.9 .8 1 3.3 (1/1.9)C 

Q 2,3-DMB, 2,3-dimethylbutane; 2,2-DMB, 2,2-dimethylbutane; TMP, 2,4,6-trimethylpyridine; DBPO, dibenzoyl peroxide; Ox 
samples not degassed. Reference 3. Reference 7 .  

hydrogen from the tertiary position of 2,3-dimethylbutane 
and from hindered secondary positions (2,Z-dimethylbu- 
tane and adamantane). One also notes a reduction in reac- 
tivity of primary hydrogen in the following series.8 

I 

CH3CH2- CHj-C- CHg-C- 

I 
CHJ 

relative I 
reactivity H 
per primary H 1 0.4 0.1 

To test the importance of steric hindrance, some studies 
have also been carried out on a less hindered system, N- 
chloro-N-methylacetamide (la), and on a more hindered 
one, N-chloro-N-tert-butyl-2,2-dimethylpropionamide 
(4a). The results of light-initiated chlorination of 2,3-di- 
methylbutane and cyclohexane with la are summarized in 
Table VII. The degree of inhibition in the presence of tri- 
methylpyridine was similar to that observed for 2a. The 
selectivities in hydrogen abstraction with la are high and, 
in contrast with 2a, are largely unaffected by the presence 
of trimethylpyridine. A sample which was not degassed had 
a much lower selectivity. The high reactivity toward terti- 
ary hydrogen in chlorination of 2,3-dimethylbutane with la 
is consistent with hydrogen abstraction by a selective N- 
methylacetamidyl radical which lacks the steric hindrance 
of the N-tert- butylacetamidyl radical. 

With the highly hindered N-chloro amide 4a, efforts to 
effect chlorination of hydrocarbons under amidyl radical 
chain conditions resulted mainly (>95%) in conversion of 
4a into N-tert- butyl-2,2-dimethyl-3-chloropropionamide 
(eq 5).la The yields of chlorinated solvent were too low to 

Cl H 

( 5 )  4a 4a 

1. t 

determine the selectivity for the intermolecular portion of 
the reaction. 

The finding of a steric effect in the hydrogen abstraction 
step by CHsCON-tert-butyl is of interest and may be of 

Table VI1 
Light-Initiated Chlorination of 2,3-Dimethylbutane 
and Cyclohexane with N-Chloro-N-methylacetamide 

( la)a at 25" 

Relative reactivity 

Additive ( M I b  kdkp kclkp % yieldC 

86 97 
81 24d 

ox 14 77 
T M P  (0.036) 96 2gd 
T M P  (0.20) 94 2gd 94 
e f 
T M P  (0.22)e g 
C6H6 (4.0) 65h 
Q la -0.2 M .  Ox = sample was not degassed; TMP, 2,4,6-tri- 

methylpyridine. c Percent yield of all chloroalkanes based on initial 
N-chloro amide. d The mole ratio of 2,3-dimethylbutane/cyclo- 
hexane is 1.44. e Cyclohexane solvent, la 0.15 M f Time for 50% 
consumption of la, 10 min. g Time for 50% consumption of la, 320 
min. Reference 2. 

use in directing attack at  unhindered positions in other 
chlorinations. Other examples also have been reported. In 
the chlorination of 3,3-diethylpentane by CsHsSO2NCl-t- 
Bu, k , / k ,  = 0.6.8*g More recently, large variations in selec- 
tivity in chlorinations by R2NC1, H2S04, hv as a function of 
the size of R have been reported and attributed to steric ef- 
fects.lO In contrast, an example of steric acceleration in a 
free-radical bromination reaction has also been reported.'' 

Mechanism of Light-Initiated Chlorination with N -  
Chloro Amides in the  Absence of Trimethylpyridine 
and Oxygen, D. As indicated above, chlorinations with 2a 
under these conditions are faster and generally severalfold 
more selective than in the presence of oxygen (chlorine 
atom chains) or in the presence of the base (amidyl radical 
chains). Chlorination of 2,3-dimethylbutane by the unhin- 
dered N-chloro amide la under these conditions is also 
faster than in the presence of the base; in this case the se- 
lectivity in hydrogen abstraction is high and is largely unal- 
tered by the presence of the base.12 Chlorination of 2,3- 
dimethylbutane with the highly hindered N-chloro amide 
4a under these conditions (degassed, no trimethylpyridine) 
afforded a 50% yield of the chloroalkanes with kJk, = 30 
even though decomposition of 4a under conditions B or C 
went largely via intramolecular 1,4-hydrogen transfer (eq 
5 )  rather than attack on solvent. High selectivity ( k d k ,  for 
2:3-dimethylbutane N 20) was also observed under condi- 
tions D with 3a. These results require a hydrogen-abstract- 
ing species more selective than chlorine atom and not 
subject to the steric effect shown by the amidyl radical de- 
rived from 2a. One possibility considered was chlorine 



2196 J .  Org. Chem., Vol. 40, No. 15, 1975 

atom complexed to an amide. However, chlorination of 
2,3-dimethylbutane by Clz, hu in the presence and absence 
of N- (1,l-dimethylpenty1)acetamide (0.09 M) showed no 
change in selectivity (k& = 3.96 i 0.08 VS. 3.92 f 0.08). 
Other possibilities for species of the composition amidyl 
radical-HC1 can be formulated. In the absence of addition- 
al evidence, further discussion is not warranted. It is worth 
stressing, however, that the selectivity with 2a in hydrogen 
abstraction is considerably greater, and the rate of decom- 
position is faster, under these conditions (hu, degassed) 
than in the presence of oxygen or trimethylpyridine. Some 
high selectivities observed in chlorinations with N -  chlo- 
rosuccinimidel3 may also be associated with complexities of 
the type described here. 

Experimental Section 
The preparation and characterization of the N-chloro amides 

and their amide products have been described, as have procedures 
for decomposition and columns for GLC analysis.'* The reaction 
solutions were directly analyzed by GLC after complete disappear- 
ance of the N-chloro amide. Typical retention times (in minutes) 
using column Cla (column temperature 60°, flow rate 60 ml/min) 
follow: 2-chloro-2,3-dimethylbutane (4.3), l-chloro-2,3-dimethyl- 
butane (5.9), chlorobenzene (7.7), chlorocyclohexane (10.3), N-  
tert-butylacetamide (14.71, and 2,4,6-trimethylpyridine (21.5). 
The products were stable to reaction and GLC analysis conditions, 
and were identified by comparison with authentic samples. 

The chlorination products of n-hexane were analyzed on column 
D.la The 2- and 3-chlorohexanes were not separable and formed a 
single symmetrical peak. The products were identified by compari- 
son with authentic samples. 

The chlorination products of 2,2-dimethylbutane were identified 
by comparison with authentic samples obtained from the photo- 
chlorination with Clz. The alkyl chlorides were collected by pre- 
parative GLC and structural assignments were made from the 
NMR spectra. A commercial sample of 4-chloro-2,2-dimethylbu- 
tane (Eastman) was also available. l-Chloro-2,2-dimethylbutane: d 
0.83 (m, 3 H, CHZCH~), 0.93 [s, 6 H, (CH&C-], 1.29 (m, 2 H, 
CHZCH~),  and 3.25 ppm (s, 2 H, -CHZCl). 3-Chloro-2,2-dimethyl- 
butane: S 1.00 [s, 9 H, (CH3)3C-], 1.40 (d, J = 7 Hz, 3 H, - 
CHClCH31, and 3.80 ppm (9, J = 7 Hz, 1 H, -CHClCH3). 4- 
Chloro-2,2-djmethylbutane: S 0.93 [s, 9 H, (CH&C-], 1.70 (m, 2 H, 
-CH2CHzCl), and 3.47 ppm (m, 2 H, -CH2CH2Cl). 

Anderson, Forkey, Grina, Hickernell, Tober, and Wills 

Products from the chlorination of adamantane in 2,3-dimethyl- 
butane were analyzed with column C.la An authentic sample was 
used to identify 1-chloroadamantane, which had a shorter reten- 
tion time than 2-chloroadamantane, as r e p ~ r t e d . ~  

The conditions and results are summarized in Tables I-VII. 

Registry No.-la, 5014-39-1; 2a, 10271-73-5; n-hexane, 110- 
54-3; cyclohexane, 110-82-7; 2,3-DMB, 79-29-8; 2,2-DMB, 75-83-2; 
adamantane, 281-23-2; TMP, 108-75-8; DBPO, 94-36-0; oxygen, 
7782-44-7; TCE, 79-01-6; Clz, 7782-50-5; l-chloro-2,2-dimethylbu- 
tane, 6366-35-4; 3-chloro-2,2-dimethylbutane, 5750-00-5; 4-chloro- 
2,2-dimethylbutane, 2855-08-5. 
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2H-Cyclopenta[ dlpyridazines. Electrophilic Halogenation1g2 
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2-Methyl- and 2-phenyl-2H-cyclopenta[d]pyridazine ( 1  and 2) and the parent system (3) undergo electrophilic 
halogenation with N -  halosuccinimides. The 5-, 7-, 5,7-, and 5,6,7-chloro and bromo derivatives, the 5,T-iodo de- 
rivative, and the 5-trifluoroacetyl-7-bromo and 5-bromo-7-trifluoroacetyl derivatives of l were prepared. Based 
on product yields, the relative position reactivities are 7 > 5 >> 6. Dipyridineiodonium nitrate was used to prepare 
the 5,6,7-triiodo derivative of 1. The 5-, 7-, 5,7-, and 5,6,7-chloro derivatives of 2 and the 7-chloro and 5,7-dichloro 
derivatives of 3 were also obtained. The substituent long-wavelength spectral shifts for halogen and trifluoroa- 
cetyl were found to be qualitatively additive. 

The preceding papers established the positions of pro- 

ine system for mono- and disubstitution. In the present 

ported for this heteroanalog of azulene containing both 
a-excessive and *-equivalent ring nitrogens. 

Chhrination of I. As with azulene and cyclopenta- 

tonation6 and acylation' on the 2H- cyclopenta[d]pyridaz- 

study, electrophilic mono-, di-, and trihalogenation are re- 
&'" 

5 4  

1, R = CH, 
2, R = C,H, 
3 , R = H  


