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in the “reacting” conformation of the ester oxyanion (eq 
9). 

Speculations on a Concerted Mechanism of Acyl 
Group Transfer. Concerted mechanisms of acyl group 
transfer almost certainly exist where the tetrahedral ad- 
duct is too unstable to exist as a discrete molecule. The 
transition-state geometry for these reactions will be close 
to that of the tetrahedral structure. “Concerted” in this 
case does not mean that entering and leaving bonds are 
equally formed or broken in the transition state but that 
bond-making and bond-breaking take place in unison. 
Such a process is called synchronous by Dewar.ls Another 
geometry has been neglected for some 20 years, and this 
involves attack of the nucleophile in a plane with the 
trigonal ester to give a sort of ”square-planar” transition 
state (9). The attacking nucleophile essentially donates 

I R I  
9 

its electrons into the antibonding orbital to the breaking 
C-L bond. The similarity of the central R-C-0 grouping 
to an acylium ion configuration prompted us to enquire 
of the existence of such a mechanism in the present 4- 
hydroxybenzoate elimination reactions. The stabilization 
effected by the 4-oxyanion is sufficient to cause the re- 
action to proceed via a discrete unsaturated inte~mediate.’~ 
That is, the nucleophile and leaving group bonds in 
structure 9 have zero strength. Electronic factors stabi- 
lizing structure 9 will also stabilize either the transition 
state for the ElcB path or that for the BAc2 mechanism. 
We tried to disfavor the BAc2 mechanism in a reaction that 
could not involve the ElcB mechanism by increasing steric 

(18) Dewar, M. J .  S. Tetrahedron Lett. 1984, 106,209. 
(19) The IUPAC name for the parent species is 6-carbonyl-l,4-cyclo- 

hexadien-3-one. 

requirements for the tetrahedral adduct. Mesitoate hy- 
drolysis in alkali has a PL which, despite the scatter (Figure 
3), is well accommodated by the value expected for BA,2 
attack by the hydroxyl ion.14a The test for the occurrence 
of a mechanism involving significant leaving bond cleavage 
as in 6 is a much more negative pL than in the BA,2 
mechanism. Clearly, in this simple case the amount of 
steric retardation (structures 6a and 6b) caused by the 
dimethyl groups ortho to the ester is not sufficient to 
reduce the reactivity of the B A , ~  mechanism to a level that 
allows the “square-planar” one operate. The decrease in 
reactivity caused by the steric requirements is only about 
1000-fold comparing the alkaline hydrolysis rate constants 
for the 2,4-dinitrophenyl esters of 4-methoxybenzoic acid13 
and 4-methoxy-2,6-dimethylbenzoic acid (Table 111). 
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The reaction of alkyl iodides with chlorine or nitronium tetrafluoroborate in the presence of salts of perchloric 
or substituted sulfonic acids gave alkyl perchlorates or sulfonates as principal products. Some mechanistic aspects 
of this new reaction are discussed. 

The oxidative nucleophilic substitution of iodine in alkyl 
iodides was first reported in 1905l and has received con- 
siderable attention in recent l i t e ra t~re .~- l~  Effective ox- 

Chart I 

p b+I [ RJ =O] y b - \  
/ 

(1) Thiele, J.; Peter, W. Chem. Ber. 190& 38,3842. Thiele, J.; Haakh, 
H. Liebigs Ann. Chem., 1909, 369, 149. 

( 2 )  Bujake, J. E.; Noyes, R. M. J. Am. Chem. SOC. 1961, 83, 1555. 
Beringer, F. M.; Schultz, H. S. J.  Am. Chem. SOC. 1955, 77,5533. Keefer, 
R. M.; Andrews, L. J .  J. Am. Chem. SOC. 1952, 74, 1891; 1954, 76, 253. 
Corey, E. J.; Wechter, W. J .  J. Am. Chem. Sec. 1954, 76, 6040. 

(3)  Wiberg, K. B.; Pratt, W. E.; Matturo, M. G. J .  Org. Chem. 1982, 
47, 2720. 

products 

idants for the reaction include cl2 and Br292’3 HN03: 
N205,5 A c O N O ~ ~ ~ , ~  NOBF4,’ NOzBF4,8 KzCr207,4a KMn04,& 
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Table I. Reaction Conditions and Yields of Products of Deiodination 
~ 

oxidant salt temp, time, 
alkyl iodide (molar equi+ (molar equiv)“ solvent O C  h products (yield, %) 

C H J  Clr (2) BuaNClOa (1) CDClq -78 0.1 CHqClO, (30),b CH,C1(27) 

C6H131 

Ph60CHzI  
ICHzCOOH 
ICHzCOOCH3 

Bu;NClO; (1) CDClj 
Bu4NC104 (1) CDC13 
Bu~NOMS (1.5) CHClS 
B u ~ N O T S  (1.5) CHC13 
LiClO, (5) AcOEt 
LiclO; (5) 
LiC104 (5) 
LiC104 (5) 
LiC10, (5) 
LiC10, (5) 
LiClO, (5) 
Bu4NOTf (1) 
Bu~NOSOZF (1) 
Bu~NOMS (1) 
B u ~ N O T S  (1) 
LiC104 (5) 

Bu4NC104 (1) 

LiC104 (5) 

LiC104 (5) 
LiC104 (5) 
LiC104 (2) 
LiClO, (2) 
LiC104 (5) 
LiC104 (2) 

AcOEt 
AcOEt 
AcOEt 
AcOEt 
AcOEt 
AcOEt 
CHzClp 
CHzClz 
CHC13 
CHCl3 
AcOEt 

CHC13 

AcOEt 

AcOEt 
CHzClp 
CHzClz 
CHzClz 

CHZClz 
AcOEt 

40 5 
20 15 

-78 0.1 
-78 0.1 
-78 0.1 

0 0.5 
0 1  

40 2 
20 3 
20 2 
20 10 

-78 0.1 
-78 0.1 
-78 0.1 
-78 0.1 
-78 0.1 

20 5 

-78 0.1 

0 5  
20 24 
20 15 
20 24 

20 24 
-78 0.25 

CH,C10, (30),b CHiOH (40) 
CHICIOa (85)b 

Equivalent per equivalent of iodide. Established by ‘H NMR. Reaction mixture contains also some unidentified products. dReaction 
mixture contains also some unidentified chlorides. 

C1207,9 C10C103,10 Cl2O,l1 (FS020)2,12 I(C02CF3),,13 PhI- 
(C02CF3)2,14 and m-C1C6H4C03H.15 The alkyl iodides are 
converted principally into products of either nucleophilic 
substitution or elimination,2-15 depending on the structure 
and reaction conditions. Oxidation of alkyl iodides with 
m-chloroperoxybenzoic acid has been studied thoroughly15 
because it is a mild and efficient method for deiodination, 
and it can be considered as a model for the bioactivation 
of organic halides via halogen oxidation to a hypervalent 
state.15b 

The formation of hypervalent organoiodide intermedi- 

(4) (a) Svetlakov, N. V.; Moisak, I. E.; Varfolomeev, A. A.; Mikheev, 
V. V. Zh. Org. Khim. 1969,5, 2103. (b) Svetlakov, N. V.; Moisak, I. E.; 
Averko-Antonovitsch, I. G. Zh. Org. Khim. 1969,5, 2105. (c) Svetlakov, 
N. V.; Moisak, I. E.; Mikheev, V. V.; Varfolomeev, A. A.; Averko-Anto- 
novitach, I. G. Zh. Org. Khim. 1968,4,1893. (d) Svetlakov, N. V.; Moisak, 
I. E.; Averco-Antonovitsch, I. G. Zh. Org. Khim. 1969, 5, 985. 

(5) Svetlakov, N. V.; Moisak, I. E.; Shafigullin, N. K. Zh. Org. Khim. 
1971,5, 985. 

(6) Bach, R. D.; Taafee, T. H.; Holubka, J. W. J.  Org. Chem. 1980,45, 
3439. 

(7) Bach, R. D.; Taafee, T. H.; Rajan, S. J. J.  Org. Chem. 1980,45,165. 
( 8 )  Bach, R. D.; Holubka, J. W.; Taafee, T. H. J. Org. Chem. 1979,44, 

(9) Baum, K.; Beard, C. J. Org. Chem. 1975,40, 2536. 
(IO) Schack, C. J.; Christe, K. 0. Inorg. Chem. 1974,13,2374. Schack, 

C. J.; Pilipovich, D.; Christe, K. 0. h o g .  Chem. 1975, 14, 145. 
(11) Marsh, F. D.; Farnham, W. B.; Sam, D. J.; Smart, B. E. J.  Am. 

Chem. SOC. 1982,104, 4680. 
(12) Fokin, A. V.; Studnev, Yu. N.; Rapkin, A. I.; Potarina, T. N.; 

Kuznetaova, L. D. Izu. Akad .  N a u k .  SSSR, Ser.  Khim. 1980, 2641. 
(13) Linskeseder, M.; Zbiral, E. Liebigs Ann. Chem. 1977, 1039. 
(14) Gallos, J.; Vmoglis, A. J. Chem. SOC., Perkin Trans.  1 1983,1999. 
(15) (a) Davidson, R. I.; Kropp, P. J. J. Org. Chem. 1982,47, 1904. (b) 

Macdonald, T. L.; Narasimhan, N.; Burka, L. T. J. Am. Chem. SOC., 1980, 
102, 7760. (c) Reich, H. R.; Peake, S. L. J .  Am. Chem. SOC. 1978, 100, 
4888. (d) Cambie, R. C.; Chambers, D.; Lindsay, B. G.; Rutledge, P. S.; 
Woodgate, P. D. J .  Chem. SOC., Perkin Trans.  1 1980,822. (e) Cambie, 
R. C.; Lindsay, B. G.; Rutledge, P. S.; Woodgate, P. D. J .  Chem. Soc., 
Chem. Commun. 1978, 919. ( f )  Beeley, N. R. A.; Sutherland, J. K. J.  
Chem. SOC., Chem. Commun.  1977,321. (9) McCabe, P. H.; deJenga, C. 
I.; Stewart, A. Tetrahedron Le t t .  1981, 22, 3679. 
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ates, such as alkyliodoso compounds 1,15 complexes of type 
RIX2 2,?-p3 and other derivatives of 11+ and 13+, has also been 
r e p ~ r t e d . ~ - ’ ~  Some of the principal pathways are sum- 
marized in Chart I. Polyvalent aryl iodine compounds of 
type 1 or 2 are well-known,16 but their alkyl analogues are 
extremely unstable, with rare exceptions,17 even at  low 
t e m p e r a t ~ r e s . ~ J ~  

The reaction of tert-alkyl iodides proceeds via unimo- 
lecular formation of carbocationic (or the corresponding 
ion pair)  intermediate^.^ For primary and secondary alkyl 
iodides both Sy2 and SN1 processes have been ~0nsidered.l~ 
Groups containing hypervalent iodine (e.g., -IBr23) are 
among the best nucleofugic (leaving) groups.18 For ex- 
ample, normally unreactive 1-iodonorbornane can be 
readily transformed into the corresponding bromide via 
a cationic intermediate.3 

We have studied the competitive participation of nu- 
cleofugic anions, such as ClO,, FS03-, CF3S03-, and TsO-, 
in the interception of carbocationic intermediates in the 
presence of other nucleophiles.1g-21 In such reactions as 

- 
(16) Banks, D. F. Chem. Reu. 1966,66, 243. 
(17) Morris, D. G.; Shepherd, A. G. J.  Chem. SOC., Chem. Commun.  

(18) Stang, P. J.; Hanack, M.; Subramanian, L. R. Synthesis 1982,85. 
(19) (a) Zefirov, N. S.; Koz’min, A. S.; Kirin, V. N.; Zhdankin, V. V.; 

Caple, R. J.  Org. Chem. 1981, 46, 5264. (b) Zefirov, N. S.; Koz’min, A. 
S.; Zhdankin, V. V. Tetrahedron 1982, 38, 291. (c) Zefirov, N. S.; 
Koz’min, A. S.; Zhdankin, V. V.; Nikulin, A. V.; Zyk, N. V. J.  Org. Chem. 
1982,47,3679. Zefirov, N. S.; Zhdankin, V. V.; Koz’min, A. S.; Kirin, V. 
N.; Bodrikov, I. V.; Sedov, B. B.; Rau, V. G. Tetrahedron Lett .  1979,3533. 
Zefirov, N. S.; Zhdankin, V. V.; Koz’min, A. S.; Kirin, V. N.; Bodrikov, 
I. V. Zh. Org. Khim. 1978, 14, 2615. Zefirov, N. S.; Koz’min, A. S.; 
Zhdankin, V. V.; Kirin, V. N.; Sergeev, G. B. Zh. Org. Khim. 1980, 16, 
1085. Zefirov, N. S.; Koz’min, A. S.; Dan’kov, Yu. V.; Zhdankin, V. V.; 
Kirin, V. N. Zh. Org. Khim. 1984, 20, 233. 

(20) Zefirov, N. S.; Koz’min, A. S.; Yur’eva, N. M.; Zhdankin, V. V.; 
Kirin, V. N. Zh. Org. Khim. 1982, 18, 2211. 

(21) Zefirov, N. S.; Koz’min, A. S.; Kirin, V. N.; Yur’eva, N. M.; 
Zhdankin, V. V. Izv. Akad .  N a u k  SSSR, Ser.  Khim. 1982, 2634. 

1981, 1250. 
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electrophilic addition to olefins,19 acid-catalyzed epoxide 
ring opening,20 and deamination of alkyl amines,21 these 
nucleofugic anions, which have been considered as weak 
nucleophils, compete effectively with such normal nu- 
cleophiles as Hal-, AcO-, AcOH, in the final step of the 
reactions.22 

In preliminary comm~nications,2~ we reported that ox- 
idative deiodination can also be applied to the competitive 
binding of nucleofugic anions (eq 1). The purpose of the 
present paper is to discuss these processes in detail and 
to demonstrate their synthetic potential. 

RJ + LICIO~-ROCIO~ ( 1 )  

Results and Discussion 

[oxidant I 

The reactions investigated are represented by eq 2, 
where Y -  is the nucleofugic anion. The study included 

b R Y  ( 2 )  
R J  M+Y-  [oxidant 1 

Y : C104, CFJS03 I FS03 I TsO, M s O  , 

primary mono- and diiodoalkanes, secondary alkyl iodides, 
and compounds of the structure ICH2COR. Oxidants used 
included C12, Br2, m-C1C6H,Co3H, H5106, N02BF4, PhI- 
(OCOCF3)2,14 and P ~ I ( O H ) O T S . ~ ~  The choice of salts 
containing nucleofugic anions was dictated by their solu- 
bility in common organic solvents, and we found that 
LiC10, and tetrabutylammonium sulfonates met this re- 
quirement. Reaction products were isolated and purified 
chromatographically, and identified by their lH NMR 
spectra. Experimental details and the yields of products 
are summarized in Table I. 

Reactions of Methyl and n -Hexyl Iodides. These 
two primary alkyl iodides were used to study the effec- 
tiveness of different oxidants and various reaction con- 
ditions. Reactions of CH31 with a number of oxidants in 
the presence of tetrabutylammonium salts of perchloric 
and sulfonic acids gave methyl perchlorate (3) or methyl 
sulfonates 4 or 5. The reaction initiated with H6106 re- 

C H 3 0 S 0 2 C H 3  * 
4 
I Bu~NCi04 w CH3OCL03 

C H 3 0 S 0 , C 6 H , C H 3  / e u ~ ~ ' ' ~  CH3J  + O x i d a n t  .. 3 

5 
u 

quired rather high temperatures (40-50 "C) and gave a 
mixture of 3 and methanol (4:l). The reaction with Clz 
proceeded quite rapidly at -78 "C but gave methyl chloride 
in addition to 3 (1:l). The best yield (85%) of 3 was 
obtained with N02BF4 as the oxidant; the reaction pro- 
ceeded at  room temperature but required 10-15 h for 
completion. 

The best yields of n-hexyl perchlorate (6,60-90%) from 
n-hexyl iodide were also obtained with Clp or N02BF4. The 
reaction with C12 proceeded rapidly, but 6 was accompa- 
nied by 1-chlorohexane. The reaction with N02BF4 re- 

Zefirov et al. 

quired a relatively long time but gave pure 6 in a 92% 
yield. 

In view of these results, only C12 or N02BF4 was used 
as the oxidant in the reactions of the other alkyl iodides. 

In contrast to our observations, a recent study15* of the 
deiodination of 1-iodooctane by m-C1C6H4CO3H in the 
presence of LiC10, did not report formation of n-octyl 
perchlorate. 

Reactions of 1-iodohexane assisted with C1, in the 
presence of tetrabutylammonium salts of methanesulfonic, 

n-C6H13J + oxidant n-C&30C103  C- Bu4N0s02R W n-CgHI30SOZR 
LlClO' 

6 7 R:CH3 - I 

8 R: P-CHJC~H~ 
9 R : F  
12 R : CF3 

p-toluenesulfonic, fluorosulfonic, and triflic acids gave the 
corresponding sulfonates 7-10. The formation of fluoro- 
sulfonate 9 and triflate 10 is remarkable because of the 
powerful nucleofugic nature of the corresponding anions.18 

Reactions of Secondary Alkyl Iodides. The oxidative 
deiodination of 2-iodopropane assisted by C12 gave the two 
perchlorates 11 and 12 (3:l). Perchlorate 11 is the product 
of a normal substitution reaction. The formation of 12 can 

J 0C103 OCIO, 
CH,$HCH, LiCIO, + CI, ---+ CH,$HCH, + CH,$HCHzCI 

B 11 
w 

(22) (a) Zefirov, N. S.; Koz'min, A. S.; Zhdankin, V. V.; Kirin, V. N.; 
Yur'eva, N. M.; Sorokin, V. D. Chem. Scr. 1983,22, 195. (b) Zefirov, N. 
S.; Koz'min, A. S. Acc. Chem. Res., submitted for publication. 

(23) (a) Zefirov, N. S.; Zhdankin, V. V.; Koz'min, A. S. Izv.  Akad. 
Nauk SSSR, Ser. Khim. 1982,1676. (b) Zefirov, N. S.; Zhdankin, V. V.; 
Sorokin, V. D.; Dan'kov, Yu. V.; Kirin, V. N.; Koz'min, A. S. Zh. O g .  
Khim. 1982, 18, 2608. 

(24) (a) Koser, G. F.; Rebrovic, L.; Wettach, R. H. J.  Org. Chem. 1981, 
46,4324. Koser, G. F.; Relenyi, A. G.; Kalos, A. N.; Rebrovic, L.; Wettach, 
R. H. J .  Org. Chem. 1982,47,2487. Koser, G. F.; Wettach, R. H.; Smith, 
C. S. J .  Org. Chem. 1980, 45, 1542. Neiland, 0. Ya.; Karele, B. Ya. Zh. 
Org. Khim. 1970,6, 885. Zefirov, N. S.; Zhdankin, V. V.; Koz'min, A. S. 
I zu .  Akad. Nauk SSSR, Ser. Khim. 1983, 1682. (b) Zefirov, N. S.; 
Zhdankin, V. V.; Dan'kov, Yu. V.; Samoshin, V. V.; Koz'min, A. S. Zh. 
Org. Khim., 1984, 20, 444. 

'3 
be explained by an initial elimination reaction to give 
propylene, which then undergoes electrophilic chlorper- 
chloration; the latter reaction has been reported in our 
previous  publication^.'^ 

Analogous reaction of iodocyclohexane with C12 + LiC104 
gave a complex mixture containing at least three per- 
chlorates (TLC data); however, we were able to isolate 
perchlorate 13 by chromatography in 20% yield. Com- 
pound 13 is identical with one previously obtained by the 
chloroperchloration of cycl~hexene. '~~ The deiodination 
of 1-iodocyclohexane in the presence of m-C1C6H,CO3H 
has been reported to give almost exclusive e1iminati0n.l~ 

The reaction of 2-iodopropane with NOzBF4 + LiC104 
proceeded smoothly to give perchlorate 11 exclusively in 
an 80% yield. In contrast, the reaction of iodocyclohexane 
with N02BF4 and LiC10, gave a complex mixture con- 
taining several perchlorates (TLC data).25 

Reactions of Diiodides. Treatment of 1,6-diiodo- 
hexane with N02BF4 + LiC104 yielded the corresponding 
bis-perchlorate 14 in 90% yield, and reaction of methylene 

J(CH,),J + NOZBF, + LiCIO, O,CIO(CH2),OCIO, 
14 
,.-.% 

iodide with the same reagents gave bis-perchlorate 15 in 
96% yield. The latter compound is an explosiue, colorless 
liquid that fumes in moist air with the production of a 
formaldehyde-like odor. Perchlorate 15 was also obtained 
from CH212 and Cl2O, but in only 10% yield. 

C H 2 J 2  + NO,BF,, + LiCIOL- C H ~ I O C 1 0 ~ 1 2  CH2Jz + CI,o, 

15 - 
(25) One of these products is cis-1,2-bis(perchloryloxy)cyclohexane, 

identical with an authentic and the others are unstable isom- 
eric nitrocyclohexyl perchlorates.'" The reaction mixture also contains 
other unidentified products. 



Substitution of Iodine in Alkyl Iodides 

Reactions of ICH2COR. Iodoacetophenone reacted 
smoothly with N02BF4 + LiC104 to give the  unstable 
perchlorate 16, which is very sensitive to moisture. How- 
ever, we could isolate i t  in  pure form by  chromatography 
to obtain its IR and lH NMR spectra. Iodoacetic acid and 
its methyl ester react with NOzBF4 + LiC104 t o  give the 
corresponding perchlorates 17 and 18. The compounds 

9 P iCKH513P F1 
R-CCH,P?C,H,), cio; R-C-CH2J + NOZBFL + L,ClOb + R-CCH20Cl03 

R = CgHg 

5 R : OCHl 

I 19 R: C6H5 
20 R = o w 3  n R = O H  ,.-. 

16 and 18 were additionally identified as their tri- 
phenylphosphonium salts 19 and 20. Perchlorate 17 is 
quite unstable at room temperature, but we could record 
its IR and 'H NMR spectra. In contrast, perchlorate 18 
is t he  most stable of all our products; i t  d6es not decom- 
pose up t o  200 "C but explodes at higher temperatures or 
upon striking. 

Conclusion 
Oxidative deiodination of alkyl iodides in the  presence 

of salts containing nucleofugic anions is a convenient 
method for the synthesis of alkyl perchlorates and sulfo- 
nates. This  synthesis of alkyl perchlorates uses the  rela- 
tively safe reagent LiC104 instead of explosive and dan- 
gerous reagents such as AgC104,26 HC104,26 or  c1207.26v27 

Caution. Alky l  perchlorates are inherently unstable 
and potentially explosive. All work with them should be 
conducted behind a strong shield, and they should never 
be isolated in greater than  milligram quantities. 

Experimental Section 
General Methods. 'H NMR spectra were recorded in the 

indicated solvents in Varian ST-60 or JEOL XL-100 spectrom- 
eters. Tetramethylsilane was used as an internal standard and 
the chemical shifts are presented in 6 values. IR spectra were 
determined on thin films or CCl, solutions on a UR-10 spectro- 
photometer. Analytical TLC was performed by using plates with 
a fixed silica gel layer; the perchlorates and sulfonates were 
identified by heating the TLC plate to induce a characteristic 
decomposition with formation of a black spot.'gkc The preparative 
separation was performed by column chromatography on silica 
gel 40/ 100. Solvents were dried by usual methods before use. 

Caution: The following small-scale procedures for preparation 
of covalent perchlorates have proved innocuous, but caution is 
still strongly advised. 

Reactions of Methyl Iodide with Oxidants in the Presence 
of Bu4NC104. A solution of methyl iodide (0.07 g, 0.5 mmol) and 
Bu4NC104 (0.17 g, 0.5 mmol) in CDCl, (0.5 mL) was treated with 
the oxidant, (see Table I). The volatile products were distilled 
off together with the solvent (bp of CH30C103 is 52 0C26), and 
the yields of products were determined by NMR using the internal 
standard CHzC12. Methyl perchlorate (3):27 IR (CDCI,) 1280, 
1250, 1045, 965 cm-'; 'H NMR (60 MHz, CDCl,) 4.25 (9). 

Reaction of Methylene Iodide with N02BF4 and LiC104. 
A mixture of methylene iodide (0.13 g, 0.5 mmol), NOZBF4 (0.33 
g, 2.5 mmol), and LiC104 (0.27 g, 2.5 mmol) in CHzClz (5  mL) was 
stirred for 24 h and then was diluted with CCl, (50 mL) and 
filtered through silica gel. Evaporation of the solvent gave 0.1 
g (96%) of oily methylene diperchlorate (15): R, 0.6 (ethyl ace- 
tatehexane, 1:3); decomposition at 120 "C (expl); IR 1290,1260, 
1045 cm-'; 'H NMR (60 MHz, CC14) 6.3 (9). 

Reaction of Methylene Iodide with ClZO,. Methylene iodide 
(0.27 g, 1 mmol) was added to 10 mL of a 0.3 M solution of C1207 
in cc1427 at  0 "C. The mixture was stirred for 1 h and filtered 
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through silica gel. Removal of the solvent gave 0.028 g (13%) 
of methylene diperchlorate. 

General Procedure for Oxidative Deiodination of Alkyl 
Iodides in the Presence of Salts. The oxidant (1.5 mmol) was 
added to a solution of alkyl iodide (1 mmol) and salt (1-5 mmol 
of LiC104 or 1-1.5 mmol of Bu,NOTs, Bu4NOMs, Bu4NOMs, 
Bu,NOTf, Bu4NOSOZF) in 5 mL of organic solvent (Table I). The 
mixture was stirred for the indicated time, then poured into ice 
water (10 mL), and extracted with CHC1, (3 X 10 mL). The 
extract was washed with a cold solution of Na2S203 (10 mL), dried 
with Na2SO4, and concentrated. The products were separated 
by column chromatography. The esters of sulfonic acids were 
additionally purified by distillation. The yields of products are 
given in Table I. 

Methyl mesylate (a):% oil; Rf 0.2 (ethyl acetatehexane, 1:3); 
bp 66-70 "C (2 mm); IR 1360,1195,990 cm-'; 'H NMR (60 MHz, 
CC4) 4.0 (s, 3 H, CH,O), 3.0 (s, 3 H, CH3S). 

Methyl tosylate (5):29 oil; R, 0.4 (ethyl acetate-hexane, L3); 
bp 125 "C (2 mm); IR 1365,1190,980 cm-'; 'H NMR (60 MHz, 
CC4) 7.6 (m, 4 H, C6H4), 3.9 (s, 3 H, CH,O), 2.3 (s, 3 H, CH,). 

n -Hexyl perchlorate (6)? explosive oil; R, 0.6 (hexane); IR 
1270, 1245, 1045 cm-'; 'H NMR (60 MHz, CC4) 4.5 (t, 2 H, J = 
6.5 Hz, CHZ0C1O3), 2.1-1.0 (m, 11 H). 

n -Hexyl mesylate (7):,' oil; Rf  0.46 (ethyl acetate-hexane, 
1:6); bp 85-90 "C (2 mm); IR 1360,1195,990 cm-'; 'H NMR (60 
MHz, CC14) 4.2 (t, 2 H, J = 6 Hz, CH,OMs), 3.0 (s, 3 H, CH,), 

(26) Schumacher, J. C. "Perchlorates: Their Properties, Manufacture, 
and Uses"; Reinhold New York, 1960. Burton, H.; Prail, P. F. G. Analyst 
(London) 1955, 80, 1. 

(27) Baum, K.; Beard, C. J. Am. Chem. SOC. 1974,96, 3233. 

1.8-0.8 (mi 11 H). 
n-Hexyl tosylate (S):,' oil; Rf 0.33 (ethyl acetate-hexane, 1:lO); 

bD 197 "C (2 mmk IR 1365.1190.985 cm-': 'H NMR (60 MHz. 
C'cl,) 7.6 (m, 4 H;'C&4), 4.0 (t, 2'H, J = 6 Hz, CHzOT's), 2.4 (si 
3 H, CH,), 1.8-0.8 (m, 11 H). 

n -Hexyl fluorosulfonate (9): oil; R, 0.46 (ethyl acetate- 
hexane, 1:6), bp 48-49 "C (1 mm); IR 1430, 1225,960,790 cm-'; 
'H NMR (60 MHz, CCl,) 4.5 (t, 2 H, J = 6 Hz, CHZ0SOzF), 2.0-0.9 
(m, 11 H). 

n -Hexyl triflate (10): oil; R, 0.4 (hexane), bp 64-65 "C (1 
mm); IR 1390,1225,1150,1120 cm-'; 'H NMR (60 MHz, CCl,) 
4.5 (t, 2 H, J = 6 Hz, CH20Tf), 2.9-0.9 (m, 11 H). 

2-Propyl perchlorate ( 11):27 explosive oil; Rf 0.4 (hexane); 
IR 1275,1240,1115,1035 cm-'; 'H NMR (60 MHz, CCl,) 5.2 (m, 

1-Chloro-2-propyl perchlorate ( 12):32 explosive oil; R 0.2 
(hexane); IR 1265,1230,1005 cm-'; 'H NMR (60 MHz, CC1j 5.2 
(m, 1 H, CHOCIO,), 3.7 (d, 2 H, J = 7 Hz, CH,Cl), 1.6 (d, 3 H, 
J = 7 Hz, CH,). 

trans -2-Chlorocyclohexyl perchlorate (13):'" explosive oil; 
Rf 0.55 (ethyl acetate-hexane, 1:4); decomposition at  120 "C; IR 
1290,1275,1250,1035 cm-'; 'H NMR (100 MHz, CC,) 4.9 (m, 
1 H, wllz = 17.5 Hz, HCOC10,); 4.05 (m, 1 H, wl,, = 18 Hz, HCCl), 
2.6-1.2 (m, 8 H). 

1,g-Hexanediyl diperchlorate (14): explosive oil; Rf 0.1 
(hexane); decomposition at 100 "C (expl); IR 1270,1240,1040 cm-'; 
'H NMR (60 MHz, CCl,) 4.7 (t, 4 H, J = 7 Hz, 2 CH20C103), 
2.0-1.3 (m, 8 H, 4 CHJ. 

(Phenylcarbony1)methyl perchlorate (16): unstable oil; Rf 
0.2 (ethyl acetate-hexane, 1:8); IR 1700, 1580, 1290, 1260, 1210, 

1 H, CHOClO3), 1.4 (d, 6 H, J = 7 Hz, 2 CH3). 

1050 cm-'; 'H NMR (60 MHz, CDC13) 8.1-7.5 (m, 5 H, CsHs), 5.7 
(5, 2 H, CHZOC103). 

Carboxymethyl perchlorate (17): unstable needles; Rf 0.1 
(ethyl acetate-hexane, 1:3); mp 68-70 OC dec; IR 1710,1260,1240, 
1090, 1045 cm-'; 'H NMR (60 MHz, CDC1,) 5.05 (s, CH2). 

Carbomethoxymethyl perchlorate (18): explosive oil; Rf 0.4 
(ethyl acetate-hexane, 1:3); decomposition with explosion at  
200-210 "C; IR 1763,1280,1250,1240,1225,1050,1020 cm-'; 'H 
NMR (60 MHz, CC4) 5.0 (s, 2 H, CH,), 3.75 (s, 3 H, CH,). 

Preparation of Triphenylphosphonium Salts from Per- 
chlorates 16 and 18. The perchlorate 16 or 18 (0.5 mmol) in dry 
CHC1, (2 mL) was added dropwise to a solution of triphenyl- 
phosphine (0.25 g, 1 mmol) in CHC1, (2 mL) at 0 "C. The mixture 

(28) Freeman, D. E.; Hambly, A. N. Austr. J. Chem. 1957, IO, 239. 
(29) Buehler, C. A.; Carehur, T. S.; Clemens, M. L. J. Org. Chem. 1938, 

(30) Williams, H. R.; Mosher, H. S. J. Am. Chem. SOC. 1954, 76,2984. 
(31) Slotta, K. H.; Behmisch, R. Chem. Ber. 1933, 66, 360. 
(32) Baum, K. J. Org. Chem. 1976,41, 1663. 

2, 167. 
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was allowed to warm to room temperature and kept a t  that 
temperature for 2 h. The solvent was evaporated and the residue 
washed with ether (2 X 5 mL) to remove excess triphenyl- 
phosphine. Crystallization of the residue from the ethyl ace- 
tate-ether mixture gave triphenylphosphonium salt 19 or 20 in 
a yield 80-90%. 
[(Phenylcarbonyl)methyl]triphenylphosphonium per- 

chlorate (19): mp 224-225 OC; IR 1680, 1600, 1440, 1090,980 
cm-*; 'H NMR (60 MHz, CDC1,) 7.9-7.5 (m, 20 H, 4 C&), 5.4 
(m, 2 H, CH2P+). Anal. Calcd for CzsH22C10J? C, 64.94; H, 4.61. 
Found: C, 64.65; H, 4.60. 
(Carbomethoxymethy1)triphenylphosphonium per- 

chlorate (20): mp 155-159 "C; IR 1690, 1435,1090, 980 cm-'; 
'H NMR (60 MHz, CDC13) 7.9-7.5 (m, 15 H, 3 CsHS), 5.2 (m, 2 
H, CH2P+), 3.9 (s, 3 H, CH30). Anal. Calcd for CzlHzoCIOsP: 

C, 58.01; H, 4.64. Found: C, 57.95; H, 4.66. 

Registry NO. 3,17043-56-0; 4,66-27-3; 5,80-48-8; 6,52936-24-0; 
7, 16156-50-6; 8, 3839-35-8; 9, 13001-92-8; 10, 53059-88-4; 11, 
52936-33-1; 12, 58426-27-0; 13, 81971-84-8; 14, 95407-64-0; 15, 
88504-82-9; 16, 95407-65-1; 17, 95407-66-2; 18, 95407-67-3; 19, 
95407-68-4; 20, 39720-64-4; CH31, 74-88-4; C6H131, 638-45-9; 
CH3CHICH3, 75-30-9; c-C6HllI, 626-62-0; I(CH&I, 629-09-4; 

ICHzCOOCH3, 5199-50-8; C12, 7782-50-5; H,I06, 10450-60-9; 
NOZBF4, 13826-86-3; Br,, 7726-95-6; m-C1C6H4COOOH, 937-14-4; 

1923-70-2; Bu,NOMs, 65411-49-6; Bu4NOTs, 7182-86-7; LiClO,, 

CHZIZ, 75-11-6; PhCOCHJ, 4636-16-2; ICHZCOOH, 64-69-7; 

PhI(OCOCF3)2, 2712-78-9; PhIOHOTs, 27126-76-7; Bu4NC104, 

7791-03-9; BudNOTf, 35895-70-6; Bu~NOSO~F, 88504-81-8; C1207, 
12015-53-1; PPh3, 603-35-0. 
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Nitro- and fluorobenzenes substituted with a range of electron-withdrawing groups readily undergo fluoro- 
alkoxylation via direct displacement of the nitro or fluoro group. A number of compounds, which cannot be 
usefully prepared by direct displacement of a chloro group and which are otherwise inaccessible, have been 
synthesized. Yields and reaction conditions are comparable to those reported by other workers for reactions 
involving strong nucleophiles. 

The nucleophilic displacement of a nitro group from a 
singly activated aromatic substrate has been effectively 
used with a variety of strong nucleophiles under dipolar 
aprotic solvent conditions. For example, a t  room tem- 
perature in DMF, Me2S0, or HMPA, hydroxy or alkoxy1 
anions,'-, thiol  anion^,'^^^^ sulfinate anions,l and oximate 
anions7 effect a synthetically useful displacement of a nitro 
group from ~arbonyl, '-~,~J nitro,'s7 cyan0,''~9~,~ sulfone,' and 
aryl7 activated substrates. Each of these procedures are 
formal, "one-pot" displacements of the nitro group and 
represent transformations which, in general, occur more 
readily compared to the corresponding chloro leaving group 
substrates. Similarly, as we8 and othersg have previously 
demonstrated, fluoro is comparable to nitro in leaving 
group ability in an SnAr reaction. 

In connection with our interest in aromatic fluoroalk- 
oxylation via direct aromatic nucleophilic 

(1) Kornblum, N.; Cheng, L.; Kerber, R. C.; Kestner, M. M.; Newton, 
B. N.; Pinnick, H. W.; Smith, R. G.; Wade, P. A. J .  Org. Chem. 1976,41, 
1560. 

(2) Gorvin, J. H. Chem. Znd. (London) 1967, 36, 1525. 
(3) Rodlmann, E.; Schmidt, W.; and Nischk, G. E. Makromol. Chem. 

1969, 130, 45. 
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(4) Mauleon, D.; Granados, R.; Minguillon, C. J.  Org. Chem. 1983,48, 

(5) Beck, J. R. J. Org. Chem. 1972, 37, 3224. 
(6) Beck, J. R. J. Org. Chem. 1973, 38, 4086. 
(7) Knudsen, R. D.; Snyder, H. R. J.  Org. Chem. 1974, 39, 3343. 
(8) Idoux, J. P.; Gupton, M. T.; McCurry, C. K.; Crews, A. D.; Jurss, 

(9) March, J. 'Advanced Organic Chemistry", 2nd ed.; McGraw-Hill: 

(10) Gupton, J. T.; Idoux, J. P.; Colon, C.; Rampi, R. Synth. Commun. 

(11) Gupton, J. T.; Idoux, J. P.; De Crescenzo, G.; Colon, C. Synth. 

C. D.; Colon, C.; Rampi, R. J.  Org. Chem. 1983, 48, 3771. 

New York, 1977. 

1982, 12, 695. 

Commun. 1984, 24, 621. 

we have recently reporteds that certain fluoroalkoxide 
anions react in dipolar aprotic solvents with activated aryl 
and heteroaryl chlorides at temperatures of 90-150 OC to 
produce the corresponding fluoroalkyl ethers. While a 
number of dipolar aprotic solvent promote the reaction 
(HMPA, DMF, Me2S0, and l-methyl-2-pyrrolidinone), 
HMPA provided the most consistent set of reactive con- 
ditions. As expected, cyano and nitro groups were par- 
ticularly effective activators and provided virtually quan- 
titative, isolated yields of ortho- and para-substituted 
products with 2,2,2-trifluoroethoxide ion as the nucleophile 
and extremely good (-80%) yields of the corresponding 
meta-substituted products. The trifluoromethyl, phe- 
nylcarbonyl, and phenylsulfonyl groups proved to be 
sufficiently activating so as to provide modest to fair yields 
(30-60 % ) of the corresponding (2,2,2-trifluoroethoxy)- 
benzenes; however, chloro-, aldehydo-, carbomethoxy-, and 
amido-substituted chlorobenzenes provided either no re- 
action or only traces of product. Additionally, with 4- 
chlorobenzonitrile as substrate, tertiary fluoroakoxide ions 
(e.g., -OC(CH3)&F3) and fluoroalkoxide ions containing 
more than four fluorines promote little, if any, direct 
fluoroalkoxylation; even the four fluorine nucleophile 
-OCH2CF2CF2H gave only a modest yield (-40%) of 
fluoroalkoxylated product when reacted with 4-chloro- 
benzonitrile at 200 "C. 

Because of our interest in extending the general syn- 
thetic usefulness of direct aromatic nucleophilic fluoro- 
alkoxylation, we felt it  would be of value to examine the 
reaction of a set of substrates containing a potentially more 
reactive leaving group than chloro. Thus, a range of mo- 
nosubstituted nitrobenzenes or fluorobenzenes have been 
investigated. 
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