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Abstract-The reactions of a wide variety of alkyl halides with mercury(f) and/or (II) nitrate in 
1.2~dimethoxyethane. mcrcury(II) aceta:e in acetic &d. aqueous mercury(lI) perchlorate. and 
mercury(I1) perchlorate in alcohol Jdvents have be+n investigated; as a resuh. simpk hi&h yield 
Drocedures for Ihe conversion of alkyl halides inro the corresponding mtratc esters. Bcetate esters. 
&ohds and ethers have been dcvel&d. 

I!vlRWWcllo& 

The electrophilicity shown by many metal salts 
towards halogen and organic halides is a well known 
and relatively well understood phenomenon which 
has been widely utilised in synthesis-for example 
in electrophilic aromatic substitution reactions and 
in metal-assisted solvolyses of alkyl halides.’ ’ Cer- 
tain mercury(H) salts have been found 10 act as 
“catalysts” or “promoters” in the latter type of 
reaction (Eq I),‘but little definitive information is 

Nu t R-X . Ho” -. Nu-R t X t Hg” (1) 

X 7 Cl. Br. I 

currently available on the scope and limitations of 
these reactions with respect to either the alkyl 
halide, the mercury(H) salt or, most importantly. 
perhaps, the nature of the incoming nucleophilc Nu. 
Thus, most synthetic applications of mercury(lI)- 
assisted S, reactions of alkyl halides have been 
concerned with ether syntheses. and mercury(U) 
salts have been used in preparations of propargyl 
ethers from allenic bromides.‘.’ in several modifica- 
tionsae of the Koenig+Knorr” synthesis of 
glycosides. in formation of di- and poly- 
saccharides,” and in improved procedures for the 
preparation of N-glycosyl hcterocycles.“-” 

We have studied the mercury(H)-assisted solvol- 
yses of alkyl halides with a number of oxygen 
nucleophiles and wish to report that treatment of 
alkyl bromides with mercury(I) or (II) nitrate in 
I .2-dimcthoxyethane, mercury(H) acetate in acetic 
acid. aqueous mercury(I1) perchlorate, and mer- 
cury(H) perchlorate in aqueous alcoholic solvents 
results in rapid formation, in high yield, of the 
corresponding nitrate esters, acetate esters, al- 
cohols, and ethers respectively (Eqs 2-5). The scope 

and limitations of each process have been deter- 
mined. 

RBr * Hg(N0,). - R-ONO, 

n= lor2 

(2) 

RBr + HdmCH,), + CH,COOH + R-OOCCH, (3) 

RBr - HO(ClO,): + H,O - R-OH (4) 

RBr + HO(CIO.), + R’OH --, R-OR’ (5) 

D-N 

Preparurion of&rote esters (Eq 2). Nitrate esters 
are useful synthetic intermediates for which there 
are only two general methods of preparation, 
namely direct csterification of the appropriate al- 
cohol and metathetical reaction of the correspond- 
ing alkyl halide with silver nitrate. The former 
method employs nitric acid either alone,” or in 
admixture with sulphuric acid.lLm in acetic anhyd- 
ride or acetic anhydride-acetic acid as solvent;?“” 
yields of nitrate esters are generally good to 
excellent. but considerable care and control must be 
exercised in carrying out these esterifications in 
order to avoid undcsirabk side reactions, particu- 
larly oxidation of the substrate.” The latter proce- 
dure for the synthesis of nitrate esters is cxperimcn- 
tally simpler.“” and consists of treatment of an alkyl 
halide with silver nitrate in a solvent such as 
benzene.” ether,” nitromcthanen or nitrobenzene” 
(heterogeneous conditions) or. more commonly, 
acetonitrik”.m(homogeneous conditions). Many nit- 
rate esters have been prepared in this manner in 
yields which range from moderate 10 good;” from a 
practical viewpoint the only significant disadvantage 
of the procedure is that it necessitates the use of an 
expensive. photosensitive reagent. 
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The synthetic utility of mercury-assisted halogen- Tabk 2. Conversion of alipharic bromides into nitrate 
nitrate metathesis has not previously been investi- esters RBr -. RONO, 
gated. The kinetics of the reactions of alkyl halides 
with mercury(l1) nitrate in aqueous dioxane have R Temp. “C Time. h Yield. 46” 

been investigated by both OaemM and Hammett,” in _ . . 
the latter study it was found that bentyl alcohol and 
benzyl nitrate (ca lS:85) were the major products 
formed when benzyl chloride was treated with 
mercury(M) nitrate in 60% aqueous dioxane, and 
that inclusion of either nitric acid or alkali nitrates in 
the reaction mixture had little effect on the product 
distribution. Reinvestigation of these reactions has 
now shown that alcohol formation can be suppres- 
sed simply by employing mercury(I) nitrate as 
reagent and I .24methoxyethane as solvent. Thus, a 
series of preliminary experiments was carried out 
with n-nonyl chloride, bromide and iodide as 
substrates, mercury(I) and mercury(H) nitrates as 
reagents, and I .2dimethoxyethane as solvent, and 
the results are summarised in Table I. These not 
only confirmed the expected order of reactivity of 
the alkyl halides, but indicated that treatment of 
alkyl bromides-which are both nmre stable and 
more readily accessible than the corresponding 
iodide-with mercury(I) nitrate in 1.2- 
dimethoxyethane could constitute a general synth- 
esis of alkyl nitrates. This was found to be the case, 
and experimental data for the preparation of a wide 
variety of alkyl nitrate esters are summarised in 
Table 2. 

n-WI* 
HOOC(CH,),, 
(CH,),’ 
(CHA. 
C.HGH,): 
CH,CH,CHCH, 
CJUCH,), 
NC(CH,). 
CHCH,). 
nCH,,CHCH, 
n-C,H,,CHCH, 
cycle-C,H,, 
cycle-C,H,, 
exe-I-norbcmanyl 
CACHCOOH 
CH,~HCH, 
CHCH-CHCH, 
C..H,CH-CHCH, 
C&CH, 
C.H,CHCH, 
4-NO,GH.CH, 
MX.H.CH, 
2.WLCH,CH, 
XH,OC.IXH, 
3-CNC&CH, 
4-CNCSLCH, 
4-CH,CJLCH, 
I-GHICH, 

85 3.0 
85 3.0 
85 24 
85 2.0 
85 3.0 
85 2.5 
x5 3.0 
85 3.0 
85 34 
85 3.0 
85 I.0 
85 0.25 
85 0.25 
20 0.33 
85 0.25 
85 0.5 
85 I.0 
85 0.5 
85 0.25 
20 0.5 
85 1.25 
85 0.25 
85 I.0 
85 0.5 
85 I.0 
a5 1.0 
85 0.16 
85 0.25 

99 
90 
99 
98 
95 
94 
99 
98 
98 
99 

2 
88 
83 
98 
92 
99 
83 
98 
95 
87 
93 

z 
88 
89 

From the data in Table 2 it is evident that the 
mercury(I) nitrate procedure is of considerable ‘Isolated material. 

synthetic utility in the conversion of primary alipha- 
‘Owing to the known ~bermal instability of liquid nitrate 

tic, allylic and benzylic bromides into the corres- 
esters, “J’ it was necessary to estimate Ihe purity of liquid 

ponding nitrate esters, and in almost all the cases 
products by IR and NMR spectroscopy. 

‘Refers IO formation of the dicster. 
listed represents the method of choice. Results ob- ‘Low yield due to product volatility. 
tamed with secondary bromides were generally 
satisfactory, and only in the case of cyclohexyl 
bromide was a poor yield (C 50%) of the nitrate and led to an approximately I : 1 mixture of alcohol 
ester obtained; formation of cyclohexene was the and nitrate ester. 
major reaction pathway. The only simple tertiary In addition to cyclohexyl bromide and l- 
bromide which was examined in detail was l- bromoadamantane the only significant limitation 
bromoadamantane: reaction in this case was slow with respect IO bromide substrate was found with 

Table I. Reactions of n-nonyl halides wiIh mercury(I)/(lI) nilrate 

htANO,),-’ WNOA . . 

nGH,CI 

n-GH,Br 

nGHJ 

99% recovery of unchanged smrting co 9046 nitrate ester. with co 5% 
material after 3 h/85” n-CJ&OH and n-C.H,,CHO after 

21 h/85” 
99% n-GH,.ONO, after 3 h/85’. 99% n-C.H,.ONO, after 2 hno” if 
or 6h!20” excess water removed from reagent 

before addition IO reaction mix~urc; 
otherwise S15% n-C.H,.OH fwmed 

!W% n-C&.ONO, after 2 hL?W c4 90% n-C+H,.ONO,. with c4 10% 

n-C.H,.OH. after I h/2O” 

‘Composition of mixttuzs csIimatcd by NMR and IR analysis of the crude material. owing lo 
Ihc thermal insIabiliIy of liquid nirtale esten.“-” 

‘All percm~apes cakuhted on Iolal ixolaId maIerial. 
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a-bromo carbonyl compounds of the type Ar- 
COCH:Br and BrCHICOOR. In agreement with 
Hammett’s kinetic results,” the reactions of halides 
of these types with mercury(I) nitrate were too slow 
to be of preparative use. Only traces of nitrate esters 
were detectable after reaction for several hours at 
85”. while use of mercury(H) nitrate led to 
production of complex mixtures of products which 
were not examined in detail. On the other hand, 

Br 

compounds of the types -c! -COR’ and 

Ii 
Br 
I 

G-COOR’, in which the incipient positive charge 

d 
on the carbon atom a to the carbonyl group is 
stabilised by an alkyl or aryl group R. reacted 
smoothly under the standard reaction condition to 
give the corresponding nitrate esters in high yield. 

Prepclrarion ofocefofc esters (Eq 3). A variety of 
experimental procedures is available for the prep- 
aration of esters from carboxylic acids and alkyl 
halides. Most of the common methods involve S2- 
type substitution of halogen by a carboxylate anion; 
consequently, these processes give good yields of 
esters only when relatively reactive alkyl halides are 
employed, e.g. allylic and benzylic bromides or 
primary iodides. Otherwise, competitive elimination 
of hydrogen halide can often be a troublesome side- 
reaction. 

Very little research appears to have been carried 
out into the use of metal-assisted solvolysis for the 
synthesis of carboxylate esters. Treatment of oic- 
dihalides or bromohydrin acetates with silver ace- 
tate in acetic acid has been reported to give the 
corresponding diol mono and/or di-acetates in good 
yield.” while reaction of gem dihakcyclopropanes 
under the same conditions leads to 2-halo-3- 
acetoxy-I-propenes.“-Y Both racemisation and 
acctolysis of exe-norbomyl chloride in acetic acid 
have been shown to take place much more rapidly in 
the presence of mercury(I1) acetate than in the 
presence of mercury(B) chloride,’ and the former 
salt has been used under similar conditions to 
facilitate the acetolysis of glycosyl halides.“-” 

In the present study we have found that the rate of 
acetolysis of alkyl halides is markedly enhanced by 
mcrcury(II) acetate. The expected order of reactiv- 
ity of alkyl halides with respect to halogen was 
confirmed in preliminary experiments. Treatment of 
n-nonyl chloride with mercury(B) acetate in acetic 
acid at 1 IIP gave 16% of the corresponding acetate 
ester after reaction for 3 h. Under similar conditions 
n-nonyl bromide was converted into the acetate 
(97%) in one hour, while n-nonyl iodide reacted 
smoothly at 20” IO give %% of n-nonyl acetate in 2 h. 
The reactions of a variety of alkyl bromides with 

mercury(I1) acetate in acetic acid at 118” were then 
examined. and details of the conversions are sum- 
mar&d in Table 3. Certain limitations were ob- 
served during this study, namely: (i) complex mix- 
tures of difficultly separable products were obtained 
from tertiary bromides and cyclohexyl bromide; (ii) 
mixtures of products were also obtained from sub- 
strates incorporating a cyano group due to simul- 
taneous hydrolysis of the CN function, e.g. 4- 
bromobutyronitrile gave only 32% of 4- 
acetoxybutyronitrile; and (iii) acetolysis is consider- 
ably slower than oxymercuration and certain mcrcu- 
ration reactions, and hence substrates containing 
either olefinic bonds or highly activated aromatic 
rings gave only the corresponding organomercurials 
under the standard reaction conditions. 

In summary, the present procedure for the 
synthesis of acetate esters is somewhat less general 
with respect to halide substrate than halide-acetate 
displacement reactions carried out in dipolar. apro- 
tic solvents. It does, however, represent a useful 
method for the preparation of many acetate esters; 
one particularly important feature is that. as the 
reaction is carried out under acidic conditions, los- 
ses due to dehydrohalogenation-a problem frc- 
quently encountered in unassisted S, displacement 
reactioncare virtually completely eliminated. 

Preporafion of alcohols (Eq 4). Most of the 
commonly used methods for the preparation of alkyl 
halides utilise the corresponding alcohols as starting 
materials and hence the reverse reaction, viz. 
conversion of an alkyl halide into an alcohol, has 
seldom been used synthetically except in special 
cases such as the Woodward-Prtvost reaction” 
or the hydrolytic ring expansion of gem- 
dihalocyclopropanebicyclo[n. I .O] systems.” u 

There are now, however, a number of general proce- 
dures available for the synthesis of alkyl halides 
which do not necessitate use of the corresponding 
alcohols as precursors. and hence a simple techni- 
que for the direct conversion of halides into alcohols 
could be of considerable synthetic utility. This 
transformation has been accomplished both by 
simple alkaline and silver-mediated hydrolysis, but 
is normally only successful with simple primary 
aliphatic halides and halides in which the positively 
charged intermediates are stabilised either by reso- 
nance effects or by anchimeric assistance.-’ Mod- 
erate to good yields of alcohols are generally ob- 
tained in such cases and, as with the conversion of 
halides intoesters, these methods are inefficient only 
when there is significant competition between E and 
SH pathways.“.” 

No serious studies have been reported on the 
mercury(B)-assisted hydrolysis of aliphatic halides. 
Inclusion of mercury(I1) bromide has been found to 
facilitate the hydrolysis of secondary and tertiary 
alkyl bromides in aqueous acetone at 50”,’ while 
benzyl alcohol has been isolated as a by-product 
from the reaction of benzyl chloride with mer- 
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Table 3. Conversion of aliphatic bromides into acetates 

RBr + ROCOCH, 

R Time. h Yield. ?6’ b.p.. “c I.it. b.p.. “c 

n_CH,. 3.0 97 IOI-21lOmm 9015 mm’ 
(CH,),. 3.0 98 m.p. 24-5 m.p. 25.5’ 
CHKHA 3.0 94 22&2/760 mm 2241760 mm* 
CH.(CH,), 3.0 92 m8210.7 mm 87/l mm’ 
cycle-C,H,,CH, I.5 96 18&3/7&l mm l82-7t7w 
HGOC(CH,),. I.5 w m.p. 3&Z m.p. 34’ 
(nC.H.XCIH,)CHCH, I.5 92 74-6/10 mm 9st25 mm’ 
nCH,,CH(CH,) 2.0 99 7&8/10 mm 7&9/lO mm’ 
CH,CH, 0.25 9u *92/10 mm 215/760 InnI. 
IC,aHCH, 0.33 9s 162-U IO mm 17S/lRmm~ 
4-CUUH, 0.33 u6 1 lb20/lOmm 12&3/12.5 mm- 
4-NOIC.H.CH, 0.5 x7 m.p. 7677 m.p. 78 
2,4.&Br,CH:CH, 0.5 93 m.p. 56.557.5 
C.H,CHCH, 0.25 98 21%l2/76Omm 21>16&mm* 
(C.H,),CH’ 0.5 x8 m.p. 40 m.p. 3-l’ 

‘Refers to pure. isolated material. 
‘K. Ziegler and H. G. Gllert. Ucbigs AM. S67. 195 (1050). 
‘Refers to formation of the diacetatc esler. 
‘R. Schcublc. Monursh. t(. 630 (1903). 
‘B. Radziszcwski. Bcr. Dfsch. Chem. Gcs 9. 373 (1876). 
‘hi. .Scrvignc and E. Szarvasi. US Patent 2.843.607 (1958); Chrm. Absfr. 52, 20197 

(1958). 
l V. N. Ipalicv. Bcr. Dfsch. Chcm. Ges 4.5. 3217 (1912). 
‘P. Chuit and J. Hausscr. Hclu. Chim. Acre 12. 463 (1929). 
‘A. J. van Pelt. Jr. and J. P. Wibaut. Rec. Trau. Chim. 60. 55 (IWI). 
‘A. Strcitwicscr, Jr. and A. C. Waiss. 1. Org. Chtm. 27. 290 (1962). 
‘hf. Lccat. Rec. Tnx. Odm. 46. 240 (1927). 
‘L. Szpcrl. Roczniki Chem. 291 (1923); Chcm. Absfr. 18. 1290 (1924). 
_ L. F. Ficser. R. C. Clapp and W. H. Daudt. 1. Am. C&m. Sot. 64. 2052 (1942). 
‘E. E. Ricd. Ibid. 39. 124 (1917). 
‘Calcd. for C.H.Br,Oz: C. 27.91; H. 1.81. Found: C. 27.80; H. 2.09. 
‘B. Radziszewski. Ecr. Dfsch. firm. Gts 7. I41 (1874). 
‘Reaction carried out at 20”. 
‘J. Hcrzig and M. Schlciffcr. Litbigs Ann. 422. 326 (1921). 

cury(l1) nitrate in 6485 aqueous dioxane.” No 
attempt was made, however, to determine either the 
optimal conditions for, or the scope and generality 
of, these hydrolyses. 

We have found that the ease and efficiency with 
which alkyl bromides undergo mercury(H)-assisted 
hydrolysis depends markedly on the nature of the 
mercury salt employed. Mercury(II) nitrate is not a 
suitable reagent; treatment of alkyl bromides with 
this salt in aqueous acetone solution always resulted 
in formation of the corresponding nitrate ester 
(l&60%) in addition to the expected alcohol. Both 
mercury(H) bromide and mercury(H) 
oxide/mercury(II) bromide. on the other hand, were 
completely ineffective in attempted hydrolyses of 
n-nonyl bromide in aqueous acetone; conversion of 
the halide into the alcohol was less than 5% complete 
after 24 h. Consequently, it was evident that de- 
velopment of a suitable procedure necessitated use 
of a highly electrophilic mcrcury(I1) salt, the anion 
of which should preferably be of very low nuc- 
kophilicity. Only when this latter criterion is 

satisfied can competition between the anion and the 
solvent as nucleophiles be minimised or eliminated. 

Mercury(I1) perchlorate is a reagent which 
satisfies these criteria admirably. For obvious 
reasons of safety, no attempt was made either to 
prepare or use solid mercury(U) perchlorate; in- 
stead, standard aqueous solutions of the salt were 
prepared by dissolving mercury(H) oxide in a 
mixture of 60% aqueous perchloric acid and IJ- 
dimethoxyethane. Addition of an alkyl bromide to 
the resulting solution and stirring of the mixture at 
room temperature resulted in rapid and efficient hyd- 
rolysis in most of the cases studied; details of 
representative conversions are given in Tabk 4. 

The scope and limitations of this hydrolysis are 
similar to those encountered in formation of acetate 
esters (vide supra). Thus, the reactions with cyclo- 
pentyl. -hexyl. and -heptyl bromides led to complex 
mixtures of products, while mercurdtion of sufi- 
ciently reactive aromatics and oxymercuration of 
olefins were again faster than halogen-hydroxyl 
metathesis. Finally. the CN group did not survive 
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Table 4. Conversion of aliphatic bromides into alcohols 

RBr + ROH 

R Temp. ‘c Time. h Yield. % b.p.. “c Lit. b.p.. “c 

n-C.H,, 
(n-C.H.HCxHXHCH, 
cycle-CH,iCH, 
C.H,(CH>), 
C.H,(CH,J: 
NCtCH,), 
n-C.H,,CHCH, 
n-C,H,,CHCH, 
II-C.H,,CHCH, 
C.H,CH,CHCH, 
C.H.CH, 
2,6CI,C~H,CH, 
2.4.6Br,C.H,CH, 
3CH,CH:CH, - 
4-CH,C.H.CH, 
4-NO,C.H.CH: 
4-CIC.H.CH: 
4-BrC.H.CH, 
C.H,CHCH, 
I-adamantyl 
(n-CH,CH,CH,hCfCHrCH,CH,) 

25 
25 
25 
85 
25 
25 
25 
25 
85 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

3.0 
I.5 
I .o 
0.5 
4.0 
3.0 
I.0 
I .o 
I.0 
I.0 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
3.0 
I.0 

%I 
94 
78 
98 
% 
76’ 
88 
91 
79 
60 9SllO mm 
97 203-4r760 mm 
96 m.p. 9697 
71 m.p. l3&32 
u9 217/760 mm 
82 m.p. S&9 
92 m.p. 91-2 
74 m.p. 69-71 
64 m.p. 745 
% 8a9/10 mm 
92 2u7 
60 14%50/6 mm 

192176Onlm 
7&9/lOmm 
7&91lOmm 
%99/10 mm 
127-8110 mm 
t&S/IO mm 
l75-7/760 mm 
84-6lIOmm 
20&9/760 

90,2/l I.8 mm’ 
866115 mm’ 
83/14 mm’ 
99lOO/lO mm’ 
105-715 mm’ 
89/l2 mm. 
1791760 mm’ 
87.5/10 mm’ 
21&l l/760’ 
92-318 mm’ 
205/760 mm’ 
m.p. 9798.5’ 

- 

2lSfUO mm’ 
m.p. SF 
m.p. 93’ 
m.p. 73’ 
m.p. 77’ 
93112 mm. 
288.>290’ 

‘Refers to pure, isohtcd material. 
‘P. E. Vcrkadc and J. Coops, Jr.. Rec. Trau. Chim. 46, 903 (1927). 
‘J. von Braun and G. Mantz. Bcr. Dtsch Chern. Gcs 67B. I@% (1934). 
‘E. Venus-Danilowa. Ibid 61, 1954 (1928). 
‘J. N. Street and H. Adkins. 1. Am. C/tent. Sot. 50, 162 (1928). 
‘A. Wojcik and H. Adkins. Ibid S5. 4939 (1933). 
‘Yield refers IO isolated y-bulyrolactone. 
‘S. S. G. Sircar, J. Chenr. Sot. 898 t 1928). 
’ M. La-at. Rec. Trac. Chim. U. 620 ( 1929). 
‘C. Mannich. Rtr. Dcsch. C7um. Ges 35. 2144 (1902). 
‘R. H. Pickard and J. Kcnyon. 1. Cfrem. Sot. 99. 45 (191 I). 
‘C. Columbic and D. L. Cottk. 1. Am. chum. Sot. 61. 9% (1939). 
‘J. F. Norris and A. A. Ashdown. Ibid. 47. 837 (1925). 
“R. N. Castk and J. L. Rkbsomer. 1. Org. chum. 21. I42 (1956). 
‘Cakd. for C,H,Br,O: C. 24.38; H. 146. Found: C, 24.04; H. 1.85. 
‘B. Radxiszcwski and P. Wisock. Ber. Dtsch. Chem. Gcs 15. 1743 (1882). 
‘H. D. Jaw. 1. Clwm. !Soc. 9i. 748 (1901). 
‘E. S. Davies and N. H. Hartshome. Ibid 1830 (1934). 
‘C. Mettkr. Ber. Dtsch. Chem. Ges 38. 1750 (1905). 
‘C. L. Jackson and W. Lowcry. Ibid IO. 1209 (1877). 
. H. Wicland. C. Shopf and W. Hcrmscn. Ubigs Ann. 444, 40 (1925). 
‘S. landa. S. Kriebcl and E. Knobloch. C7um. Lisfy 48. 61 (1954); Qlcnr. Absfr. 49). IS% (1955). 
‘Calcd. for C,,Hr.O: C. 81.82; H. 10.91. Found: C, 81.56; H. 10.82%. 

the reaction conditions: dbromobutyronitrile gave 
y-butyro-lactone in 76% yield, but reaction of 
7-bromoheptanonitrile under the same conditions 
resulted in production of an intractabk oil in low 
yield. Within these limitations, however, the present 
technique constitutes an extremely simple proce- 
dure for the conversion of alkyl bromides into 
alcohols under mild conditions. Again, use of an 
acidic medium eliminates the complications fre- 
quently encountered in base-catalysed dehydro- 
halogenations in unassisted hydrolyses. 

Preparation ofethers (Eq 3). Direct conversion of 

alkyl halides into ethers is an important synthetic 
process for which a number of experimental proce- 
durea is available. Many excellent procedures can be 
used for the preparation of alkyl aryl ethers while 
the Williamson synthesis, which has been exten- 
sively investigated and modified since its introduc- 
tion in the early part of this century, remains the 
most useful and general procedure for the prepara- 
tion of structurally simple dialkyl ethers. A wide 
variety of solvent-base systems has been described 
and, provided that functional groups located 
elsewhere in the molecuk can survive the strongly 
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basic reaction conditions. good toexcellent yields of with glycosyl halides.‘” The oxides and/or hydrox- 
ethers are normally obtained. Metal-assisted al- ides of barium.‘U strontiuma and thallium”” have 
coholysis of alkyl halides has also been fairly inten- been examined as possible alternatives to silver(I) 
sively studied, especially with respect to silver(I) oxide, as have copper(I) oxide”.Y and copper(I) 
oxide, as in Purdie methylation and glycosidation oxide-isonitrile complexes.” In almost all of the 

Table 5. Conversion of aliphatic bromides intocthcrs 

RBr ,t R’OH -. ROR 

R R’ Yield, % b.p.. “C Lit. b.p.. “C 

n-C-H ,. 
n-C,,H,, 
C.H.CH.CH. 
n&H,,CHCH, 
I-adamantyl 
C.HCH, 
4-Bti,H.CH: 
CNO:C.H.CH, 
I.bCI:C,H,CH: 
?.4,6Br,CeH,CH, 
n&H,. 
n-CH,. 
F-;;H&HXHCH: 

C:H:<‘H; : 
2.4.6Br,C.H:CH, 
C,H.CHCH, 
n-C.H,, 
C.H,CH,CH, 
I-adamantyl 
CH,CH, 
CHCHCH, 
tC.H,):CH 

CH, 97 
CH, 97 
CH, 92 
CH, 86 
CH, 90 
CH, 98 
CH, 90 
CH, 93 
CH, 94 
CH, w 
CHCH, 95 
CH,CH, 96 
CH,CH, 73 
CHCH: m 
CH,CH, 92 
CHSH, Yu 
CHKH, H7 
C.H,CH, 79 
C.H,CH, 97 
CHKH, u3 
CHKH, 83 
C.H,CH: 94 
C.HKH, 74 

73-5/10 mm 
~92110 mm 
1!+92/760 mm 
I U6-88/760 mm 
11.5-17/lOmm 
16!t-69/760 mm 
lOUI/ mm 
14.U5115 mm 
11921/11 mm 
m.p. m-88 
n-m10 tnm 
8tLYIIIO mm 
7&78/10 mm 
IY2-WI760 mm 
I M-86/760 mm 
m.p. 43.5-44.0 
@&W/l5 mm 
I IO-l?/15 mm 
178-80/10 mm 
127-28/0.3 mm 
164-66115 mm 
87-8YIO.5 mm 
m.p. 464(3 

75/10 mm* 
100.4 100~5/l5~5 mm‘ 
1*95/760 mn? 
188-n9/760 mm* 
sY21.C mm’ 
170/76u mm’ 
127130 mm’ 
l45/15 mm’ 

. 

74/Y mm’ 
U-90/ I5 mm- 
53-Y/5 nun. 
19>Y5/760 mm’ 
I85f760 mm’ 

. 

85-YO/lJ mm’ 
I l&17/17 mm’ 
17>78/13 mm’ 
123-2UO.25 mm’ 
170116 mm’ 
87-9410~~1~0 mm’ 
m.p. 50+50.2 

‘Refers to pure. isolated material. 
‘R. Epstein, Bull. sot. rhim. G.. 158 (1956). 
‘ Y. Talvitie. Ann. ocod. sci. Fennlcoe 264. 1 (1927); Chem. Ahsw. 21. 2658 (1927). 
‘A. Milllcr. &ufsch. Parfiimerie-Zfq. 17. 4% (1931): Chem. Absrr. 26. 3785 (1932). 
‘J. van Gysegem. Chrm. Zznfral. 1. 530 (luO7’). 
‘1:. N Stcpanov. V. F. Baklan and S. S. Guts. Sintrz Prirodn Sacdin ikh AM~OROU i 

Eiagmcntoc. Akad. Nauk SSSR. Ord. Obshch. i Tekhn Khim. 95 (1965); Chem. Abrfr. 65.627 

(1966). 
’ W. T. Olson, H. F. Hipshcr. C. hf. Buess. I. A. Goodman, 1. Hart, J. H. Lamneck. Jr. and L. 

C. Gibbons. 1. Am. Chem. Sot. 69. 2451 (1947). 
‘J. V. Supniewski and R. Adams. Ibid 48, 507 (1926). 
‘IT. Klcucker. Ber. Dfsch. Chcm. Grs 55, 1634 (1922). 
‘filed. for C.H.CI,O: C. 50.26: H. 4.42. Found: C. 50.17; H. 4.43%. 
‘Catcd. for C.H,Br,O: C. 26.74; H. 195. Found: C. 2648: H. 2.25%. 
’ F. Drahowzal and D. Klsmaun. Monatsh. 82, 588 ( IY5 I ). 
_ Ya. 1.. Gol’dfarb and P. A. Konstantinov. Izust. Akad. Nauk SSSR. 0td. Khim. Nauk. 217 

(1957); Chem. Absrr. 51. 10474 (1957). 
‘M. S. Newman and F. J. Evans, J. Am. Chrm. Sot. 76. 4187 (1954). 
‘J. Ran&o. An. Sot. quim. hp. 16. 352 (1918). 
‘C. Paal and L. Lowitsch. tkr. r)rrch. Chrm. Gcs 30. 869 (1897). 
‘Calcd. for CH.Br,O: C. 28.Y5; H. 2.41. Found: C. 2866; H. 264%. 
‘J. M. Nelson and A. M. Collins, 1. Am. Chcm. Sot. 46. 2256 (1924). 
‘V. N. Setkina and D. N. Kursanov. Irtxsr. Akad. Nauk SSSR. Otd Khim. Nauk. 81(1951); 

Chrm. Absrr. 46. 458 (1952). 
‘R. H. Baker, K. H. Cornell and .M. J. Cron. 1. Am. Chrm. Sac. 70. 1490 (1948). 
‘P. T. Lansbury and V. A. Pattison. 1. OIX. Chcm. 27. 1933 (1962). 
‘G. M. Bennet and G. H. Willis, 1. Chem. Sot. 2305 (1928). 
‘D. Faulkncrnnd F. E. Salt, British Patent.59Y.987flWR): Chem. Absrr.J2,(IW53(IWO). 
’ Et. F. Pratt and J. D. Draper. J. Am. Chem. Sot. 7 1. 2846 (1949). 
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cases investigated, however, both yields and selec- 
tivitics were inferior to those obtained with silver 
oxide. 

As far as we are aware the only applications of 
mercury(I1) salts to the preparation of ethers are in 
the carbohydrate field. Silver(l) oxide and carbonate 
are commonly employed in the Koenigs-Knorr 
synthesis of glycosides.” but it has been claimed that 
mercury(I1) oxide in the presence of a trace of 
mercury(H) bromide is equally effective, less expen- 
sive and easier to use in this type of reaction.* Mer- 
cury(I1) acctate”.“.y-W-” and cyanide’ * have also 
been employed in glycoside synthesis, but yields are 
generally lower than with the above techniques, 
especially in the case of complex glycosides and 
disaccharides. 

Attempts to extend the Koenigs-Knon synthesis 
to the preparation of simple ethers were unsuccess- 
ful: solutions of I-bromo-nonane and -decant in 
methyl and ethyl alcohol were treated with the 
above mercury salts under standard Koenig+Knorr 
conditions, but in each case the starting materials 
were recovered unchanged. These results are not 
surprising: mercury(I1) bromide, acetate and 
cyanide are poorly electrophilic. and are useful in 
the Koenigs-Knorr glycoside synthesis only be- 
cause of the high reactivity of a-halo ethers. Conse- 
quently. it was obvious that, as in the case of 
halogen-hydroxyl metathesis. a viable ether synth- 
esis could only be effected by use of a highly 
elcctrophilic mercury salt, and mercury(H) perchlo- 
rate again proved to be the reagent of choice. Solu- 
tions of this salt in acidic methyl, ethyl and benzyl 
alcohol were found to be stable at room tempera- 
ture, and addition of alkyl bromides to these solu- 
tions led to smooth formation of the corresponding 
ethers in good to excellent yields. Data for rcpresen- 
tative transformations are summarised in Table 5. 
As in the other transformations, certain limitations 
were observed with the method: halides containing 
olefinic and activated aromatic groups underwent 
preferential oxymercuration and mercuration re- 
spectivcly; a low yield of a mixture of the nitrile and 
the corresponding methyl ester was obtained from 
attempted preparation of 3-cyanobenzyl methyl 
ether from 3-cyanobenzyl bromide; and reaction of 
cycle-pentyl, -hexyl and -heptyl bromides under the 
standard conditions used for the preparation of 
benzyl ethers (Experimental) led to complex mix- 
turcs of products. However, in contrast to the 
Williamson and related syntheses, the present 
method provides a simple and efficient route for the 
preparation of a wide variety of dialkyl ethers in 
which. due to the aqueous acidic reaction medium 
employed, there is no necessity for use of strictly 
anhydrous reagents and reaction conditions. As with 
the other conversions described above. there is 
little. if any, elimination of hydrogen halide during 
reaction. 

e-ENfAx. 

M.ps were dctermimd on a Kdkr hti-we melting 
point apparatus. and arc uncorrected. Microanalyses were 
performed by Mr. A. R. Saunders of the University of Fast 
Anglia. Where appropriate. identity of compounds was 
confirmed by comparison of IR spectra. determined by rhc 
usual Nujd mull and liquid film techniques on a 
Perkin-Elmer Model 2S7 Grating Infrared Spccrro- 
photometer. and NMR spectra. determined as solns in 
either Ccl., CHCI, oc CDCl, on a Perkin-Elmer RI2 
60 MHz Spectrometer. using Th4S as internal standard. 

Starting maftriais. All of the alkyl halides used were 
either commercially availabk or were prepared by stan- 
dard literature procedures. 

General procedure for the preparation of nifratc esters. A 
mixtureof 0.01 moleof thealiphatic bromidcand0~1 mole 
of mercury(I) nitrate (2.80 g; rhe sah was dried in L‘acuo for 
48 h over NaOH pellets prior to use) in 20 ml of dry 
1.2dimcthoxyc~hanc was either stirred at room temp. or 
heated gently under rcflux with stirring for 0.163 h. until 
the reaction was compkte (TLC. see Table 2). The cooled 
mixture was filbzrcd. dilutal with distilled water. extracted 
with light petroleum (b.p. W). and the organic layer 
washed with distilled water and dried (MgSO.). Evapora- 
tion of the solvent gave the crude nitrate ester. Solid 
samples were purified by crystallization. and the purity of 
liquid nitrate esters checked by examination of their IR and 
NMR speclra. For dicstcrs. the same procedure was 
followed cxccp~ that 0.02 mule (560 8) of mercury(l) nit- 
rate was used. 

GncraJ procedure for fhc prcparotion of aliphatic act- 
fafcs~ A soln of 0.01 mole of the alipharic bromide and 0.01 
mokk3.2 g)of mcrcury(ll)acetatcin20 ml ofglacial AcOH 
was heated under rcflux with stirring for 0.25-3.0 h (Table 
3). The mixture was cooled to room temp. diluted with 
distilled water. extracted with either light petroleum (b.p. 
4&W) o( dicthyl ether, and the organic layer washed with 
sat NaHCO, aq. distilled water. and dried (MgSO.). Filtm- 
tion and evaporation povidcd rhc crude acetate. which 
was purified by distillation or crystalli7atlon. For diacctarc 
esters. 0~ same procedure was followed except that 0.02 
mole (6.4 g) of mcrcury(Il) acetate was used. 

Gncral pmcedun for the preparation of alcohols. Mcr- 
cury(lI)oxide(2~lSg.O~Ol mok).wasaddcdtoamixturcof 
2S ml of 1.2dimcthoxycthanc and 2.5 ml of 60% aqueous 
pcrchloric acid. and heated gently (4&W”) on a water bath 
with occasional swirling until almost all of the mcrcury(ll) 
oxide had dissolved (l&20 min). The soln was cooled IO 
room tcmp and 2 ml of distilled water. followed by 0.01 
mole of the aliphatic bromide. were added. The reaction 
mixture was either stirred at room temp. or heated under 
rcflux with stirring for 0.5-44 h fiblc 4). After being 
coc>lcd to room tcmp if necessary. the mixture was diluted 
with distilled waler. extracted with either light pctrokum 
(b.p. 4LMXP) OT dicthyl ether. and the organic layer 
separated. dried (MgSO,). filtered, and the solvent rc- 
moved &I uacuo 10 give Ihc CNdC alcohol. DisIiUation or 
cryaIaUization gave the pure product. In the case of 
water-soh&k products (r-butyrolactonc and cz-hydroxy- 
ethylbenzene) the same procedure was followed except 
Ihat the product was isolated from the mixture by 
continuous extraction with ether for 24 h. 

Gncral procedure for fhc preparation af methyl and 
ethyl efhers. To a soln of 041 mole (2.15 g) of mcrcury(ll) 
oxide in 3 ml of @I% aqueous pcrchloric acid. prepared by 
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‘ti. B. Purves and C. S. Hudson, Ibid 59. 1170 (1937) ‘Y;. Zempkn and A. Gcrecs. &r. Dtsch C7wm. GCS 63B, 
“E. G. E. Hawkins, 1. C’hem. Sot. 248 (19S9) 2720 (1930) 
“J. D. McChuc, /. 09. them. 32, 3888 (1967) “G. Zempkn. Z. Bruckner and A. Gcrecs. Ib&f. 648.744 
“T. Sacgusa. I. MurascandY. Ito. Ibid38.1753(1973) (1931) 


