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TABLE I1 
LiClOd REARRANGEMENT PRODUCTS 

Reactant Products 

oo 
93% 5% 

0"" 
62% 4% 34% 

(see Olefins text) 4 & 
5% 12% 368 46% 

D. LiCIOa-LiClO~ Eutectic.-The eutectic consisted of 70 wt 
% LiClOa (7.0 g of LiClOa and 3.0 g of LiClO,), mp 97' .8 

No special procedures were used to dry the salts except for 
the LiClOa, which was heated to a temperature slightly above 
its melting point under vacuum. 

Columns.-The salts were put onto the solid support by dis- 
solving them in water or ethanol (100%) and removing the solvent 
with a rotary evaporator. This process also served to mix the 
salts of the eutectic. The melting point of the LiBr-RbBr salt on 
the support was determined using differential thermal analysis. 
A loading of 50% was used to increase sensitivity, and the melt- 
ing point was 275-280'. This value is slightly higher than the 

bulk melting point and may reflect some interaction with the 
solid support. The coated support was packed into 5 ft x 
0.25 in. o.d., 0.020 in. wall stainless steel tubing by gravity and 
the column was purged with helium at ~ 1 0 '  above the desired 
operating temperature for several hours. 

Epoxides.-The epoxides were obtained from Dr. Rickborn, 
prepared from the corresponding olefins by the method of Kor- 
ach" or purchased commercially. All were greater than 95% 
pure as determined by gc. 

Rearrangements.-The epoxide as injected in 50-11. portions 
onto the column until enough material was collected ( ~ 0 . 5  ml) 
for analysis. The carrier gas was helium. The products were 
trapped in small bulbs immersed in either a solid Cot-acetone 
or ice-salt bath. The gc columns used for analysis and collec- 
tion were 10 f t  X 0.25 in. 10% Carbowax 20 M on 60-80 mesh 
Chromosorb W, 10 ft X 0.25 in. 10% Carbowax 4000 on 60-80 
mesh Chromosorb W, and 15 ft X 0.25 in. 10% silicone gum 
rubber on 60-80 mesh Chromosorb W. 

Registry No.-LiBr, 7550-35-8; LiC104, 7791-03-9; 
RbBr, 7789-39-1. 
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In  various solvent systems, the reaction of ferric chloride or antimony pentachloride with adamantane yielded 
mainly chloroadamantane along with some 1,3-dichloroadamantane. High yields of hydrogen chloride and the 
reduced form of the salt were also obtained. With longer reaction times the chloroadamantane isomers under- 
went extensive interconversion. In isomerization studies carried out with the individual isomers and the metal 
halides, some disproportionation and chlorination occurred. Initial I : 2 isomer ratios (-6) were estimated by 
performing the chlorinations for short periods at higher temperatures. These values are close to the 1 : 2 ratios 
reported in the literature for radical processes involving adamantane but different from the figures for ionic ones. 
In the case of ferric chloride, no catalytic effect was exerted by aluminum chloride, water, or light. Photolysis 
enhanced the rate of the antimony pentachloride process. The ferric chloride reaction is probably a nonchain 
process, whereas antimony pentachloride may be involved in a radical chain sequence. A high 1 : 2 ratio was ob- 
served with SbClAlCls, indicating a polar pathway. 

Relatively little attention has been devoted to the 
reactions of ferric chloride and antimony pentachloride 
with C-H linkages in organic compounds. About 10 
years ago, it was reported that ferric chloride reacts 
with alkanes under mild conditions, with the order of 
reactivity being tertiary > ~econdary .~  Although no 
pure entities were isolated from the complex organic 
product, the reaction was characterized by evolution 
of hydrogen chloride and reduction of Fe(1II) to Fe(I1). 
Methylcyclohexane, which was examined in greater 
detail,4 yielded solid polymer along with a small amount 
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of (methylcyclohexyl) toluene. In  a related area, in- 
vestigations of ferric chloride and alkylbenxenes dis- 
closed the occurrence of various competing reactions 
including di- and triarylmethane formation from side- 
chain Ultraviolet irradiation of toluene 
and ferric chloride-lithium chloride in acetic acid gave 
benzyl chloride and ferrous ~hlor ide .~  In relation to 
functionalities other than hydrocarbons, ferric chloride 
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effected mono- or dichlorination at  the a position of cy- 
clic ket,ones iin acetic acid.1° Secondary and tertiary 
aliphatic amines formed violet products, presumably 
from attack on hydrogens a to the nitrogen, accompa- 
nied by reduction of the metal halide." 

Several investigators have studied the interaction of 
antimony pentachloride with alkanes. Krause noted12 
the presence of methyl chloride among the products 
formed from methane at  300". Later, the reaction 
with alkanes was examined as an analytical method for 
determining tertiary hydrogen content. 13, l4 In  cursory 
explorations, Volz observedL5 that methylcyclohexane 
reacted readilly at low temperatures; no pure organic 
product was isolated. Esr spectral studies were re- 
ported16 for radicals generated from the metal halide 
and various alkanes. Antimony pentachloride is 
known to bring about side-chain attack with certain 
alkylbenzenes, forming diarylmethanes and polymer, l7 

or hexachloroantimonate salts of stable carbonium 
ions. Alkyl chlorides afforded the next higher chloro 
homolog, as in the formation of ethylene dichloride from 
ethyl chloride. l 9  Substitution of a primary hydrogen 
was less favorable than either secondary or tertiary. 

The aim of the present work was to  aid in elucidat- 
ing the mechanistic aspects of the alkane reaction with 
ferric chloride and antimony pentachloride. Because 
of its favorable features, adamantane was selected as 
the substrate. 

Results and Discussion 

Ferric Chloride. -Adamantane and ferric chloride 
(1:2.2 molar ratio) in carbon tetrachloride a t  reflux 
for 54 hr gave 64-72% yields of chloroadamantane 
possessing a 1:2 isomer rat'io of 12-15. The effect's of 
variation in solvent, temperature, and time were in- 
vestigated (Table I). In  st'annic chloride, 1,1,2-tri- 
chloro-1,2,2-trifluoroethane, methylene chloride, or 
methylene chloride-carbon tet'rachloride at 40-48' for 
times less than 24 hr, t'he amount' of chloroadamantane 
was quite low (1 : 2 ratios of 20-42, usually). At 110" 
in st'annic chloride for 7 hr, the yielci of principal prod- 
uct increased t'o about 60% (1:2 rat'io of about 13). 
Photolytic conditions did not promote the reaction. 
KO chlorination was observed in st'annic chloride in t'he 
absence of ferric chloride. 

When the yield of monochloro derivative was greater 
than 56%, 1,3-dichloroadamantane was also present 
to  the extent' of 6-28%. In a more thorough analysis 
of the carbon tetrachloride system, it was found that 
hydrogen chloride (109-130%) and ferrous chloride 
(106-10S'%) were also generated. 

Work-up of the reaction mixt'ures entailed exposure 
t'o concentrated hydrochloric acid. When basic condi- 
tions were used, appreciable amounts of 1-adamant'anol 
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TABLE I 
CHLORINATION OF ADAMANTANE BY FERRIC  CHLORIDE^ 

Dichloro- 
adamantane 

Temp, Time, -Chloroadamantane- yield? 
Solvent (4  OC hr  Yield, % 1:2 ratio % 

CCla (2.24) 78 6.5" 4 11 . .  
54 64-72 12-15 6-16 

CHzC12 (9.08) 40' 7 2 20 . .  
10 4 28 . .  

CH&lz-CCla 48 2.5c 3 42 . I  

4 . 5  3-6 27-42 . . 
7 8-9 23-30 . . 

SllCla (2.87) 4@ 24 <1 7 . .  
SnCla (2.87) 110 3 

CC12FCClFz 40' 24 1 . .  

CClzFCClFz 40' 24 0 . 3  . .  

23-58 9-10 . . ,22  
7 56-60 12-14 20-28 

(2.41) 

(2.41)d 
a Molar ratio, adamantane: FeC13 = 1 : 2.2. Blank indicates 

negligible yield. Single Tun. d Plus AlCll(4.4 g, 0.033 mol). 

and adamantanone were present, apparently from 
hydrolysis and oxidation. The reactions were carried 
out under nitrogen. 

Apparently, chlorination proceeds in a redox manner 
as depicted. Since it is reasonable to expect isomeriza- 

AdH + 2FeCla + AdCl + 2FeC12 + HC1 (1) 

tion of chloroadamantanes in the presence of a Friedel- 
Crafts catalyst, several studies of this aspect were car- 
ried out. Exposure of 1-chloroadamantane to excess 
ferric chloride in carbon tetrachloride at reflux for 2-5 hr 
afforded chloroadamantanes (1: 2 = 15-21) with about 
70% recovery (Table 11). In  titanium tetrachloride 
at  134" for 5-15 min the ratio was 10 (about 40-6001, 
recovery) (Table 111). Adamantane and dichloro- 
adamantane were also present in both cases. The 
close corrrespondence betwcen these data and the ratios 
for the adaniantanc reactions indicate that equilibra- 
tion has been closely approached under the conditions 
of chlorination. Of course, the observed ratios must 
be taken as approximate indications of the true equi- 
librium values because of disproportionation and chlor- 
ination of chloroadamantane. 

On consideration of the recent findingz0 from Schle- 
yer's laboratory concerning the mechanism of re- 
arrangement of 2-adamantanol to  1-adamantanol under 
acidic conditions, isomerization of chloroadamantanes 
may well proceed intermolecularly via carbonium ion 
intermediates, rather than by a simple 1,Zhydride shift. 
Disproportionation quite likely involves intermolecular 
hydride abstraction. 

In  line with our principal aim of elucidating the na- 
ture of the initial step, we examined2 the halogenation 
reaction at short reaction times in order to minimize 
rearrangement. In  titanium tetrachloride at 134" , 
ferric chloride and adamantane produced chloroad* 
mantanes which displayed 1 : 2 ratios increasing from 
7 to  9 during the 10-20-min time interval. A figure 
of about 6 resulted from extrapolation to zero time. 
In  a repeat run, the extrapolated value was S from a 
1-&min time interval. Titanium tetrachloride alone 

(20) P. v. R. Schleyer, Angew. Chem., Inl.  Ed. Engl., 8,  529 (1969); 159th 
National Meeting of the American Chemical Sooiety Houston, Texas, Feb 
1970. 
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TABLE I1 
ISOMERIZATION O F  CHLOROADAMANTANE BY METAL HALIDES AT LOWER TEMPERATURES 

7 ~ - - -  Yield, %------ - 
Metal Time, A d x  Dichloro- 1 : 2 AdCl __-_ _____ 

Substrate halide hr X = H  x = 1-Cl x = 2-CI adamantane ratio 

1-C1Ad SbClsa 2-3 10-12 66-71 3-4 17-18 15-21 
FeClp 2-5 9-12 67-70 3-5 17-18 15-21 
AlCl.$*C 0.25-1 9-1 1 74-76 2 12-15 33-36 

2-C1Ad SbClsa 3-4.5 9-1 1 56-67 9-15 8d-18d 5-8 
AIClab 1-3 10-12 75-75 2-3 11-12 30-39 

a In CCli, 78". In CCLFCClFa, room temperature. A control reaction of adamantane-A1C18-CC1~FCClFz at room temperature, 
1 hr, gave no chlorination product. d Additional 10% of two unidentified components (dichloroadamantanes?). 

Metal 
halide 

TABLE 111 
ISOMERIZATION OF 1-CHLOROADAMANTANE BY METAL HALIDES AT HIGHER TEMPERATURES 

Yield yo ____-____ ~ _ _ _  
AdX Dichloro- 1 :2  AdCl --__ __ Time, 

min X - H  x = 1-CI adamantane ratio x = 2-CI 

S b C P  30-60 8-9 64-65 4-5 22-23 13-16 
FeC13b 5-15 2-6 42-6 1 4-6 21-43 10-10 

a In SnCla, 110". * In TiCl,, 134'. 

did not function as a halogenating agent under these 
conditions. 

A different product was isolated when the reaction 
was conducted in o-dichlorobenzene at  103". The nmr 
and infrared spectra, in addition to microanaly- 
ses, pointed to 1-( 1,2-dichlor0-4-phenyl)adamantane. 
Equation 2 may be written for the reaction, which also 

AdH + 2FeC1, + o-CBH,CI, - 
l - A d d c l  f 2FeCl2 + 2HC1 (2) 

generates hydrogen chloride. Presumably the ada- 
mantyl cation is involved (vide infra, eq 4 and 5). We 
did not ascertain whether or not there was any 2-ada- 
mantyl isomer present, in the crude material. The 
properties (melting point, ir, and glpc behavior) ap- 
peared identical with those of authentic material which 
was obtained by Friedel-Crafts alkylation2' of o-di- 
chlorobenzene with 1-bromoadamantane. Attempted 
high-temperature oxidation with dichromat@ to 3,4- 
dichlorobenzoic acid did not meet with success. As 
far as we are aware, this represents the first example of 
aromatic alkylation by adamantane. Generally, de- 
rivatives of the parent, e.g., b r o m ~ a d a m a n t a n e ~ ~ t ~ ~ v ~ ~  
and 1-adamantpl chloroformate,26 have been used. 

We favor a radical mechanism for rationalization of 
the experimental results. 

AdH + FeC13 --.j Ad. + FeCL + HCl (3) 

Ad. + FeC1, + AdCl + FeClz (4 ) 

Alternatively, the adamantyl radical might participate 
as indicated below. 

Ad. + FeCl, + Ad+ + FeCL + C1- ( 5 )  

Ad+ + C1- + AdCl (6) 

According to  these schemes, a chain process does not 
(21) H. Stetter, M. Schwarn, and A. Hirschhorn, Chem. Ber., 92, 1629 

(22) L. Friedman, D. L. Fishel, and H. Shechter, J .  O w .  Chem., 80, 1453 

(23) 8. Landa and 9. Hbla, Chem. Lis t y ,  61, 2325 (1967); Chem. Abstr., 

(24) H. Stetter and M. Krause, Tetrahedron Lett., 1841 (1967). 
(25) D. N. Kevill and F. L. Weitl, J .  Amer. Chem. Soc., 90, 6416 (1968). 

(1959). 

(1965). 

62, 6213 (1958). 

pertain. Ease of reduction28 and the paramagnetism2'& 
of ferric chloride can be considered driving forces for 
eq 3, 4, and 5. In  relation to eq 3, a similar molecule- 
induced homolysis has been proposed for the alkane- 
oxygen Even certain pairs of nonradi- 
cal species, e . g . ,  methane and fluorine, are believed to  
combine via a homolytic process.28b There is experi- 
mental analogy for eq 4, since ferric chloride is known 
to be a scavenger of carbon  radical^.^^^^^ The form in 
which the metal halide participates is not known, 
(FeCl3). e (FeCl& $ FeC13. It is reported3I to exist 
as the dimer in nonpolar solvents and as a solvated mon- 
omer in more polar media, such as ether. Because 
of the good thermal stability of ferric chloride at  our 
operating temperatures, involvement of chlorine from 
thermal dissociation should be negligible. 27b The 
slight favorable effect on rate from use of a solvent of 
relatively high dielectric constant (Table I) may result 
from conversion of the salt to a more active form. Al- 
ternatively, the solvent effect may reflect the contribu- 
tion of polar forms to  the resonance hybrid in the tran- 
sition state. 
Ad:H. . . .C1:FeClz ct Ad. H:  C1 FeClZ ct Ad+ H C1- FeClz 

A similar situation has been described for hydrogen 
abstraction reactions involving chlorine atoms.28c 

The general hypothesis is in keeping with various 
lines of evidence from our own work, as well as from the 
findings of others. A principal argument rests in a com- 
parison with radical halogenation of adamantane. The 
l i t e r a t ~ r e ~ ~ - ~ ~  records values of 0.6-2.1 (1: 2 ratio) for 

(26) W. L. Latimer, "The Oxidation States of the Elements and Their 
Potentials in Aqueous Solutions," Prentice-Hall, New York, N. Y., 1852, 
p. 223. 

(27) J.  W. Mellor, "A Comprehensive Treatise on Inorganic and Theoreti- 
cal Chemistry," Longmans, Green and Co., New York, N. Y., 1935: (a) 
Vol. XIV, p 67; (b) Vol. XIV, p 50; (0) Vol. IX ,  p 486. 

(28) W. A. Pryor, "Free Radicals," McGraw-Hill, New York, N. Y., 
1966: (a) 290; (b) p. 180; (c) p 174. 

(29) J. K.  Kochi, J. Amer. Chem. Soc., 78,4815 (1956). 
(30) C. H. Bamford, A. D. Jenkins, and R. Johnston, Trans. Faraday Soc., 

(31) A. F. Wells, "Structural Inorganic Chemistry," Oxford University 

(32) E .  Muller and U. Trense, Tetrahedron Lett., 2045 (1967). 
(33) G .  W. Smith and H. D. Williams, J .  Org. Chem., 26, 2207 (1961). 
(34) I. Tabushi, J. Hrtmuro, and R. Oda, J .  Amer. Chem. Soc., 89, 7127 

(35) C. R.  Carpenter, Ph.D. Thesis, The Pennsylvania State University, 

68, 1212 (1962). 

Press, London, 1950, p 110. 

(1967); Nippon Kagaku Zasshi, 89,789 (1968). 

1967. 
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halogenation of adamantane with chlorine or sulfuryl 
chloride under photolytic conditions. Our own data 
(0.5-0.6) (Table IV), obtained with chlorine in meth- 

TABLE I V  
CHLORINATION OF ADAMANTANE WITH CHLOR~NE 

Solvent OC min Yield, % 1:2  

CHzClzb 40 180 18 0 . 5  
SnC14b 98-100 5 8 0 .6  

Temp, Time, -Chloroadamantane"- 

a Glpc showed the presence of less volatile products also. 
b Single run. 

ylene chloride (40") or stannic chloride (looo), corre- 
spond closely to  the earlier report; initiation might be 
molecule induced, by room light, or by adventitious 
initiator in the system. Furthermore, photolytic bro- 
minationa4 gave a figure (1.8) in the same range. The 
slightly higher ratios with ferric chloride can be attrib- 
uted to  increased selectivity of the abstracting entity, 
which has ample precedence in the l i t e r a t ~ r e . ~ ~  Other 
radical species also give low 1 : 2  ratios, <7,  on inter- 
action with adamant ane.33v 3 4 ,  36 

Various lines of evidence, both from these and earlier 
studies, argue against a polar pathway. No catalysis 
(Tables I and V) was observed at  40 or 103" on addition 

TABLE V 
ALICYLATIOS OF O-DICHLOROBENZENE n Y  

ADAMANTANE IN THE: PRESENCE O F  FERRIC  CHLORIDE^ 
Initiation Time,c HCI, 

Reactionsb temp, "C hr % 
AdI-I-FeClg-ODCB 103 3 88 
AdH-FeCl,-ODCB-AlCl,d 99-100 4 102 
AdH-FeCls-ODCB-€IIOe 100 3 . 3  78 
AdH-FeC18-ODCBf 102-103 3 70 
AdH-FeCls .6HzO-ODCB 1038 1 
a Molar ratio, AdH:FeC13 = 1:2.3. Single run. Total 

time after initiation; time to reach initiation temperature was 
50-90 min. d A.dH:FeClg:AlC13 = 1:2.3:1.05. e AdH:FeCls:- 
HzO = 1:2.3:0.6. f Anhydrous conditions. 0 Heated a t  103' 
for 1 hr; no hydrogen chloride was detected. 

of aluminum chloride, based on initiation temperature 
and reaction rate2 (cf. SbC15 section). Furthermore, 
there was no indication of cocatalysis by water either 
from the initiation temperature (Table V) or rate of 
reaction. 

It is quite revealing that halogenation of this sub- 
strate with SbClS-A1C13 gave 1 : 2 ratios >90 (see SbCl5 
section). There is general agreement that designation 
in the polar category applies to  a number of halogena- 
tion procedures37 with adamantane, namely, chlorination 
with tert-butyl chloride-aluminum chloride and bromi- 
nation with bromine. We modified the tert-butyl chlo- 
ride technique by using stannic chloride as catalyst a t  
11 1 O in order to minimize product rearrangement. 
The chloroadamantanes displayed a 1 : 2 ratio 2 1000 : 1. 
With aluminum chloride at  room temperature, the 
figures generally fell in the 20-50 range, evidently re- 
flecting the occurrence of rearrangement. There is no 
mention of the 2 isomer in the previous ~ o r k . ~ ~  We 

(36) P. H. Owens, G. J. Gleicher, and L. M. Smith, Jr.. J .  Amer. Chem. 

(37) R. C. Fort, Jr., and P. v. R.  Schleyer, Chem. Rev., 64, 277 (1864). 
(38) K. Gerzon, E. V. Krumkalns, R. L. Brindle, F. J. Marshall, and M. 

S O C . ,  90,4122 (1968). 

4. Root, J .  M e d .  Chem., 6 ,  760 (1863). 

observed that exposure of 1- or 2-chloroadamantane to  
aluminum chloride at  room temperature for 0.25-3 hr 
gave 1 :2  ratios of 30-39 (about 77% recovery, along 
with disproportionation products). Aluminum chlo- 
ride alone does not function as a chlorinating agent. 
Also, chlorination with ferric chloride in carbon tetra- 
chloride differs mechanistically from the A1C13-CC14 
system,39 since ferrous chloride is generated in the for- 
mer case. All of the investigators on bromination re- 
port only the bridgehead isomer, as evidenced by g1pca3 
and nmrZ1 data. Kitration also proceeded by highly 
selective attack at  the tertiary position.a3 In general, 
ionic reactions of adamantane afford higher 1 : 2 ratios 
than do radical types.37 

Small quantities of chloroform were detected in a 
number of the ferric chloride (and antimony pentachlo- 
ride) reactions carried out in carbon tetrachloride. 
Since the same component was observed with aluminum 
chloride, the mechanistic significance is unclear. 

Olah and  coworker^^^^^^ have recently announced an 
interesting new reaction of onium species with the C-H 
bonds of adamantane and other alkanes, which is be- 
lieved to entail pentacoordinate carbon. For example, 
a ratio of 19 resulted from nitration with nitronium 
tetrafluoroborate. Similar transformations apparently 
occur with protons and certain carbonium ions-the 
very potent Lewis acids. 

It is pertinent to review briefly the known chemical 
behavior of the C1-Fe bond in ferric chloride in relation 
to  our postulated mechanism. As mentioned earlier 
(vide supra) , the linkage readily undergoes homolytic 
fissi0n.~9,~~ Also, polarization of the type Fe3+CL1- 
is well e ~ t a b l i s h e d . ~ ~  On the other hand, we know of 
no definitive case in which the chlorine assumes posi- 
tive character. A number of studies have been re- 
ported on aromatic chlorination by ferric chloride. The 
indicated possibilities have been a d v a n ~ e d ' ! ~ , ~ ~ - ~ ~  for 
the reaction pathway about which there is still consider- 
able uncertainty: attack by Cl", intermediate rad- 
icals, organometallic species, or charge-transfer com- 
plexes. Considering all of the data from the various 
sources, we believe it reasonable to classify the adaman- 
tane-ferric chloride reaction in the radical category. 

There are pronounced differences in the nature of the 
end products between the present report and earlier 
investigations with simpler alkanes. In  the prior 
work3v4 the reaction mixtures from substrates, such as 
methylcyclohexane, were considerably more compli- 
cated. Evidently, the rather clean process with ada- 
mantane reflects resistance of the halide to dehydrohalo- 
genation even in the presence of Friedel-Crafts cata- 
lysts. With alkanes devoid of this stabilizing feature, 
alkenes can be generated and then subsequently un- 
dergo a variety of rea~t i0ns . l~  It is reasonable to ap- 
ply the same mechanistic hypothesis to  other substrates, 
e.g., alkanes and aralkyls, undergoing interaction be- 
tween ferric chloride and C-H  linkage^.^^^^^^^ In  prior 
investigations3, 4,8 both radical and polar pathways had 

(39) H. Stetter, M. Krause, and W.-D. Last, Angew. Chem., Int. Ed. 

(40) G. A. Olah, unpublished data. 
(41) G. A. Olah and G. D. Mateesou, 159th National Meeting of the 

(42) P. Kovacic and R. NI. Lange, J .  Org. Chem., 80, 4261 (1965). 
(43) P. Kovacic and F. W. Koch, ibid., 28, 1864 (1963). 
(44) D. 2. Denney, T. M. Valega, and D. B. Denney, J .  Amer. Chem. Soe., 

Engl., 7 ,  894 (1968). 

American Chemical Society, Houston, Texas, Feb 1970. 

86, 46 (1964). 
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been advanced as possibilities. Since firm evidence 
was lacking, the interpretations would be classified as 
highly speculative. 

Antimony Pentachloride. -Adamantane and anti- 
mony pentachloride in carbon tetrachloride at  reflux 
for 36 hr gave chloroadamantane, 66-79% yield, 1:2 
molar ratio of 11-16. Reactions were performed under 
nitrogen. As shown in Table VI, a number of variables 

TABLE VI 
CHLORINATION OF ADAMANTANE BY ANTIMONY PENTACHLORIDE" 

Diohloro- 
adamantane 

Temp, Time, -Chloroadamantane- yield,c 
Solventb OC hr Yield,c % 1:2 ratio % 

CCI, 78 3 7-9 11-15 
4 14-20 13-15 

36 66-79 11-16 4-13 
CHzClz 40 0.5d 24 31 

1 40-42 35-39 
3 68-70 36-42 

CHaC12-CC14 48d 2 52 22 
5 75 21 6 
6 .5  76 22 8 

SnCll 40 1 10-13 17-18 
3 13-19 19-21 
5d 20 16 

SnC14 110 0.25 23-33 9-10 
1 59-56 10-11 4-8 
3 74-70 12-13 4-9 

SnClae l l O d  1 
CClzFCClFi 40 2d 5 21 

3 7-8 18-21 
a Molar ratio, adamantane:SbCb = 1:l.l. e for SbClj is 

3.22. Blank indicates negligible yield. Single run. e In 
the absence of SbClh. 

mere explored. Good yields were obtained in stannic 
chloride at  110" and in methylene chloride at  40". The 
reaction at 40" was appreciably faster in methylene 
chloride (relatively high dielectric constant) than in 
stannic chloride or 1,1,2-trichloro-l,2,2-trifluoroethane. 
The 1 : 2 ratios generally fell in the 10-20 range, except 
with methylene chloride as the medium (30-40). 

When chloroadamantane was generated in quantities 
greater than 56%, 1,3-dichloroadamantane appeared 
as a by-product (4-l3yG). A scrutiny of the reaction 
in carbon tetrachloride revealed the formation of hy- 
drogen chloride (123-138%) and antimony trichloride 
(108%). Chlorination appears to proceed as illus- 
trated. 

AdH + SbClj --+ AdCl + SbClr + HC1 (7) 

From isomerization studies (Table 11), exposure of 
1-chloroadamantane to  an equimolar amount of the 
metal halide at  reflux for 2-3 hr gave chloroadamantane 
with 1:2  of 15-21 (65-70% recovery). Adamantane 
and dichloroadamantane were formed as a result of 
disproportionation ; the unequal quantities presumably 
reflect an alternate route (chlorination) for arriving 
at  the dichloro stage. With the 2-chloro isomer, the 
1 : 2 ratio was 5-8, with somewhat less recovery. Di- 
chloroadamantane formation appeared to be a more 
serious competing reaction in this case. The close cor- 
respondence between these values and the ratios from 
the adamantane reaction in carbon tetrachloride indi- 
cates that equilibrium has been attained or closely ap- 
proached at the end of chlorination. 

Attempts to obtain initial 1 : 2 ratios from short re- 
action times proved successful under the appropriate 
conditions.2 I n  stannic chloride at  110", the figure 
increased from 5 to 7 during 1 to  5 min with an extrap- 
olated ratio of 4. 

Our mechanistic preference is for a radical pathway 
involving oxidation-reduction (eq 8-11). The rami- 

AdH + SbCls + Ad. + HC1 + ClaSb. (8) 
Ad' + SbClj + AdCl + ClrSb. (9) 

AdH + CLSb. + Ad. + HC1 + SbC13 (10) 

Ad* + ClrSb. + AdCl + SbC13 (11) 

fications are broader than in the case of ferric chloride. 
The steps set forth in eq 8-10 comprise a chain process. 
In  addition, processes analogous to  eq 5 and 6 may be 
operative. 

Although antimony pentachloride (less stable than 
ferric chloride) exhibits little d e ~ o m p o s i t i o n ~ ~ c ~ ~ ~  be- 
low 120" , we cannot be sure of the exact extent to  which 
preliminary dissociation (eq 12 and 13) contributes to  

SbCla SbCL + Clz (12) 
SbCls e ClrSb. + C1. (13) 

chlorination. It is reasonable to expect greater partici- 
pation at  higher temperatures and extended reaction 
times. The free-radical concept is in line with rate 
enhancement from photolysis (Table VII) . However, 

TABLE VI1 
PHOTOLYTIC CHLORINATION OF ADAMANTANE BY 

ANTIMONY PENTACHLORIDE 
7---Chloroadamantane yield, %--- 

Time, -Lamp i n . 7  
min 3 15 Control 

5 59 31 4-6 
10 61 35 5-11 
15 74 58 23-33 
60 75b 68 63-64 

5 Single runs; 1: 2 ratios of 8-11; plus 1,3-dichloroadamantane 
In  the absence of metal halide, chlorination did (<12oj,). 

not take place. 

it is not clear whether the light catalyzes eq 8-11 or eq 
12 and 13. 

As in the case of ferric chloride, it is significant that 
the 1 : 2 ratios are in close agreement with those observed 
with known radical processes, and are lower, consider- 
ably so in most cases, than the figures for substitutions 
which are unequivocally polar. A highly important 
result was made available from use of the antimony 
pentachloride-aluminum chloride combination at  40". 
For short reaction periods (20-30 min) 1:2 ratios >90 
were observed for chloroadamantane (Table VIII). 

TABLE VI11 

ANTIMONY PENTACHLORIDE-ALUMINUM CHLORIDE 
CHLORINATION O F  ADAMANTANE WITH 

____- Chloroadamantane--- 
Time, min Yield, % 1 : 2 ratio 

20 2-3 >90 
30 4-6 >90 

120 24-25 28, 39 
180 31-39" 36, 300 

a 2-370 Dichloroadamantane. 

(45) H. Braune and W. Tiedje, 2. Anorg. Allg. Chem., I S % ,  39 (1926). 
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When the time was extended (2-3 hr), thc values de- 
creased to  25-40 in general, presumably from rearrange- 
ment. In  one case, the figure was 300, indicating in- 
complete equillibration. It would appear that the cata- 
lytic potency of aluminum chloride is decreased in this 
system, possibly due to coordination with antimony 
chlorides. These represent the highest 1:2 ratios ob- 
tained from an inorganic chlorinating agent, approach- 
ing those from uncatalyzed bromination and tert-butyl 
chloride-stannic chloride. The presence of aluminum 
chloride also increased the rate of chlorination (cf. 
Table VI), which comprises additional evidence for a 
polar mechanism. 

As background for interpretation, one should con- 
sider the state of antimony pentachloride when in con- 
tact with Friedel-Crafts catalysts. For the metal hal- 
ide itself in the appropriate s o l ~ e n t ~ ~ , ~ ~  the evidence 
points to dimer formation resulting in the indicated 
ionization, SbCld+SbClG-. Furthermore, there are re- 
ports of the existence of SbC14+ (presumably as part of 
an ion pair) in the systems S ~ C ~ ~ F - A S F ~ ~ ~  and SbCls- 
SbC13.4Q By analogy, it is reasonable to  expect the in- 
dicated coordination in our case. In  relation to the 

SbCl: + AlC13 -e SbClr+ AlC14- (14) 

more det'ailed aspect's of the polar route, attack on 
the C-H bond could conceivably involve hydride ab- 
stract,ion18 or pentacoordinat'e carbon.41 Also, the inter- 
acting moiety in SbCll+ might be either Sb or C1, most 
likely the latter. 

Holmes and Pettit comment,edl8 briefly on possible 
mechanistic pathways for conversion of hydrocarbons, 
such as cycloheptatriene and triphenylmethane, to  car- 
bonium ion salts by means of antimony pentachloride. 
Direct hydride abstract'ion appeared to  be the simplest 
explanatmion. A charge-transfer reaction was con- 
sidered as an alternative. Other invest'igators have 
also invoked t'he concept of charge-transfer in reactions 
of antimony pentachloride. Quit'e plausible examples 
were reported by Aalbersberg and coworkers,jO who 
observed carbonium ion formation from interaction 
with polynuclear hydrocarbons, e.g., ant'hracene and 
perylene. Also, mechanistic application was made to 
the reaction wit'h 1, l-diphenylethylenee4' Although 
charge transfer cannot' be ruled out conclusively in the 
present work, we deem it a less likely possibility. 

Fukui and coworkers16 provided a det'ailed analysis 
of the esr spectra for radicals derived from alkanes and 
ant'imony pent'achloride, but the intimate aspects of 
the initial interaction were not treated. They noted 
the evolution of hydrogen chloride and the order of 
reactivity, t'ertiary > secondary and primary. Radical 
cations of unsaturated hydrocarbons are thought to be 
generated. These alkanes possess an inherent dis- 
advan t'age in that olefin formation quit'e likely occurs 
as a complicating feature. l 4  

On the basis of our results, serious consideration 
should be given to the free-radical concept as an inter- 

(46) L. Kolditz and H. Z.  Preiss, 2. Anorg. Allg.  Chem., 810, 242 (1961). 
(47) B. E.  Fleischfresser, W. J.  Cheng, J. M .  Pearson, and M. Szwarc, 

(48) L. Kolditz, 2. Anorg. 411g. Chem., 289, 128 (1957). 
(49) M. I. Usanovich, T. K. Sumarokova. and M. B .  Beketov, I Z E .  Aknd. 

(50) W. I. Aalbersberg, G. J. Hoijtink, E .  L. Mackor, and W. P. Weij- 

J .  Amer. Chem. Soe., 90,2172 (1968). 

Nauk.  Kaz. S S R ,  Ser. Kh im. .  3 (1953); Chem. Abstr.,  48,5703 (1954). 

land, J. Chem. Sac., 3055 (1959). 

pretation of the prior reactions described for hydro- 
carbon C-H bonds and antimony pentachloride. 

Antimony pentachloride reacts at a more rapid rate 
than ferric chloride. Various explanations can be 
offered: chain us. nonchain reaction, and homogeneous 
us. heterogeneous system. We do not know the redox 
potentials for the two salts in the solvent used. 

Finally, the literature records various modes for the 
synthesis of 1-chloroadamantane. High yields are re- 
ported from the indicated precursors : l-adamanta- 
nol,21~35~s1 adamantane-1-carboxylic l-acetamido- 
a d a ~ l l a n t a n e , ~ ~ ? ~ ~  N-(l-adamantyl)methyl~rethane,~~~5~ 
N-(p-toluenesulfonyl)-~l-aminoadamantane,53~54 l-ada- 
mantyl chloroformate,2s adamantane-tert-butyl chlo- 
ride-aluminum chloride38 (cf. isomeric purity from 
the present work) , and adamantane-acetyl chloride- 
aluminum chloride.jj 

Experimental Section 
Materials.-High-purity commercial materials were used. 
Analytical Procedures.-Infrared spectra were obtained on a 

Beckman IR-8 spectrophotometer with dilute solutions in car- 
bon disulfide or carbon tetrachloride. S'arian T-60 or HA-100 
instruments were used to obtain nmr data. Gas chromatog- 
raphy was carried out with Varian Aerograph instruments (1700 
or 1800) (thermal conductivity). The indicated columns were 
employed: (A) 15 ft x 0.25 in., 3% Carbowax 20NI and 3% 
silicone DC 550 on acid-washed Chromosorb P (30-60 mesh), 
160' column temperature, 94.6 ml/min.; (B) 5 ft X 0.25 in., 
3% silicone SE-30 on Var-A-Port 30 (100-120 mesh), 200'; 
(C) 10 ft X 0.25 in., 2070 SE-52 on acid-washed Chromosorb W 
(45-60 mesh), looo, 64.5 ml/min for chloroform, 180°, 57.2 
ml/min for 2-chloroadamantane peak enhancement; (D) 6 ft 
X 0.25 in., 2074 TCP on acid-washed Chromosorb P (30-60 
mesh), looo, 64.5 ml/min. 

Melting points are uncorrected. Elemental analyses were 
performed by Galbraith Laboratories, Knoxville, Tenn. 

Quantitative analyses for ferrous chloride and antimony tri- 
chloride68 were performed as indicated. Potassium perman- 
ganate solution, prepared as described p r e v i o ~ s l y , ~ ~  was stan- 
dardized with arsenic trioxide. The aqueous portion from work- 
up of the reaction mixture was diluted to 250 ml with the acidic 
solution described in work-up procedure A. A 25-ml aliquot 
was titrated to a pink color. A control sample was prepared 
by mixing the metal halide and carbon tetrachloride, then fol- 
lowing the general work-up procedure. Subtraction of the blank 
titration gave the corrected result. 

The yield of hydrogen chloride was determined by titration 
with 1 N sodium hydroxide (phenolphthalein indicator) which 
was standardized with potassium hydrogen phthalate. 

Chlorination of Adamantane. 1, General Procedure.-In 
general, duplicate runs were made. A lOO-ml, three-necked 
flask was equipped with a mechanical stirrer, thermometer, ni- 
trogen inlet, Friedrichs condenser, and hydrogen chloride trap, 
containing 25 ml of 1 N sodium hydroxide, protected by an 
Ascarite tube. With stannic chloride as solvent, a Dry Ice trap 
was included in order to minimize escape of solvent into the acid 
trap. The apparatus was flushed with nitrogen and then a 
moderate flow was maintained. Then 4.1 g (0.03 mol) of ad- 
amantane in 40 ml of carbon tetrachloride was added. At the 
reflux temperature was added either a solution of 9.87 g (0.033 
mol) of antimony pentachloride in 20 ml of carbon tetrachloride 

(51) P. v. R. Schleyer and R.  D. Nicholas, J .  Amer. Chem. Soc., 8.3, 2700 
(1961). 

(52) L. F. Fieser, M. 2. Kazer, A. Archer, 13. A. Berberian, and R.  G .  
Slighter, J .  Med. Chem., 10, 517 (1967). 

(53) H. Stetter, 11. Schmarz, and A. Hirschhorn, Angew. Chem., 71, 
429 (1959). 

(54) H. Stetter, J .  Rlayer, 31. Schware, and C. Wulff, Chem. Ber., 98,  
226 (1960). 

(55) I .  Tabushi, J .  Hamuro, and R .  Oda. N i p p o n  Kagaku Zasshi, 98, 794 
(1968); Chem. Abstr., 70, 11198 (1969). 

(56) P .  Kovacic and A.  K.  Sparks, unpublished work. 
(57) I .  M. Kolthoff and E. B. Sandell, "Textbook of Quantitative Inor- 

ganic Analysis," Macmillan, New York, N.  Y . ,  1952, pp 564-566. 
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or 10.7 g (0.066 mol) of ferric chloride washed in with 20 ml of 
carbon tetrachloride. The mixture was kept a t  reflux for the 
desired length of time. After prolonged periods the yellow solu- 
tion from antimony pentachloride, essentially homogeneous, 
turned dark in color, and the black ferric chloride mixture (he- 
terogeneous) became dark brown. 

In  A, the reaction mix- 
ture was cooled with an ice bath, washed out with ether, and 
mixed with 1 iV hydrochloric acid (200 ml) in the case of ferric 
chloride or 1 N hydrochloric acid-3 iV sulfuric acid in the case 
of antimony pentachloride. The aqueous layer was separated 
and extracted once with ether; the combined organic portion 
was then washed twice with the same type of acidic solution as 
used in the work-up. After drying and evaporation of solvent, 
the residual material was dissolved in carbon disulfide for analy- 
sis. Yields were determined with glpc column A .  This proce- 
dure was followed when the reaction mixture was analyzed for 
the reduced form of the metal halide. 

In B, the reaction mixture was cooled somewhat and quenched 
with cold, concentrated hydrochloric acid. When an inorganic 
solvent was involved, carbon tetrachloride was introduced to 
dissolve the organic product. The layers were separated, and 
the nonaqueous portion was extracted twice with distilled water, 
dried over sodium sulfate, and freed of solvent. 

After 36 hr, antimony pentachloride afforded chloroadaman- 
tanes, 66-79y0 (1:2 molar = 11-16), 1,3-dichloroadamantane, 
4-137,, hydrogen chloride, 123-128%, and antimony trichloride, 
108%. After 54 hr, ferric chloride gave chloroadamantanes, 
64-72% (1:2 molar = 12-15), 1,3-dichloroadamantane, 6-16%, 
and ferrous chloride, 106-10870. For 1-3-hr reaction times with 
ferric chloride, erratic yields were obtained in stannic chloride. 
Yields are based on adamantane according to the stoichiometry 
in eq 1 and 7. I n  general, an internal standard was not used 
for yield determination; several checks with an internal standard 
showed the method to be valid. No statistical corrections were 
made in calculations of molar ratios for the chloroadamantane 
isomers. 

Organic products were characterized by comparison with 
authentic materials (infrared spectra) and by physical constants: 
1-chloroadamantane, mp 162.5-164'; 2-chloroadamantane, glpc 
peak enchancement with columns A and C; 1,3-dichloroadaman- 
tane, mp 131-132'; chloroform, glpc peak enhancement with 
columns C and D.  

Short Reaction Times.2-A mixture of antimony penta- 
chloride (9.87 g, 0.033 mol) and stannic chloride (20 ml) was 
preheated to 110' before addition to a mixture of adamantane 
(4.1 g, 0.03 mol) and stannic chloride (40 ml) a t  the same tem- 
perature. Following work-up procedure B, chloroadamantane 
was isolated and analyzed for the 1 :2 isomer ratio. In  the other 
case, ferric chloride (10.7 g, 0.066 mol) and titanium tetra- 
chloride (20 ml) were heated separately to 134' before admix- 
ture. 

3.  Reaction Variables. A.  Solvent Studies.-Stannic chlo- 
ride, methylene chloride, and carbon tetrachloride-methylene 
chloride (equal volumes) were tested as solvents a t  several re- 
action temperatures (Tables I and VI). There was no detectable 
chloroform from the mixed solvent reaction. 

Temperature Studies.-Tarious temperatures were used 
in order to ascertain the influence on yield and product distribu- 
tion (Tables I and YI). 

Photolytic Conditions.-A mixture of adamantane (4.1 g, 
0.03 mol) and antimony pentachloride (9.87 g, 0.033 mol) in 
60 ml of stannic chloride at 110' was exposed to a sunlamp, 
660 W, 250 V, a t  distances of 3 or 15 in. (Table YII). With 
ferric chloride at  3 in. for 0.5 hr, the vield was 3%, in comparison 

Work-up was by one of two routes. 

2. 

B. 

C. 

, _ _  
with < 1 4 %  for the control. 
D. Effect of Water.-When ferric chloride hexahvdrate (20.8 

g,  0.077 mol) was used in place of the anhydrous material a t  
103' for 1 hr, neither hydrogen chloride nor organic product 
(glpc, column B) was formed (0-dichlorobenzene solvent). 

E. Catalyst Study.-The data from addition of aluminum 
chloride (2 . ig ,  0.016i mol) to the standard system, adamantane- 
SbCL-CC12FCCIF, (40'). are shown in Table VII I .  

F .  Basic Hydrolysis.-When work-up procedure B was 
modified by use of 4 iV sodium hydroxide in place of acid, there 
were two additional peaks following chloroadamantane in glpc 
(column A). They were identified as 1-adamantanol and 2- 
adamantanone by peak enhancements in glpc (columns A and C)  
and infrared spectral comparison to authentic compounds. For 
example, from FeCla-AdH-SnClc at  110' for 2.5 hr, 63% of 

the adamantane was converted into a product mixture of the 
indicated composition: 1-chloroadamantane, 45%; 2-chloro- 
adamant ane, 7 yo ; 1 -adamant anol, 36 % ; and 2-adamantanone, 
12%. 

Isomerization of Chloroadamantanes. 1. Lower Tempera- 
tures.-In a 26 ml-flask, equipped with nitrogen inlet, magnetic 
stirrer, and condenser, 1 g (0.0059 mol) of 1-chloroadamantane 
was exposed to antimony pentachloride (1.76 g, 0.0059 mol) or 
ferric chloride (1.91 g, 0.0118 mol) in 12 ml of carbon tetrachlo- 
ride at  reflux. After work-up, product distribution was de- 
termined (Table 11). Isomerizations were also carried out with 
aluminum chloride (0.784 g, 0.0059 mol) in 12 ml of 1,1,2-tri- 
chloro-1,2,2-trifluoroethane at room temperature (Table 11). 

2-Chloroadamantane was investigated similarly (Table 11). 
2. Higher Temperatures.-I-Chloroadamantane (I g, 0.00.59 

mol) was treated with antimony pentachloride (1.76 g, 0.0059 
mol) in stannic chloride at  110' or ferric chloride (1.91 g, 0.0118 
mol) in titanium tetrachloride (12 ml) a t  134' (Table 111). 

Adamantane and Ferric Chloride in o-Dichlorobenzene.-In 
a 100 ml, three-necked flask, furnished with nitrogen inlet, 
thermometer, mechanical stirrer, Friedrichs condenser, and 
hydrogen chloride trap, were placed 4.1 g (0.03 mol) of adaman- 
tane, 60 ml of o-dichlorobenzene, and 11.1 g (0.068 mol) of 
ferric chloride. The mixture was heated gradually during 90 
min to 103', at which temperature gas evolution became ap- 
preciable. After about 3 hr at  103', since little gas was being 
evolved (8870 total yield of hydrogen chloride), the reaction mix- 
ture was stirred with 200 ml of 1 N hydrochloric acid. The or- 
ganic portion was washed twice with water, dried, and freed of 
solvent. The dark brown solid, 10.2 g, gave crystals, mp 115.8- 
116.8', on repeated crystallization from benzene: ir (CSZ) 
for aromatic protons, 3.25 (lit.58 for C-H stretch, 3.23-3.33), 
11250 (lit.68 for isolated hydrogen, 11.11-11.63), 12.48 1 (lit.58 
for two adjacent hydrogens, 11.63-12.50); nmr (CC1,) 6 1.6- 

(a = 3 position, b = 5, c = 6 in 1,2,4-trisitbstituted benzene). 
Anal. Calcd for CieH&lt: C, 68.34; H, 6.4;; C1, 2j .21.  

Found: C,68,L8; H,6.32; C1,25.34. 
With aluminum chloride (4.55 g, 0.034 mol) or water (0.3 ml, 

0.0167 mol) as additives, about 1 hr was taken to reach the ini- 
tiation temperature followed by 3.3-4 hr of heating at that tem- 
perature (Table V). 

Commercial anhydrous ferric chloride (11.1 g)  was further 
purified,Eg in relation to traces of water, by reffuxing with 55 ml 
of carbon tetrachloride in a 100 ml, three-necked flask for 24 
hr, and then distilling out the carbon tetrachloride. During 
the reflux, phosgene was flushed into a water trap. The ap- 
paratus was previously dried in the oven and protected from 
the water trap by a calcium chloride tube. Distilled o-dichloro- 
benzene (60 ml) was used, along with adamantane (4.1 g) dried 
over phosphorus pentoxide. *he organic reaction components 
were handled with minimum exposure to air before addition to 
the purified ferric chloride (Table V).  

2.0 (12 H) ,  2.09 (3 H),  7-7.5 (3 H ) ,  Jab = 0.45, Jbo  = 1.7 HZ 

Hydrogen chloride evolution was followed in each reaction.2 
Chlorination with Molecular Chlorine.-Chlorine gas was 

bubbled through a mixture of adamantane (2.05 g, 0.015 mol) 
in 60 ml of stannic chloride for 5 min starting at  115'. During 
this period the temperature fell to 98-100'. After use of work- 
up procedure B, glpc analysis (column A) revealed an 870 yield 
of chloroadamantane, I : 2 molar ratio of 0.61. 

Chlorination of Adamantane with tert-Butyl Chloride and 
Lewis Acid Catalyst. l.-h a 100 ml, three-necked flask, 
equipped with nitrogen inlet, mechanical stirrer, Friedrichs con- 
denser, thermometer, and constant-pressure addition funnel, 
a mixture of adamantane (4.1 g, 0.03 mol) and stannic chloride 
(60 ml) was heated at reflux. tert-Butyl chloride (2.78 g, 0.03 
mol) was added dropwise during 2.5 min. After another 2.5- 
12.5 min. a t  111 A 3', the mixture was quenched with cold 
concentrated hydrochloric acid and extracted with carbon 
tetrachloride. Work-up procedure B and glpc (column A) gave 
chloroadamantane, 1 : 2 molar ratio 2 1000: 1. 

2.-According to the procedures8 of Gerzon and coworkers, a 
mixture of adamantane (10 g, 0.074 mol) and tert-butyl chloride 
(8.5 g, 0.092 mol) in 60 ml of cyclohexane was treated portion- 
wise with aluminum chloride (1.05-1.35 g) at room tempera- 
ture during 3-5 hr. Chloroadamantane, obtained in 64-74% 

(58) R. iM. Silverstein and G. C .  Bassler, "Spectrometric Identlfication 

(59) M E .  Hd1,J. Org. Chem.,al,  1115 (1960). 
of Organic Compounds," 1 s t  ed, Wiley, New York, N Y., 1964, P 60. 
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yield, generally displayed a 1:2 molar ratio of 20-50: 1 (in one 
case, 275: 1). 

Authentic Materials. 1-Ch1oroadamantane.-The procedure 
of Stetter,51 involving I-adamantanol, gave a 96% yield of prod- 
uct, mp 162.5-163.5' (lit. mp 165°,21164 164.3-165.6°,61 184- 

2-Ch1oroadamantane.-Adamantanone on treatment with ex- 
cess lithium aluminum hydride produced an 89% yield of crude 
2-adamantanol60np1 which, on contact with phosphorus penta- 
chloride,62 afforded crude 2-chloroadamantane (>99% yield). 
Glpc analysis, column A at  160', showed the purity to be 96%, 
mp 190-191.8', lit.f12 mp 186-188' (both in sealed tubes), 192- 
193.5°.a6 
1,3-DichloroatSamantane.38-Adamantane (4.1 g, 0.03 mol) 

on exposure to aluminum chloride (4 g, 0.03 mol) a t  room tem- 
perature in carbon tetrachloride (60 ml) for 4 hr produced 1,3- 
dichloroadamantane in low yield. When half of the carbon tet- 
rachloride was replaced with methylene chloride, after 10 min 
1,3-dichloroadamantane was obtained in 49% yield, mp 131- 
131.5' (lit. mp 133°,63 132-134°,64 129.5-131.5°),62 in addition to 
an appreciable amount of chloroadamantane. 

Dichloroadamantane was formed in 4--8y0 yield. 

164.5°,a6@ 159-160°,36 169-170°).62 

(60) P. v. R. Sohleyer and R. D. Nicholas, J .  Amer. Chem. Soc., 88, 182 

(61) E. L. Eliel, R.  J. L. Martin, and D. Nasipuri, Org. Syn., 47, 16 (1967). 
(62) W. Hoek, J. Strating, and H. Wynberg, R e d .  Trav. Chim. Pays-Bas, 

(63) H. Stetter and C. Wulff, German Patent 1,101,410 (1960); Chem. 

(64) F. N. Stepanov and Yu I. Srebrodol'skii, Vestn. Kiev Politekh. Inst., 

(1961). 

86,1045 (1966). 

Abstr., 66,14119 (1962). 

Ser. Khim.-Tekhnol., 2, 6 (1967); Chem. Abstr.,  67,32355 (1967). 

I-( 1 ,P-Dichlor0-4-phenyl)adamantane .-I-Bromadamantane 
(6.45 g, 0.03 mol) and ferric chloride (1.8 g, 0.011 mol) in o-di- 
chlorobenzene (60 ml) a t  78-82' for 1.6 hr gave dark brown, 
crude product which, on two crystallizations from benzene, gave 
white crystals, 3.76 g (44% yield), mp 115-115.3'. The in- 
frared spectrum was essentially identical with the infrared spec- 
trum of the product from adamantane-ferric chloride-o-dichloro- 
benzene. 

When half of the o-dichlorobenzene was replaced by carbon 
tetrachloride, the reaction yielded the same aromatic product, 
along with chloroform, identified by glpc peak enhancement with 
columns C and D. 

Registry No. -Adamantme, 281-23-2; ferric chlo- 
ride, 7705-08-0; 1-chloroadamantane, 935-56-8; 2- 
chloroadamantane, 7346-41-0; o-dichlorobenzene, 95- 
50-1 ; antimony pentachloride, 7646-18-9. 
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A general synthesis of stable a,a-dichlorosulfenyl chlorides from S-benzyl sulfides containing an active methyl- 
ene group is presented. The mechanism of these chlorination reactions is discussed. 

The synthesis of aryl sulfenyl halides by the treat- 
ment of certain aryl benzyl sulfides with sulfuryl chlo- 
ride has been reported by Kharasch and Langford.' 
I n  this connection we d h  to report a general facile 

ArSCHzC6Hs --+ ArSCI + CeH&HzCl 

synthesis of stable, novel a, a-dichlorosulfenyl chlorides 
by the action of sulfuryl chloride on S-benzyl sulfides 
containing an active methylene group. 

The general reaction for the synthesis of ala-dichlo- 
rosulfenyl chlorides from @-keto sulfides is depicted 
in Scheme I. 

As can be seen in Table I, several a-carbamoyl S- 
benzyl sulfides gave dichlorosulfenyl chlorides in good 
yield. Chlorine was an adequate substitute for sul- 
furyl chloride. The products here were easily obtained 
in a pure state and were stable pale yellow to white 
solids. They were characterized by their elemental 
analysis and nmr spectra. Their nmr spectra are in- 
teresting in that they suggest a large barrier to rota- 
tion around the N-C bond; 2d shows two septets for 
the methine protons separated by 1.4 ppm. Thus the 
carbonyl oxygen mould be expected to be somewhat 
nucleophilic. 

The preparation of ala-dichlorosulfenyl halides is 
general in that lg,  lh, and l i  are also satisfactory. Un- 
like the a-carbamoyl sulfides, refluxing of these sulfides 

(1) N. Kharasch and R. B. Langford, J. Org. Chem., 28, 1903 (1963). 

in neat sulfuryl chloride was desirable to effect the cleav- 
age, Also, unlike the a-carbamoyl sulfides, only S- 
benzyl sulfides were satisfactory; the S-methyl sulfides 
did not cleave but preferred to undergo further chlorina- 
tion. Thus it appears that, if an SCHI group is em- 
ployed, an amide function is necessary for the cleavage. 

0 
II 

XCCH,SCH, + 3S02Cl2 --+ 

3a, X = -OC,H, 

b, X =  *Ci 

0 n - v 

XCCC1,SCH3 II --+ A XCCC12SCH2CI 11 

4a, X = -OC*H:, Sa, X = -OC?H, 

b , X =  -@2l b , X =  e C 1  

An a-chlorosulfenyl chloride is also formed when an 
aliphatic substituent is placed a to the carbonyl as in 6. 
The expected product, 7, was not formed but a high 
yield of 8 was obtained. Here the methyl group is 
monochlorinated in a unique p chlorination. 

The @-carboxyl S-benzyl sulfides did not yield the 
expected a,a-dichlorosulfenyl chloride. When 9 was 
chlorinated the products were trichloromethylsulfenyl 


