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Nucleotide Synthesis. I. Derivatives of Thymidine Containing 
p-Nitrophenyl Phosphate Groups1“

R. P. G l in sk i,*113 A . B. A sh ,1c C. L. Ste ve n s ,10 M . B. Sporn ,1(J and H . M . L azar u s1'1

Ash Stevens, Inc., Detroit, Michigan 1,8202, and Chemistry Branch,
National Cancer Institute, Bethesda, Maryland 20014

Received April 3, 1970

The synthesis of a number of nucleotide derivatives of thymidine containing p-nitrophenyl phosphate groups 
which have utility as substrates of staphylococcal nuclease is described. Included in this group of compounds 
are thymidine 3',5'-di(p-nitrophenyl phosphate), derivatives of thymidine 5'-(p-nitrophenyl phosphate) sub­
stituted at the 3' position with phosphate and /3-cyanoethyl phosphate groups, and derivatives of thymidine 
3'-(p-nitrophenyl phosphate) substituted at the 5' position with phosphate, /3-cyanoethyl phosphate, methyl- and 
halomethylphosphonate, and sulfate. The proof of structure of the nucleot ides prepared rests on characterization 
by uv, paper chromatography, and elemental analysis, supplemented by a semimicro method for the determina­
tion of pK :r molecular weight data.

A large amount of data has been accumulated on the 
physiochemical properties of staphylococcal nuclease.2 
Knowledge of catalytic mechanisms and substrate 
specificity, however, has been limited by the unavail­
ability of low-molecular-weight substrates of the 
enzyme. A recent paper3 describes studies of 
staphylococcal nuclease with such low-molecular-weight 
substrates. The synthesis, physical properties, and 
proof of structure of a number of the nucleotides used in 
these studies form the subject matter of this paper. 
Furthermore, one of the nucleotides, thymidine 5 '- 
phosphate-3'-(p-nitrophenyl phosphate) (13), on cata­
lytic reduction of the p-nitrophenyl group, affords an 
intermediate which has been used in the purification of 
staphylococcal nuclease by affinity chromatography.4 
Since simple p-nitrophenyl compounds have been used 
successfully in the past as substrates for measuring the 
activity of many esterases, for example spleen and liver 
phosphodiesterase,5 the more complex p-nitrophenyl 
nucleotides described herein may also have potential 
utility for probing the structure, specificity, and activity 
of other enzymes. Further, these compounds have 
activity as active-site-directed inhibitors (at ca. 2.5 X  
10_2 M concentration) or as intermediates in the syn­

(1) (&) A portion of this work has been reported: R. P. Glinski and C. L.
Stevens, Abstracts, 155th National Meeting of the American Chemical 
Society, San Francisco, Calif., March 1968, N17. (b) To whom correspon­
dence should be addressed: Ash Stevens, Inc. (c) Ash Stevens, Inc. (d) 
National Cancer Institute.

(2) For a review, see P. Cuatrecasas, H. Taniuchi, and C. B. Anfinsen, 
Brookhaven Symp. Biol., 21 , 172 (1969).

(3) P. Cuatrecasas, M. Wilchek, and C. B. Anfinsen, Biochemistry, 8 , 2277 
(1969).

(4) P. Cuatrecasas, M. Wilchek, and C. B. Anfinsen, Proc. Nat. Acad. 
Sci. U. S., 61,  636 (1968).

(5) H. G. Khorana, Enzymes, 6, 79 (1961); W. E. Razzell, Methods
Enzymcl., 6 , 236 (1963).

thesis of other active-site-directed inhibitors of a nuclear 
exoribonuclease isolated from mammalian cells.6

Thymidine 3'-(p-nitrophenyl phosphate) (3) and 
thymidine 5 '-(p-nitrophenyl phosphate) (5) were used 
as starting materials in the synthesis of the o '- and 3 '- 
substituted p-nitrophenyl nucleotide derivatives. 
Compound 3 (Scheme I) was prepared from thymi­
dine by tritylation of the 5'-hydroxyl group, followed by 
p-nitrophenyl phosphorylation of the 3 '-hydroxyl group 
and hydrolysis of the 5'-0-trityl group. The p-nitro- 
phenyl phosphorylation reaction was performed using 
?i-nitrophenyl nhosphorodichloridate according to the 
procedure of Turner and Khorana,7 or using di-p-nitro- 
phenyl phosphoroehloridate, followed by a mild alkaline 
hydrolysis. The product, as were most of the nucleo­
tide derivatives prepared, was purified by large-scale 
preparative paper chromatography. The preparative 
paper chromatography procedure outlined briefly in the 
Experimental Section has proved more efficient for gram 
quantity purification, in our hands, than column chro­
matography over anion-exchange resins and cellulose 
with buffer solutions. Compound 5 was prepared by 
the reaction of 3'-0-acetylthymidine (4) with di-p-nitro- 
phenyl phosphoroehloridate, followed by a mild alkaline 
hydrolysis to remove one p-nitrophenyl group and the 
3 '-O-acetyl protection. The product (5) was identical 
with material prepared by a lengthy, more difficult, 
procedure involving a DCC coupling reaction of excess 
p-nitrophenol with thymidine 5'-phosphate.8

(6) For a review of the work performed on the isolation, properties, and 
inhibition of this enzyme, see M. B. Sporn, D. M. Berkowitz, R. P. Glinski, 
A. B. Ash, and C. L. Stevens, Science, 164, 1408 (1969), and the references 
cited therein.

(7) A. F. Turner and H. G. Khorana, J. Amer. Chem. Soc., 81, 4651 (1959).
(8) W. E. Razzell and H. G. Khorana, J. Biol. Chem., 234, 2105 (1959).
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DCC coupling reactions of both thymidine 3 '-(p- 
nitrophenyl phosphate) (3) and 5'-(p-nitrophenyl 
phosphate) (5) were studied. Reaction of compound 3 
with /3-cyanoethyl phosphate, p-nitrophenyl phosphate, 
methyl-, chloromethyl-, and iodomethylphosphonate, 
and DCC gave compounds 12, 7, 11, 9, and 10. respec­
tively. Thymidine 3',5'-di(p-nitrophenyl phosphate)
(7) was synthesized also by either a DCC coupling of p- 
nitrophenyl phosphate with thymidine, or by phospho­
rylation of thymidine with di-p-nitrophenyl phosphoro- 
chloridate, followed by a basic hydrolysis (Scheme II). 
The latter procedure is the most convenient and has 
been used to prepare crystalline compound 7 on a 5-10-g  
scale, after large-scale preparative paper chromatog­
raphy.

Thymidine 5'-(/3-cyanoethyl phosphate)-3 '- (p-nitro- 
phenyl phosphate) (12) was prepared for use as an inter­
mediate in the synthesis of thymidine 3'-(p-nitrophenyl 
phosphate)-5'-phosphate (13). Reaction of compound 
12 with 1 N sodium hydroxide gave a selective /3 
elimination of the /3-cyanoethyl ester group in the pres­
ence of the 3'-(p-nitrophenyl phosphate) group. That 
this reaction was indeed selective was demonstrated by 
elemental analysis, pAa -molecular weight determina­
tions, and the fact that the liberation of p-nitrophenol 
(monitored at 400 mp) was negligible during the reac­
tion. Higher concentrations of sodium hydroxide or 
longer reaction times lead to cleavage of the p-nitro- 
phenyl group in addition to the /3-cyanoethyl group. 
Thymidine 5'-(p-nitrophenyl phosphate) (5) was con­
verted into thymidine 3'-(d-cyanoethyl phosphate)-5'- 
(p-nitrophenyl phosphate) (14) and thymidine 5'-(p-

1
S c h e m e  II

0

0 = P — OPhN02-p 

0 "
3

0

O '

7, R =0P hN 02-p 
9, R =  CH,C1

10, R=CH2I
11, R=CH 3

0 '
12, R' =  OCH2CH2CN; R2 =  OPhN02-p
13, R' =  O '; R2 =  OPhN02-p
14, R' =  OPhNOrp; R2 =  bcH 2CH2CN
15, R' =0PhN 02-p; R2 =  0 “

nitrophenyl phosphate)-3'-phosphate (15) by the same 
sequence of reactions used for the preparation of com­
pound 13 with similar results.

Compound 3 was converted also into thymidine 3 '-(p - 
nitrophenyl phosphate)-5'-sulfate (19). Two model 
reactions were attempted first. Uridine and thymidine 
were converted into uridine 2',3',5'-trisulfate (18) and 
thymidine 3',5'-disulfate (17), using the pyridine-sul­
fur trioxide method9 (Scheme III). Tlie products were 
isolated in good yield as crystalline barium salts. 
Similarly, compound 3 afforded crystalline 19 as a bar­
ium salt in excellent yield, in which the 5 '-hydroxyl 
group was sulfated in the presence of the 3'-p-nitro- 
phenyl phosphate group. It is noteworthy that no diffi­
culty was encountered with compounds containing a 
sulfatophosphate group;’*0 presumably a product con­
taining a sulfatophosphate group would be hydrolyzed 
to compound 19 during isolation.

All of the new compounds reported herein were sub­
jected to pAa-molecular weight determinations (see 
Experimental Section). The method involves the 
quantitative conversion of a small, dried sample (7-15  
mg) of nucleotide salt into the corresponding free acid 
by passage of an aqueous solution of die salt through 
a column of purified Dowex 50 (H +). The acidic eluate 
(10 ml) is titrated with dilute sodium hydroxide (0 .5-
I . 5 ml) using a Sargent pH-Stat. A  plot of pH vs. ml

(9) P. W. Wigler and H. U. Choi, J. Amer. Chem. Soc., 86, 1636 (1964).
(10) J. Baddiley, J. G. Buchanan, R. Letters, and A. R. Sanderson,

J. Chem. Soc., 1731 (1959).
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of titrant gives curves from which p/C /s and molecular 
weights can be calculated in the usual manner. The 
determined molecular weights are generally within 2% 
of the calculated values when 15-30 mg of sample is 
available or within 5% when 7-15 mg of sample is avail­
able.

The method establishes also the degree of substitution 
on phosphorus. Thus, disubstituted phosphate esters, 
such as thymidine 3 ',5 '-di -(p-nitropheny 1 phosphate)
(7), give curves with only one inflection and one pK a. 
On the other hand, monosubstituted phosphate esters, 
or mixed monosubstituted and disubstituted esters, 
such as thymidine o'-(p-nitrophenyl phosphate)-3'- 
phosphate (15), give curves with two inflections and two 
pK & values.

Experimental Section

Paper chromatography (pc) was by the descending technique 
using the following solvent systems: A, 1-butanol-acetic acid- 
water (5 :2 :3 , v /v ) ; B, 2-propanol-water-concentrated am­
monium hydroxide (7 :1 :2 , v /v ) ; C, 2-propanol-aqueous 
ammonium sulfate (1% ) (5:2, v /v ) ; D, ethanol-aqueous am­
monium acetate (1% ) (5:2, v /v ) . The nucleotides were detected 
with ultraviolet light. Analytical pc was performed using What­
man No. 1 and No. 7 paper. Unless stated otherwise, Whatman 
No. 1 paper was used. Whatman 3MM paper (1-2 g per 20 
sheets) was used for the preparative paper chromatography 
(ppc). The paper was converted into a pulp suspension in 
water by use of a Waring Blendor. The pulp was washed 
thoroughly with water (2 1.) in a 2-1. sintered glass filter and was 
removed by Alteration. The filtrate was concentrated to a small 
volume in vacuo below 50° using a Biichi Rotavap (Ilinco Instru­
ments). The remaining water was removed by lyophilization to 
afford a weighable solid.

Thin layer chromatography (tic) analyses were performed 
using Eastman chromatogram sheets 6060 (silica gel) impreg­
nated with a fluorescent indicator and Brinkman Instruments’ 
MN-Polygram cel 300 PEI sheets (anion-exchange cellulose). 
The following tic systems were used: A, chloroform-ammonium 
hydroxide (1% ) in methanol (3:2, v /v ) ; B, 1% sodium chloride 
in water. Uv spectra wre recorded using a Hatachi-Coleman 
124 spectrophotometer using distilled water as solvent unless 
stated otherwise. Pyridine was distilled and stored over Linde 
Molecular Sieves (type 4A). Elemental analyses were performed 
by Midwest Microlab, Inc., Indianapolis, Ind., on all new com­
pounds.

Thymidine 3'-(p-Nitrophenyl phosphate) Ammonium Salt (3). 
A.— The title compound was prepared by a modified literature

procedure7 or by method B. In our hands, compound 3 required 
purification by pp c using pc solvent system A to remove a very 
minor faster-migrating impurity, relative to 3. The yields of 
chromatographically homogeneous product were ca-. 70%.

B.— 5'-0-Tritylthymidine7 (1, 562 mg) was dissolved in anhy­
drous pyridine (5 ml) and di-p-nitrophenyl phosphorochloridate11 
(653 mg) was added. The reaction mixture was allowed to stand 
at 1° for 16 hr. Water (4 ml) was added and the mixture was 
frozen (Dry Ice) and concentrated to a gum in vacuo (oil pump). 
Water (7 ml) was added to the gum and the pH of the mixture 
was adjusted to 8 (pH paper) by the dropwise addition of 1 A  
NaOH with vigorous shaking. The mixture became homogeneous 
at pH 5-6. The solution was allowed to stand at room tempera­
ture overnight. The pH of the reaction mixture was adjusted to 
1-2 with 1 A  hydrochloric acid. The solution was extracted with 
chloroform (three 10-ml portions). The chloroform extracts 
were combined and extracted with aqueous 1 M  pyridine hydro­
chloride solution (five 10-ml portions). The chloroform solution 
was dried (Na2S04) and was concentrated in vacuo to give a gum. 
The gum was dissolved in 80% acetic acid (11 ml). The solution 
was heated in a boiling water bath for 10 min. The reaction 
mixture was cooled to room temperature and water (15 ml) was 
added. The resulting heterogeneous mixture was frozen and 
lyophilized. The resulting solid was suspended in water and the 
mixture was lyophilized again. Water (20 ml) was added to the 
residue and the mixture was allowed to stand at 1° for 2 days. 
The suspension cf trityl alcohol was removed by filtration and 
the solid was washed well with water. The filtrate and washings 
were combined and lyophilized. The resulting residue was dis­
solved in a minimum amount of water and the solution was 
applied to a Dowex 50 (H +) column (10 ml). The column was 
eluted with water until the effluent was neutral to pH paper. 
The acidic effluent was neutralized to pH 7.0 with concentrated 
NH4OH and was lyophlized. The residue was purified by ppc 
using seven sheets of 3MM paper and solvent system A to afford 
297 mg (64%) of chromatographically homogeneous product, 
identical with compound 3 (NH4+ salt) by ir (KBr), uv, and pc 
using four solvent systems.

Thymidine 5'-ip-Nitrophenyl phosphate) Lithium Salt (5).-—• 
Thymidine 3'-0-acetate12 (4, 4.5 g) was dissolved in anhydrous 
pyridine (50 ml) and di-p-nitrophenyl phosphorochloridate11 
(7.5 g) was added. The mixture was stirred at room temperature 
overnight. The pH of the solution was adjusted to ca. 10-11 by 
the dropwise addition of 1 A  sodium hydroxide (105 ml). After 
the addition was complete, the reaction mixture was allowed to 
stand at room temperature for 20 hr. The reaction mixture was 
cooled to 0° by the addition of ice and was added to an Amberlite
111-120 (H+) column (100 ml) which was also cooled to 0° by 
preliminary elution with ice-water. The column was eluted with 
ice-water (ca. 1 1.). The effluent was concentrated in vacuo to 
ca. 200-ml volume. The heterogeneous aqueous phase was ex­
tracted with diethyl ether (three 200-ml portions). The resulting 
homogeneous aqueous phase was percolated through a small 
Amberlite 111-120 (II+) column (20 ml). The column was eluted 
with water until the effluent was neutral. The pH of the total 
effluent was adjusted to 3.5 with lithium hydroxide solution and 
the solution was extracted with diethyl ether (three 100-ml 
portions) to remove additional p-nitrophenol. The pH of the 
aqueous phase was adjusted to 6.0 with lithium hydroxide solu­
tion. The neutralized solution was lyophilized to give 9.09 g of 
crude product 5. The crude red solid was purified by ppc using 
pc system A and 120 sheets of 3MM paper to give chromato­
graphically homogeneous compound 5 (4.32 g).

Compound 5 was prepared also on small scale by the method 
of Razzell and Khorana8 which involved a DCC coupling of ex­
cess p-nilrophei ol and thymidine 5'-phosphate. The products 
obtained by both routes were identical by pc and uv spectroscopy, 
and the analytical data were in agreement with reported values.8

Thymidine 3' 5'-Di(p-nitrophenyl phosphate) Barium Salt (7). 
A.— Thymidine 3'-(p-nitrophenyl phosphate) ammonium salt (3, 
750 mg) and p-nitrophenylphosphoric acid (750 mg) were dis­
solved in anhydrous pyridine (15 ml). DCC (5 g) was added to 
the magnetically stirred solution. The reaction mixture was 
allowed to stand at room temperature for 24 hr. The pyridine 
was removed in vacuo. Water (25 ml) was added to the residue. 
The resulting heterogeneous mixture was stirred at room tem­
perature for 2 hr. The solid was removed by filtration and was

(11) T. Ukita and II. Hayatsu, J. Amer. Chem. Soc., 84, 1879 (1962).
(12) A. M. Michelson and A. R. Todd, J. Chem. Soc., 951 (1953).
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washed well with water. The filtrate and washings were com­
bined and were passed through a Dowex 50 (H+) column (50 ml). 
The column was eluted with water until the effluent was neutral. 
The effluent was neutralized with concentrated NH4OH and was 
lyophilized to afford crude compound 7. The major nucleotide 
band migrating slightly slower than 3 was separated by ppc using 
pc systems A and C in succession to give chromatographically 
homogeneous compound 7 (250 mg, diammonium salt) as a 
hygroscopic solid. The diammonium salt was converted into 
the barium salt by passage through a Dowex 50 (H+) column 
and neutralization with Ba(OH)2 solution to give compound 7 
(230 mg) as an amorphous yellow solid. The amorphous solid 
was fractionally precipitated from water-2-propanol mixtures. 
The first fractions yielded highly colored solids and gums. The 
latter fractions crystallized to afford analytically pure compound 
7 (130 mg) after drying at 110° (10~3 mm) for 2 hr: mp 264° 
dec; Ri values in systems A, B, C, and D were 0.61, 0.69, 0.79, 
and 0.79, respectively: uv max (H20 )  275 m/t (e 21,000), 250- 
260 (0.64), 260-270 "(0.77), 270-280 (0.99); pK a = 2.79; mol 
wt 798 (found) vs. 798 (calcd).

Anal. Calcd for C22H20N4O15P2-Ba-H2O: C, 33.12; H, 2.78; 
N, 7.02; P, 7.77. Found: C, 33.11; H, 3.38; N, 7.23; P, 
7.49.

Similarly, thymidine was coupled with excess p-nitrophenyl 
phosphate to give a low yield of product 7.

B.— Thymidine (8, 5.0 g) was dissolved in anhydrous pyridine 
(125 ml). The solution was cooled to 0° and stirred. Di-p- 
nitrophenyl phosphorochloridate (22.5 g) was added portionwise. 
The reaction mixture was allowed to stand at 0° for 3 days. 
Sodium hydroxide, 1 N (175 ml), was added over 30 min with 
stirring. The reaction mixture was allowed to warm to room 
temperature and was allowed to stand at room temperature for 
2 hr. Additional 1 N sodium hydroxide (5 ml) was added and 
the mixture was stirred at room temperature for an additional 16 
hr. The reaction mixture was cooled with ice and added to a 
Dowex 50 (II+) column (900 ml). The column was eluted with 
water. The total effluent was neutralized to pH 3.5 (pH paper) 
with 1 N sodium hydroxide. The solution (2 1.) was concentrated 
in vacuo to ca. 100-ml volume. The concentrated solution was 
extracted with ethyl ether (five 100-ml portions). The aqueous 
phase was adjusted to ca. pH 6.5 and lyophilized to yield 21.6 g 
of crude 7. Compcund 7 was purified by ppc (134 sheets of 
3MM paper) using pc system A to give chromatographically 
homogeneous solid (9.8 g). The solid was dissolved in water 
and applied to a Dowex 50 (H+) column (180 ml). The column 
was eluted with water until the effluent was neutral. The effluent 
was extracted with ethyl ether (twice) and stirred with a small 
amount of charcoal at room temperature for 1 hr. The charcoal 
treatment was repeated. The charcoal was removed by filtration. 
The pH of the filtrate was adjusted to pH 6.5 with Ba(OH)2 
solution. The solution was concentrated in vacuo and was ad­
justed to pH 7.0 with Ba(OH)2 solution. The neutralized solu­
tion was stirred at room temperature for 3 hr with a small amount 
of charcoal. The charcoal was removed by filtration. The 
filtrate was lyophilized to yield amorphous compound 7 (9.64 g). 
The amorphous solid was dissolved in a minimum amount of 
warm water. The solution was cooled to room temperature and 
diluted with 2-propanol to the point of turbidity. The mixture 
was centrifuged. This treatment was repeated several times. 
The supernatant was transferred to a 125 ml flask, diluted to the 
point of turbidity, and seeded with crystalline compound 7. A 
brown gum formed ever a period of several hours. The super­
natant was decanted away from the gum and the above procedure 
was repeated five times with similar results before crystallization 
occurred. 2-Propanol was added daily to the point of turbidity 
as crystallization continued. After ca. 1 week, 7.45 g (45%) of 
crystalline compound 7 was obtained. An additional 1.0 g (6% ) 
of pure 7 was obtained by purification of the residue (obtained 
by evaporation of mother liquors) by ppc using pc system C and 
30 sheets of 3MM paper. A sample was recrystallized from 
water-2-propanol mixtures and dried in vacuo as before for 
analysis.

Anal. Calcd for C22H2oN4Oi5P2-Ba H20 :  C, 33.12; H, 2.78; 
N, 7.02; P, 7.77. Found: C, 33.09; II, 3.03; N, 7.26; P, 
8.25.

Preparations of 7 by both routes were identical by pc (four 
systems), uv, melting point, and mixture melting point determi­
nations.

Thymidine 5'-Chloromethylphosphonate-3'-(p-nitrophenyl phos­
phate) Diammonium Salt (9).— Thymidine 3'-(p-nitrophenyl

phosphate) ammonium salt (3, 300 mg) and anhydrous chloro- 
methylphosphonic acid were dissolved in anhydrous pyridine (8 
ml). DCC (1.3 g) was added and the heterogeneous mixture 
was stirred at room temperature for 16 hr. The solvent was 
removed in vacuo. Water (5 ml) was added to the residue. 
The mixture was stirred vigorously for 5 min. The dicyclohexyl- 
urea was removed by filtration and was washed thoroughly 
with water (four 5-ml portions). The brown filtrate and washings 
were combined and were passed through a Dowex 50 (H+) 
column (25 ml). The column w'as eluted with water until the 
effluent was neutral. The yellow effluent was neutralized wdth 
dilute ammonium hydroxide and was lvophiLzed to give 350 mg 
of cride 9. Compound 9 was purified by pp:: (six 3M M  sheets) 
using solvent systems C and A in succession to afford 213 mg 
(56%) of chromatographically homogeneous product 9. An 
analytically pure sample was prepared by fractional precipitation 
from water-methanol-ethy] ether mixtures, followed by drying 
at room temperature (5 X 10-3 mm) over P20 5 for 48 hr: Ri
values (Whatman No. 7 paper) using solvent systems A, B, C, 
and D were 0.58, 0.62, 0.76, and 0.75, respectivelv; uv max 272 
mM (c 14,300), 250-260 (0.63), 260-270 (0.S2), 270-280 (1.09); 
pAa =  2.83; mol wt 558 (found) vs. 590 (calcd).

Anal. Calcd for C„H I8C1N30 12P2: Cl, 6,01. Found: Cl,
6 .00.

Thymidine 5'-Iodomethylphosphonate-3'-(p-nitrophenyl phos­
phate) Barium Salt (10).— Thymidine 3'-(p -nitrophenyl phos­
phate) ammonium salt (3, 500 mg) and iodomethylphosphonic 
acid13 were dissolved in anhydrous pyridine (5 ml). DCC (2.2 g) 
wras added and the solution was stirred at room temperature for 
24 hr. Using experimental procedures similar to those described 
for the preparation of compound 9, 900 mg of crude 10 (barium 
salt) was obtained as a light yellow solid. The solid w'as dissolved 
in water (5 ml) and ethanol was added. A precipitate of barium 
iodomethylphosphonate (190 mg, identified by a p/C„-molecular 
weight determination) resulted immediately. The mother liquor 
was concentrated in vacuo to afford 700 mg of 10. Compound 10 
was chromatographically homogeneous at this point using four 
pc systems and Whatman No. 1 paper. Using Whatman No. 7 
paper and solvent system A, however, a minor faster migrating 
impurity was evident, A sample (200 mg) was purified by ppc 
(Whatman No. 7 paper, 20 mg per sheet) using system A to give 
105 mg of chromatographically homogeneous compound 10. 
Compound 10 was purified further for analysis by fractional 
precipitation from water-ethanol mixtures. The first and last 
crops were discarded and the intermediate fractions were dried 
at 110° (5 X 10~3 mm) for 2 hr: Rt values (Whatman No. 7
paper) in systems A, B, C, and D w'ere 0.62, 0.63, 0.76, and 0.75, 
respectively; uv max 272 m/i (e 15,200), 250-260 (0.65), 260- 
270 (0,82), 270-280 (1.09); pA a = 2.77; mol wt 690 (found) vs. 
783 (calcd).

Anal. Calcd for CnH 18IN 30 ]2P 2 Ba: I, 16.21. Found: I, 
16.50.

Thymidine S'-(Methylphosphonate)-3'-(p-nitrophenyl phos­
phate) Dilithium Salt (11).— Thymidine 3'-(p-nitrophenyl phos­
phate) pyridinium salt (3), prepared from the diammonium salt 
(250 mg), was dissolved in anhydrous pyridine (6 ml) containing 
DCC (1.1 g). Methylphosphonic acid (80 mg) was added with 
stirring. The reaction mixture was allowed to stand at room 
temperature for 20 hr. Isolation, in a manner similar to that 
described for the preparation of compound 9, gave crude com­
pound 11 (lithium sal", 350 mg) which was essentially homo­
geneous by pc. Crude 11 was subjected to ppc using pc system A 
to give 191 mg of chromatographically homogeneous material. 
An analytically pure sample was obtained by fractional precipita­
tion from methanol-diethyl ether mixtures, followed by drying 
at room temperature (5 X 10~3 mm) for 24 hr over P20 4: /ft 
values in pc systems A, B, C, and D were 0.42, 0.46, 0.49, and
O. 55; pA'a = 2.9; mol wt 555 (found) vs. 597 (calcd); uv max 271 
m/i (e 15,250); uv max ca. 305 m/i, shoulder (« 6900), 250-260 
(0.63), 260-270 (0.84), 270-280 (1.11), 280-290 (1.35).

Anal. Calcd for C17HI9N30 :2P,-2Li-2CH30 H : C, 38.21; IT, 
4.55; N, 7.04; P, 10,37. Found: C, 38.58: II, 4.72; N, 6.68;
P, 10.42.

Thymidine 5'-Phosphate-3 '-(//-nitrophenyl phosphate) Tri­
lithium Salt (13).— Thymidine 3'-(p-nitrophenyl phosphate) 
pyridinium salt (3), prepared from the amonium salt (750 mg), 
was dissolved in pyridine (18 ml) containing DCC (3.35 g).

(13) P. C. Crofts and G. M. Kosolapoff, J .  A m e r .  C h e m . S o c . ,  75, 5738
(1953).
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0-Cyanoethyl phosphate pyridine salt14 (665 mg) was dissolved 
in anhydrous pyridine (9.3 ml) and the solution was added slowly, 
with stirring. The reaction mixture, processed in a manner 
similar to that described for the preparation of compound 9, gave 
crude thymidine 5'-(/3-cyanoethyl phosphate)-3'-(p-nitrophenyl 
phosphate) dilithium salt (12, 969 mg). Crude 12, without puri­
fication by ppc, was dissolved in 1 N NaOH solution (2 ml) and 
the solution was allowed to stand at room temperature for 1 hr. 
The solution was applied to a Dowex 50 (H+) column (15 ml). 
The column was eluted with water (250 ml). The effluent was 
stirred with charcoal (ca. 50 mg) at room temperature for 15 min. 
The charcoal was removed by filtration using a Celite bed. 
The filtrate was neutralized with lithium hydroxide solution, 
concentrated in vacuo (aspirator pressure) to a small volume, 
and lyophilized to yield crude compound 13 (870 mg). Analytical 
pc indicated that the hydrolysis was incomplete. The mixture 
was dissolved in 1 N sodium hydroxide (3 ml) and the solution 
was allowed to stand at room temperature for 1.5 hr. Processing 
the reaction mixture as before yielded essentially chromato- 
graphically homogeneous compound 13 (750 mg). Purification 
of compound 13 by ppc using pc system A afforded chromato- 
graphically homogeneous 13 (628 mg, 66% ). Compound 13 was 
purified for elemental analysis by fractional precipitation from 
water-2-propanol mixtures. Six fractions were collected, the 
first five as gums. The sixth fraction, a solid (210 mg), was 
dried at room temperature (5 X 10~3 mm) for 24 hr over P20 3: 
Ri values in systems A, B, C, and D were 0.42, 0.22, 0.39, and
O. 48, respectively; uv max 270 mp (« 14,900), 300 shoulder 
(8100), 260-270 (0.87), 270-280 (1.12), 280-290 (1.32); p7Ca. = 
2.8, pKzi =  7.0; mol wti 6.06, mol wt2 617 (calcd 586).

Anal. Calcd for C16H16N 30 13P2-3Li-2.5H20 :  C, 32.79; H, 
3.61; N, 7.17; P, 10.57. Found: C, 32.87; H, 3.92; N, 6.81;
P, 10.45.

Thymidine 3'-Phosphate-5'-(p-nitrophenyl phosphate) Tri­
lithium Salt (15).— Thymidine 5'-(p-nitrophenyl phosphate) 
pyridinium salt (5, 362 mg) was dissolved in anhydrous pyridine 
(4 ml) containing DCC (0.715 mg). /3-Cyanoethyl phosphate 
(290 mg),14 dissolved in anhydrous pyridine (4 ml), was added 
slowly with stirring. The reaction mixture was processed in a 
manner similar to that described for the preparation of compound 
13. The yield of chromatographically homogeneous compound 
15, after ppc using pc system A, was 333 mg (76%). Compound 
15 was purified for elemental analysis by fractional precipitation 
from wet methanol-2-propanol mixtures and drying at room 
temperature (5 X 10~3 mm) for 24 hr over P20 ,:  Ri values in 
pc systems A, B, C, and D were 0.45, 0.19, 0.35, and 0.40, 
respectively; uv max 270 mp (« 15,420) ca. 305 mm, shoulder 
(7000), 260-270 (0.87), 270-280 (1.16), 280-290 (1.35); pK»i = 
3.0, pK ,! =  6.7; mol wti 634, mol wt2 637 (calcd 637).

Anal. Calcd for C16H16N30 13P2-3Li-3CH30H : C, 35.81;
H, 4.43; N, 6.59; P, 9.72. Found: C, 35.97; H, 4.80; N, 
6.86; P, 9,69.

Alternatively, compound 15 (730 mg, purified by ppc) was 
suspended in methanol (20 ml). The insoluble material was 
removed by centrifugation. The supernatant was concentrated 
in vacuo to give a gel. The gel was dissolved in methanol (5 
ml) and the solution was diluted with 2-propanol (5 ml) and 
ra-pentane (10 ml). The resulting gelantinous precipitate was 
removed by centrifugation, ans washed with 2-propanol and 
n-pentane. The residue was dissolved in water and the water 
was removed in vacuo (water pump). This procedure was re­
peated three times. The residue was dissolved in water again 
and lyophilized to give 280 mg.

Anal. Calcd for C16H16N30 13P2-3Li -4H20 :  C, 31.34; H, 3.95;

(14) G. M. Tener, J. Amer. Chem. Soc., 83, 159 (1961).

N. 6.85; P, 10.10. Found: C, 31.55; H, 3.84; N, 7.02; P, 
9.93.

Thymidine 3 ',5 '-Disulfate Barium Salt (17).— Thymidine (1.21 
g) and pyridine-sulfur trioxide complex7 (4.0 g) were stirred in 
pyridine (90 ml) at room temperature for 48 hr. Water (90 ml) 
was added and the pH was adjusted to 10.5 (pH paper) with 1.3 
N  NaOH. The solvent was removed in vacuo, the residue was 
suspended in hot methanol (100 ml), and the suspension was 
cooled to 4°. The Na2SO, was removed by filtration and the 
filtrate was concentrated in vacuo to yield a brown solid. The 
solid was dissolved in water and converted into the barium salt 
by passage of an aqueous solution through Dowex 50 (H+), 
followed by neutralization of the water eluate with Ba(OH)2 
solution. The water solution was lyophilized. The resulting 
white salt was crystallized from aqueous ethanol to yield 2.21 g 
of the crystalline polyhydrate of 17 with mp 164-166° dec. A 
sample was dried at 110° (5 X 10-3 mm) for 2 hr to afford the 
dihydrate compound 17 with mp 200° dec: uv max (H20 )
266.5 (t 10,300),15 250-260 (0.65), 260-270 (0.94), 270-280 (1.55); 
p/fa = 2.69; mol wt 591 (found) vs. 576 (calcd).

Anal. Calcd for CioHi2N2OnS2Ba-2H 20 : C, 20.94; H, 
2.80; S, 1 1 .18 . Found: C, 21.09; H, 2.98; S, 11.00 .

Uridine 2',3',5'-Trisulfate Barium Salt (18).— Title compound 
18 was prepared from uridine (1.0 g) in the same manner that 
compound 17 was prepared from thymidine. The yield of chro­
matographically homogeneous compound 18 before crystalliza­
tion was 2.0 g. A small sample (500 mg) was purified by crystal­
lization from aqueous ethanol to give a polyhydrate of 18 (380 
mg) with mp 173° dec. The sample was dried at 80° (5 X 
10-3 mm) for 16 hr to give compound 18 monohydrate with mp 
235° dec: Ri values in systems A, B, C, and D were 0.11, 0.45,
O. 53, and 0.72, respectively; uv max (H20 )  260 mp (e 10,000), 
250-260 (0.81), 260-270 (1.28), 270-280 (2.78); pK„ =  2.84; 
mol wt 738 (found) vs. 705 (calcd).

Anal. Calcd for CaH9N2OioS3Bai.5-H20 : C, 15.32; H, 
1.57; N, 3.97; S, 13.64. Found: C, 15.33; H, 1.83; N, 
4.30; S, 12.66.

Thymidine 5'-Sulfate-3'-(p-nitrophenyl phosphate) Barium 
Salt (19).— Thymidine 3'-(p-nitrophenyl phosphate) ammonium 
salt, (3, 1.0 g) and pyridine-sulfur trioxide complex7 (0.90 g) 
were stirred in dry pyridine at room temperature for 36 hr. 
After 24 hr, the reaction was complete by pc. The pyridine 
was removed in vacuo to afford a gum. The gum was dissolved 
in water and passed through a column of Dowex 50 (H+), elut­
ing with water. The highly acidic effluent was adjusted to pH 8 
with Ba(OH)2 ar.d the insoluble BaSCh was removed by filtra­
tion. The filtrate was lyophilized to afford 1.3 g (theory, 1.43 
g) of a white solid. Analytically pure, crystalline 19 monor 
hydrate was obtained after four recrystallizations of a sample 
from water-alcohol mixtures and drying at 110° (10“ 3 mm) 
for 2 hr: mp 235° dec; uv max (H20 )  272 mu (e 15,300), 250- 
260 (0.63), 260-270 (0.82), 270-280 (1.1); pK„ = 2.37; mol wt 
687 (found) vs. 697 (calcd).

Anal. Calcd for C16H16N 30 13P S -B a H 20 :  C, 28.39; H, 
2.68; N, 6.21; P, 4.58; S, 4.74. Found: C, 28.65; H, 3.06; 
N, 5.97; P, 4.70; S, 4.45.

Registry No.— 3, 26886-08-8; 5, 26886-09-9; 7, 
26886-10-2; 9, 26886-11-3; 10, 26886-12-4; 11, 26963-
85-9; 13,26886-13-5; 15,26886-14-6; 17,26886-15-7; 
18, 28594-70-9; 19, 28594-71-0.
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The reaction of 2,2'-anhydro-l-(/3-D-arabinofuranosyl)uracil with lithium azide in hexamethylphosphoramide 
at 150° gives 2'-azido-2'-deoxyuridine in 50% yield. Catalytic reduction of the latter compound gives 2 '- 
amino-2'-deoxyuridine (3), the first such pyrimidine nucleoside to be described. The dichloroacetyl derivative 
of the 2'-amino group was prepared by conventional methods. Acetylation of 3 followed by reaction with phos­
phorus pentasulfide and animation of the resulting 4-thiouracil derivative gave 2 '-amino-2'-deoxycytidine (8). 
The latter compound was also obtained directly by reaction of 3'.5'-di-0-acetyl-2'-azido-2'-deoxyuridine (9) 
with phosphorus pentasulfide in pyridine followed by treatment with methanolic ammonia. Reaction of 9 
with V-iodosuccinimide gave the 5-iodo derivative and subsequent reduction of the azido group with sodium 
borohydride gave 2'-amino-2'-deoxy-5-iodouridine.

Spurred largely through the presence of the 3'-amino- 
3'-deoxy-/3-D-ribofuranose moiety in the antibiotic 
puromycin,1 considerable effort has been devoted to the 
synthesis of other amino sugar nucleosides. Thus, syn­
thetic routes leading to purine ribofuranosyl nucleoside 
analogs containing 5'-amino-5'-deoxy-,2 2'-amino-2'- 
deoxy-,3 and 3 '-amino-3,-deoxy4-/3-D-ribofuranosyl moi­
eties have been described. Also syntheses leading to 
5'-amino-5'-deoxy-,6 3'-amino-3'-dcoxy-,Sa 3'-amino-2',- 
3'-dideoxy-,6 and 3'-amino-2',3,-dideoxy-2'-thio7-/3-D- 
ribofuranosylpyrimidines have been described. The 
methods of synthesis have involved both transforma­
tions of preformed nucleosides2'511'6'7 and condensations 
of derivatives of suitable amino sugars with the purine 
or pyrimidine bases.3i4i5a

The notably missing member in the above series is 
the pyrimidine 2'-amino-2 '-deoxyribonucleosides and in 
this paper we describe the synthesis of two such com­
pounds, namely l-(2-amino-2-deoxy-/3-D-ribofuranosyl)- 
uracil (3) and l-(2-amino-2-deoxy-/3-o-ribofuranosyl)- 
cytosine (8).

While it has previously been shown that the anhydro 
bridge of 2,3'-anhydro-l-(2-deoxy-J8-D-threopentofu- 
ranosyl)thymine can be opened by nucleophiles such as 
phthalimide anion,6a it has been stated by both Brown, 
el al.,s and by Horwitz, et al.,sh that 2,2'-anhydro-l- 
(/3-D-arabinofuranosyl)uracil (la) was resistant to reac­
tion with azide ion in acetonitrile or dimethylform- 
amide. In both cases, the attempted displacement reac­
tion was actually done upon 5'-0-acetyl-2'-0-tosyluri- 
dine and the reaction led only to the formation of the 
anhydronucleosides (la and lb) which resisted further 
attack. A comparable reaction between lb and iodide 
ion led, however, to 5'-0-acetyl-2'-deoxy-2'-iodouri- 
dine.8 It thus seemed to be of interest to investigate 
the opening of such anhydronucleosides in other aprotic 
dipolar solvents known to favor nucleophilic attack.

The preparation of la was done essentially according

(1) For a review, see J. J. Fox, K. A. Watanabe, and A. Block in Progr. 
Nud. Acid Res. Mol. Biol., 5, 251 (1966).

(2)  W. Jahn, Chem. Ber., 98 , 1705 (1965).
(3) M. L. Wolfrom and M. W. Winkley, J. Org. Chem., 32, 1823 (1967).
(4) (a) B. R. Baker, R. E. Schaub, and H. M. Kissman, J. Amer. Chem. 

Soc., 77 ,  5911 (1955); (b) H. M. Kissman, A. S. Hoffman, and M. J. Weiss, 
J. Med. Chem., 6, 407 (1963); (c) L. Goldman and J. M. Marsico, ibid., 6, 
413 (1963).

(5) (a) H. M. Kissman and M. J. Weiss, J. Amer. Chem. Soc., 80 , 2575 
(1958); (b) J. P. Horwitz, J. A. Tomson, J. A. Urbanski, and J. Chua, 
J. Org. Chem., 27 , 3045 (1962).

(6) (a) N. Miller and J. J. Fox, ibid., 29 ,  1772 (1964); (b) J. P. Horwitz, 
J. Chua, and M. Noel, ibid., 29 , 2076 (1964).

(7) T. Sekiya and T. Ukita, Chem. Pharm. Bull., 15, 1503 (1967).
(8) D. M. Brown, D. B. Parihar, and Sir A. Todd, J. Chem. Soc., 4242 

(1958).

to Hampton9 with the exception that the reaction of 
uridine with diphenyl carbonate was carried out in 
hexamethylphosphoramide (HM PT) rather than in 
dimethylformamide (DM F). This modification some­
what reduced the reaction time and substantially in­
creased the yield of crystalline product to 88% . It is 
interesting to note that tic of the crude product from 
this reaction in either D M F or H M P T showed the 
presence of two products with the characteristic ultra­
violet spectrum of 1. During work-up of the reaction, 
the more polar of these disappeared with exclusive for­
mation of la . It is possible that tills very polar product 
is the unstable 3'-hemicarbonate of la  arising directly 
from opening of uridine 2'.3'-carbonate by the Cv 
carbonyl of the uracil ring.10

In our initial efforts to react, la  with Ithium azide we 
used dimethyl sulfoxide (DMSO) as the solvent . Since 
nucleophilic opening of anhydronucleosides is known 
to be acid catalyzed,11 trial experiments were carried 
out at 100° in the presence of benzoic acid, methanesul- 
fonic acid, or ammonium chloride and in the absence of 
added acid. In no case was there any significant reac­
tion during 2 hr at 100,° but at 150° all reactions rapidly 
turned dark and tic showed the presence of a less polar 
compound with a uridine spectrum. The reactions con­
taining acid appeared to be less colored and somewhat 
cleaner and subsequent studies were done using benzoic 
acid. The desired reaction product 2'-azido-2'-deoxv- 
uridine (2) proved to be water soluble and work-up 
necessitated evaporation of the DMSO to dryness prior 
to chromatography. Nevertheless, 2 was isolated in 
modest yield from such a reaction. A notable improve­
ment was achieved by conducting the reaction in H M P T  
rather than in DM SO .12 At 150° in this solvent the 
reaction of la  with lithium azide was much more rapid 
than in DMSO and was essentially complete within 15 
min. A  second advantage of the use of H M P T lies in 
the selective extraction of this otherwise very polar 
solvent into chloroform via complex formation.12 Sub­
sequent chromatography of the reaction mixture on 
silicic acid led to the isolation of 2 as a chromatographi- 
cally and analytically pure syrup in 5 0%  yield. Sub­
sequent reduction of 2 in the presence of a palladium 
catalyst rapidly gave 2 '-amino-2'-dejxyuridine (3) 
that was obtained in crystalline form in 9 8%  yield. 
Titration of 3 indicated pKa values of 9.2 and 6.2 which

(9) A. Hampton and A. W. Niehol, Biochemistry, 5 , 2076 (1966).
(10) K. K. Ogilvie and D. Iwacha, Can. J. Chem., 4 7 , 495 (1969).
(11) J. J. Fox and N. C. Miller, J. Org. Chem., 28, 936 (1963).
(12) See H. Normant, Bull. Soc. Chim. Ft., 791 (1968), for a review on the 

utilities of HMPT.
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are in good agreement with those of uridine (pKa =
9.2)13 and of various 2 '-amino-2'-deoxy sugars (pK’s =
6.1-7.7).14 15

la. R = H 
b, R = Ac

H - P d

2

Brown, et al.,15 have shown that the reaction of la  
with sodium ethyl sulfide gives l-(3-deoxy-3-ethylthio- 
/3-D-xylofuranosyl) uracil rather than the desired 2'- 
2 '-deoxy-2'-ethylthiouridine, this result presumably 
arising from intervention of the 2',3'-n6o-epoxide. 
Accordingly, it was of importance to prove that the 
introduction of azide led to the desired compound 2 
rather than to the 3'-azide-3'-deoxyxylo epimer (4). 
Confirmation of the proposed structures was provided 
by nmr spectroscopy. Thus, the acyl derivatives of 
2 (9) showed extensive deshielding of C3-H relative to 
that of C2'H. The spectrum of the 5'-0-trityl deriva­
tive of 2 (to be described as part of a separate study) in 
DMS0-e?6 was even more convincing since C3'H (4.44 
ppm, q, 1, J2',3' =  </3',4' =  Jh .o h  =  6 Hz) could be 
readily shown to be spin coupled to the 3 '-hydroxyl 
group (5.97 ppm, d, 1, JB.o h  =  6 Hz). The assign­
ments of sugar proton resonances were confirmed by 
spin decoupling experiments. These results are com­
patible only with the presence of a free 3'-hydroxyl 
group in 2 and exclude the alternative structure 4.

The amino alcohols 3 and 8 were also found to be 
rapidly oxidized by periodate, 0.8 equiv of oxidant being 
consumed within 7 sec at pH 6.4. While some uncer­
tainty attends the definitive assignment of configura­
tion to cyclic amino alcohols by periodate oxidation,16 
this very rapid oxidation also supports the cis configura­
tion for 3 and 8. Under similar conditions, the perio­
date oxidation of 9-(3-amino-3-deoxy-/3-D-arabinofu- 
ranosyl)adenine, a nucleoside containing a 2 ',3 '-trans- 
amino alcohol moiety kindly provided by Dr. Elmer 
Reist and the Cancer Chemotheraphy National Service 
Center, was slower, consumption of 0.65 and 0.9 equiv of 
oxidant requiring 10 and 100 min, respectively. This, 
once again, strongly supports our assigned configura­
tion.

The availability of this amino alcohol 3 made it at­
tractive to attempt to combine several of the structural 
features of the antibiotics puromycin and chloram­
phenicol by preparation of 2'-dichloroacetamideo-2 '- 
deoxyuridine (5). The latter compounds was readily 
formed and isolated in 74%  yield by heating a solution 
of 3 and excess methyl dichloroacetate in ethanol.

(13) P . A. Levene and H . S. Simms, J. Biol. Chem., 6 5 , 519 (1925).
(14) (a) C. B. Barlow, R .  D. Guthrie, and A. M. Prior, Carbohyd. Res., 10, 

481 (1969); (b) S. Inouye, Chem. Pharm. Bull., 1 6 , 1134 (1968).
(15) D. M. Brown, D. B. Parihar, Sir A. Todd, and S. Varadarajan, 

J. Chem. Soc., 3028 (1958).
(16) G. E. McCasland and D. A. Smith, J. Amer. Chem. Soc., 7 3 , 5164

(1951).

Conversion of 3 into the related 2'-amino-2'-deoxy- 
cytidine (8) was accomplished by the general thiation- 
amination procedure of Fox, et al.17 Thus, acetylation 
of 3 gave the crystalline triacetate 6 in 90%  yield. Sub­
sequent reaction with phosphorus pentasulfide in re­
fluxing anhydrous pyridine led to thiation of both the 
uracil ring and of the 2'-acetamido function. This reac­
tion, or the following chromatography, was, however, 
accompanied by partial loss of one of the O-acetyl 
groups as shown by tic and infrared spectroscopy. This 
crude material was satisfactory for subsequent steps 
but in order to characterize the dithio compound 7 the 
mixture was reacetylated, giving 7 as a chromatograph- 
ically homogeneous and analytically pure, amorphous, 
yellow solid. I* is interesting to note that the presence 
of a 2 '-acylamido function has a rather striking effect 
upon the conformation of the furanose sugar ring. 
Thus, while the nmr spectra of most simple uridine de­
rivatives show values of Jr_2' ranging from 0 to 6 Hz the 
2'-acetamido compound 6, the 2'-dichloroacetamido 
compound 4, and the 2'-thioacetamido 7 show Ji>i2< 
values of 8 .5 ,8, and 9 Hz, respectively. We have previ­
ously noted18 that the l ' ,2' coupling constants of certain 
2 '- and 3'-0-trityluridines are also as large as 8 Hz but 
we are not aware of values as large as 9 Hz as in 7. 
Treatment of crude 7 with methanolic ammonia at 120° 
both converted the thiouracil ring to a cytosine deriva­
tive and cleaved the O-acetyl and the 2'-thioacetamide 
groups with formation of the desired 2'-amino-2'- 
deoxycytidine (8). A similar cleavage of a thioaceta- 
mide has previously been described by Watanabe, 
et al., in the case of a 3'-thioacetamido-/3-D-glucopy-

8

OH NH 
8

(17) J. J. Fox, D. Van Praag, 1. Wempen, I. L. Doerr, L. Cheong, J. E. 
Knoll, M. L. Eidinoff, A. Bendich, and G. B. Brown, ibid., 8 1 , 178 (1959).

(18) A. F. Cook and J. G. Moffatt, ibid., 8 9 , 2697 (1967).
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ranosyl nucleoside.19 In this way, crystalline 8 was ob­
tained in 24%  overall yield from 6 and was characterized 
by elemental analysis and spectral properties.

As a possible alternative route to 8 and to 2'-azido- 
2'-deoxycytidine we have also reacted 3',5'-di-0-acetyl- 
2'-azido-2'-deoxyuridine (9a) with thionyl chloride and 
a catalytic amount of D M F  in chloroform according to 
the general method of Zemlicka and Sorm.20 While 
the starting material disappeared with formation of the 
intermediate 4-0-chlorodimethylaminomethyl adduct 
as judged by its tic behavior and ultraviolet spectrum,20 
the desired 4-chloro-l,2-dihydro-2-pyrimidinone nucleo­
side was isolated. The only crystalline compound iso­
lated in low yield was 4-ethoxy-l-(3,5-di-0-acetvl-2- 
azido-2-deoxy-/3 - d - ribof uranosy 1 )-2 (1 //) -pyrimidinone 
(10) which must have arisen from the presence of traces 
of ethanol used as stabilizer in the chloroform. Further 
treatment of the crude product with ethanol raised the 
yield of 10 to 19%. While aminolysis of 10 would 
doubtless lead to the desired 2 '-azido-2'-deoxycytidine 
we have not explored this route further.

The reaction of 9a with phosphorus pentasulfide and 
pyridine led not only to thiation of the uracil ring but 
also to reduction of the azido function, probably due to 
the presence of hydrogen sulfide which is known to ef­
fect such reduction.21 Subsequent animation of the 
crude thiation product led directly to 2'-amino-2 '-deoxy- 
cytidine (8) in an overall yield of 39%  from 9a. This, 
thus, becomes the most direct route to 8.

Reaction of 2 with benzoyl chloride did not give the 
desired 2',3'-di-0-benzoyl derivative 9b but rather a 
tribenzoyl derivative, presumably 9c that would not be 
suitable for further transformation to the cytosine series. 
It did, however, prove possible to selectively remove the 
A-benzoyl group by brief treatment with hot pyridine 
containing 2%  water giving the desired 9b. This sim­
ple procedure may well prove to be useful during ben- 
zoylation of other uridine derivatives.

9a, R1 =  Ac; R2 =  H 10 lia, R> =  N3; R2 =  Ac
b , R‘ =  Bz;R2 =  H b, R1 =  NH2; R2 =  H
c, Rl =  R2 =  Bz

Since it was of interest to introduce various substitu­
ents into the 5 position of the pyrimidine ring of 3, we 
wished to prepare, as a common intermediate, a 2'- 
amino-2'-deoxy-5-halouridine. Direct halogénation of 
3 appeared to be difficult due to side reactions of the 
amino group and so we preferred to attempt halogéna­
tion of the azidonucleoside 9a. Preliminary experi­
ments on the reaction of 9a in chloroform with N -

(19) K. A. Watanabe, J. Berânek, H. A. Freidman, and J. J. Fox, J. Org. 
Chem., 3 0 , 2735 (1965).

(20) J. Zemlicka and F. Sôrm, Collect. Czech. Chem. Commun., 3 0 , 2052 
(1965).

(21) M. Hirata, T. Kobayashi, and T. Naito, Chem. Pkarm. Bull., 17, 
1188 (1969).

bromosuccinimide in the presence of benzoyl peroxide22 
indeed gave a mixture of two 5-bromonucleosides in 
35%  yield as shown by nmr and ultraviolet spectra. 
Since this mixture could be completely reduced to a 
mixture of 3 and its 5-bromo derivative with sodium 
borohydride (see below) one of the products was pre­
sumably the consequence of some side reaction with the 
azido function. Iodination of 9a using A-iodosuccini- 
mide in the presence of a catalytic amount of di-n-butyl 
disulfide,23 however, was more effective and the pure
5-iodonucleoside 1 la was obtained in 51%  yield. Selec­
tive catalytic reduction of the azido group of 11a did not 
seem possible due to concomitant hydrogenolysis of the 
iodo group and attempted reduction of 2 with diborane, 
which has been used successfully with aliphatic a-iodo- 
azides24 led only to a product showing end absorption 
in its ultraviolet spectrum. Reduction of 2 using sod­
ium borohydride in hot isopropyl alcohol25 did, how­
ever, give crystalline 3 in 4 2%  yield and encouraged us 
to apply the same reaction to 11a. Here the reaction 
was less effective and even after prolonged reaction un­
reacted azido compounds remained and considerable 
loss of the 5-iodo function occurred. The desired 
crystalline 2'-amino-2'-deoxy-5-iodouridine (lib ) was 
obtained in only 18%  yield.

Further transformations of this compound await the 
development of a more efficient and selective method for 
reduction of the azido group. The preparation and 
some biological properties of further compounds de­
rived from 2 '-amino-2'-deoxy pyrimidine nucleosides 
will be described at a later date.

Experimental Section

General Methods.— Thin layer chromatography (tic) was 
carried out on 0.25-mm layers of Merck silica gel GF and products 
were visualized by ultraviolet absorption or by spraying with a 
5%  solution of ammonium molybdate in 10% sulfuric acid 
followed by heating at 150°. Preparative tic was done on 20 X 
100 cm glass plates coated with a 1.3-mm layer of Merck silica 
gel HF and column chromatography on Merck silica with 0.05- 
0.20-mm particles. Nuclear magnetic resonance (nmr) spectra 
were determined using a Varian HA-100 spectrometer and are 
reported in parts per million downfield from an internal stand­
ard of TM S. The assignments of sugar proton resonances were 
confirmed by spin-decoupling experiments. Mass spectra were 
obtained using an Atlas CH-4 spectrometer with a direct inlet 
system. Optical rotatory dispersion spectra were obtained with 
a Jasco ORD/UV-5 instrument. Instrumental analyses are by 
the staff of the Analytical Laboratory of Symex Research. We 
are particularly grateful to Dr. M . L. Maddox and Miss J. 
Tremble and to Dr. L. Tokes for their cooperation with nmr and 
mass spectrometry, respectively. Periodate oxidations were 
followed spectrophotometrically at 310 m/j.26 Elemental analyses 
were obtained from Dr. A. Bernhardt, Miilheim, Germany, and 
from the Analytical Laboratories of the University of California, 
Berkeley. Melting points are corrected.

Z^'-Anhydro-l-fiS-D-arabmofuranosyburacil1 (la).— Uridine 
(38 g) and diphenyl carbonate (44.4 g) were dissolved in hexa- 
methylphosphoramide (150 ml) and, after addition of sodium 
bicarbonate (1.0 g), the mixture was heated at 150° for 20 min. 
Tic (ethyl acetate-methanol, 1:1) then showed essentially only 
la and a slightly slower spot with a uv spectrum similar to la’s. 
The mixture was cooled, added to water (1.2 1.), and extracted

(22) T .  Nishawiki, Tetrahedron, 2 2 , 2401 (1966).
(23) D. Lipkin, F. B. Howard, D. Nowotny, and M. Sano, J. Biol. Chem., 

2 3 8 , 2249 (1963).
(24) F. W. Fowler, A. Hassner, and L. A. Levy, J. Amer. Chem. Soc., 8 9 , 

2077 (1967).
(25) (a) P . A. S. Smith, J. H. Hall, and R. O. Kan, ibid., 8 4 , 485 (1962); 

(b) L. Goodman and J. E. Christensen. J. Org. Chem., 2 8 , 158 (1963).
(26) J. S. Dixon and D. Lipkin, Anal. Chem., 2 6 , 1092 (1954).
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three times with chloroform. The aqueous phase was evaporated 
to dryness and the residue crystallized from methanol giving
31.0 g (88% ) of pure la with mp 238-240° and spectral properties 
identical with that of an authentic sample.9

2'-Azido-2'-deoxyuridine (2).— A suspension of la (2.26 g, 10 
mmol) and lithium azide (3.50 g, 71 mmol) in anhydrous hexa- 
methylphosphoramide (40 ml) was rapidly stirred in a 150° oil 
bath until most of the solid dissolved. Benzoic acid (1.22 g, 10 
mmol) was then added and heating was continued for 15 min 
during which time the solution became very dark. The mixture 
was rapidly cooled, diluted with water (80 ml), and extracted 
with chloroform (200 ml). The chloroform extracts were back- 
extracted twice with water (80 ml each) and the combined 
aqueous solutions were extracted three times with chloroform 
and then evaporated to dryness leaving 8.0 g of a dark oil. 
This was dissolved in a mixture of acetone (80 ml) and methanol 
(30 ml), filtered, and applied to a 12.5 X 12.5 cm column of 
silicic acid. Elution with acetone followed by charcoal treatment 
gave 1.34 g (50%) of 2 as a colorless, tic homogeneous (ethyl 
acetate-acetone, 1: 1) syrup that has not been obtained crystal­
line: X i r  260 mM (e 9500); 2120 cm-*; nmr (DMSO-d6)
3.62 (m, 2, C5.H2), 3.89 (m, 1 ,  C4.H), 4.03 (t, 1 , Jv.v =  Jv.v  = 
5.5 Hz, C2.H), 4.31 (t, 1, / 2,,3, =  J3,,t, =  5.5 Hz, C3-H), 5.67 
(d, 1, / 6l6 =  8 Hz, C6H), 5.90 (d, 1, Jv.v =  5.5 Hz, CVH),
7.90 ppm (d, 1, J„.6 = 8 Hz, C6H).

Anal. Calcd for CgHuNsOs: C, 40.15; H, 4.12; N, 26.01. 
Found: C, 39.97; H, 4.41; N, 26.15.

2 '-Amino-2 '-deoxyuridine (3).— A solution of 2 (1.34 g, 5 
mmol) in methanol was vigorously stirred in a hydrogen at­
mosphere with 10% palladium-on-carbon catalyst (700 mg) for 
40 min. The mixture was filtered and evaporated leaving 1.18 g 
(98%) of crystalline 3 with mp 192-193°. A sample recrystal­
lized twice from ethanol had mp 197-198°: X";fj 261 m/i (e 9500); 
ORD (H20 )  positive Cotton effect with a peak at 275 m/i (<i> 
-2 0 0 0 °), and a trough at 242 (4> -8 6 0 0 °); nmr (DMSO-A)
3.62 (m, 2, C6.H2), 3.90 (br q, 1, J t„y  ~  4 Hz, /a-,«. =  5 Hz,
C4.H), 4.03 (t, 1, Jv.v  =  =  5.5 Hz, C2.H), 4.31 (br t, 1,
Ji'.v =  5.5 Hz, Jv.v =  5 Hz, C3-H), 5.67 (d, 1, J 5,e = 8 Hz, 
C5H), 5.90 (d, 1, Jv.v = 5.5 Hz, Ci«H), 7.90 ppm (d, 1, J3.3 = 
8 Hz, C„H).

Anal. Calcd for C9HI3N30 5: C, 44.44; H, 5.39; N, 17.28. 
Found: C, 44.33; H, 5.44; N, 17.44.

2'-Dichloroacetamido-2'-deoxyuridine (5).— A solution of 3 
(243 mg, 1 mmol) and methyl dichloroacetate (1 ml) in methanol 
(10 ml) was heated under reflux for 6 hr. Upon cooling, crystal­
line 5 was obtained and after recrystallization from ethanol the 
yield was 260 mg (74%) with mp 246-247°: X“ ;° 262 mM (e 
9300); ORD (H 20 )  positive Cotton effect with a peak at 277 
m/i (4> +14,700°), crossover at 258 m/i, and a trough at 240 m/i 
(4> —16,400°); nmr (pyridine-d5) 3.97 (q, 1, Jeem = 12 Hz, 
Jv.va =  3 H z, Cs-aH), 4.12 (q, 1, / gem = 12 Hz, / 4.,5<b = 3 
H z, C 5 'bH), 4.50 (br s, 1, C 4 'H ), 4.86 (br d, 1, J3'.y =  5.5 Hz, 
Jv.v ^  1 H z, C 3 .H ), 5.32 (br h, 1, Jv.v = Jv .NH = 8 Hz, 
Jv.v =  5.5 H z, C2 ,H ), 5.73 (d, 1, / 6,6 = 8 Hz, C 5H ), 6.83 (d, 1, 
Jv.v = 8 H z, Ci<H), 6.83 (s, 1, COCHCh), 8.37 (d, 1, J 6l6 = 
8 Hz, C 6H ), 9.60 ppm (br d, 1, T2,Nh = 8 H z, NHCOCHCh).

Anal. Calcd for C „H 13N30 6C12: C, 37.30; H, 3.70; N, 11.86; 
Cl, 20.03. Found: C, 37.40; H, 3.91; N, 11.61; Cl, 19.41.

2'-Acetamido-3',5'-di-0-acetyl-2'-deoxyuridine (6 ).— A solution 
of 3 (850 mg, 3.5 mmol), acetic anhydride (4 ml), and pyridine 
(2 ml) in anhydrous dimethylformamide (20 ml) was stored 
overnight at room temperature. After addition of methanol the 
solution was evaporated to dryness and the residue was reevapo­
rated with methanol giving a crystalline residue that was re­
crystallized from methanol giving 1.16 g (90%) of 6 with mp 
199-200°: X i r  259 mM (e 9600); 1755, 1710, 1685 cm“ 1;
nmr (DMSO-d6) 1.81 (s, 3, NAc), 2.06 and 2.12 (s, 3, OAc),
4.26 (s, 3, C4.H and C5-H2), 4.73 (q, 1, Jv.v =  8.5 Hz, Jv.v = 6 
Hz, C2 H), 5.12 (br d, 1, Jv.v = 6 Hz, Jv.v = 1 Hz, C3-H),
5.74 (d, 1, J5,6 =  8 Hz, C5H), 5.90 (d, 1, Jv.v =  8.5 Hz, Cr H),
7.70 (d, 1, J5,$ = 8 Hz, C6H ), 9.18 (br d, 1, Jv.nh =  9 Hz, 
NHAc), 11.37 ppm (br s, 1, N 3H).

Anal. Calcd for C iSH19N3Os: C, 48.78; H, 5.18; N, 11.37. 
Found: C, 48.88; H, 5.31; N, 11.48.

3' ,5 '-Di-O-acetyl-2 '-deoxy-2 '-thioacetamido-4-thiouridine (7). 
•—Phosphorus pentasulfide (440 mg, 2 mmol) and 6 (370 mg, 1 
mmol) were dissolved in anhydrous pyridine and heated under 
reflux for 80 min. After cooling, the red solution was decanted 
from some insoluble material and evaporated to dryness. The 
residue was dissolved in chloroform and washed with water, 0.2 N

sulfuric acid, and sodium bicarbonate prior to preparative tic 
using ethyl acetate. Elution of the major fast-moving band gave 
300 mg (~ 8 0 % ) of a yellow foam that was shown by tic to have 
partially lost one of the O-acetyl groups. Reacetylation with 
acetic anhydride in pyridine for 1 hr gave homogeneous 7 as a 
noncrystalline yellow solid: X“ '°H 268 m/t (« 12,400), 330
(17,500); kLBx 1750, 1715, 1625 cm“ 1; nmr (CDC13) 2.19 and
2.21 (s, 3, OAc), 2.54 (s, 3, CH 3C S N H ), 4.40 (m, 3, C 4-H and 
C 6 .H 2), 5.55 (m, 1, C 2 .H ), 6.45 (d, 1, Jv.v  =  9 H z, C i-H ), 6.49 
(d, 1, J 5, 6  = 8 H z, C 5H ), 7.40 (d, 1, J3,3 =  8 H z, C 3H ), 8.23 
(br d, 1, Jv.nh =  8 H z, N H C S C H 3), 8.65 ppm (br s, 1, N 3H ).

Anal. Calcd for C15Hi9N306S2: C, 44.87; H, 4.76; N, 10.46; 
S, 15.97. Found: C, 44.61; H, 4.94; N, 9.82; S, 15.58.

2'-Amino-2'-deoxycytidine (8). A.— Thiation of 6 (1.11 g, 3 
mmol) was carried out exactly as above and the crude, washed 
chloroform solution was evaporated to dryness. The residue 
was dissolved in saturated methanolic ammonia and heated in 
a stainless steel bomb at 120° for 40 hr. After filtration and 
evaporation of the solvent, the residue was dissolved in water 
(50 ml), stirred with Dowex AG-1 (OH - ) resin (15 ml), and 
filtered. Evaporation of the filtrate left a colorless syrup that 
crystallized giving 200 mg (24% from 6) of 8. After recrystal­
lization from ethanol the melting point was 196-197°: XJ,“ ,2
276 mM (e 11,900); X°H„ 12 270 mM (8200), 230 (7600); ORD 
(0.01 N HC1) positive Cotton effect with a peak at 290 m/i 
(4> +6200°), crossover at 274 m/t, and a trough at 225 m/i 
(<£ -7 4 0 0 °); nmr <'DMSO-rf6) 3.23 (q, l, Jv.v  = 7 H z , / 2-,3- = 5 
Hz, C2.H), 3.55 (br s, 2, C5.H2), 3.85 (m, 2, C3-H and C4-H), 
5.67 (d, 1, Jv.v =  7 Hz, C/.H), 5.71 (d, 1, / 5,e = 7.5 Hz, C5H),
7.12 (br s, 2, NH2), 7.76 ppm (d, 1, J5., =  7.5 Hz, C6H).

Anal. Calcd for C9H14N40 4: C, 44.44; H, 6.21; N, 23.00. 
Found: C, 44.65; H, 6.01; N, 22.90.

B.— A solution cf 9a (0.45 mmol) and phosphorus pentasulfide 
(120 mg) in pyridine (20 ml) was heated under reflux for 3 hr. 
The mixture was evaporated, dissolved in ethyl acetate, washed 
with water, and evaporated to dryness. The residue was treated 
in a steel bomb with saturated methanolic ammonia at 120° for 
2 days and worked up as in A giving 42 mg (39%) of 8.

3',5'-Di-0-acetyl-2'-azido-2'-deoxyuridine (9a).— A solution 
of 2 (135 mg, 0.5 mmol) in dimethylformamide (5 ml) was treated 
overnight with acetic anhydride (1 ml) and pyridine (0.5 ml). 
The solvent was evaporated and a solution of the residue in 
chloroform was washed with water, dried, and purified by pre­
parative tic using ethyl acetate-ether (1:1). Elution of the 
main band gave 130 mg (73%) of 9a as a white foam: X” '°H 259 
m/i (e 9200); ORD (MeOH) positive Cotton effect with a peak at 
280 m/i (4> +4200°), crossover at 268 m/i, and a trough at 245 
m/i (4> -9 4 0 0 °); nmr (CDC13) 2.11 and 2.18 (s, 3, OAc), 4.37 
(m, 4, C2.H, C4.H and C5-H2), 5.21 (m, 1, C3.H), 5.78 (d, 1, 
J,.6 =  8 Hz, C5H), 5.88 (d, 1, Jv.v =  4.5 Hz, CpH), 7.48 ppm 
(d, 1, / 5,6 =  8 Hz, CeH).

Anal. Calcd for C13HI5N 50 7: C, 44.19; H, 4.28; N, 19.82. 
Found: C, 44.06; H, 4.16; N, 19.63.

4-Ethoxy-1-(3,5-di-0-acetyl-2-azido-2-deoxy-/3-D-ribofuranosyl)- 
2 ( l i f  )-pyrimidinone (10).— A solution of 9a (354 mg, 1 mmol) in a 
mixture of chloroform (unpurified, 5 ml), dimethylformamide 
(0.05 ml), and thionyl chloride (0.8 ml) was heated under reflux 
for 6 hr at which point tic (ethyl acetate-ether, 1:1) showed dis­
appearance of the starting material and formation of a main, 
fast-moving product. Preparative tic of the evaporated mixture 
using the above solvent gave a syrup (110 mg) that was crystal­
lized from chloroform-hexane giving 25 mg (7% ) of 10 with mp 
109-110°. The mother liquors were then heated under reflux 
with ethanol for 7 hr, evaporated, and purified by tic as above 
giving a further 45 mg (12%) of crystalline 10: X^'fH 275 m¡i\ 
nmr (CDC13) 1.36 (t, 3, J = 6.5 Hz, OCH2CH3), 2.10 and 2.16 
(s, 3, OAc), 4.40 (m, 6, C2>H, C4'H, Cs'H2, and OCH2CH3), 5.88 
(d, 1, J 6l6 = 7.5 Hz, C5H), 5.89 (d, 1, Jv.v  = 3 Hz, Ci-H), 
7.78 ppm (d, 1, J 3,6 = 7.5 Hz, C6H).

Anal. Calcd for C15H19N50,: C, 47.24; H, 5.02; N , 18.36. 
Found: C, 46.95; H, 4.83; N , 18.02.

3',5 '-Di-O-acetyl-2'-azido-2'-deoxy-5-iodouridine (11a).— A 
solution of 9a (700 mg, 2 mmol) in DMSO (20 ml) containing 
di-n-butyl disulfide (0.1 ml) was added slowly to a solution of N- 
iodosuecinimide (1.8 g, 8 mmol) in DMSO (20 ml) and kept at 
20° for 24 hr. Tic (chloroform-acetone, 4 :1) showed incomplete 
reaction, and, af:er 24 and 48 hr, further portions of M-iodo- 
succinimide (1.8 g) and di-n-butyl disulfide (0.1 ml) were added. 
After dilution with ethyl acetate the solution was extracted 
with saturated aqueous sodium chloride, sodium bicarbonate, and
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sodium thiosulfate. Preparative tic using the above solvent gave 
490 mg (51%) of 11 as a homogeneous syrup: X” '°H 282 mp 
(e 7500), 215 (9700); 2120 cm“ 1 (N j); nmr (CDCb) 2.21
and 2.25 (s, 3, OAc), 4.33 (q, 1, Jv.v  =  4 Hz, Jv ,v  =  6 
Hz, Cj.H ), 4.41 (m, 3, CVH and C5d l2), 5.23 (m, 1, C,.H), 
5.93 (d, 1, Ji'.v =  4 Hz, CVH), 7.97 ppm (s, 1, C6H); mass 
spectrum (70 eV) m/e 479 (M +), 451 (M — N2), 409 (AI — N2 — 
C2H20 ) ,  391 (AI -  AcOH), 242 (AI -  base), 238 (base +  H), 
214 (sugar — N2), 172 (sugar — N2 — C2H20 ).

Anal. Calcd for CVHhNsOtI: C, 32.58; H, 2.94. Found: 
C, 32.95; H, 3.11.

2'-Amino-2'-deoxy-5-iodouridine ( l ib ) .— A solution of 11a 
(420 mg, 0.87 mmol) and sodium borohydride (300 mg) in 2- 
propanol (60 ml) was heated under reflux for 3 days. After 
evaporation of the solvent the residue was dissolved in water, 
brought to pH 6 with acetic acid, evaporated, and repeatedly 
coevaporated with methanol. The final residue was dissolved 
in water and passed through a column containing Dowex 50 
(H+) resin (60 ml). The eluate and washings contained 2250 
optical density units (262 m^) of 2'-azidonucleosides. Elution 
with 1 N ammonium hydroxide gave 2000 optical density units 
(273 m/u) of 2'-aminonucleosides. After evaporation to dryness, 
this material (200 mg) was purified by preparative tic using acetone 
giving two main bands. The slower band (70 mg) consisted of 
2'-amino-2'-deoxyuridine, while the faster band contained 60 mg 
(18%) of 12 which was crystallized from methanol with mp 204.5- 
205.5°: X2£ 287 mp (e 7200), 216 (11,900); X°m“ x13 277 mp (e 
5500); ORD (H20 )  multiple Cotton effect with a peak at 280 
myu (4> +3700°) a trough at 250 npr (4> +3200°), a peak at 217 
mu (4> 14,400°), and crossover at 205 mp-, nmr (pyridine-d5) 
4.01 (q, 1, Ji',2' — 6.5 Hz, J 2i,3- =  5 Hz, CVH), 4.07 (AB of 
ABAI, 2, J gem =  14 Hz, C5d l2), 4.62 (br q, 1, Jv.-y* =  Jy.y  b = 
Jz’ .v =  3 Hz, CVH), 4.77 (q, 1, Jv.i' =  5 Hz, Jv.v  =  5 Hz,

Jv.v =  3 Hz, C3'H ), 6.52 (d, 1, Jv.v =  6.5 Hz, Ci-H), 9.10 ppm 
(s, 1, C6H).

Anal. Calcd for C9H12N30 5I: C, 29.28; H, 3.28; N, 11.38. 
Found: C, 28.86; H, 3.33; N, 11.29.

2'-Azido-3',5'-di-0-benzoyl-2'-deoxyuridine (9b).— A solution 
of 2 (950 mg, 3.5 mmol) and benzoyl chloride (1.4 g, 10 mmol) in 
pyridine (10 ml) was kept for 16 hr at 23°. After addition of water, 
the solution was diluted with ethyl acetate, extracted with sodium 
bicarbonate, dried, and evaporated leaving a brown syrup. 
Purification by preparative tic using benzene-ethyl acetate 
(9:1) gave 1.22 g (60%) of the Ar2,3'-0,5'-0-tribenzoate (9b) as 
a homogeneous foam with Xmai 250 mp (sh), 232, and unchanged 
in alkali: nmr (CDC13) 4.4-4.8 (m, 4, CV, C3., and CE-H’s), 
5.60 (t, 1, Jz'.z' =  Jz'.y — 5.5 Hz, CVH), 5.66 (d, 1, / E,, =  8 
Hz, C6H), 5.97 (d, 1, Jv.v  =  4 Hz, CVH), 7.4-7.7 and 7.9-8.2 
ppm (m, 16, aromatic and CkH).

This compound (1.2 g) was dissolved in pyridine (10 ml) con­
taining 2%  water and heated under reflux for 1 hr. Evaporation 
to dryness, preparative tic using ether-hexane (85:15) and 
crystallization from chloroform-hexane gave 735 mg (75% ) of 
9b with mp 153-154°: x“ \0H 256 mp (e 11,900), 231 (28,800); 
nmr (CDC13) 4.49 (q, 1, Jy.v  =  4 Hz, J r,3’ =  6 Hz, CVH),
4.6 -4 .8 (m, 3, CVH and CVH2), 5.63 (t, 1, / 2<,3- =  Jv.y =  6 Hz, 
CVH), 5.64 (d, 1, J5,6 =  8 Hz, CVH), 6.04 (d, 1, Ji'.v =  4 Hz, 
CVH), 7.4-7.7 and 8.0-8.2 ppm (m, 11, aromatic and C6H).

Anal. Calcd for C23Hi9N60 7: C, 57.86; H, 4.01; N, 14.66. 
Found: C, 57.77; H, 4.06; N, 14.80.

Registry No. - 2 ,  26929-65-7; 3, 26889-39-4; 5, 
26889-40-7; 6, 26889-41-8; 7, 26929-67-9; 8, 26889- 
42-9; 9a, 26889-43-0; 9b, 26889-44-1; 10,26889-45-2; 
1 la, 26889-46-3; 1 lb , 26889-47-4.
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Alacrocyclic polyether sulfides have been synthesized and some of their properties have been determined. 
These compounds contain two to four oxygen atoms and two to four sulfur atoms in the polyether-polysulfide 
ring. Formation of complexes of the macrocyclic polyether sulfides with alkali, alkaline earth, and silver cations 
is reported.

The preparation and properties of a number of macro- 
cyclic polyethers derived from aromatic vicinal diols 
have been previously reported.1 It was shown that 
certain of these compounds, particularly those contain­
ing five to ten oxygen atoms in the polyether ring, form 
stable complexes with cations including those of the 
alkali and alkaline earth metals and silver. In a con­
tinuation of this work, some macrocyclic polyethers in 
which two to four -O -  linkages are replaced by - S -  
linkages were synthesized in order to determine the 
effects of this change on the complexing of cations. 
Differences were to be expected because oxygen is a 
smaller atom than sulfur, the C -O -C  bond angle is 
greater than the C -S -C  bond angle, and the electro­
negativity of oxygen is higher than that of sulfur which 
makes the C -S  bond less ionic than the C -0  bond. It 
is the purpose of this paper to report on the preparation 
of the macrocyclic polyether sulfides and to give a brief 
description of some of their properties.

4,7,10-Trioxa-l-thiacyclododecane, 4,10-dioxa-l,7-di- 
thiacyclododecane, 4,7,13,16-tetraoxa-l,10-dithiacyclo- 
octadecane, and 4,7,10,16,19,22-hexaoxa-l,13-dithiacy-

(1) C. J. Pedersen, J. Amer. Chem. Soc., 8 9 , 7017 (1967); C. J. Pedersen, 
Fed. Proc. Fed. Amer. Soc. Exp. Biol., 2 7 , 1305 (1968).

clotetracosane,2 1,3,5,7,9-oxatetrathiacyclodecane, and 
1,3,5,7,9,11-oxapentathiacyclododecane3 have been pre­
viously described, but their tendency to form com­
plexes with cations is not mentioned.

The code letters and the structural formulas of the 
compounds described in this paper are shown in Figure 1. 
The digits within the diagrams indicate the total num­
ber of atoms in the polyether ring. The full names of 
the compounds and their preparation are given in the 
Experimental Section.

Results and Discussion

In general, the compounds were prepared by refluxing 
in 1-butanol under nitrogen cyclic vicinal mercapto- 
phenol or dithiols with equivalent proportions of ter­
minally substituted ether dichlorides and sodium hy­
droxide. The yields, melting points, and analytical 
data are shown in Table I. No attempt was mads to 
maximize the yields or develop methods of recovery.

The infrared spectra of the compounds showed the

(2) J. R. Dann, P. P. Chiesa, and J. W. Gates, Jr., J. Org. Chem., 2 6 , 
1991 (1961).

(3) L. Mortillaro, M. Russo, L. Credali, and C. DeChecchi, J. Chem. Soc. 
C, 428 (1966).
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absence of OH and the presence of the appropriate ether 
linkages. The nmr spectra were consistent with the 
proposed structures. The ultraviolet spectra of the 
compounds which absorb in the region of 220-400 m/i 
are summarized in Table II, as well as the changes in­
duced in them by the addition of excess silver nitrate.

The ultraviolet spectra of the macrocyclic polyethers 
in methanol show a single absorption peak at about 275 
m/i with an extinction coefficient approximately 2100-  
2600 per aromatic ring.1 The spectra of the aromatic 
macrocyclic polyether sulfides having at least one sulfur 
atom attached to the aromatic ring have a strong peak 
at about 255 m/i and another, often evident as a 
shoulder, in the region of 280-300 m/i. The spectra of 
such compounds, B, C, E, F, and G, are profoundly 
affected by the addition of silver nitrate. The aromatic 
macrocyclic polyether sulfide, D, and sulfite, J, with no 
sulfur attached to the aromatic ring have spectra like 
those of the aromatic cyclic polyethers, and the effect 
of silver nitrate is also similar.

The ultraviolet spectra of all these compounds are 
little affected by the addition of an excess of the salts of 
the alkali and alkaline earth elements, suggesting that 
the interaction between the compounds and the cations 
of these salts in methanol is not strong.1

Crystalline complexes of silver nitrate with E and H  
were obtained. However, no crystalline complex of 
potassium thiocyanate and E was formed when an at­
tempt was made to prepare it by the method which gave 
the crystalline complex of potassium thiocyanate with 
the macrocyclic polyether dibenzo-lS-crown-6.1

The extraction method described below is a conve­
nient way of comparing the relative complexing powers 
of organic compounds for different cations. This 
method has these advantages over the previously em­
ployed spectral method1: complexing efficiencies can 
be ranked numerically, and saturated compounds which 
do not absorb in the region of 220-400 mp. can also be 
evaluated.

When an aqueous solution of an alkali metal hy­
droxide or salt containing a very low concentration of the 
picrate of the same cation is mixed with an equal volume 
of an immiscible organic solvent, nearly all the picrate is 
present in the yellow aqueous phase and the organic 
phase remains substantially colorless. If a complex­
ing agent is added to the system (by dissolving in the 
organic solvent), the complexed picrate transfers to the 
organic phase, the extent depending on the effectiveness 
of the polyether as a complexing agent for the cation 
(assuming no complication due to lack of solubility). 
If the additive is ineffective, the organic phase will be 
colorless; if the complexing agent is very powerful, most 
of the color will be in the organic phase, the intensity of 
which can be quantitatively determined spectrophoto- 
metrically by means of the picrate absorption band. 
The efficiencies of the complexing agents will lie between 
these two limits and can be expressed as percentage ex­
tracted. The stoichiometry of the extractable complex 
is 1:1 in respect to a univalent cation and picrate anion, 
hence, the maximum extraction is limited by the com­
ponent present at the lowest concentration. For this 
reason, per cent extraction always means per cent of the 
extractable maximum.

The results obtained with some of the macrocyclic 
poly ether sulfides are shown in Table III. For the pur- Figure 1.—Structural formulas and codes.

m ua v iïn pn ^
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T a b l e  I
Y ield s  an d  A n a l y t ic a l  D a ta

Yield, /——-Carbon, %— - /—Hydrogen, %—n —------ Sulfur, %--------> /--------- Me)1 wt—
Compd Formula % Mp, “C“ Found Calcd Found Calcd Found Calcd Found Calcd

A C17H18O3S2 3 150-153 60.9 61.0 5.4 5.4 19.7 19.2 334
B C15H22O3S2 30 Viscous oil 57.0 57.3 7.1 7.0 19.8 20.4 333 314
C C17H26O4S2 56 Viscous oil 56.5 57.0 7.3 7.3 17.9 17.9 382 358
D C16HM0 4S2 1 91 55.0 55.8 7.1 7.0 17.4 18.6 344
E C20IÎ24O4S2 15 143-144 61.3 61.2 6.1 6.1 16.3 16.3 384 392
F C20H24O4S2 5 114-115 61.3 61.2 6.0 6.1 16.3 16.3 357 392
G C22H2802S4 6 147 58.7 58.4 6.0 6.2 27.6 28.3 462 452
H C20IÎ36O2S4 24 Viscous oil 56.7 55.0 7.8 8.3 28.8 29.4 432 436
J C20HmO8S 33 133 56.7 56.6 5.8 5.7 7.0 7.5 424

° Melting points were determined on a Fisher-Johns apparatus and are uncorrected.

T a b l e  II T a b l e  III
U l t r a v io l e t  Sp e c t r a  in  M eth a n o l E x t r a c t io n  D a t a . W a t e r - M e t h y l e n e  C h l o r id e »

✓----- Without any salt-----. ✓----- With silver nitrate0----- Concn Concn, Extracted,
Compd Peaks, mfib Ext coeff Peaks, mnb Ext coeff Compd X 105 M Salt M %°

A 286.5 6,800 C C B 7.0 k n o 3 0.1 2 .4
292 6,700 B 7.0 AgNOa 0.1 52

B 256 10,500 249 13,400 C 7.0 k n o 3 0.1 3.2
(co. 294) 1,700 (ca. 292) 1,200 C 7.0 AgNOa 0.1 77

C 254 11,300 (ca. 258)d 4,300 E° KC1 Poor
(292) 2,000 (ca. 288) 1,900 Ec AgNOa Good

D 277 3,000 275 3,100 Fc KC1 Poor
(280.5) 2,600 Fc AgNOa Good

E 254 9,600 252 12,400 G 7.0 KNOa 0.1 5.5
282.5 6,100 282 7,400 G 7.0 AgNOa 0.1 92
288 6,200 H 6.4 NaOH 0.125 2.2

F 255 9,100 (ca. 247 )d 10,000 H 6.4 AgNOa 0.059 68
282 6,100 282 5,700 K d 25.4 NaOH 0.12c <1
288.5 6,000 K d 25.4 AgNOa 0 .05S 10

G 256 22,000 (ca. 259)* 3,800 X X X I ' 7.0 KNOa 0.1 69
(ca. 300) 2,300 297 1,400 X X X I ' 7.0 AgNOa 0.1 63

J 276 4,600 c C “ Equal volumes of water and methylene chloride, and pic
“ Silver nitrate was added in about 50-fold 1excess, and its acid at 7.0 X IO-5 M. “ The cation of the listed salt. '  N ot r

effects on the spectra of the compounds (without any salt) are 
indicated by the changed values of the peaks and the extinction 
coefficients. 6 Parentheses indicate shoulders rather than peaks. 
'  Little change on addition of silver nitrate. d The peak nearly 
disappears on addition of silver nitrate and is replaced by a 
slight shoulder on the sloping curve with a peak at 224 m/i.

pose of comparison, the extraction data for dicyclohexyl-
18-crown-6 (X X X I )1 and di(n-octadecyl) sulfide, K , are 
included. Of the previously studied polyethers, X X X I  
is the best complexing agent for potassium and also, in 
general, the most effective for the other cations.

It is evident that, as a group, the macrocyclic poly­
ether sulfides are poorer complexing agents for sodium 
and potassium than the oxygen analogs (compare H  
with X X X I ) , but they are, at least, as good for com­
plexing silver. B, C, G, and H were also tested with the 
other alkali metal and alkaline earth metal salts with 
similar results. Cursory tests indicated that the macro- 
cyclic polyether sulfides are good complexing agents for 
gold, but the valence of the complexed gold was not 
determined.

A  comparison of Iv with any other sulfur compound 
suggests that the macrocyclic polyether sulfides are very 
much better complexing agents for silver than the open- 
chain sulfide. It does not seem likely, however, that 
different types of coordination are involved in the two 
cases, but the great advantage accrues from chelation 
and the more favorable steric environment in the case 
of macrocyclic complexing agents.

The strong complexing power of the macrocyclic poly­
ethers for the alkali and alkaline earth cations is de­

quantitatively. d Di(ra-octadecyl) 
crown-6, see ref 1.

sulfide. '  Dicyclohexyl-18-

stroyed by substituting - S -  for - 0 - ,  probably because 
the symmetrical distribution of the negative charge 
around the “ hole” of the poly ethers is disturbed due to 
the larger size of the sulfur atom, its lower electronega­
tivity, and the different bond angles involving the sulfur 
atom.

Experimental Section

The following instruments were used: Varian Model A-60
for nmr spectra, Perkin-EImer Infracord Model 137 for infrared 
spectra, and Perkin-EImer ultraviolet-visible spectrophotometer 
Model 202 for ultraviolet spectra. All inorganic compounds were 
reagent grade, and all solvents and available organic materials 
were commercial products used without purification.

Preparation of 2,3,7,8-Dibenzo-l,9,12-trioxa-4,6-dithiacyclo- 
tetradeca-2,7-diene (A).— To a mixture of 24.7 g (0.0936 mol) 
of bis(o-hydroxyphenylmercapto)methane, 200 ml of 1-butanol, 
and 7.5 g (0.188 mol) of sodium hydroxide dissolved in 10 ml of 
water was added dropwise 13.4 g (0.0936 mol) of bis(2-chloro- 
ethyl)ether diluted with 50 ml of 1-butanol. The mixture was 
refluxed overnight.

The solvent was distilled off while the volume was kept con­
stant by the addition of water, and the aqueous mixture was 
extracted with 200 ml of chloroform and washed twice with 100 
ml of aqueous 5%  sodium hydroxide. (There was trouble due 
to emulsion.) The chloroform solution was evaporated and the 
residue, 20.3 g of very viscous material, was recrystallized from 
n-heptane. The desired compound was obtained as white crys­
tals, 1.0 g.

Preparation of 2,3-(4'-Methylbenzo)-l,4-dith:a-7,10,13-trioxa- 
cyclopentadeca-2-ene (B).—A mixture of 17.3 g (0.111 mol) of 
toluene-3,4-dithiol, 400 ml of 1-butanol, 25.6 g (0.111 mol) of
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l,ll-dichloro-3,6,9-trioxaundecane, and 8.9 g (0.222 mol) of 
sodium hydroxide dissolved in 10 ml of water was refluxed with 
good agitation for 6.5 hr (temperature 104°). The warm re­
action mixture was filtered, the insoluble material was washed 
with 100 ml of 1-butanol, and the filtrate and the washing were 
concentrated. The residue, 17.5 g of viscous oil, was placed on a 
column (1.75 X 8 in.) of acid-washed, 200 mesh alumina, and the 
portion which came off with a mixture of 600 ml of benzene and 
600 ml of chloroform, 10.5 g of viscous oil, was the desired com­
pound.

Preparation of 2,3-(4'-Methylbenzo)-l,4-dithia-7,10,13,16- 
tetraoxacyclooctadeca-2-ene (C).— This compound was synthe­
sized in the same way as the previous compound, B. The elution 
from the alumina column was effected, however, with benzene 
(20.1 g of product as a viscous oil).

Preparation of 2,3-Benzo-l,4,10,13-tetraoxa-7,16-dithiacyclo- 
octadeca-2-ene (D).— To a boiling mixture of 900 ml of ethyl 
alcohol, 900 ml of water, and 6.4 g (0.06 mol) of anhydrous 
sodium carbonate was added dropwise in 1 hr 100 ml of ethyl 
alcohol containing 14.0 g (0.06 mol) of l,2-bis(/3-chloroethoxy)- 
benzene and 11.0 g (0.06 mol) of l,2-bis(/3-mereaptoethoxy)- 
ethane. The mixture was refluxed overnight, cooled, filtered, and 
evaporated. The residue, 9.4 g of brownish paste, was placed 
on a porous plate and 0.16 g of white fibrous crystals was ob­
tained. No attempt was made to recover more product from the 
residue.

Preparation of 2,3,ll,12-Dibenzo-l,7,13,16-tetraoxa-4,10-di- 
thiacyclooctadeca-2,11-diene (E).— To a boiling mixture of 126 g 
(1 mol) of o-mercaptophenol, 1000 ml of 2-butanol, and 40 g 
(1 mol) of sodium hydroxide was added dropwise in 2 hr 74 g 
(0.52 mol) of bis(2-chloroethyl) ether diluted with 50 ml of 2- 
butanol. The mixture was cooled to 87°, 40 g of sodium hydrox­
ide was added, and it was refluxed for 30 min (96°). Bis(2- 
chloroethyl)ether (74 g) diluted with 50 ml of 2-butanol was 
then added dropwise in 2 hr and the mixture was refluxed for 16 
hr.

The mixture ws acidified with 30 ml of concentrated hydro­
chloric acid diluted with 200 ml of water, and the solvent was 
distilled off w'hile making up the volume with water until the 
vapor temperature had risen to 100°. The pasty solids were 
filtered off, washed with water, and sucked as dry as possible. 
It was then mixed with 500 ml of acetone, filtered, and washed 
with 500 ml of acetone, and dried. The desired product, 60.4 g, 
was obtained as fibrous crystals.

Preparation of 2,3,ll,12-Dibenzo-l,7,10,16-tetraoxa-4,13-di- 
thiacyclooctadeca-2,11-diene (F).-—To a mixture of 70.6 g (0.56 
mol) of o-mercaptophenol, 460 ml of 1-butanol, and 22.4 g 
(0.56 mol) of sodium hydroxide in 25 ml of water was added 
rapidly 160 g (1.12 mol) of bis(2-chloroethyl) ether dissolved in 
340 ml of 1-butanol and refluxed for 2 hr. The mixture was 
distilled while 1 1. of water was being added until about 1600 ml 
of distillate had been removed and the temperature was 104°. 
To the residue in the flask was added dropwise 22.4 g of sodium 
hydroxide in 25 ml of water which was then diluted with 400 
ml of 1-butanol, and refluxed for 20 hr (97°).

The mixture was cooled, acidified with 29 ml of concentrated 
hydrochloric acid, and distilled while 1200 ml of water was 
added until about 1150 ml of distillate had been removed and 
the temperature was 105°. The mixture was extracted with 500 
ml of chloroform and rvashed twice with 400 ml of water con­
taining 20 g of sodium hydroxide. The chloroform solution was 
evaporated and gave 29.7 g of yellow oil. This was placed on a 
column of alumina and eluted with benzene. The residue from 
the eluate, 23.6 g, was extracted with n-hexane and gave the 
desired compound as white crystals.

Preparation of 2,3,11,12-Bis(4'- and/or 5'-methylbenzo)- 
1,4,10,13-tetrathia-7,16-dioxacyclooctadeca-2,11-diene (G ).— A 
mixture of 48.8 g (0.313 mol) of toluene-3,4-dithiol, 500 ml of 
1-butanol, and 20.7 g (0.313 mol) of 85% potassium hydroxide 
was heated to reflux temperature (114°) and to it was added drop- 
wise in 2 hr 22.5 g (0.157 mol) of bis(2-chloroethyl) ether diluted

with 50 ml of 1-butanol, and refluxed for 1 hr. The temperature 
was lowered to 76°, potassium hydroxide (20.7 g of 85%) was 
added, the temperature was raised to reflux, and to the mixture 
was added dropwise in 1 hr 22.5 g of bis(2-chloroethyl)ether 
diluted with 50 ml of 1-butanol. Then the refluxing was con­
tinued for 4 hr more.

After acidifying with 3 ml of concentrated hydrochloric acid, 
1-butanol was distilled off while the volume of the mixture was 
kept constant by the addition of water. The pinkish paste 
which separated from the aqueous phase was dissolved in 600 ml 
of chloroform and extracted with 400 ml of 5%  aqueous sodium 
hydroxide. The chloroform solution was dried with calcium 
chloride and evaporated. The residue, 67.2 g of very thick, 
sticky paste, was extracted with n-heptane and then with acetone. 
From these extracts, 4.2 g of white, shiny crystals of the desired 
compound were recovered. It is probable that the yield of the 
product was considerably higher, but an efficient method of 
recovery had not been developed.

Preparation of 2,8,15,21-Tetrathia-5,18-dioxatricyclo[20.4.0.- 
09 H]hexacosane (H).— To a mixture of 57.4 g (ca. 0.37 mol) of 
crude irans-l,2-cyclohexanedithiol,4 500 ml of air-free 1-butanol, 
and 14.6 g (0.365 mol) of sodium hydroxide in 20 ml of water, 
all at 60°, was added dropwise in 54 min 26.1 g (0.182 mol) of 
bis(2-chloroethyl)ether diluted with 70 ml of 1-butanol, and it 
was refluxed for 30 min. The mixture was cooled to 95°. Sodium 
hydroxide (14.6 g) in 20 ml of water was added, and then 26.1 g 
of bis(2-chloroethyl)ether diluted with 70 ml of 1-butanol was 
added dropwise in 57 min.

The mixture was filtered and evaporated (39.5 g of residue). 
This was dissolved in 200 ml of methylene chloride, washed with 
200 ml of aqueous 5% sodium hydroxide (there was trouble due 
to emulsion), and evaporated. The residue, 31.5 g of brownish 
oil, was placed on a 1.75 X  6 in. column of alumina and eluted 
with benzene. The first 200 ml of eluate contained 18.9 g of 
the desired compound.

Preparation of 2.3,13,14-Dibenzo-l,4,7,9,12,15,18-heptaoxa-8- 
thiacycloeicosa-2,13-diene 8-Oxide (J).— l,17-Dihydroxy-4,5,13,- 
14-dibenzo-3,6,9,12,15-pentaoxaheptadeca-4,13-diene (1.89 g, 
0.005 mol) dissolved in 200 ml of dry benzene was treated with 
3.14 g (0.04 mol) of pyridine and 1.2 g (0.01 mol) of thionyl 
chloride, and warmed on a steambath for 1 hr. The mixture was 
filtered, and the filtrate was washed with 150 ml of water con­
taining 5 ml of concentrated hydrochloric acid, dried, and 
evaporated. The residue was crystallized from a mixture of 
cyclohexane and benzene and yielded white crystals of the desired 
compound.

Preparation of Crystalline Silver Nitrate Complex of E.— A
clear solution obtained by warming a mixture of 1.96 g (0.005 
mol) of E, 50 ml of methanol, and 0.86 g (0.0051) mol of silver 
nitrate rvas cooled to room temperature and left in an open 
beaker protected from light. Large, off-white crystals were 
obtained melting at 197-203°. Anal. Calcd : C, 42.7; H, 
4.3; S, 11.4; Ag, 19.2. Found: C, 42.8; H, 4.2; S, 11.5; 
Ag, 19.2.

On treating the above complex with sodium bromide in metha­
nol, yellowish, fibrous crystals were recovered with a melting 
point above 210°. Anal. Calcd: Br, 13.8; Ag, 18.6. Found: 
Br, 12.7; Ag, 17.3

Registry No.— A, 26736-17-4; B, 26736-18-5; C, 
26736-19-6; D, 26850-07-7; E, 26736-20-9; F, 26736-
21-0; G, 26778-70-1; H, 26736-22-1; J, 26736-23-2.
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(4) irans-1,2-Cyclohexanedithiol was prepared according to C. C. J. 
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A synthetic approach to a-azidovinyl ketones is provided by the reaction of the iodine azide adducts of a,/S- 
unsaturated ketones with sodium azide in DM F at room temperature. a-Azidochaleone (3a), «-azicobenzyl- 
ideneacetone (3b), and a-azidoethylideneacetophenone (3c) were prepared in good yields and subsequently 
converted to the corresponding iminophosphoranes on treatment with triphenylphosphine. The mechanism 
of the synthetic method, which involves in part transposition of ar azide function, is discussed, as is the regio- 
chemistry of IN3 additions to unsaturated carbonyl compounds.

a-Azidovinyl ketones (3), which are regioisomericlb 
with the readily available (3-azidovinyl ketones,2 were 
obtained recently by two synthetic methods developed 
in this laboratory.3 The first method consists of react­
ing the dibromides of a ,/3-unsaturated ketones (1) with 
2 equiv of sodium azide in D M F  at room temperature. 
The second method involves treatment of the a-bromo- 
vinyl ketones (2) with an equimolar mixture of sodium 
azide and hydrazoic acid in DM F.

R C O - C H - C H - R '

Br Br 
1

N:

R— CO

R' NaN, + HN,
<------------- —

DMF

3

RCO— C = C H — R'
I
Br

2

W e now wish to report a third facile approach to this 
rare class of vinyl azides.4 Treatment of the trans-a,P- 
unsaturated ketones, 4a and 4b, with iodine azide in ace­
tonitrile solution yields the erythro-iodo azides, 5a and 
5b, in high yields. The latter are smoothly converted 
by sodium azide in D M F  to the azidovinyl ketones, 3a 
and 3b. The reaction can be rationalized by an Sn2

INi ,
ch3cn

4a, R = Ph 
b, R = Me

I

R— CO

Ph

N3

NaN,
DMF

5

Hv
N y P h Nsv .

Ph

R— CC) H -HN, r — o r
6 3a. R = Ph

b. R =  Me

attack of the azide ion on the iodine bearing carbon of 
5 to give the bisazide 6 which on elimination of hydra- 
zoic acid yields the (raws-vinyl azide (3). Step 6 —► 3

* To whom correspondence should be addressed.
(1) (a) Steveochemistry. LIX. For paper LVIII, see G. L’abbé, M. J.

Miller, and A. Hassner, Chem. Ind. (London), 1321 (1970). (b) Regio is
used to describe directional preference in bond making or breaking: A.
Hassner, J. Org. Chem., 33, 2684 (1968).

(2) Review: M. I. Rybinskaya, A. N. Nesmeyanov, and N. K. Kochet­
kov, Russ. Chem. Rev., 38, 961 (in Engl. 433) (1969).

(3) A. Hassner, G. L’abbé, and M . J. Miller, J. Amer. Chem. Soc., in 
press.

(4) After our research had been completed, Knittel, Hemetsberger, and 
Weidmann [Monatsh. Chem., 101, 157 (1970)], reported a fourth synthetic 
method for a-azidovinyl ketones by the condensation of azidoacetophenone 
with substituted benzaldehydes.

can either be considered an anti elimination of hydra- 
zoic acid, or it can involve the loss o: a proton from 6 
under the basic reaction conditions (N aN3 in D M F ) to 
give intermediate 7 which is subsequently transformed 
to the thermodynamically most stable irans-vinyl azide

N3x  / P h
JC— CH

R—

0
( - )

(3). Bisazides of type 6 are unstable and have never 
been isolated in the pure state, but their presence can 
be inferred from the nmr spectra, as described else­
where.3

When trail s-ethylideneacetophenone (8) was treated 
with iodine azide in acetonitrile, a mixture of two prod­
ucts in a ratio of 40 :60  was obtained which analyzed 
correctly for the IN 3 adducts. W e assign the regio- 
isomerie structures 9 and 10 to these components on the 
basis of the nmr data. One other possibility, namely an

,Me

Ph— CO

IN,,
CHjCN

T 4."

H * .1

Ph— CO NTvT “

r 8.65

Me

H
8

t 4.80 r 8.37

H » ,N3 Me

Ph— CO I
10

NaN,,
DMF

N:,n

Ph— CO/

.Me

3c

erythro-threo mixture, is most unlikely in view of the 
chemical shift values and coupling constants observed. 
For comparison, we prepared the erythro- and threo-di­
bromides of ethylideneacetophenone (11 and 12) by the 
method of Lutz8 and observed that the a-hydrogen

,Br Me

Ph— a i B r  'H
11 (erythro)

r 4.55 r 8.10

H

Ph— CC

Me

Br
12 (threo)

atoms exhibit the same chemical shifts (t 4.55) but 
sharply different coupling constants (J =  10.5 Hz for 11 
and J = 7 Hz for 12) as expected for different dihedral 
angles. On the contrary, the a-hydrogen atoms of the

(5) R. E. Lutz, D. F. Hinkley, and R. H. Jordan, J. Amer. Chem. Soc., 73, 
4647 (195i;.
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iodine azide adducts 9 and 10 show the same coupling 
constants (J =  9 Hz) but different chemical shifts (t
4.72 for 9 and 4.80 for 10) in accordance with expecta­
tions. In addition, the widely separated methyl ab­
sorptions at r 8.65 and 8.37 are consistent with the 
regioisomeric structures 9 and 10 rather than with 
diastereomers. Ionic addition of BrN3 to 8 also afforded 
two regioisomers (the Br analogs of 9 and 10) in which 
the a protons absorb at r 4.88 and 5.02, respectively, 
and the methyl absorption occurs at r 8.65 and 8.43.3

The formation of 9 and 10 deserve comment. The 
regiochemistry of IX 3 additions to olefins has been 
shown to be dependent on electronic and steric factors 
operating during the opening of the iodonium ion inter­
mediate (e.g., 13).6 Since a carbonyl group is known to

X— Ç— CH— CH— R

13

X— C— €H — CH— R and/or X— C— CH— C H -R '
II I I II I I
O I n 3 o  n 3 I

14 15

destabilize an adjacent incipient positive charge, open­
ing of 13 would be expected to occur at the /3-carbon 
atom leading to regioisomer 14. However, opening of 
13 can also be viewed as an S n 2 displacement which is 
known to occur with ease in a-halo ketones and esters. 
A /3-phenyl group in vinyl ketones and a /3-methyl group 
in vinyl esters (see 13, R =  Ph or Me, respectively) are 
sufficient to counteract the latter effect, so that 13 is 
opened exclusively at the /3 carbon. If, on the con­
trary, the /3 substituent cannot substantially contribute 
to the stabilization of a positive charge on the /3-carbon 
atom, displacement occurs at the a and the /3 position 
and both regioisomers, 14 and 15, are obtained. Thus 
methyl acrylate on IN 3 addition gave a mixture of 14 
and 15 (X  =  OMe, R =  H) in a ratio of 12:88,6b and 
vinyl ketone 8 is likewise converted into both isomers 
9 and 10.

For the synthesis of the vinyl azide 3c, no further 
separation of 9 and 10 is necessary since both isomerr 
are cleanly converted into 3c upon treatment with so­
dium azide in D M F. Interestingly, the vinyl azide 3c is 
also obtained when the mixture of 9 and 10 is treated 
with sodium acetate, a base of similar basicity as sodium 
azide. While the conversion of 10 into 3c by a base is 
unexceptional, the transformation of 9 into 3c by sodium 
acetate requires explication. Elimination of hydrazoic 
acid from adduct 9 by sodium acetate occurs to some 
extent and provides the necessary azide ions for the con­
version of the remaining 9 into 3c via 6. Evidence for 
this interpretation is provided by the nmr spectrum of 
the crude reaction product which shows, in addition to 
the vinyl azide 3c, the a-iodovinvl ketone (vinyl H  at 
r 3.28) derived from 9 in ca. 5 -1 0 %  yield.7

The three a-azidovinyl ketones prepared in this work 
react readily with triphenylphosphine with nitrogen

(6) (a) F. W. Fowler, A. Hassner, and L. A. Levy, J. Amer. Chem. Soc., 
8 9 , 2077 (1967); (b) A. Hassner and F. W. Fowler, J. Org. Chem., 3 3 , 2686 
(1968).

(7) A referee suggested that another possible reaction course could be 
the displacement of iodine ion from 9 by acetate, followed by loss of hy­
drazoic acid. This should result in the formation of a-acetoxyethylidene- 
acetophenone which has not been observed.

evolution to give the vinyliminophosphoranes 16 in high 
yield. The mechanism of this general reaction for 
azides has been recently reviewed.8

Ph,P=N  

R— CO

R

16a, R = Ph; R' = Ph
b, R =  Me; R' =  Ph
c, R =  Ph; R' =  Me

Experimental Section

All-melting points were obtained on a Fisher-Johns melting 
point apparatus and are uneorrected. Infrared spectra were 
taken on a Perki:i-Elmer 457 spectrophotometer. Nmr spectra 
were recorded with a Varian A-60-A spectrometer using tetra- 
methylsilane as an internal standard. The elemental analyses 
were performed by Galbraith Laboratories, Knoxville, Tenn.

Addition of Iodine Azide to the a,/3-Unsaturated Ketones.—  
The IN,, adducts were prepared by treating the respective <*,/3- 
unsaturated ketones with iodine azide (reaction time, 1 day) 
according to the general procedure described elsewhere.6“

l-Phenyl-l-azido-2-iodo-3-phenyl-3-propanone (5a) was ob­
tained from chalcone in nearly quantitative yield: mp 104-
104.5° (reported6“ 100-102°); nmr (CDCb) r 1.75-2.10 (m, 2 II),
2.3-2.8 (m, 3 H), 2.57 (s, 5 H), 4.48 (d, 1 H, J  = 11 Hz), 4.70 
(d, 1 H, J = 11 Hz).

1-Phenyl- l-azido-2-iodo-3-methyl-3-propanone (5b) was ob­
tained from benzylideneacetone in 85% yield and recrystallized 
from ethanol: mp 86-87°; nmr (CDC13) r 2.60 (s, 5 II), 4.97 
(d, 1 H, J = 11 Hz), 5.38 (d, 1 H, J  =  11 Hz), 7.50 (s, 3 H). 
Anal. Calcd for C,oH,„IN30  (315): C, 38.10; H, 3.17; N, 
13.33. Found: C, 37.92; H, 3.02; N, 13.42.

Adducts 9 and 10.— When 8 was treated with iodine 
azide and worked up in the usual manner, a brown oil was ob­
tained whose nmr spectrum showed, among other impurities, 
the two regioisomeric adducts 9 and 10 in a ratio of about 40:60. 
The oil was chromatographed on silica gel with petroleum ether- 
benzene as the eluent, and gave a pure mixture of 9 and 10 in 
23% yield: nmr (CDC13) t 1.8-2.8 (two multiplets), 4.72 (d, 
J = 9 Hz), 4.80 (d, /  =  9 Hz), 5.5-6.1 (octet), 8.37 (d, J =  
6.5 Hz), 8.65 (d, J =  6.5 Hz). Anal. Calcd for C ioI I ioN 3IO : 
C, 38.10; H, 3.17; N, 13.33. Found: C, 38.41; H, 3.24; 
N, 13.03.

Reaction of the Iodine Azide Adducts with Sodium Azide.—
The IN3 adduct (0.02 mol) was allowed to react with sodium 
azide (0.02 mol) in 100 ml of DM F (dried over molecular sieves, 
type 4A) at room temperature for the appropriate reaction time 
(1 hr for 5a, 2 hr for 5b, and 0.5 hr for 9-10). The solution was 
then poured into a mixture of water-ether, and the ether layer 
was washed several times with water and dried (MgSO<). After 
removing the ether under vacuum the a-azidovinyl ketones were 
obtained as follows.

a-Azidochalcone (3a) was isolated as a red oil and was purified 
by passing through a small column of neutral aluminum oxide 
using petroleum ether-50% benzene as the eluent. The yellow 
fraction was collected and gave, after removal of the solvent, the 
pure azide in 60-72% yield, mp 63.5-64° (from petroleum 
ether, bp 2 0 -4 0 °/ When the reaction was carried out with 2 
equiv of sodium azide, the a-azidoehalcone was obtained pure in 
68% yield.

a-Azidobenzylic.eneacetone (3b) was obtained as a crude 
yellow7 solid and recrystallized from petroleum ether (bp 20-40°) 
in 67% yield, mp 79.5-80.0°.

a-Azidoethylideneacetophenone (3c) was obtained as a pure 
yellow liquid in 83% yield and did not need further purification. 
When the reaction was carried out with 1 equiv of sodium acetate 
instead of sodium azide, the vinyl azide 3c was obtained crude 
in 85% yield. The nmr spectrum indicated the presence of a 
small amount of the a-iodoethylideneacetophenone (r 3.2S, q, 
J =  6.5 Hz; r 7.92, d, J  =  6.5 Hz). The latter compound was 
also obtained in ca. 10% yield (in addition to starting material) 
when the reaction was carried out with 2 equiv of silver acetate 
for 2 hr. Chromatography on silica gel failed to lead to the iso­
lation ot this labile vinyl iodide.

(8) Review: G. L’abbd, Ind. Chim. Beige, 3 4 , 519 (1969).
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All three a-azidovinyl ketones were identified by comparison 
with authentic samples prepared by the two other methods.3

Reaction of the a-Azidovinyl Ketones with Triphenylphosphine. 
— The azidovinyl ketone (0.01 mol) was allowed to react with 
0.01 mol of triphenylphosphine in 50 ml of ether at room temper­
ature. Nitrogen evolution was observed and the iminophos- 
phorane precipitated partly from the mixture. After 1 day the 
solution was cooled, and the precipitate was filtered, washed with 
petroleum ether, and dried.

a-(Triphenylphosphinimino)chalcone (16a) was obtained as a 
yellow crystalline product in 87-93% yield and was recrystallized 
from carbon tetrachloride-petroleum ether: mp 163-163.5°;
nmr (CDC13) r 1.6-2.9 (three multiplets), 3.75 (d, 1 H, /  = 
7 Hz). Anal. Calcd for C33H26NOP (483): C, 77.50; H, 
5.09. Found: C, 77.65; H, 5.29.

«-(Triphenylphosphinimino)benzylideneacetone (16b) was ob­
tained in 88% yield and recrystallized from carbon tetrachloride- 
petroleum ether: mp 166-166.5°; nmr (CDC13) r 1.5-3.0 
(three multiplets), 3.38 (d, 1 H, J  =  8 Hz), 7.72 (s, 3 H). 
Anal. Calcd for C28H2iNOP (421): C, 79.81; H, 5.70. Found 
C, 80.08; H, 5.92.

a-(Triphenylphosphinimino)ethylideneacetophenone (16c) was 
obtained in 86% yield and recrystallized from carbon tetra­

chloride: mp 146-147°; nmr (CDC13) t 1.9-2.9 (two multi­
plets), 4.2-4.7 (dq, 1 H), 7.92 (dd, 3 H, /  =  7 and 1 Hz). 
Anal. Calcd for C28H24NOP (421): C, 79.81 H, 5.70. Found: 
C, 79.76; H ,5.78.

The ir spectra (KBr) of the iminophosphoranes showed the 
expected C = 0  bands at 1630-1600 and C—P bands at 1410-1430, 
1120, and 990-1000 cm-1.

Registry N o .—3a, 26309-0S-0; 3b, 26309-09-1;
3c, 26309-10-4; 5b, 26309-13-7; 9, 26309-11-5; 10, 
26309-12-6; 16a, 26309-14-8; 16b, 26309-15-9; 16c, 
26309-16-0.
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The Nature of the Ortho Effect. VI. Polarographic Half-Wave Potentials
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Twenty-seven sets of polarographic half-wave potentials and related data for ortho-substituted benzene 
derivatives have been correlated with the equations Qx =  a n .x  +  5<tr,x +  fry  -)- h and Qx =  avi.x +  /3<rr:,x +  In­
significant. correlations were obtained with 18 of the sets correlated with the former, and 22 of the sets correlated 
with the latter equation. The results obtained for correlations with the former equation show7 that, ir. general, 
ip is not significant. As successful correlations were obtained with the latter equation in most cases, there is no 
steric effect exerted by ortho substituents in the majority of the sets studied. Their effect is generally purely 
electrical in nature. The magnitude and composition of the electrical effect seems to be independent of the 
medium but strongly dependent on the group being reduced.

In continuation of our interest in the nature of the 
ortho effect, it seemed worthwhile to extend our investi­
gations to polarographic half-wave potentials. The 
problem seems to have first been studied by Bennett 
and Elving,1 who reported a correlation of E0.s values 
for 2-substituted nitrobenzenes with the Taft a* con­
stants by means of the simple Hammett equation

Qx =  p<rx +  h (1)

Zuman2 has studied the correlation of E0.5 values for 
ortho-substituted benzene derivatives with the equation

AA0.5,x  =  pv0.x* +  SE°s.x (2)

in an attempt to determine the presence or absence of 
steric effects. Hussey and Diefenderfer3 have corre­
lated Eq.s values for 2-substituted phenyl bromides and 
iodides with the simple Hammett equation using <r0 
constants defined by the expression

<ro = 2.4<ti +  (1 — S.F .V r (3)

where S.F. is a steric hindrance factor defined as the 
fraction of overlap between the reaction site radius and 
the substituent radius. The radii were obtained from 
data on the resolution of diphenyls. As we have recently

* To whom correspondence should be addressed.
(1) C. E. Bennett and P. J. Elving, Collect. Czech. Chem. Commun., 25 , 

3213 (1960).
(2) P. Zuman, ibid., 27 , 648 (1962); “ Substituent Effects in Organic 

Polarography,”  Plenum Publishing Co., New York, N. Y., 1967, p 75.
(3) W. W. Hussey and A. J. Diefenderfer, J. Amer. Chem. Soc., 89, 5359 

(1967).

shown4 that the Es° values proposed by Taft5 as a mea­
sure of the steric effect of ortho substituents are in fact 
electrical effect parameters, it seemed useful to investi­
gate the correlation of AY 5 values with the aim of deter­
mining whether or not a steric effect is present.

It is convenient at this point to review our method 
for ascertaining the presence or absence of steric effects. 
There are several possible cases to consider,6 of which 
four are of major interest to us. They are (1) the steric 
effect obeys a linear free-energy relationship.6 Then, if 
a suitable steric effect parameter is available, we may 
write a linear free-energy relationship including elec­
trical and steric terms. For a steric effect parameter 
we have chosen the van der Waals radius of that atom 
or group of atoms of the substituent which is bonded to 
the benzene ring. Then, in this case, we write the linear 
free-energy relationship4,7’8

Qx =  a<n,x +  <̂tr.x +  prv.x +  h (4)

(2) The steric effect does not obey a linear free-energy 
relationship. In this case, we may write for any par­
ticular datum in the set

Qx = a<r i.x +  3vr.x +  S x  +  h (5)

(4) M. Charton, ibid., 91, 615 (1969).
(5) R. W. Taft in “ Steric Effects in Organic Chemistry,”  M. S. Newman, 

Ed., Wiley, New York, N. Y., 1956, p 565.
(6) M. Charton, J. Org. Chem., 34, 278 (1969).
(7) M. Charton, J. Amer. Chem. Soc., 91, 619 (1969).
(8) M. Charton, ibid., 91, 624 (1969).
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T a b l e  I
1. E0.i 2-XC6H4I, 66%  EtOH-EUO, 0.01 M  Et4NBr, 25°»
I OH Br NH2 Cl Me Ph H
1.235 1.49 1.30 1.56 1.34 1.683 1.48 1.65
2. £ „.s 2-X C bHJ, 90% EtOH-H20 , 0.06 M  LiCl, 0.2 M  KOAc,
0.013 M  AcOH, 25 06
H Cl Br Me MeO EtO OH' C 02H Ph
1.68 1.56 1.50 1.70 1.60 1.64 1.55 1.47 1.61
3. Ea. 5 2-X ( '■ f;1I4I, H20 , 1.0 M  LiC104d
H Me Et Ph NH2 OH OMe OEt
1.655 1.688 1.685 1.570 1.565 1.535 1.567 1.587
F Cl Br CFs 
1.374 1.375 1.322 1.343
4. Eo.i 2-XC.H J, H20 , 0.1 M  M e4NCld
H Me Et Ph NH2 OH OMe OEt
1.467 1.495 1.478 1.327 1.416 1.391 1.393 1.405 
F Cl Br CF3 
1.205 1.203 1.153 1.190
5. F„.5 2-XC»H4Br, H20, 0.1 Iff MeiNCP
H Me NH2 OH OMe OEt CF3 F Cl
2.07 2.12 2.01 1.97 1.93 1.99 1.67 1.69 1.69
6. Fes 2-XC«H4OTs, M e2NCHO, 0.05 M  Et4NI, 25°'
F Cl NH2 OMe M e NMe, N 0 24
1.332 1.337 1.422 1.431 1.420 1.740 1.118,1.330
H
1.429
7. £„.5 2-XC6H4OTs, M e2SO, 0.05 M  Et4NI, 25°«
F Cl NH2 OMe Me NM ea N 0 24 H
1.452 1.436 1.501 1.527 1.497 1.608 1.484 1.491
8. £ 0.5 2-XCgH4OTs, MeCN, 0.05 Iff Et4NI, 25°'
F Cl NH2 OMe Me NMe, X 0 2' H
1.409 1.407 1.441 1.508 1.510 1.455 1.378 1.463
9. £„.6 2-XCgH4OTs, C5H5N, Et4NI, 25°^
Cl F NH2 NMe2 OMe Me H
1.313 1.328 1.398 1.388 1.427 1.400 1.415
10. E0.6 2-XC6H4OTs, PhCN, Et4NI, 25°"
Cl F NH2 NMe2 Me OMe H
1.414 1.427 1.450 1.440 1.475 1.468 1.452
11. £ 0  5 2-XC 6H 4O T s, equimolar CVH5N -M e2NCHO, Et4NI,
25°»
Cl F NH2 NMe! M e OMe H
1.297 1.313 1.392 1.379 1.387 1.409 1.381
12. £ 0.5 2-XC6H4CHO, 66% EtOH -H 20 , 0.01 M  Et4NBr, 
25°“
H I Cl MeO OH Me
1.506 1.248 1.331 1.494 1.504 1.493
13. £ 0.5 2-XC6H4CHO, 60% EtOH-H20, pH 1.73, 25°»
H I Cl MeO OH Me
1.000 0.827 0.868 0.960 1.050 0.962
14. £ 0.5 2-XC6H4CHO, 60% EtOH-H20 , pH 2.25, 25°“
H I Cl MeO OH NH2C Me
1.022 0.850 0.895 0.994 1.070 1.030 0.990
15. £ 0.5 2-XC6H4CHO, 60% EtOH-H20 , pH 2.59, 25°“
H I Cl MeO OH Me
1.051 0.876 0.918 1.020 1.098 1.018

16. £ 0.5 2-XC6H4CHO, 60% EtOH-H20 , pH 3.16, 25°»
H I Cl OH NH2'  Me
1.088 0.914 0.970 1.134 1.090 1.062
17. £ 0.5 2-XC6H4CHO, H20 , pH 0, 20°4
H OH OMe Me Cl Br I NHAc
0.780 0.850 0.775 0.720 0.693 0.698 0.707 0.765
CHO C 02H NH2' COAle
0.465,* 0.776 0.684 0.843 0.722
18. £ 0.5 2-XC6H4CHO, H20 , pH 13, 20 04
H OH' OMe Me Cl Br I NHAc
1.40 1.62 1.62 1.38 1.39 1.264 1.197 1.247
C 02H ' NH2 CHO
1.34 1.555 1.317,* 1.462
19. £ 0.5 2-XC6H4CHO, H20 , pH 13, 20°, second wave4
H OH' OMe Me Cl Br I NHAc
1.23 1.22 1.245 1.16 1.043 1.066 1.117 1.05
C 02Me
1.097
20. £„.5 2-XC6H4N 0 2, 66% EtOH-H20 , 0.01 Iff Et4NBr, 25°»
H I  Br Cl OH NH2 Ph Me
0.935 0.816 0.860 0.866 0.990 1.030 0.928 1.005
C 02H COiEt CHO N 0 2
0.526,0.968 0.826 0.640 0.570
21. £ „.5 2-XCeH4N 0 2, 60% EtOH-H20 , pH 1.73, 25°“
H I  Br Cl OH NH2 Ph Me
0.326 0.204 0.263 0.256 0.246 0.372 0.290 0.358
C 0 2H CHO C 02Et N 0 2
0.304 0.228 0.282 0.134
22. £„.5 2-XC6H4N 0 2, 60% EtOH-H20, pH 2.25, 25°»
H I  Br Cl OH NH2 Ph Me
0.366 0.232 0.294 0.306 0.284 0.422 0.341 0.390
C 02H CHO C 02Et NO2
0.340 0.286 0.313 0.168
23. £„.5 2-XC6H4N 0 2, 60% EtOH-H20 , pH 3.16, 25°«
H I  Br Cl OH NH2 Ph Me
0.430 0.306 0.S96 0.410 0.362 0.488 0.412 0.525
C 02H CHO C 0 2Et N 0 2
0.420 0.346 0.400 0.230
24. Ea 2-XC6H4N 02, 50% M eOH-H20 , pH 12.5, 26°>'
Cl OiMe NH, OH' M e H
-0 .8 1  -0 .9 0  -0 .9 5  -0 .8 8  -0 .9 3  -0 .8 3
25. £ 0.5 2-XC6H4N 0 2, 50% M eOH -H 20 , pH 12.5, 46°’
Cl OMe NH2 OH' Me H
-0 .9 1  -0 .9 7  -1 .0 8  -1 .0 9  -1 .0 7  -1 .0 6
26. Ea 2-XC6H4N 0 2, 50% M eOH -H 20 , pH 12.5, 46°'
Cl OMe NH2 OH' Me H
-0 .8 1  -0 .8 9  -0 .9 6  -0 .9 1  -0 .9 1  - 0 .8 4
27. £ 0 .5  2-XC„H4C 10H„Fe, MeCN, 0.2 M  LiC104, 25°4
MeO EtO Me F Cl Br I N 0 2
0.292 0.295 0.340 0.359 0.386 0.388 0.389 0.444
C 0 2Me CH2OH Fh H C 02H
0.380 0.352 0.340 0.343 0.373

0 E. Gergeley and T. Iredale, J. Chem. Soc., 3226 (1953). 6 E. L. Colichman and S. K. Liu, J. Amer. Chem. Soc., 76, 913 (1954). 
'  Excluded from correlation. d Reference 3. '  V. M. Maremae, Org. Reactiv., 4, 573 (1967). 1 V. M . Maremae, ibid., 5, 943 (1968). 
» V. M. Maremae, ibid., 5, 953 (1968). 4 L. Holleck and H. Marsen, Z. Elektrochem., 57, 944 (1953). * Value used in correlation.
’  S. Hashimoto, J. Sunamoto, and I. Shinkai, Kogyo Kagaku Zasshi, 68, 1017 (1965). 4 W. F. Little, C. N. Reilley, J. D. Johnson, K. 
N. Lynn, and A. P. Sanders, J. Amer. Chem. Soc., 86, 1376 (1964).

where Sx is the steric effect of the substituent and does 
not obey a linear free-energy relationship.

(3) The steric effect is constant. Then

Qx = ota i .x  +  /3<tr,x  +  h' (6 )

where
h' =  h +  Sx  (7)

(4) The steric effect is nonexistent. Then

(8)

Obviously eq 7 and 8 are equivalent. To determine the 
presence or absence of a steric effect, the data are cor­
related with eq 4 and 8.

The data used are set forth in Table I. The presence 
of a significant steric effect wTill not be indicated by a 
successful correlation with eq 4. Although this is a 
necessary condition for the existence of a steric effect, in 
case 1 it is not sufficient. The conclusive evidence for 
the existence of such a steric effect is provided by the 
confidence level of ip, the coefficient of the Van derQx = ota i,x +  ßoR.x +  h
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T a b e e  II
Set a H 4 h Ra pb ri2» ri f rnc

1A -0 .631 -0.0432 0.174 1 .8 8 0.966 18.34* 0.068 0.584 0.145
IB -0 .753 -0.0719 1.61 0.944 20.52** 0.068
2A -0 .355 -0.0722 0.0293 1.70 0.855 4.537" 0.235 0.453 0.140
2B -0 .371 -0.0783 1 .6 6 0.853 8 .00* 0.235
3A -0 .584 -0.0454 0.0996 1.81 0.965 36.34® 0.151 0.295 0.439
3B -0 .625 -0.0870 1.64 0.955 46.65» 0.151
4A -0 .529 -0.0872 0.0951 1.59 0.959 30.71® 0.151 0.295 0.439
4B -0 .568 -0 .127 1.44 0.948 40.14® 0.151
5A -0 .789 -0 .118 0.0706 2.17 0.974 31.32** 0.049 0.384 0.381
5B -0 .825 -0 .141 2.06 0.971 49.14® 0.049
6Ai -0 .310 -0 .272 0.0454 1.46 0.803 1.810" 0.096 0.223 0.149
6A2 -0 .230 - 0 .1 2 0 —0.0369 1.47 0.960 3.943" 0.681 0.249 0.205
6Bi -0 .318 -0 .269 1.39 0.801 3.568" 0.096
6B2 -0 .236 -0 .118 1.41 0.947 8.765” 0.681
7A, -0 .144 -0 .117 —0.0283 1.52 0.872 3.163” 0.096 0.223 0.149
7A2 -0 .179 -0 .161 0.0253 1.52 0.974 6.275” 0.681 0.249 0.205
7Bi -0 .149 -0 .115 1.48 0.867 6.063" 0.096
7B2 -0 .183 -0 .159 1.48 0.963 12.78" 0.681
8A1 -0 .134 0.0128 0.0362 1.43 0.715 1.046” 0.096 0.223 0.149
8A2 -0 .264 -0 .182 0.0374 1.42 0.991 18.41” 0.681 0.249 0.205
8B1 -0 .128 0.0103 1.49 0.699 1.908” 0.096
8B2 -0 .257 -0 .185 1.47 0.978 22.24* 0.681
9A, -0 .148 -0.0204 0.0631 1.50 0.851 2.622” 0.096 0.223 0.149
9A2 -0 .240 -0 .163 0.0631 1.49 0.972 5.660" 0.681 0.249 0.205

Set Seat** Sad tae V the nf
1A 0.0563 0.130 0.0813 0 .1 1 2 0.179 4.853* 0.531® 1.552» 10.52® 8
IB 0.0638 0.118 0.0896 0.0407 6.396* 0.803® 39.39® 8
2A 0.0509 0.117 0.0767 0.106 0.166 3.032* 0.942® 0.276» 10.24® 9
2B 0.0468 0.0929 0.0676 0.0286 3.994* 1.157® 57.98® 9
3A 0.0411 0.0663 0.0536 0.0658 0 .1 1 2 8.817® 0.848® 1.515» 16.12 12
3B 0.0440 0.0648 0.0492 0.0229 9.654® 1.767» 71.55® 12
4A 0.0411 0.0662 0.0536 0.0657 0 .1 1 2 7.991® 1.629» 1.446» 14.25® 12
4B 0.0435 0.0641 0.0487 0.0227 8 .868® 2.605' 63.35® 12
5A 0.0497 0.0969 0.0652 0.0848 0.139 8.147® 1.807» 0.833® 15.66® 9
5B 0.0484 0.0849 0.0573 0.0325 9.711® 2.469* 63.46® 9
6A, 0.116 0.217 0.142 0.270 0.406 1.427® 1.919» 0.168” 3.593* 7
6A2 0.0283 0.0748 0.0876 0.0659 0.0994 3.073® 1.370® 0.560® 14.78* 5
6B1 0 .1 01 0.185 0 .1 2 2 0.0723 1.720» 2.199" 19.24® 7
6B2 0.0229 0.0599 0.0709 0.0173 3.945" 1.658® 81.55» 5
7 Ai 0.0389 0.0729 0.0476 0.0904 0.136 0.1971»■ 2.455" 0.313® 11.19* 7
7A2 0.0164 0.0434 0.0508 0.0382 0.0576 4.125» 3.167« 0.662» 26.35* 5
7B. 0.0342 0.0627 0.0415 0.0245 2.369" 2.767" 60.37® 6
7B2 0.0139 0.0364 0.0430 0.0105 5.043* 3.701" 140.8® 5
8A1 0.0414 0.0776 0.0507 0.0963 0.145 1.732» 0.253” 0.375« 9.882* 7
8A2 0.0135 0.0357 0.0418 0.0314 0.0474 7.394» 4.361» 1.191® 29.90* 5
8B1 0.0367 0.0672 0.0445 0.0263 1.909» 0.232” 56.49® 7
8B2 0.0148 0.0387 0.0459 0 .0 11 2 6.636* 4.024" 131.2® 5
9A! 0.0324 0.0608 0.0397 0.0754 0.114 2.434" 0.0513« 0.0837® 13.20® 7
9A2 0.0247 0.0653 0.0764 0.0575 0.0868 3.679» 2.124® 1.097® 17.14* 5

Set a * h R F m ris r23
9Bi -0 .159 -0.0160 1.41 0.812 3.872” 0.096
9B2 -0 .251 -0 .158 1.39 0.937 7.162” 0.681

10A! -0.0736 0.00441 0.00799 1.45 0.760 1.366” 0.096 0.223 0.149
10A2 -0 .137 -0.0924 0.00803 1.44 0.9995 345.1* 0.681 0.249 0.205
lOBi -0.0723 0.00386 1.46 0.757 2.684” 0.096
IOB2 -0 .135 -0.0930 1.45 0.997 187.3*' 0.681
11A! -0 .151 -0.0378 0.0326 1.43 0.854 2.701" 0.096 0.223 0.149
11A2 -0 .243 -0 .179 0.0327 1.42 0.981 8.516” 0.681 0.249 0.205
HBi -0 .157 -0.0355 1.38 0.844 4.941" 0.096
IIB2 -0 .249 -0 .177 1.37 0.971 16.24" 0.681
12A -0 .379 -0 .235 0.157 1.70 0.987 25.77* 0.333 0.556 0.060
12B -0 .509 -0 .281 1.46 0.942 11.89* 0.333
13A -0 .226 -0 .196 •0.135 1.16 0.962 8.370” 0.333 0.556 0.060
13B -0 .338 -0 .236 0.954 0.900 6.416" 0.333
14A -0 .230 - 0 .2 0 2 -0.130 1.18 0.975 13.00" 0.333 0.556 0.060
14B -0 .339 -0 .240 0.979 0.917 7.900" 0.333
15 A -0 .239 -0 .203 -0.131 1.21 0.975 12.84» 0.333 0.556 0.060
15B -0 .348 -0 .242 1 .01 0.918 8.032" 0.333
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T a b l e  II (Continued.)
Set a » 4 h R F rii rn r2 3

16A -0 .2 3 0 -0 .2 3 9 -0 .1 3 9 1.26 0.998 88.88”  0.341 0.580 0.032
16B -0 .3 4 4 -0 .2 7 1 1.05 0.931 6.522" 0.341
17A -0 .1 4 1 -0 .2 3 0 -0 .0 7 8 9 0.846 0.708 2.339» 0.010 0.614”  0.163
17B -0 .2 0 1 -0 .2 4 1 0.730 0.696 3.753" 0.010
18A -0 .4 3 6 -0 .3 3 6 -0 .0 4 0 5 1.41 0.952 16.08' 0.090 0.627 0.111
18B -0 .4 6 6 -0 .3 3 8 1.35 0.951 28.07» 0.090

Set Sest sa S Si[/ Sh fa f/3 t* th n
9B, 0.0312 0.0571 0.0378 0.0224 2.778" 0.422« 62.87« 5
9B2 0.0259 0.0677 0.0802 0.0196 3.709” 1.975» 71.11» 5

10A! 0.0198 0.0372 0.0243 0.0462 0.0696 1.977» 0 .181r 0.173’ 20.86» 7
10A2 0.00163 0.00430 0.00503 0.00379 0.00571 31.76' 18.36' 2.122»' 252.6' 5
10Bt 0.0173 0.0317 0.0210 0.0124 2.282” 0.184» 118.0» 7
10B2 0.00270 0.00705 0.00834 0.00204 19.18' 11.15' 713.2» 5
11A, 0.0314 0.0588 0.0384 0.0730 0.110 2.573” 0.983» 0.446« 13.00» 7
11A2 0.0191 0.0506 0.0592 0.0446 0.0672 4.800» 3.025» 0.0735« 21.09' 5
11B, 0.0281 0.0514 0.0341 0.0201 3.052' 1.043» 68.61» 7
11B2 0.0168 0.0439 0.0519 0.0127 5.666' 3.409” 107.8» 5
12A 0.0280 0.0811 0.0567 0.0598 0.0927 4.668' 4.136”  2.623» 18.37' 6
12B 0.0482 0.110 0.0927 0.0345 4.611» 3.031” 42.39» 6
13A 0.0356 0.103 0.0722 0.0760 0.118 2.191» 2.722» 1.771» 9.829' 6
13B 0.0466 0.107 0.0897 0.0334 3.165” 2.635” 28.56» 6
14A 0.0287 0.0830 0.0581 0.0611 0.0948 2.776» 3.472”  2.132« 12.41' 6
14B 0.0423 0.0969 0.0815 0.0303 3.494' 2.949” 32.27» 6
15A 0.0294 0.0851 0.0595 0.0627 0.0972 2.813» 3.411”  2.092» 12.41' 6
15B 0.0428 0.0981 0.0824 0.0307 3.551' 2.934” 32.82» 6
16A 0.0110 0.0318 0.0250 0.0236 0.0365 7.255” 9.561”  5.881» 34.41' 5
16B 0.0463 0.107 0.103 0.0332 3.223“ 2.631» 31.54* 5
17A 0.0814 0.197 0.109 1.64 0.246 0.716» 2.112”  0.483« 3.445' 11
17B 0.0774 0.146 0.101 0.0500 1.370» 2.386' 14.62« 11
18A 0.0533 0.126 0.0734 0.108 0.163 3.470» 4.583' 0.376« 8.642» 9
18B 0.0493 0.0910 0.0678 0.0336 5.117' 4.992' 40.17» 9

Set a fi 4 h R F ri2 ria rn
19A -0 .2 3 6 —0.106 0.0762 1.30 0.751 1.725» 0.210 0.616 0.010
19B -0 .2 9 6 —0.118 1.18 0.729 2.841» 0.210
20A, -0 .4 4 6 -0 .3 2 6 0.0787 0.780 0.865 7.943' 0.283 0.350 0.099
20A2 -0 .4 0 2 -0 .7 6 0 0.0866 1.04 0.893 7.856* 0.121 0.307 0.423
20B, -0 .4 2 1 -0 .3 2 6 0.904 0.861 12.90* 0.283
20B2 -0 .4 3 1 -0 .6 9 9 0.901 0.888 13.08* 0.121
21Ai -0 .2 5 9 -0 .0 2 6 3 0.0203 0.308 0.856 7.305* 0.283 0.350 0.099
21A2 -0 .2 4 5 -0 .0 2 6 5 0.00943 0.323 0.865 5.917' 0.121 0.307 0.423
21Bi -0 .2 5 3 -0 .0 2 6 3 0.340 0.854 12.13* 0.283
21B2 -0 .2 4 2 -0 .03 31 0.338 0.864 10.32' 0.121
22A, -0 .2 6 2 -0 .3 2 6 0.0131 0.360 0.854 7.160* 0.283 0.350 0.099
22A2 -0 .2 4 5 -0 .0 3 4 5 0.000108 0.378 0.867 6.047' 0.121 0.307 0.423
22Bi -0 .2 5 8 -0 .0 3 2 6 0.381 0.853 12.01* 0.283
12B2 -0 .2 4 5 -0 .0 3 4 6 0.378 0.867 10.58' 0.121
23Ai -0 .3 0 1 -0 .03 11 0.0686 0.361 0.823 5.589* 0.283 0.350 0.099
23A2 -0 .2 7 8 -0 .1 0 7 0.0284 0.421 0.828 4.367”  0.121 0.307 0.423
23Bi -0 .2 7 9 -0 .03 11 0.469 0.807 8.386' 0.283
23B2 -0 .2 6 9 -0 .1 2 7 0.465 0.826 7.510* 0.121
24A 0.253 0.143 0.122 -0 .6 8 7 0.986 11.73" 0.231 0.431 0.207
24B 0.201 0.153 -0 .8 6 5 0.905 4.542» 0.231
25A 0.351 0.0631 0.00841 -1 .0 6 0.975 6.288» 0.231 0.431 0.207
25B 0.355 0.0624 -1 .0 5 0.974 18.67”  0.231
26A 0.230 0.155 0.0749 -0 .7 5 1 0.9997 4S8.6' 0.231 0.431 0.207
26B 0.198 0.161 -0 .8 6 0 0.968 14.86”  0.231
27 A 0.121 0.120 0.0251 0.302 0.935 20.94» 0.057 0.159 0.158
27B 0.125 0.124 0.343 0.928 30.90» 0.057

Set Sest Sa */3 S h ¿a £/3 ty th n

19A 0.0687 0.175 0.143 0.140 0.213 1.352» 0.745» 0.543« 6.097' 8
19B 0.0637 0.126 0.131 0.0428 2.346”  0.906» 27.66» 8
20 Ai 0.0995 0.155 0.111 0.164 0.264 2.872' 2.940' 0.481« 2.959' 12
20A2 0.0899 0.145 0.253 0.175 0.279 2.771' 3.008' 0.494« 3.718' 10
20B, 0.0951 0.140 0.106 0.0545 3.010' 3.074»' 16.61» 12
20B2 0.0849 0.126 0.208 0.0488 3.425» 3.355» 18.46» 10
21A! 0.0402 0.0628 0.0447 0.0661 0.107 4.132' 0.588« 0.308«: 2.893' 12
21A2 0.0395 0.0639 0.111 0.0771 0.123 3.833' 0 .238r 0.122’ 2.635' 10
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T a b l e  II (C o n t i n u e d )
Set S e a t Sa s/3 S\f/ S h ta (0 ti th n

21Bi 0.0381 0.0560 0.0424 0.0218 4.512’ 0.620» 15.60» 12

21Bj 0.0367 0.0543 0.0900 0.0211 4.451’ 0.368« 16.03» 10

22Ai 0.0419 0.0654 0.0466 0.0688 0.111 4.011* 0.700« 0.191’ 3.245' 12

22A, 0.0397 0.0641 0.112 0.0775 0.123 3.826' 0.309« 0.139’ 3.068' 10

22Bi 0.0396 0.0581 0.0440 0.0226 4.437- 0.741» 16.82» 12

22B2 0.0368 0.0545 0.0903 0.0211 4.504’ 0.383« 17.87» 10

23Ai 0.0518 0.0809 0.0577 0.0852 0.137 3.721’ 0.539« 0.806» 2.627* 12

23A2 0.0543 0.0876 0.153 0.106 0.168 3.172' 0.699« 0.269« 2.501* 10
23Bi 0.0508 0.0747 0.0565 0.02913 3.738’ 0.549« 16.13» 12

23B2 0.0506 0.0749 0.124 0.0290 3.588’' 1.020» 16.01 10

24A 0.0204 0.0545 0.0343 0.0520 0.0773 4.638» 4.172» 2.351» 8.881“ 5
24B 0.0369 0.0902 0.0614 0.0272 2.232» 2.487» 31.75» 5

25A 0.0335 0.0893 0.0561 0.0853 0.127 3.934» 1 .125» 0.099’ 8.405” 5

25B 0.0238 0.0581 0.0396 0.0175 6.109* 1.578» 59.95» 5

26A 0.00305 0.00812 0.00510 0.00775 0.0115 28.29! 30.34* 9.663” 65.18' 5

26B 0.0209 0.0511 0.0348 0.0154 3.880“ 4.624* 55.73» 5

27 A 0.0167 0.0224 0.0218 0.0251 0.0417 5.430» 5.491» 1.001» 7.243» 13
27B 0.0167 0.0220 0.0215 0.00849 5.684» 5.743» 40.37» 13
° Multiple correlation coefficient. b F  test for significance of regression. c Partial correlation coefficients of <n on cr, en on ry, and 

(tr on r y ,  respectively. d Standard errors of the estimate, a ,  0 ,  <p, and h .  e “ Student’s t tests”  for significance of a ,  8 ,  \j/, and h .  1 Num­
ber of points in set. » 99.9% confidence level (cl). h 99.5% cl. * 99.0% cl. ' 98.0% cl. k 97.5% cl. * 95.0% cl. ”  90.0% cl. 
» <90.0% cl. » 80.0% cl. » 50% cl. « 20% cl. ’  <20%  cl.

Waals radius term in eq 4. This confidence level is 
obtained by means of a “ Student’s t test” of \p.

If ^ is not significant, this implies either (a) the exis­
tence of cases 2, 3, or 4, or (b) the choice of a steric pa­
rameter was incorrect. The data are now correlated 
with eq 8. If the correlations with eq 4 and 8 are both 
unsuccessful, this implies either case 1 and an incorrect 
steric parameter or case 2. It is not possible to distin­
guish between these situations at the present time. If 
the data are well correlated by eq 8, cases 1 and 2 may 
be ruled out, as the data in these cases must include a 
variable steric term which is not accounted for by eq 8. 
Thus lack of significance of in correlations with eq 4 
coupled with successful correlation with eq 8 indicates 
the existence of case 3 or case 4. These cases may be 
distinguished by comparing the experimentally ob­
served value of h (that data point for which X  =  H), 
with the calculated value obtained from the correlation. 
In case 3, fi-obsd ^  ĉaicd; whereas in case 4 /i0bsd =  Scaled-

The <Ti constants used in these correlations are from 
our compilation;9 the o-r constants were obtained from 
the equation

<TR =  <Tp — <ri (9)

using the uv values of McDaniel and Brown.10 Values 
of ?’v were taken from the collection of Bondi11 or were 
group values calculated by us.4 The correlations were 
carried out by multiple linear regression analysis.12

In several of the sets studied, ionizable substituents 
were excluded13 because at the pH of the medium in 
which the if0.5 values were determined, these groups are 
ionized to some extent. Results for sets 6-11 are con­
siderably improved by exclusion of the values for the 
amino and dimethylamino groups. These groups 
seemed to deviate considerably in correlations of the 
£ 0.5 values for the corresponding meta- and para-sub-

(9) M .  Charton, J. Org. Chem., 29, 1222 (1964).
(10) D. H. McDaniel and H. C. Brown, ibid., 23, 420 (1958).
(11) A. Bondi, J. Phys. Chem., 6 8 , 441 (1964).
(12) K. A. Brownlee, “ Statistical Theory and Methodology in Science 

and Engineering,”  2nd ed, Wiley, New York, N. Y., 1965; E. L. Crow, F. A. 
Davis, and M. W. Maxfield,”  “ Statistics Manual,”  Dover Publications, 
New York, N. Y., 1960.

(13) Reference 2, p 49.

stituted phenyl tosylates in some of the sets. The nitro 
group was excluded from sets 6-8 as it is reportedly 
reduced by a mechanism differing from that common to 
the other groups in the set.14 Sets 20-23 were corre­
lated both including and excluding the values for the hy­
droxy and amino groups as it has been suggested that 
they are reduced by a mechanism differing from that 
which is observed for the other substituents.15

Results

Results of the correlations are presented in Table II. 
Sets labeled A  were correlated with eq 4; sets labeled B 
were correlated with eq 8.

The confidence levels of rr2, rn, and r23 are all < 9 0 .0 %  
unless otherwise noted.

Halobenzenes.—-Of the four sets of iodobenzenes 
(sets 1-4), two gave excellent, one gave good, and one 
gave poor results for correlations eq 4. With eq 8, one 
set gave good and three sets gave excellent correlations. 
The bromobenzenes (set 5) gave an excellent correlation 
with both eq 4 and 8.

Phenyl Tosylates.— Best results were obtained for 
correlations excluding the amino and dimethylamino 
groups (sets 6 -1 1A2 and 6 -1 1B2). Four sets did not 
give significant correlations with eq 4, one set gave poor 
results, and one set gave fair results. With eq 8, one 
set gave very good, one fair, and two produced poor re­
sults; two sets did not give significant: correlations.

Benzaldehydes.-— Of the eight sets of benzaldehydes 
(sets 12-19), one gave very good, one fair, and three 
gave poor results. Three sets did net give significant 
correlations with eq 4. Correlation with eq 8 gave poor 
results for four sets, excellent for one set, fair for one set. 
Two sets did not give significant results.

Nitrobenzenes.-— The four sets of nitrobenzenes in 
neutral or acid media (sets 20-23) were correlated both 
with (A! and Bx sets) and without (A2 and B2 sets) the 
values for the amino and hydroxy groups. The results 
are not greatly affected by the exclusion of these values.

(14) Footnote e, Table I.
(15) Reference 2, p 78.
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With eq 4, three sets gave good and one set gave very- 
good results. With eq 8, three sets gave excellent and 
one set gave very good results. Of the three sets of 
nitrobenzenes in alkaline media, one gave fair correla­
tion with eq 4, whereas two did not give significant cor­
relations. With eq 8, two sets gave poor results and 
one set did not give significant correlation.

Phenylferrocenes.— The phenylferrocenes (set 27) 
gave excellent correlations with both eq 4 and eq 8.

Overall, significant correlations with eq 4 were ob­
tained for 18 of the 27 sets studied, whereas, for correla­
tion with eq 8, 22 sets gave significant results.

Discussion

Steric Effect.— We may now consider the question of 
the presence of steric effects in terms of our previous 
discussion. Only one of the 27 sets correlated with eq 4 
gave a significant value of \p, and even in this case \p 
was barely significant. W e conclude that we may re­
ject the existence of a steric effect related to the van der 
Waals radii of the group. As successful correlations 
were obtained with eq 8 in 22 of the 27 sets studied, we 
may exclude the existence of a steric effect represented 
by some other parameters other than the van der Waals 
radius in most if not all cases. W e may also exclude 
the existence of a steric effect which does not obey a 
linear free-energv relationship (case 2) at least in those 
sets which are correlated by eq 8. As for those five sets 
which are not correlated by eq 8, no conclusions can be 
reached as the lack of correlation may be due to causes 
other than the presence of a steric effect. Since in those 
sets which are correlated by eq 8, the value for X  =  H  
lies on the correlation line, h0bsd =  Scaled and we may 
reject the possibility of the existence of a constant steric 
effect (case 3). We are forced to the conclusion that, 
in general, the polarographic data studied in this work 
exemplify the absence of any steric effect (case 4). This 
result is in agreement with our findings for other 
ortho substituted benzene data.4,6-8,16 It again refutes 
the often quoted concept that the so-called proximity 
effect of ortho substituents is largely steric in nature.

Magnitude of the Electrical Effect.— The magnitude 
of the electrical effect is measured by the value of
a. The bromobenzenes give the largest value of a. 
Somewhat smaller values are found for the iodoben- 
zenes. The benzaldehydes and nitrobenzenes give 
about the same average value of a of 0.3. Thus, for 
bromobenzenes a is about 2.7 times the value of a ob­
served for benzaldehydes and nitrobenzenes. The 
tosylates gave an average value of a of 0.2.

Composition of the Ortho Electrical Effect.— W e may 
conveniently describe the composition of the electrical 
effect of a substituent in terms of t where17

e =  ( 3 / a  (10) 16

For the purpose of calculating values of e, a, and 0, 
values taken from the correlations with eq 8 were used 
as, in general, best results were obtained for correlation
with eq 8. Values of « are in Table III. The values

T a b l e  III
V a l u e s  of €

Set 6 Set € Set 6
1 0“ 11 0.71 20 0.77
2 0« 12 0.55 21 0“
3 0° 13 0.70 22 0“
4 0.22 14 0.71 23 0«
5 0.17 15 0.70 25 0“
7 0.87 17 h 26 0.81
8 0.72 18 0.73 27 0.99

10 0.69
° /S was not significant. 6 a was not significant.

of e obtained for the iodobenzenes lie in the range 0- 0.2. 
The value for the bromobenzenes lies in the same range. 
There does not seem to be any effect of solvent on e 
values, although the data are too scanty to make this 
conclusion certain. An average value of e of 0.7 is ob­
tained for the benzaldehyde (excluding set 17). There 
seems to be no dependence of e on pH or on medium. 
With the exception of sets 20 and 26 for which e equals
0.8, the nitrobenzenes generally have low values of «. 
Again, there seems to be no dependence on pH. It is 
interesting that, although the magnitude of the elec­
trical effect is about the same for benzaldehydes as for 
nitrobenzenes, the composition of the electrical effect is 
very different. W e are unable at the present time to 
explain this observation.

The phenylferrocenes give a value of e of 0.99. It is 
difficult to compare this result with the other values 
obtained, however, as this represents the results of the 
correlation of chronopotentiometric quarter-wave po­
tentials, whereas the other e values have generally been 
obtained for polarographic half-wave potentials.

The results obtained show clearly the impossibility of 
defining a single generally useful set of ortho-substituent 
constants to be used for all ortho-substituted sets.18 
The values of e obtained range from 0 to 0.99.

The Inclusion of the Unsubstituted Member of the 
Set.— It has been noted that the value of hydrogen (the 
unsubstituted compound) frequently does not lie on the 
correlation line for ortho-substituted compounds. This 
does not seem to be the case for polarographic half-wave 
potentials. Inclusion of the value for hydrogen in all 
sets seems, if anything, to have improved the correla­
tions. W e conclude that in the case of polarographic 
data, the value for the unsubstituted compound does in 
fact lie on the correlation line.

(17) M. Charton, J. Amer. Chem. Soc., 86, 2033 (1964).
(18) M. Charton, ibid., 91 , 6649 (1969).(16) M . Charton and B. I. Charton, J. Org. Chem., 33 , 3872 (1968).
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Nuclear Magnetic Resonance Spectra

M a r v i n  C h a r t o n

Department of Chemistry, School of Engineering and Science, Pratt Institute, Brookhjn, New York 11205

Received December 18, 1969

Twenty-seven sets of nmr chemical shifts and related data for ortho-substituted benzenes and naphthalenes 
were correlated with the equation Qx =  aai.x +  9<t r .x  +  <fry +  h and the extended Hammett equation Qx =  
aai.x +  /3<tr,x +  h. Significant correlations were obtained for 22 of 26 sets correlated with the former equation 
and 24 of 27 sets correlated with the latter equation. The results obtained show that I  is not significant in 
most of the sets studied and that better correlation is generally obtained with the latter equation than with 
the former. There is no steric effect exerted by the ortho substituents in most of the sets studied. The sub­
stituent effect, thus, is purely electrical. The composition of the electrical effect depends upon structure and 
solvent. For the chemical shifts of aromatic ring protons, the resonance effect predominates. In the majority 
of the sets studied, the value for the unsubstituted compound does lie on the correlation line.

The Nature of the Ortho Effect. VII.

In continuation of our studies1-6 on the nature of the 
ortho effect, it seemed of interest to investigate nmr 
spectra. A  number of authors have attempted the 
correlation of nmr data with the simple Hammett 
equation

Ox =  p a x  +  h (I)

Thus, Bray and Barnes7 found a linear correlation be­
tween the Cl36 pure quadrupole resonance frequencies 
in substituted dichlorobenzenes, including ortho-sub­
stituted compounds, and Hammett substituent con­
stants. For the ortho-substituted compounds, substit­
uent constants were defined from the ionization con­
stants of 2-substituted benzoic acids. A  correlation be 
tween the chemical shifts of ortho protons in substituted 
benzenes and the ap constants was reported by Diehl8 
and Hondo, et al. , 9 report the correlation of the in­
finite dilution chemical shifts of 2-substituted benzoic 
acids with o> and with the Taft <r„* constants The 
definition of <x0 constants from the OH chemical shifts 
of 2-substituted phenolshas been proposed by Traynham 
and his coworkers.10>n The correlation of OH chemical 
shifts for 2-substituted phenols with <r„* has been re­
ported by Dietrich, Nash, and Keller.12 The N H  chem­
ical shifts of 2-substituted anilines have been corre­
lated with both ap and a0 by Lynch, MacDonald, and 
Webb.13 The chemical shifts of the S ring protons of
2-substituted fW-acetyl-AQ-phenylsulfanilamides are 
said to be correlated by the <r„* constants according to 
Cammarata and Allen.14 The proton and 13C chemical 
shifts in 2-substituted pyridines are correlated with 
<jv by Retcofsky and McDonald.16 Infinite dilution 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(1) M. Charton, J. Org. Chem., 3 4 , 278 (1969).
(2) M. Charton, J. Amer. Chem. Soc., 9 1 , 615 (1969).
(3) M. Charton, ibid., 9 1 , 619 (1969).
(4) M. Charton, ibid., 9 1 , 624 (1969).
(5) M. Charton, ibid., 9 1 , 6649 (1969).
(6) M. Charton and B. I. Charton, Abstracts, 4th Mid-Atlantic Regional 

Meeting of the American Chemical Society, Washington, D. C., Feb 1969.
(7) P. J. Bray and R. G. Barnes, J. Chem. Phys., 2 7 , 551 (1957).
(8) P. Diehl, Helv. Chim. Acta, 4 4 , 829 (1961).
(9) Y. Kondo, K. Kondo, T. Takemoto, and T. Ikenoue, Chem. Pharm. 

Bull., 1 4 , 332 (1966).
(10) J. G. Traynham and G. A. Knesel, J. Org. Chem., 3 1 , 3350 (1966).
(11) M. T. Tribble and J. G. Traynham, J. Amer. Chem. Soc., 9 1 , 379 

(1969).
(12) M. W. Dietrich, J. S. Nash, and R. E. Keller, Anal. Chem., 38, 1474 

(1966).
(13) B. M. Lynch, B. C. MacDonald, and J. G. K. Webb, Tetrahedron, 

2 4 , 3595 (1968).
(14) A. Cammarata and R. C; Allen, J. Med. Chem., 1 1 , 204 (1968).
(15) H. L. Retcofsky and F. R. McDonald, Tetrahedron Lett., 2575 

(1968).

chemical shifts of substituted benzenes were correlated 
with the extended Hammett equation

Qx =  aai.x +  |3<TR,X +  h (2)

by Hayamizu and Yamamoto.16
In all of this work, there has been no systematic 

attempt to determine whether or not steric effects are 
present or with the exception of the work of Hayamizu 
and Yamomoto to ascertain the composition of the 
electrical effect.

It will be useful at this point to review our method6 
for determining the presence or absence of steric effects. 
There are four cases of interest to us. They are the 
following. (1) The steric effect obeys a linear free 
energy relationship. Then using a suitable steric pa­
rameter, we may write an equation including both elec­
trical and steric effects such as

Qx — aai.x +  |8<7r ,x  +  R j  +  h (3)

where or is a measure of the localized electrical effect, 
CTR is a measure of the delocalized electrical effect, and 
fx  is a measure of the steric effect. As a steric effect 
parameter, we have chosen the van der Waals radius of 
that atom or group of atoms which is bonded to the 
benzene ring. Thus, we have the expression

Qx =  cttri.x +  iSvr.x +  1'ry.x +  h (4)

(2) The steric effect does not obey a linear free 
energy relationship. We may then write for any par­
ticular datum in the set

Qx =  ota i.x +  iSctr.x  +  Sx +  h (5)

where <S'X is the steric effect of the X  substituent and is 
independent of any linear free energy relationship.

(3) The steric effect is constant. In this event

Qx =  aai.x +  paR.x +  h' (6 )
where

h' -  h +  Sx  (7)

(4) The steric effect is negligible or nonexistent. 
Then

Qx = aai.x +  fian.x +  h (2)

Equations 2 and 6 are equivalent.
In order to detect the presence or absence of a steric 

effect the data are correlated with eq 2 and 4.
Successful correlations with eq 4 are not in themselves 

sufficient to imply the existence of case 1. Conclusive

(16) K. Hayamizu and O. Yamamoto, J. Mol. Spectrosc., 29, 183 (1969).
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T a b l e  I
D a t a  U se d  in  C o r r e l a t io n s

1. io- Disubstituted benzenes (Pr2):° NH2, 68; OH 56; OMe, 
42; F, 25; Me, 17; Cl, - 5 ;  Br, - 2 2 ;  CN, - 3 5 ;  I, —41; 
C 02Me, - 7 4 ;  N 0 2, -9 8 .

13. 5 sulfanilyl ring protons. 2 '-Substituted A^-acetyl-A^-phenyl- 
sulfanilamides (THF):*' MeO, 6.0; Cl, 4.0; Br, 3.7; 1,3.5; 
N 0 2, - 1.0.

2. i 0. Disubstituted benzenes (CCh, 35°):6 MeNH, 0.80;
NH2, 0.75; OH, 0.52; OMe, 0.47; Me, 0.21; Et, 0.18; 
t'-Pr, 0.16; ieri-Bu, -0 .0 2 ; Cl, -0 .0 3 ; CH2C1, -0 .0 5 ; 
CH2Br, -0 .1 8 ; Br, -0 .1 8 ; I, -0 .3 5 ; CN, -0 .3 5 ; Ac, 
-0 .6 0 ; C 02Me, -0 .6 7 ; N 0 2, -0 .9 3 .

3. Ai0. Substituted benzenes (c-C6H12):c F, 18.5; Cl, —1.2;
Br, -1 3 .4 ; I, -2 4 .0 ; OMe, 26.0; NH2, 45.3; NM e2, 
36.0; CHO, -3 4 .8 ; N 0 2, -56 .9 .

4. i0. Substituted benzenes (CCh):'1 N 0 2, —95.2; COC1,
-8 4 .0 ; COBr, -8 0 .1 ; S02C1,‘ —76.5; C 02Me, -7 1 .3 ; 
C 02-i-Pr, -7 0 .2 ; C 02-i-Bu, -7 1 .5 ; Ac, -6 1 .9 ; COEt, 
-6 2 .5 ; CHO, -5 6 .1 ; S02Me, -6 0 .4 ; CCh, -6 3 .8 ; 
CN, -3 6 .1 ; I, -3 8 .8 ; Br, -1 8 .3 ; Cl, -2 .6 ;  OAc, 25.2; 
OMe, 48.4; OH, 55.8; NH2, 74.6; NHMe, 79.5; NMe2, 
65.9; Me, 20.1; tert-Bu, —1.9.

5. 6h2. 1-Substituted 3,4-dimethoxybenzenes (c-C6H i2) /  NH2,
1.09; OMe, 0.80; Me, 0.62; H, 0.47; Br, 0.35; CHO, 
-0 .1 1 ; C 02Me, -0 .2 8 ; N 02, -0 .37 .

6. 5h». 1-Substituted 3,4-dimethoxybenzenes (c-C6Hi2):*' NH2,
1.17; OMe, 0.96; Me, 0.62; H, 0.47; Br, 0.31; CHO, 
-0 .0 5 ; C 02Me, -0 .3 5 ; N 0 2, -0 .52 .

7. Sh >. 2-Substituted naphthalenes (c-CeH^):9 NH2, 0.43;
OMe, 0.25; Me, -0 .1 3 ; H, -0 .5 0 ; Cl, -0 .5 3 ; Br, -0 .6 6 ; 
CN, -0 .8 3 ; Ac, -1 .1 2 ; CHO, -0 .9 6 ; C 02Me, -1 .23 .

8. ¿h*. 2-Substituted naphthalenes (e-C6Hi2):9 NH2, 0.50;
OMe, 0.16; Me, -0 .0 9 ; H, -0 .1 6 ; Cl, -0 .1 8 , Br, -0 .2 6 ; 
CN, -0 .3 2 ; Ac, -0 .7 8 ; CHO, -0 .6 6 ; C 02Me, -0 .7 0 .

9. Sh‘ . 2-Substituted 6-methoxynaphthalenes (CC1,):9 NH2,
0.44; OMe, 0.32; Et, -0 .1 7 ; H, -0 .4 4 ; Br, -0 .5 6 ; 
Ac, -0 .9 8 ; C 02Me, -1 .17 .

10. 5h>- 2-Substituted 6-methoxynaphthalenes (CCh):9 NH2,
0.45; OMe, 0.36; Et, 0.08; H, -0 .0 3 ; Br, -0 .1 1 ; Ac, 
-0 .6 4 ; C 02Me, -0 .6 8 .

11. 6h<- 5-Substituted benzo [6] thiophenes (CDC-h):* NH2,
0.75; OH, 0.61; OMe, 0.54; Me, 0.35; OAc, 0.34; D, 
0; OS02M e,' 0.07; Cl, 0.07; CH2OH, 0.09; CH2C1, 0.01; 
Br, -0 .1 0 ; CN, -0 .2 8 ; NHAc, -0 .2 9 ; I, -0 .3 4 ; CHO, 
-0 .4 6 ; C 02Me, -0 .7 2 ; C 02H, -0 .8 0 ; N 0 2, -0 .89 .

12. SH«. 5-Substituted benzo [fc] thiophenes (CDC13):* NH2,
0.60; OH, 0.43; OMe, 0.35; Me, 0.31; OAc, 0.31; D, 0; 
0 S 0 2M e / 0.08; Cl, 0.07; CH2OH, 0.08; CH2C1, -0 .0 1 ; 
Br, -0 .0 6 ; CN, -0 .1 8 ; NHAc, 0.02; I, -0 .2 5 ; CHO,

14. t„-He- Substituted mesitylenes (Pr2)h F, 7.85; Cl, 7.74;
Br, 7.68; I, 7.62; OH, 7.90; NH2, 7.98; N 0 2, 7.81; H,
7.81.

15. To-Me* Substituted durenes (Pr2):> F, 7.91; Cl, 7.76; Br,
7.71; 1,7.62; OH, 7.92; NH2, 8.07; N 0 2, 7.95; H, 7.88.

16. «Me. 2-Substituted toluenes (neat, 11-12°):* N 0 2, 1.09;
CN, 0.99; Cl, 0.78; Me, 0.61; OH, 0.76; NH2, 0.37; H,
0.75.

17. SMe. 2-Substituted toluenes (Ph, 11-12°):* N 0 2, 0.80; CN,
0.73; Cl, 0.71; Me, 0.61; OH, 0.69; NH2, 0.39; H, 0.71.

18. SMe. 2-Substituted toluenes (pyridine, 11-12°):* N 0 2, 1.14;
CN, 1.02; Cl, 0.85; Me, 0.74; OH, 1.11; NH2, 0.88; H,
0.81.

19. due- 2-Substituted toluenes (dioxane, 11-12°):* N 0 2, 1.18;
CN, 1.12; Cl, 0.91; Me, 0.77; OH, 0.74; NH2, 0.61; H,
0.89.

20. SMe. 2-Substituted toluenes (CCh, 11-12°):* N 0 2, 1.16;
CN, 1.11; Cl, 0.93; Me, 0.81; OH, 0.77; NH2, 0.58; H,
0.90.

21. 50h- 2-Substituted phenols (Me2SO, 28°):' Me, —9.14;
Ph, -9 .3 8 ; Cl, -9 .9 6 ; Br, -10 .14.

22. S0H. 2-Substituted phenols (Me2SO, 40°):“  F, 9.70; Cl,
10.00; Br, 10.07; I, 10.20; N 0 2, 10.8; Cn, 10.97; CF3, 
10.44; Me, 9.10; Et, 9.07; Pr, 9.06; ¿-Pr, 9.07; sec-Bu, 
9.03; ierf-Bu, 9.17; ViCH2, 9.19; PhCH2, 9.29; CH2OH, 
9.18; Ph, 9.46; CHO, 10.75; Ac, 11.97; Bz, 10.61; C 02Me, 
10.55; OH, 8.70; OMe, 8.76; OEt, 8.66; NHAc, 9.29; 
NMe2, 8.78; MeS, 9.59; MeSO, 10.50.

23. ion- 2-Substituted phenols (hexamethylphosphoramide,
40°):” H, 10.30; Me, 10.22; Et, 10.20; Pr, 10.18; i-Pr, 
10.22; sec-Bu, 10.17; tert-Bu, 10.33; c-C6Hu, 10.15; Ac,
11.88; Br, 11.27; CHO, 11.67; I, 11.35; MeO, 9.92; N 0 2, 
12.1; Ph, 10 57.

24. SNH. 2-Substituted anilines (Me2SO, 37°):” Me, 278.0;
OMe, 276.0; OEt, 274.0; Cl, 312.0; Br, 312.0; N 0 2,
440.0.

25. TOMe- 2-Substituted anisoles (CCh, 30°):? Me, 6.35; NH2,
6.34; N 0 2, 6.16; Br, 6.18; I, 6.22; C 02H, 6.22; AcNH, 
6.24; Ph, 6.S7; H, 6.34.

26. / 13c-f. 2-Substituted fluorobenzenes (neat or CCh, 25°):«
NH2, 236.7; OH, 241.6; OMe, 246.2; F, 254.5; CHO,
256.4.

27. /«c i. 2-Substituted chlorobenzenes (77°K):r N 02, 37.260; 
-0 .5 1 ; C 02Me, -0 .6 6 ; C 02H, -0 .7 3 ; N 0 2, -0 .8 4 . Cl, 35.755; C 02H, 36.305; NHAc, 35.150; CN, 35.500.

0 Reference 8. * N. Van Meurs, Reel. Trav. Chim. Pays-Bas., 87, 145 (1968). 0 H. Spiesecke and W. G. Schneider, J. Chem. Phys., 
35, 731 (1961). d Reference 16 and K. Hayamizu and O. Yamamoto, J. Mol. Spectrosc., 28, 89 (1968). e This value was not included 
in the correlation as constants for it are unknown. f M . Suzuki, Chem. Pharm. Bull., 16, 1193 (1968). 9 Y. Sasaki, M . Suzuki, T. 
Hibino, K. Karai, M. Hatanaka, and I. Shiraishi, ibid., 16, 1367 (1968). * B. Caddy, M. Martin-Smith, R. K. Norris, S. T. Reid, and 
S. Sternhell, Aust. J. Chem., 21, 1853 (1968). * Reference 14. ’ P. Diehl and G. Svegliado, Helv. Chim. Acta, 46, 461 (1963). * N.
Nakagawa and S. Fujiwara, Bull. Chem. Soc. Jap., 34, 143 (1961). 1 Reference 10. "> Reference 11. " Reference 12. 0 Reference 13.
v C. Heathcock, Can. J. Chem., 40, 1865 (1962). 5 S. Mohanty and P. Venkateswarlu, Mol. Phys., 12, 277 (1967). r Reference 7.

evidence may be obtained from the confidence level of 
\p, the coefficient of the van der Waals radius term in 
eq 4. This confidence level is obtained by means of a 
“ Student’s t test” for the significance of tp. When the 
confidence level of \p is si 90.0, the steric effect term is 
considered significant. A  lack of correlation with eq 4 
coupled with a lack of correlation by eq 2 does not imply 
case 2. It may also be the result of case 1 due to faulty 
choice of the steric parameter. Correlation by eq 2 
implies the existence of either case 3 or case 4, as, if 
steric effects are present and unaccounted for, no corre­
lation with eq 2 is to be expected. Case 3 may be dis­
tinguished from case 4 by a comparison of A0bsd (the

value for the unsubstituted compound) with Acatcd from 
the correlation. When

h o b sd  5*̂  boated ( 8 )

case 3 occurs, whereas when

f&obsd — Sealed

case 4 results. The data have been correlated with eq 
2 and 4 by means of multiple linear regression analysis.17 
The data used in the correlation are set forth in Table I.

(17) K. A. Brownlee, “ Statistical Theory and Methodology in Science and 
Engineering,”  2nd ed, Wiley, New York, N. Y., 1965; E, L. Crow, F. A. 
Davis, and M. W. Maxfield, “ Statistics Manual,”  Dover Publications, New 
York, N. Y., 1960.
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T a b l e  II
Su b st it u e n t  C o n stants

Subst vI Ref Ref Subst <u Ref »R Ref

COCl 0.44 a 0.19 6 COBr 0.45 C 0.19 6
COs-i-Pr 0.34 d 0.11 e CCh-t-Bu 0.34 d 0.11 e
COEt 0.29 f 0.09 b n h 2 0.10 a
NHMe 0.10 a NMe2 0.10 a
ViCH2 -0 .1 3 9 PhCH2 - 0 .1 4 h
MeS -0 .3 5 i C-C6Hn - 0.12 j
OAc 0.42 a - 0.12 k
1 M. Charton and B. I. Charton, J. Chem. Soc. B, 43 (1967). 6 <yj, was calculated from o>,cox = 0.546 <rm,x +  0.422; o-r was then

calculated from eq 4. c This value is an average of values of 0.25 and 0.21 calculated from the equation cri.cox =  0.308 <rm,x +  0.31 
(determined from pK* values) and <ri,cox =  0.648 <rra,x +  0.21 (determined from I9F shielding in nmr spectra, respectively: M. Charton, 
Abstracts, 148th National Meeting of the American Chemical Society, Chicago, 111., 1964, p 56V. d Assumed equal to <ri for C 0 2Me. 
« Assumed equal to <tr for C 02Me. f  Calculated from iri.x.cox =  0.308o-m,x +  0.31. ’ <rp was calculated from <rp,xcm  =  0.522cri,x — 
0.131. <ra was then calculated from eq 4. h Calculated from eq 4 using the <rp value given by O. Exner and J. Jonas, Collect. Czech. 
Chem. Commun., 27, 2296 (1962). * M. Charton, Abstracts, 154th National Meeting of the American Chemical Society, Chicago, 111., 
1967, p 137S. > Assumed equal to o-K.i-Pr. k Calculated from eq 4 using value of cr„ given by C. D. Ritchie and W. F. Sager, Progr. 
Phys. Org. Chem., 2, 323 (1964).

The <ri constants are from our compilation18 when avail­
able. The crR constants were obtained from the equa­
tion

<TR — (Tp — (Tl (9)

using where possible the o> constants of McDaniel 
and Brown.19 Substituent constants from other sources 
are given in Table II. Values of rv used were from the 
collection of Bondi20 or are group values calculated by
US (rv .m in )*2

It would be well at this point to consider our choice 
of electrical effect parameters in the light of the recent 
work of Swain and Lupton21 who have proposed a new 
separation of electrical effects into localized and delo­
calized contributions. These authors agree with most 
other workers that the or constants are a true measure of 
the localized effect. They have proposed a new defini­
tion of resonance effect constants however, and believe 
that the <rR values are not pure resonance effect param­
eters. W e believe that the Swain-Lupton treatment 
is invalid for the following reasons. (1) The results 
are based on <jm and <rv values for McsN + which are 
reported by McDaniel and Brown. These authors 
report probable errors of ± 0.2 for these substituent 
constants. A  scale based on values subject to so much 
error seems to us of dubious value.

(2) The results depend on the assumption that the 
trimethylammonio substituent is free of resonance 
interaction; that is, it has no resonance effect. As this 
substituent is isoelectronic with the iert-butyl group 
which is well known to be an electron donor by reso­
nance, we find this hard to believe. W e have continued 
to use o-R values, therefore, because we do not believe 
that a better resonance parameter is as yet available.

Results

Results of the correlations are presented in Table III. 
Sets labeled A  were correlated with eq 4 ; sets labeled 
B were correlated with eq 2.

Aromatic Ring Proton Sets.— Of the 13 sets of data 
involving chemical shifts of aromatic ring protons (sets
1-13) which were correlated with eq 4, ten gave ex-

(18) M. Charton, J. Org. Chem,., 29, 1222 (1964).
(19) D, H. McDaniel and H. C. Brown, ibid., 23, 420 (1958).
(20) A. Bondi, J. Phys. Chem., 68 , 441 (1964).
(21) C. G. Swain and E. C. Lupton, Jr., J. Amer. Chem. Soc., 90, 4328 

(1968).

cellent correlations, two gave fair results, and one gave 
poor results. Correlations of these sets with eq 2 gave 
excellent results for 11 sets, very good results for one 
set, and poor results for one set.

Methylbenzene Proton Sets.— The substituted mesi- 
tylene and substituted durene sets gave fair and not 
significant correlations, respectively, with eq 4 (sets 
14Ai, 15Ai), and no significant correlation with eq 2 
(sets 14Bi and 15Bi). Exclusion of the value for the 
nitro group from these sets gave excellent and good 
correlations, respectively, with eq 4 (sets 14A2, 15A2) 
but fair correlations, respectively, with eq 2 (sets 14B2 
and 15B2).

The substituted toluene sets in various solvents gave 
two excellent correlations (sets 19A, 20A), one poor 
correlation (set 16A), and two correlations which were 
not significant (sets 17A t, 18Ai) with eq 4. Exclusion of 
the value for the hydroxy group gave improved corre­
lations with eq 4 for the substituted toluenes in the liq­
uid state (set 16A2), and was without effect on the sig­
nificance of the correlation of the substituted toluenes 
in benzene (set 17A2) and in pyridine (set 18A2). Cor­
relation of the substituted toluenes with eq 2 gave ex­
cellent results for two sets (sets 19B. 20B), good results 
for one set (set 16Bi), and results which were not sig­
nificant for two sets (set 17Bi, 18Bi). Exclusion of the 
value for the hydroxy group gave improved results for 
two sets (16B2 and 17B2) and was without effect in one 
set (18B2).

OH and NH Chemical Shift Sets.— Of the three sets 
correlated with eq 4 (sets 22Ai, 23A, 24A), two gave 
excellent and one gave very good results. Exclusion of 
the value for the acetyl group gave improved results 
for the 2-substituted phenols in DM SO (set 22A2). 
Of the four sets correlated with eq 2 (sets 21B, 22Bi, 
23B, 24B), two gave excellent results, one gave fair re­
sults, and one did not give significant correlation. 
Again, exclusion of the value for the acetyl group gave 
improved results for the 2-substituted phenols in 
DM SO (set 22B2).

Miscellaneous Sets.— The chemical shifts of the 
methoxy protons in 2-substituted anisoles gave very 
good correlation with eq 4 and excellent correlation 
with eq 2 (sets 25Ai, 25Bi). Exclusion of the value for 
the phenyl group improved the correlation with both 
eq 4 and eq 2 (sets 25A2, 25B2) . The coupling constants 
of 2-substituted fluorobenzenes did not give significant



T a b l e  III

T he Nature of the Ortho Effect. VII J. Org. Chem., Vol. 36, No. 2, 1971 269

R e s u l ts  o p  C o r r e l a t io n s
Set a $ * h Ra pb rnc nse rnc
1A -7 1 .0 —132.0 -2 7 .0 30.5 0.951 21.97» 0.469 0.024 0.411
IB -6 5 .4 —139.0 -1 8 .2 0.948 35.54» 0.469
2A -0 .9 3 7 -1 .1 0 -0 .1 9 3 0.325 0.963 54.59» 0.283 0.391 0.293
2B -0 .8 2 6 -1 .1 7 -0 .0 5 2 4 0.959 80.14» 0.283
3A -3 4 .3 -7 2 .6 -2 0 .2 21.2 0.950 18.40* 0.468 0.462 0.128
3B -4 4 .8 -7 1 .1 -7 .4 8 0.942 27.68» 0.468
4A -6 4 .0 -1 2 3 .0 -1 7 .8 12.8 0.941 51.52» 0.484' 0.124 0.241
4B -6 4 .2 -1 2 7 .0 -1 8 .6 0.936 74.66» 0.484*
5A -0 .9 5 4 -1 .2 1 -0 .0 8 4 0 0.506 0.977 27.77* 0.345 0.359 0.047
5B -0 .9 8 0 -1 .2 0 0.379 0.976 51.09» 0.345
6A - 1 .0 8 -1 .3 8 -0 .09 11 0.526 0.977 28.42* 0.345 0.359 0.047
6B -1 .1 1 -1 .3 8 0.388 0.977 52.37» 0.345
7A -0 .6 6 9 -1 .5 4 -0 .2 9 2 -0 .0 8 1 4 0.958 22.18* 0.256 0.509 0.107
7B -0 .7 9 9 -1 .5 3 -0 .5 1 9 0.954 35.75» 0.256
8A -0 .1 4 2 -1 .1 5 -0 .4 6 1 0.381 0.954 20.27* 0.256 0.509 0.107
8B -0 .3 4 8 -1 .1 4 -0 .3 1 2 0.937 25.23» 0.256
9A -1 .0 5 -1 .5 2 -0 .0 4 0 0 -0 .3 7 4 0.969 14.581 0.128 0.585 0.116
9B -1 .0 8 -1 .5 2 -0 .4 3 4 0.967 29.11* 0.128

10A -0 .7 6 0 -1 .0 8 -0 .1 0 3 0.0348 0.954 10.14' 0.128 0.585 0.116
10B -0 .8 2 8 - 1 .0 8 -0 .1 1 7 0.953 19.91* 0.128
11A -0 .7 7 5 -1 .3 2 -0 .1 8 9 0.370 0.872 13.70» 0.289 0.243 0.160
11B -0 .8 0 9 -1 .3 3 -0 .0 3 1 5 0.869 21.66» 0.289
12A -0 .6 7 7 -1 .1 2 -0 .1 3 2 -0 .1 8 2 0.861 12.36» 0.289 0.243 0.160
12B -0 .7 0 1 -1 .1 2 -0 .0 2 8 3 0.859 19.70» 0.289
13A -0 .6 6 9 -1 1 .0 4.16 -5 .8 7 0.997 64.96” 0.913 0.115 0.171
13B -9 .2 4 -4 .9 6 6.39 0.970 16.12” 0.913”
14A, 0.0970 -0 .2 6 7 -0 .3 4 9 8.25 0.934 9.089' 0.355 0.464 0.051
14A2 -0 .0 8 3 7 -0 .3 3 1 -0 .2 4 3 8.10 0.994 86.72* 0.075 0.640 0.120
14B, -0 .0 9 5 6 -0 .2 3 0 7.77 0.679 2.144" 0.355
14B2 -0 .2 8 6 -0 .3 4 8 7.77 0.916 10.40' 0.075
15Ai 0.189 -0 .2 5 6 -0 .4 9 1 8.50 0.867 4.044» 0.355 0.464 0.051
15A2 -0 .1 1 6 -0 .3 6 4 -0 .3 1 1 8.25 0.981 26.25* 0.075 0.040 0.120
15B, -0 .0 8 1 1 -0 .2 0 4 7.82 0.480 0.749» 0.355
15B2 -0 .3 7 5 -0 .3 8 6 7.82 0.890 7.653' 0.075
16Ai 0.539 0.335 -0 .2 3 5 1.05 0.945 8.425” 0.384 0.304 0.100
16A2 0.459 0.507 -0 .1 1 8 0.892 0.999 299.8* 0.412 0.300 0.169
16B! 0.480 0.367 0.707 0.931 13.01* 0.384
16B2 0.426 0.532 0.722 0.996 172.0» 0.412
17Ai 0.192 0.222 -0 .1 2 2 0.846 0.833 2.264» 0.384 0.304 0.100
17A2 0.125 0.366 -0 .0 2 3 7 0.715 0.961 8.137» 0.412 0.300 0.169
17Bi 0.162 0.238 0.669 0.819 4.069» 0.384
17B2 0.119 0.371 0.681 0.961 18.09* 0.412
18Ai 0.532 -0 .1 8 3 -0 .3 3 4 1.26 0.856 2.737» 0.384 0.304 0.100
18A2 0.469 -0 .0 4 8 9 -0 .2 4 2 1.14 0.918 3.554» 0.412 0.300 0.169
18B! 0.449 -0 .1 3 8 0.775 0.777 3.051» 0.384
18B2 0.402 0.00310 0.788 0.871 4.693" 0.412
19A 0.419 0.369 -0 .1 3 7 1.06 0.998 330.9» 0.384 0.304 0.100
19B 0.385 0.388 0.863 0.992 128.4» 0.384
20A 0.358 0.394 -0 .0 7 3 6 0.993 0.993 70.93* 0.384 0.304 0.100
20B 0.340 0.403 0.886 0.991 111.3» 0.384
21B -1 .9 6 -0 .6 8 0 -9 .3 0 0.982 13.90* 0.951
22Ai 2.14 2.04 -0 .1 1 2 9.73 0.897 33.02» 0.145 0.369 0.330
22A2 2.25 1.63 0.140 9.14 0.943 61.08» 0.137 0.367 0.357
22Bi 2.19 2.00 9.52 0.897 51.36» 0.145
22BZ 2.18 1.68 9.41 0.942 94.19» 0.137
23A 2.46 2.23 0.230 10.11 0.984 109.3» 0.193 0.337 0.114
23B 2.36 2.20 10.55 0.979 137.2» 0.193
24A 130.0 186.0 -0 .1 4 3 554.0 0.997 118.1* 0.392 0.032 0.300
24B 145.0 154.0 304.0 0.952 14.40' 0.392
25Ai -0 .3 1 4 -0 .0 1 5 6 -0 .00530 6.36 0.943 13.49' 0.314 0.312 0.005
25A2 -0 .2 7 2 -0 .03 38 -0 .4 0 8 6.39 0.978 29.29* 0.341 0.379 0.018
25Bi -0 .3 1 6 -0 .0 1 5 0 6.35 0.943 24.23* 0.314
25B2 -0 .2 8 9 -0 .02 81 6.33 0.971 41.59» 0.341
26A 26.5 25.8 9.23 239.0 0.994 25.41» 0.522 0.306 0.955
26B 32.3 14.2 244.0 0.991 52.41* 0.522
27 A 1.93 1.87 0.551 34.3 0.718 0.356» 0.530 0.273 0.128
27B 1.86 1.86 35.2 0.716 10.52» 0.530
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Set Seat** S0d ta ‘ tpe h e n<

1A 19.5 33.9 26.5 44.1 81.2 20.93” 4.966* 0.612« 0.375« 11
IB 18.8 31.4 22.3 15.9 2.085” 6.237» 1.1449 11
2A 0.145 0.195 0.133 0.176 0.351 4.8059 8.269» 1.0959 0.9289 17
2B 0.147 0.168 0.119 0.0633 4.9189 9.795» 8.29» 17
3A 12.5 24.6 13.5 21.7 32.5 1.3919 5.371* 0.9339 0.651« 10
3B 12.4 21.7 13.3 10.6 2.068” 5.349' 0.708« 10
4A 20.2 24.1 14.0 14.5 27.2 2.650' 8.823» 1.2349 0.470« 24
4B 20.5 24.4 13.8 9.72 2.627' 9.170» 1.914” 24
5A 0.150 0.265 0.190 0.311 0.479 3.598' 6.339* 0.270' 1.0579 8
5B 0.135 0.223 0.171 0.0884 4.400' 7.024» 4.291' 8
6A 0.169 0.298 0.214 0.350 0.539 3.609' 6.443' 0.260' 0.9769 8
6B 0.152 0.251 0.192 0.0994 4.411' 7.146» 3.906' 8
7 A 0.197 0.379 0.223 0.426 0.651 1.764» 6.892» 0.685« 0.125' 10
7B 0.190 0.316 0.214 0.117 2.532' 7.152» 4.454' 10
8A 0.146 0.281 0.165 0.315 0.482 0.5049 6.948» 1.463» 0.7199 10
8B 0.158 0.262 0.178 0.0969 1.3259 6.408» 3.216' 10
9A 0.218 0.596 0.259 0.523 0.786 1.771» 5.881' 0.077' 0.476« 7
9B 0.189 0.421 0.224 0.121 2.568“ 6.798' 3.590' 7

10A 0.188 0.512 0.223 0.450 0.676 1.4849 4.829' 0.228' 0.051' 7
10B 0.164 0.365 0.194 0.105 2.269” 5.550' 1.1189 7
11A 0.267 0.355 0.267 0.406 0.661 2.186' 4.956» 0.466« 0.409« 17
11B 0.259 0.337 0.258 0.134 2.402' 5.171» 0.235' 17
12A 0.238 0.316 0.238 0.362 0.589 2.141“ 4.687» 0.365« 0.309« 17
12B 0.230 0.299 0.229 0.119 2.340' 4.899» 0.237' 17
13A 0.367 3.93 2.75 1.29 4.15 0.170' 4.005» 3.231» 1.4149 5
13B 0.879 6.94 4.82 4.03 1.3329 1.0309 1.5869 5
14Ai 0.0553 0.112 0.0751 0.0976 0.144 0.8639 3.555' 3.582' 57.22» 8
14A2 0.0190 0.0506 0.0284 0.0387 0.0563 1.653» 11.69' 6.279' 143.9» 7
14Bi 0.101 0.181 0.136 0.0941 0.528« 1.685» 82.49» 8
14B2 0.0620 0.127 0.0919 0.0576 2.252” 3.787' 134.9» 7
15 A, 0.0959 0.195 0.130 0.169 0.250 0.9719 1.964» 2.901' 33.98» 8
15A2 0.0410 0.109 0.0611 0.0834 0.121 1.0609 5.968' 3.734' 68.02» 7
15Bt 0.151 0.270 0.203 0.140 0.300« 1.0039 55.76» 8
15B2 0.0844 0.173 0.125 0.0784 2.168” 3.085' 99.83» 7
16Aj 0.109 0.179 0.145 0.268 0.397 3.009” 2.305» 0.877» 2.638” 7
16A, 0.0193 0.0328 0.0313 0.0490 0.0722 13.99' 16.21' 2.406» 12.36' 6
16B! 0.106 0.161 0.137 0.0763 2.978' 2.679“ 9.266» 7
16B, 0.0311 0.0481 0.0474 0.0225 8.852' 11.21* 32.02» 6
17Ai 0.104 0.170 0.139 0.255 0.378 1.1279 1.6059 0.476« 2.235» 7
17A2 0.0630 0.107 0.102 0.160 0.235 1.1709 3.586” 0.148' 3.040“ 6
17B! 0.0933 0.142 0.121 0.0672 1.1399 1.977» 9.957» 7
17B2 0.0517 0.0799 0.0788 0.0374 1.4829 4.703' 18.19» 6
18A! 0.113 0.186 0.151 0.278 0.412 2.861“ 1.2119 1.199» 3.055” 7
18A2 0.0925 0.157 0.150 0.234 0.345 2.990” 0.327« 1.0339 3.294” 6
18B! 0.119 0.182 0.154 0.0859 2.470“ 0.897» 9.021» 7
18B2 0.0935 0.145 0.412 0.0677 2.783“ 0 .022r 11.64' 6
19A 0.0159 0.0261 0.0212 0.0391 0.580 16.02» 17.40» 3.503' 18.32» 7
19B 0.0311 0.0474 0.0402 0.0223 8.115' 9.642» 38.53» 7
20A 0.0333 0.0547 0.0444 0.0818 0.121 6.548' 8.857' 0.899» 8.178' 7
20B 0.0325 0.0495 0.420 0.0234 6.861* 9.600» 37.82» 7
21B 0.152 1.11 4.26 0.494 1.7749 0.159' 18.83' 4
22At 0.396 0.392 0.326 0.380 0.744 5.464» 6.263» 0.294« 13.09» 28
22A, 0.261 0.259 0.227 0.254 0.501 8.688» 7.177» 0.552« 18.25» 27
22Bj 0.389 0.344 0.291 0.124 6.368» 6.881» 76.62» 28
22B2 0.257 0.227 0.200 0.0840 9.593» 8.409» 112.0» 27
23A 0.149 0.182 0.251 0.129 0.250 13.57» 8.873» 1.790» 40.51» 15
23B 0.162 0.187 0.273 0.0585 12.62» 8.081» 180.4» 15
24A 7.53 14.9 16.4 25.5 45.1 8.733'' O0 O 5.623' 12.27» 6
24B 25.2 49.2 51.7 27.1 2.737“ 2.983“ 11.21' 6
25Ai 0.0339 0.0564 0.0485 0.0566 0.0903 5.568'

COCOo 0.094' 70.36« 9
25A2 0.0211 0.0377 0.0307 0.0371 0.0575 7.203' 1.1009 1.1009 111.3» 8
25Bi 0.0310 0.0486 0.0440 0.0190 6.493» 0.342« 334.6» 9
25B2 0.0215 0.0351 0.0309 0.0144 8.221» 0.9089 439.0» 8
26A 1.91 11.2 17.8 13.8 8.80 2.3649 1.449» 0.668« 27.12' 5
26B 1.62 6.10 3.00 2.88 5.292' 4.711' 84.81» 5
27A 1.15 4.17 3.44 6.49 11.2 0.463« 0.542« 0.085' 3.074» 5
27B 0.813 2.90 2.44 1.47 0.642« 0.763« 23.92* 5
a Multiple correlation coefficient. b F test for significance of regression. « Partial correlation coefficients of vi on <rr, <n on rv, and 

o-r on rv, respectively. All values of rn, r13, and r23 have confidence level <  90.0% unless otherwise noted. d Standard errors of the 
estimate, a, ¡3, and h. e “ Student t tests”  for significance of a, /3, and h. 1 Number of points in set. » 99.9% confidence level 
(cl). h 99.5% cl. «' 99.0% cl. '  98% cl. * 97.5% cl. ' 95% cl. ”  90.0% cl. " <90.0% cl. » 80.0% cl. * 50% cl. « 20.0% cl. 
'  < 20%  cl.
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correlation with eq 4, but gave good results with eq 2 
(sets 26A, 26B). The nuclear quadrupole frequencies 
of 2-substituted chlorobenzenes did not give significant 
correlation with either eq 4 or eq 2 (sets 27A, 27B).

Overall, of 26 sets correlated with eq 4, 17 gave ex­
cellent, one very good, one good, and two fair, and one 
gave poor results while four did not give significant cor­
relation. Of 27 sets correlated with eq 2, 17 gave ex­
cellent, one very good, two good, and three fair, and one 
gave poor results while three did not give significant 
correlation. The results obtained with eq 4 are not 
quite so good as those obtained with eq 2.

Discussion

Steric Effect.—Of the 13 aromatic ring proton sets 
(1A-13A) correlated with eq 4, none gave a significant 
value of \p as is shown by the “ t” tests and confidence 
levels reported in Table III. Three of the seven sets of 
methylbenzenes (14A-20A) gave significant values of 
\p on correlation with eq 4. Thus, there may be some 
steric effect in ortho-substituted methylbenzenes. Of 
the remaining sets studied only the N H  chemical shifts 
of 2-substituted anilines showed a significant value of 
\p. Overall, of 26 sets correlated with eq 4, four show 
significant values of \p (sets 14A2, 15A2, 19A, and 24A). 
Furthermore, it has already been noted that correlation 
with eq 2 is generally better than correlation with eq 4. 
These results force us to the inescapable conclusion that 
in general steric effects are not important. In support 
of this conclusion we may further cite the wide range of 
substituent types in sets 2, 4, 11, and 12. It would 
seem therefore that the effect of ortho substituents on 
the nmr spectrum is solely an electrical effect. This is 
in agreement with what has been previously found with 
regard to the nature of the ortho electrical effect.1-6 
In all of the systems studied so far, electrical effects are 
generally predominant.

Composition of the Ortho Electrical Effect.— It will 
be convenient to describe the composition of the elec­
trical effect of a substituent by means of e where22

e =  P/a (10)

Values of e were calculated using a and 6 values ob­
tained from correlation with eq 2 as in most cases re­
sults of correlation with eq 2 are better than those ob­
tained with eq 4. Values of e are reported in Table IV. 
The aromatic ring proton sets (sets 1-13) all show e >  1

T a b l e  IV  
V a l u e s  o f  e

Set € Set e Set €
1 2.1 10 1.3 19 1.0
2 1.4 11 1.6 20 1.2
3 1.6 12 1.6 21 d

4 a 13 c 22 0.77
5 1.2 14 1.2 23 0.93
6 1.2 15 1.0 24 1.1
7 1.9 16 1.2 25 e

8 b 17 b 26 0.44
9 1.3 18 d 27 d

r,2 was significant; therefore <ri is a function of <tr. b a  was
not significant. « a  and /S were not significant. “ Correlation 
with eq 2 was not significant. « /S was not significant.

(22) M. Charton, J. Amer. Chem. S o c ., 86, 2033 (1964).

indicating the predominance of resonance effects. This 
is in sharp contrast to the ionization of 2-substituted 
pyridines and quinolines in which the localized effect 
is predominant.50 Thus the substituent effects which 
govern the ionization of ring protons are radically dif­
ferent from those which determine the chemical shifts 
of ring protons. The chemical shifts of the methyl 
protons in 2-substituted methylbenzenes (sets 14-20) 
show t values ranging from 1.0 to 1.2. There may be 
some solvent dependence of e in the case of the 2-sub­
stituted toluenes which gave t values of 1.0 and 1.2 in 
dioxane and CCh, respectively. The OH chemical 
shifts of 2-substituted phenols (sets 22, 23) also seem to 
showr a solvent dependence. The values are 0.77 for 
dimethyl sulfoxide and 0.93 for hexamethylphosphor- 
amide. The values of e for the 2-substituted phenols 
show a much smaller dependence on <rR than do the 
values of e for aromatic ring protons. The value of e 
for the NH chemical shift of 2-substituted anilines is 
comparable to the values previously observed for 2- 
substituted phenols. The chemical shifts of the meth- 
oxy protons in 2-substituted anisóles have e ~  0, cor­
responding to a dependence solely on the localized ef­
fect. The coupling constants of 2-substituted fiuoro- 
benzenes show an e value of 0.44 indicating slight pre­
dominance of the localized effect.

Overall, the values of e vary from 0.0 to 2.1. These 
results clearly preclude the definition of a single set of 
ortho-substituent constants to be applied to the nmr 
spectra of ortho-substituted compounds.

The Deviation of the Unsubstituted Compound.—  
The unsubstituted compound has often been found to 
deviate from the correlation line obtained for an ortho- 
substituted set. W e have previously shown that it is 
indeed the case for the ionization constants of 2-substi- 
tuted benzoic acids. W e have also observed, however, 
that in the case of polarographic half-wave potentials 
all of the 22 sets which gave significant results with eq 2 
included the value for the unsubstituted compound.6 
In the sets of nmr data studied in this paper, the value 
for the unsubstituted compound was included in all the 
sets for which it was available. Of these 19 sets, 18

T a b l e  V
“t” T ests  o f  ftob»j

Set (lobsd ha A » S/,“ t 71«
3 0 -7 .4 8 7.48 10.6 0.706-* 10
4 0 -18  6 18.6 9.72 1.914« 24
5 0.47 0 379 0.091 0.0884 1.029' 8
6 0.47 0 388 0.082 0.0994 0.825' 8
7 - 0 .5 0 - 0  519 0.019 0.117 0.162» 10
8 -0 .1 6 - 0  312 0.152 0.0969 1.569* 10
9 -0 .4 4 - 0  434 0.006 0.121 0 .005» 7

10 -0 .0 3 - 0  117 0.087 0.105 0.829' 7
11 0 - 0  0315 0.0315 0.134 0.235» 17
12 0 - 0  0283 0.0283 0.119 0.238» 17
14 7.81 7 77 0.04 0.0576 0.694-* 7
15 7.88 7 82 0.06 0.0784 0.765' 7
16 0.75 0 722 0.028 0.0225 1.244' 6
17 0.71 0 681 0.029 0.0374 0.775' 6
19 0.89 0 863 0.027 0.0224 1.205' 7
20 0.90 0 886 0.014 0.0234 0.598“ 7
23 10.30 10 55 0.25 0.0585 4.273* 15
25 6.34 6 33 0.01 0.0144 0.694“ 8
“ From Table III. b A = ¡/lobsd h\. c Number of points ii

set. “ 20%  cl. « 90% cl. t  50% cl. » <  20%  cl. * 80.0% cl.
*' 99.0% cl.
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gave significant correlations with eq 2. There is gen­
erally good agreement observed between the experi­
mentally observed values of the unsubstituted com­
pound, hohsd, and the calculated value, h of eq 2. To 
determine quantitatively whether h0bsd is significant ly 
different from h, “ Student t tests” 17 were carried out for 
all of the hohsd values available for sets which gave sig­
nificant correlations with eq 2. The results are set

forth in Table V. In 16 of the 18 sets studied, /¡ob3d does 
not differ significantly from h. We conclude therefore 
that the value for the unsubstituted compound gener­
ally lies on the correlation line for ortho-substituted 
nmr data. We further conclude from the previous 
discussion of our method of detecting steric effects that 
no constant steric effect is generally extant in these 
sets.

Mobile Keto Allyl Systems. IX .1 Kinetics and Mechanism 
of Amine Exchange Reactions with /3-Ketoallylamines

N o r m a n  H. C r o m w e l l , * 2 K i y o s h i  M a t s u m o t o , a n d  A. D e n i s e  G e o r g e  

Department of Chemistry, University of Nebraska, Lincoln, Nebraska 68508 

Received May 26, 1970

Rate data for the reaction of 2-[(«-substituted amino )benzyl] acrylophenones ( 1) with morpholine and with 
ierl-butylamine in acetonitrile and in isooctane were obtained. Overall second-order kinetics were observed. 
From rate and thermodynamic constants, the mechanism of the proposed “ SN2'-type”  reaction is discussed.

In a preceding paper of this series,3 kinetic data con­
cerning the aminotropic allylic rearrangements of
2- [(«-substituted amino)benzyl]-l-indenones to 3-sub- 
stituted amino-2-benzal-l-indanones were interpreted 
by a variant of an Sn2' mechanism.

The reactions of 2 -[(«-substituted amino)benzyl]- 
acrvlophenones (1) with amines to give the correspond­
ing a-(aminomethyl)chalcones (2) have been reported 
previously.4 * * The need for quantitative information 
concerning the amine exchange reactions of 1 prompted 
this investigation.

H COPh
\  /

PhCHCCOPh — s- C = C
I II BH /  \

A CH2 Ph CH2B
la, A =  Icrl-BuNH 2a, B =  morpholino
b, A =  (Et)jCNH b, B =  feri-BuNH

In a preliminary experiment, it was shown that the 
rates of rearrangement of 2- [(«-substituted amino)ben- 
zyl]acrylophenones (1) to the corresponding «-(amino- 
methyl) chalcones (2) without added amine (BH) were 
at least 100 times as slow as the rates of the amine 
exchange reactions we have studied.

Similarly, the rates of reaction of compounds 2a and 
of 2b with teri-butylamine and with morpholine were 
negligible compared with rates of the amine exchange 
reactions of compounds la  and lb .

The kinetic results reported below in Tables I, II, IV ,  
and V  show that the reaction of la  with the ferf-butyl- 
amine produced in the reaction of morpholine with la  
may be discounted, since in acetonitrile the ratio fc(mor- 
pholine)/A((eri-butylamine) is ca. 80 and in isooctane 
the same ratio is ca. 17.

Hence the rate data for the rearrangements of com­
pounds 1 with amines would not contain any apprecia­
ble contribution from other multistep routes.

(1) For paper VIII in this series, see G. Maury and N. H. Cromwell. J. 
Org. Chem., 34, 596 (1969).

(2) To whom inquiries concerning this article should be addressed.
(3) G. Maury, E.-M. Wu, and N. H. Cromwell, J. Org. Chem., 33, 1907 

(1968).
(4) (a) R. P. Rebman and N. H. Cromwell, Tetrahedron Lett., No. 52,

4833 (1965); (b) N. H. Cromwell and R. P. Rebman, J. Org. Chem., 32,
3830 (1967).

The reaction of la  with morpholine in acetonitrile 
exhibited second-order kinetics and was first order in la  
and in the amine; the rate coefficients are given in Table 
I.

T a b l e  I
V a lu e s  o f  S econd -O r d e r  R a te  C o e f f ic ie n t s  k? 

fo r  th e  R eactio n  of

2-[a-(<eri-BuTTLAMIN0)BENZYL] ACRYLOPHENONE ( la )  
w it h  M o r ph o lin e  in  A c e t o n it r il e

Temp, °C

[Aminole ryl- 
ophenone], 

mol/1.
[Morpholine],

mol/1.

10fc;.° 
1. mol-1 
min-1

10.0 0.00738 0.00649 4.9
10.0 0.00742 0.0148 4.8
10.0 0.00614 0.0221 5.1
20.0 0.00004 0.0127 9.5
20.0 0.00817 0.0221 9.4
20.0 0.00395 0.0150 9.4
30.0 0.00501 0.00252 19
30.0 0.00527 0.00988 17
30.0 0.00324 0.0137 18

“ E =  12 kcal/mol [fc2 =  Ae ( — E/RT)', A =  —27 eu [&2 
= (ekT/h) ex p (-E / R T ) exp(AS*/R)].

The reaction of la  with feri-butylamine in acetonitrile 
was pseudo first order in la , as required by the kinetic 
equation3 (Table II).

T a b l e  II
V a l u e s  for  t h e  S econd-O r d e r  R a t e  C o e f f ic ie n t s  ki 

in  th e  R e a ctio n  o f

2-[a-(lerI-BuTYLAMIN0)BENZYL] ACRYLOPHENONE (la)
WITH ÎÎTÎ-BUTTLAMINE, IN ACETONITRILE

Temp,
°C

[Aminoacryl-
ophenone],

ir.ol/1.

10*̂ 2°
[ferl-Butylamine], 1. m ol-1 

m cl/l. min-1
20.0 0.00727 0.0942 1.2
20.0 0.00648 0.145 1.2
20.0 0.00628 0.221 1.1
30.0 0.00655 0.137 2 .2
30.0 0.90797 0.177 2 .2
30.0 0.0115 0.139 2.2
40.0 0.00828 0.062 4 .5
40.0 0.00821 0.093 4 .3
40.0 0.00882 0.124 4 .3

E =  12 kcal/mol, A $  ~i“2o =  —36 eu.
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The reaction of 2-[a-(triethylcarbinylamino)benzyl]- 
acrylophenone (lb) with morpholine was followed kinet- 
ically in order to investigate the steric effect of the leav­
ing amino group. The results are presented in Table
III.

T a b l e  I I I

V a l v e s  f o r  th e  Seco n d -O r d e r  R a t e  C o e ff ic ie n t s  fa 
in  t h e  R e a c t io n  of

2-[a-(TRIETH YLCARBINYLAM INO)BENZYL] ACRYLOPHENONE

. w it h  M o r p h o l in e , in  A c e t o n it r il e

[Aminoacryl- 10*2
Temp, ophenone], [Morpholine], 1. mol-1

°C mol/1. mol/1. min-1
2 0 . 0 0 .0 0 5 9 6 0 .0 0 7 1 0 5 . 5 0
2 0 . 0 0 .0 0 6 9 5 0 .0 1 4 2 5 .4 7

2 0 . 0 0 .0 0 5 9 6 0 .0 2 1 3 5 . 4 7

In the nonpolar solvent isooctane, the rate data for
the reaction of la with morpholine and with ¿erf-butyl- 
amine were obtained, and are shown in Tables IV  and V.

T a b l e  I V

V a l u e s  f o r  t h e  Seco n d -O r d e r  R a t e  C o e f f ic ie n t s  fa  
in  t h e  R e a c t io n  of

2 -  [ «-(¿eri-B U TYLAM IN O  )BENZYL] ACRYLOPHENONE

w it h  M o r p h o l in e , in  I sooctan e

Temp,
[Aminoacryl-
ophenone], [Morpholine],

10*fc2a 
1. mol-1

°C mol/1. mol/1. min-1
2 0 .0 0 .0 0 6 1 2 0 .1 9 3 1 . 5
2 0 .0 0 .0 0 8 3 4 0 .1 1 6 1 . 5
2 0 . 0 0 .0 0 7 6 6 0 .0 7 7 4 1 . 4
3 0 . 0 0 .0 0 1 8 1 0 .0 1 3 2 3 . 0

3 0 . 0 0 .0 0 1 1 5 0 .0 1 2 9 3 . 2

3 0 . 0 0 .0 0 3 8 3 0 .0 1 1 0 3 . 1

4 0 . 0 0 .0 0 9 4 7 0 . 0 9 8 6 6 . 1
4 0 . 0 0 .0 1 0 1 0 . 0 4 0 7 5 . 8
4 0 . 0 0 .0 0 7 8 9 0 .1 6 3 6 . 0

°  E  =  13  k c a l /m o l ,  A S  *20 =  - ■32 eu .

T a b l e  V
V a l u e s  f o r  th e  Se c o n d -O r d e r  R a t e  C o e ff ic ie n t s  fa 

in  th e  R e a c t io n  of

2-[a-(ierf-B uTYL A M IN O )B E N ZY L] ACRYLOPHENONE ( l a )  
WITH iert-BuTYLAM INE, IN ISOOCTANE

[Amino acryl­ [ieri-Butyl- 10**2
Temp, ophenone], amine], 1. mol~:

°C mol/1. mol/1. min-1
30.0 0.00851 0.166 2.0
30.0 0.00937 0.154 1.9
30.0 0.0108 0.295 1.9

Discussion

Nucleophilic substitution reactions in which the 
strength of the new C N  bond is of major kinetic impor­
tance frequently exhibit an order of reactivity which 
parallels the order of basicity of the nucleophile toward 
a proton.5a For example, the order of reactivity, di- 
n-butylamine >  cyclohexylamine, for the direct sub­
stitution reactions of arylsulphonylhalogenoethylenes5b 
is in agreement with the relative basicities of the 
amines.6 However, the observed order of reactivity of

(5) (a) R. F. Hudson, “ Structure and Mechanism in Organophosphorus
Chemistry,”  Organic Chemistry monographs, Voi. 6, A. T. Blomquist, 
Ed., Academic Press, London, 1965, Chapter 4. (b) S. Ghersetti, et al.,
J. Chem. Soc., 2227 (1965).

(6) J. J. Christenson, et al., J . Chem. Soc. A, 1212 (1969).

morpholine and of ferf-butylamine toward 2-[a-(tert- 
butylamino) benzyl ]  acrylophenone, fc(morpholine) f k -  

(ferf-butylamine) ~  80, opposes the relative basicities 
of these amines in aqueous solution6 and is indicative of 
a considerable sensitivity of the reaction toward the 
steric requirements of the nucleophile. A  similar but 
smaller sensitivity for the size of the leaving group is 
apparent in the reactions of la  and of lb with morpho­
line, where the rate ratio fc(la)/fc(lb) ~  2.

Stork and White established a cis orientation of the 
incoming and leaving groups in a Sn2 ' reaction.7 The 
steric effects observed in the reactions of la  and of lb  
with amines may result from a similar cis orientation of 
the nucleophile and the departing amine in a rate limit­
ing transition state.

Solvent effects on the rates of the reactions of
2-[a-(ferf-butylamino)benzyl]acrylophenone with mor­
pholine and with ferf-butylamine were fc(acetonitrile)/  
fc (isooctane) ~  60 and ~  12, respectively. The ob­
served rate enhancement by a factor of 60 for the reac­
tion of morpholine in acetonitrile and the less negative 
value for the entropy of activation in acetonitrile ( —27 
eu) compared with the entropy of activation in isooc­
tane (—32 eu) are of an order of magnitude which may 
be accommodated by a dipolar transition state.8 A  
dipolar transition state may result if the carbonyl group 
were to act as a sink for a considerable amount of the 
developing negative charge. The smaller solvent effect 
on the rate of the reaction with ferf-butylamine may be 
attributed to steric hindrance of solvation.

Two main reaction pathways may be envisaged as 
rationale of the present observations. The reaction 
may be synchronous, with a small amount of bond 
cleavage as represented by path a, in Scheme I. Alter­
natively, the mechanism may involve the addition of 
the amine to the a,/3-unsaturated ketone to give an 
intermediate, followed by the elimination of a molecule 
of amine in a second step. Initial addition of the amine 
may give structure 8. If the collapse of 8, resulting in 
the departure of the leaving group, were to occur more 
rapidly than proton transfer to the carbonyl group, then 
8 would represen* a metastable intermediate. If proton 
transfer were the more rapid process or if the amine 
added in a concerted manner to the starting substituted 
aminobenzylacrylophenone, the 1,4 adduct 5 or 6 would 
result as the intermediate. Although the adduct 5 or 6 
was not detected in any of the reactions, such negative 
evidence does not preclude its existence.

In summary, all of the data obtained are consistent 
with a variant of an Sn2' mechanism in which the /3-car­
bonyl function supports a major portion of the develop­
ing negative charge in a dipolar transition state.

Experimental Section9
2- [a-(iV-TriethylcarbmylaminoJbenzyl]acrylophenone (lb ).—  

From 6.02 g (0.02 mol) of a-(bromomethyl)chalcone4 was obtained 
5.0 g of lb : yield, 78% ; mp 71° (recrystallized from 7i-hexane); 
t>c-o (CCl)) 1681 cm*1; nmr peaks ca. 445 (m, 10 H, aromatic), 
380 (t, 111 ,1  =  1.5 Hz, vinyl), 334 (t, 1 H, J  =  1.5, vinyl), 301

(7) G. Stork and W. N. White, J. Amer. Chem. Soc., 7 8 , 4609 (1956).
(8) K. B. Wiberg, “ Physical Organic Chemistry,”  Wiley, New York, N. Y ., 

1964, p 379.
(9) Melting points were read with a calibrated thermometer. Infrared 

spectra were measured with a Perkin-Elmer Model 21 instrument. Nmr 
spectra were determinec with a Varian A-60 spectrometer. Ultraviolet ab­
sorption spectra were obtained with a Cary Model 14 spectrophotometer. 
Elemental analyses were performed by Micro-Tech Laboratories, Inc.
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(s, 1 H, benzyl), 82 (q, 6 H, J =  7 Hz, methylene), 41.5 Hz (t, 
9 H, /  =  7 Hz, methyl).

Anal. Calcd for C23H!9NO: C, 82.33; H, 8.71; N, 4.11. 
Found: C, 82.22; H, 8.75; N , 4.12.

Synthetic and Kinetic Procedures.— The reactants were pre­
pared by methods previously reported1,10 and recrystallized from 
Spectrograde ra-hexane or isooctane.

The morpholine and ¿erf-butylamine were distilled over BaO 
and then redistilled twice. Spectro grade acetonitrile and iso­
octane were used as solvents.

A constant temperature water bath was employed with a con­
tact thermometer, which had an accuracy of ±0 .0 3°. Optical 
densities were determined on a Cary Model 14 ultraviolet spec­
trophotometer.

The stabilities of the starting aminoacrylophenones and result­
ing aminochalcones were checked under the conditions used dur­
ing the kinetic studies and found to be satisfactory.

The reaction rate was followed by measuring the rate of ap­
pearance of the band at 282 him due to the cinnamoyl chromo- 
phore of the aminochalcone. A correction was made in each 
case for the interference by slight absorption in this region due to 
the reactant. The concentrations of the reactant and product 
were deduced from the corrected optical density at Xm»x {282 m/i). 10

(10) E. Doomesand N. H. Cromwell, J. Org. Chem., 34, 310 (1969).

The rate constants were calculated using the following expression, 
k, =  1/(6 -  o) In [a(6 -  z ) /6(a -  z ) ] , where a and 6 are the initial 
concentrations of the starting ketone and amine, respectively; x is 
the concentration of the product. Rate constants were obtained 
by the least-squares method.

Reaction of 2b with Morpholine in Methanol, Benzene, and 
Acetonitrile.—-A 0.30-g sample of 2b was dissolved in 20 ml of 
methanol and 1.01 g (10 equiv) of morpholine added and the 
mixture stirred for 8 days. After evaporation of solvent under 
vacuum, a sample of the oily residue was dissolved in carbon 
tetrachloride containing TMS. Nmr analysis showed the pres­
ence of only 2a. The pale yellow crystals were obtained from n- 
hexane, 0.29 g (90%). The experiment described above was 
repeated in benzene and in acetonitrile. A 100% conversion to 
2a was observed in acetonitrile and a 75% conversion in benzene 
using nmr analyses. Periodic analysis during the course of the 
reaction in benzene-ds and in acetonitrile-da showed the presence 
of only 2a and 2b.

Attempts to Prepare Other 2-[(«-Substituted amino)benzyl]- 
acrylophenones. Reaction of «-(Bromomethyl)chalcone with 
Diisopropylamine.—The mixture of 1.50 g (0.005 mol) of a- 
(bromomethyl)chalcone and 10.0 g (0.01 mol) of diisopropyl­
amine in 120 ml of benzene was stirred for 24 hr and allowed to 
stand at room temperature for 15 days. Periodic nmr analysis 
showed the presence of a-(Ar-diisopropylamino)methyl dial cone 
(main) and of only a small amount of the corresponding acrylo- 
phenone. The precipitated amine hydrobromide was removed 
by filtration. Evaporation of solvent gave an oil. Attempts at 
crystallization failed.

This oily material turned in color from yellow to purple on 
standing for a day: nmr peaks 420-490 (m, 11 H, vinyl and
aromatic), 224 (d, 2 H, J  =  1.2 Hz, methylene), 108.5 (quin­
tuplet, 2 H, J =  6.5 Hz, methine), 48 and 65 Hz (two d, 12 H, 
J  =  6.5 Hz, methyl). In this case only weak signals due to the 
aminoacrylophenone were detected, i.e., 322 (t, J  =  15 Hz, 
vinyl), 351 (s, vinyl), 328 Hz (s, methine). These signals did 
not disappear after 24 hr in chloroform-d at room temperature. 
The same reaction was carried out in acetonitrile. Only the 
aminomethylchalcone was obtained.

Reaction of «-(Bromomethyl jchalcone with Methyl Isopropyl­
amine.— A 6.02-g sample (0.02 mol) of a-(bromomethyl)chalcone 
was dissolved in 500 ml of ra-pentane. To this solution 2.93 g 
(0.04 mol) of methyl isopropylamine was added with stirring. 
After 1 hr almost all of the «-(bromomethyl)chalcone had disap­
peared (tic). The precipitated amine hydrobromide was re­
moved and evaporation of solvent gave oily products. Nmr 
showed the presence of 2-[«-(methylisopropylamino)benzyl]- 
acrylophenone and 2-(a-methylisopropylaminobenzyl)chaleone in 
ca. 1:1 proportion. In this case, the signals due to the amino­
acrylophenone disappeared in chloroform-d after 24 hr at room 
temperature: nmr peaks for the aminochalcone 430-480 (m, 
11 H, aromatic and vinyl), 219.5 (s, 2 H, methylene), 172 (quin­
tuplet, 1 II, J =  6.5 Hz, methine), 131 (s, 3 H, A’ -methyl), 58 
Hz (d, 6 H, /  =  6.5 Hz, methyl). The same reaction was carried 
out in acetonitrile and only the aminomethylchalcone was ob­
tained.

Registry N o.— la, 7204-42-4; lb, 26885-66-5; mor­
pholine, 110-91-8; teri-butylamine, 75-64-9.
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The Stereochemistry of Addition Reactions of Allenes. IV. 
Stereospecificity of Iodination of 2,3-Pentadiene1"3
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Iodine, iodine bromide, and iodine chloride react with (/?)-( — )-2,3-pentadiene in methanol to give ( —ytrans- 
3-iodo-(4S)-methoxy-2-pentene as the major product. The optical purity of the product was found to vary 
with the nature of the iodinating agent in the order IC1 >  IBr >  I2. The origin of the apparent low stereo- 
specificity of addition with 12 in methanol has been traced to the presence of iodide ion produced in the reaction. 
Optically active 2,3-pentadiene was observed to racemize extensively in the presence of I2—I — in diglyme-carbon 
tetrachloride mixtures. Racemization is attributed to a reaction sequence involving addition of molecular iodine 
to give irans-3,4-diiodo-2-pentene followed by competitive E2 and Sn2 reactions of the adduct with I - . The 
racemization accompanying Sn2 displacement manifests itself in the recovery of partially racemized 2,3-penta­
diene and isolation of frans-3-iodo-4-methoxy-2-pentene of low optical purity.

There are several aspects of interest concerning elec­
trophilic addition reactions of allenes. The orientation 
of addition of unsymmetrical reagents indicates the 
selectivity of the attacking electrophile for attachment 
to the central or terminal allenic carbon. The mono­
adducts formed may be cis and trans isomers, depending 
on the structure of the allene and the electrophile; the 
isomer distribution reflects the control of the substit­
uents at one double bond on the direction of approach 
of the electrophile to the other double bond. Also, the 
stereochemistry of addition to the reacting double bond 
is important in a study of the reaction mechanism since 
it provides information as to the possible types of inter­
mediates involved.

We have recently investigated the orientation and 
stereochemistry of bromine addition to 2,3-pentadiene 
1 and have found that a mixture of c is -  and tra n s-3,4-di- 
bromo-2-pentene, 2a and 2b, is formed in carbon tetra­
chloride. In methanol a mixture of c is - and tra n s- 
3-bromo-4-methoxy-2-pentene, 3a and 3b, is formed.4 
The orientation of bromine addition to 1 is therefore 
similar to that observed with allene5 and amounts to the 
attachment of the electrophile to the central carbon and 
the nucleophile (Br~ or hydroxylic solvent) to the ter­
minal carbon. The major adduct is the trans isomer 
(Scheme I ) .

We have also observed that reaction of bromine with 
optically active 1 gives optically active adducts 2 in 
carbon tetrachloride and 3 in methanol.4 From the 
configurational relationships between the dissymmetric 
allene and the asymmetric adducts, the stereochemistry 
of addition was determined as trans. Similar results 
were obtained for the reaction of iodine with ( — )-l in 
methanol and imply that the adducts in both bromine 
and iodine addition reactions are formed from dissym­
metric- reaction intermediates such as bridged brorno- 
nium and iodonium ions 8.

The objectives of the present work were to extend our 
investigation of electrophilic halogen addition to include 
other halogens. We report at this time further results 
on the addition of bromine, bromine chloride, iodine,

* To whom correspondence should be addressed.
(1) Acknowledgment is made to the donors of the Petroleum Research 

Fund, administered by the American Chemical Society, for support of this 
work (PRF-2357-A1, 4).

(2) Presented in part a: the 157th National Meeting of the American 
Chemical Society, Minneapolis, Minn., April 1969.

(3) Part III: L. R. Byrd and M. C. Caserio, J. Amer. Chem. Soc.,
92, 5422 (1970).

(4) W. L. Waters, W. S. Linn, and M . C. Caserio, ibid., 90, 6741 (1968).
(5) H. G. Peer, Reel. Trav. Chim. Pays-Bas, 81, 113 (1962).
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iodine bromide, and iodine chloride to optically active 
and inactive 2,3-pentadiene. The work is pertinent to 
the overall stereospecificity of addition and indicates 
that, in iodination, the optical purity of the adducts 
obtained depends significantly on the nature of the 
iodinating agent.

Results and Discussion

Bromination.— Bromine chloride in carbon tetra­
chloride reacted rapidly with 1 equiv of 1 at 5° to give 
3-bromo-4-chloro-2-penter_e 4 as a 28:72 cis-trans mix­
ture. Small amounts (< 1 6 % ) of the dibromo adduct 2 
were also obtained. Under similar conditions, molec­
ular bromine gave a 20:80 cis-trans mixture of 2a and 
2b. In methanol, both bromine and bromine chloride 
reacted with 1 :o  give 3-bromo-4-methoxy-2-pentene 3 
as the major product (85%) formed as a 20:80 cis-trans 
mixture. The minor products (15%) were the corre­
sponding dihalo adducts 2 or 4. Optically active 
(!?)-( — )-l gave optically active adducts with bromine 
and bromine chloride in both carbon tetrachloride and 
methanol. The observed rotation of the bromo ether 3 
was found to be the same, within experimental error, 
whether prepared from bromine in methanol or bromine 
chloride in methanol (Table I). W e therefore conclude 
that the stereospecificity of reaction to give 3 is the 
same for the two electrophiles, Br2 and BrCl.
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T able I
Optical R otation D ata fo r  Halogenation of 

2,3-Pentadiene in M ethanol
✓---------- Halo ether adducts0—

1, [<r]D Halogen
cíe,
%

trans,
% («Id6

- 1 9 .8 Br2 20 80 - 1 1 .8
- 1 9 .8 BrCl 28 72 -1 1 .1
-1 5 .9 L 6 94 - 4 . 1
- 1 9 .8 L 6 94 - 5 . 5
- 1 9 .8 IBr 6 94 - 7 . 8
- 1 9 .8 ICI 6 94 -1 3 .4
- 1 9 .8 ICI 6 94 -1 2 .5

“ 3 or 6. 6 Optical rotation data are corrected for the rotations 
due to any dihalides 2, 4, or S present.

Iodination.— -Iodine and iodine bromide reacted over 
a period of several hours with active and inactive 1 in 
methanol solution to give 6%  cis- and 94%  frans-3-iodo-
4-methoxy-2-pentene, 6a and 6b, respectively. No di­
halo adducts were detected in the product mixtures. In 
contrast, iodine monochloride gave a 6 :94  cis-trans 
mixture of 6 together with 20%  trans-3-iodo-4-chloro-
2-pentene, 5b. Addition of IC1 to 1 in carbon tetrachlo­
ride did not proceed cleanly but gave a complex mixture 
of products that could not be identified satisfactorily. 
In pyridine, however, IC1 reacted smoothly to give the 
monoadducts, 5a and 5b, as the sole products in the 
ratio of 15:85. The nmr spectral parameters of the 
adducts prepared in this work are summarized in Table
II.

order to determine the possible cause for the apparent 
low stereospecificity of addition in methanol.

Racemization Mechanisms.-—The iodo ether 6 was 
found to be optically stable in the presence of excess 
iodine in methanol, which rules out the possibility of 
racemization of the product under the reaction condi­
tions. Loss in optical purity must therefore occur prior 
to the product-forming step. One possible explanation 
for the variation in the observed rotations of 6 with the 
iodinating agent is that the stability of the dissymmetric 
iodonium ion intermediate 8, which is presumably 
formed during the reaction, depends on the nature of the 
associated anion, I - , Br- , or C l- . Assuming that the 
anion is not completely dissociated from the cation in 
8, then the nature of this anion might well affect the 
ease of interconversion of 8 with its symmetrical 
allylic counterpart 9. Any product derived from the 
reaction of 9 with solvent would be expected to be 
racemic. Precedent for this may be found in the 
oxymercuration of dissymmetric allenes where the 
stereospecificity of reaction has been found to vary 
widely with the nature of the ligand on the mercury 
electrophile.6-7 An argument against this, however, 
is the observation that bromine and bromine chloride 
show no sensible difference in stereospecificity of their 
respective reactions with 1 in methanol (Table I). It 
seems unlikely that the stability of iodonium ions 
would be dependent on the counter anion, whereas the 
structurally related bromonium ion wculd be insensitive 
to these same anions.

T able II
Proton M agnetic R esonance Data 

fo r  Adducts of 2,3-Pentadiene 
X

b d /
CH3C H = C

\  o a
CHCHs
I
Y»

Compel̂ X Y «a“
Y°
Sbb 80e Sid V

2a Br Br 1.77 1.79 5.12 6.00
2b Br Br 1.80 1.84 4.79 6.22
3a Br OCHs 1.19 1.72 4.05 6.05 3.14
3b Br o c h 3 1.21 1.75 3.62 5.95 3.13
4a Br Cl 1.60 1.75 5.00 6.00
4b Br Cl 1.65 1.76 4.65 6.17
5a I Cl 1.49 1.71 4.3 6.0
5b I Cl 1.57 1.74 4.33 6.01
6a I o c h 3 1.17 1.75 3.52 6.43 3.20
6b I OCHs 1.22 1.79 3.31 5.95 3.18
7 I I 1.73 2.00 5.05 6.18

‘  (d, 3, / =  {6.5 Hz). 6 (d, 3, J =  6 Hz). « 1;m, 1). d (m, 1).
* Y  =  OCH3 (s, 3). 1 In CC14; chemical shifts in parts per million
downfield from internal TMS.

Optically active adducts were obtained from 
(R)-( — ) - l  and L, IBr, and IC1 in both methanol and 
carbon tetrachloride or pyridine. However, the ob­
served rotations of the iodo ether obtained in methanol 
solution varied significantly with the nature of the io­
dinating agent (Table I ) . The data show that the opti­
cal rotation and hence optical purity of 6 was greatest 
when prepared from IC1 and least when prepared from
I 2. This observation prompted us to investigate the 
reaction of molecular iodine with 1 in more detail in

CH-

T
Y~1

!
A

1
I
1

/  V . xh3
[jv c - S

1

CH3CH C
1 N +

H 9

CHCH,

(Y =  Cl, Br, or I) 
8

An alternate explanation of the data of Table I is 
that racemization of the starting allene occurs during 
reaction to an extent that depends in part on the nature 
of the electrophile. Unfortunately, attempts to recover 
unreacted )-l  from reactions with iodine in
methanol were unsuccessful, but reaction of excess 
(72)-(—)-l , [a ]D  — 13.7 ±  0.3°, with iodine in carbon 
tetrachloride led to the recovery of 1 having [ « ] d — 12.1 
±  0.7°. This represents 12 ±  7 %  loss in specific rota­
tion over a reaction period of 1.33 hr. In a related 
experiment, ( i £ ) - ( —)-l, [ « ] d  — 10.7 ±  0.1°, was reacted 
with iodine in a 3 :4  mixture of diglyme and carbon 
tetrachloride and, when 50%  of the allene had been 
consumed, the remainder was recovered by distillation 
and found to have [<*]d  — 10.9 ±  1.0°. W e therefore 
conclude that 1 is not significantly racemized by molec­
ular iodine under the reaction conditions employed.

The product of addition of iodine to 1 in CCI4 was a 
moderately stable light brown oil that was identified 
from its nmr spectrum (Table II) and from its conver­
sion to 6b on treatment with silver tetrafluoroborate in

(6) R. D. Bach, J. Amer. Chem. Soc., 9 1 , 1771 (1969); Tetrahedron Lett., 
5841 (1968).

(7) W. S. Linn, W. L. Waters, and M. C. Caserio, J. Amer. Chem. Soc., 
92,4018 (1970).
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methanol as ir<ms-3,4-diiodo-2-pentene (7). No diio­
dide formation was detected in the reaction of 1 with 
iodine in methanol, which is not surprising since the 
adduct may be expected to be formed reversibly owing

I
I AgBF<

CHsCH =CCH CH 3 -------->-
CHiOH

I
7

I

C H aC H ^C H C H a +  Agi +  HBF4

OCHa
6b

CH3
\
/ = C= C>

H
CRK-)—1

,-c h 3

<*H +  b

CH3
/

H/  °\  , -CH;j
H

CH3 I
\  /c=c
/  \ / I

H ÇC
l 'CH3 
H

!r
( « K + ) - l

(2)

to the presence of iodide ions in the reaction mixture 
(eq 1). Accordingly, treatment of 7 with sodium iodide 
in a 1:1 mixture of carbon tetrachloride and diglyme 
led to immediate formation of iodine and 2,3-penta- 
diene. On standing for long periods of time (3-50 hr), 
this reaction mixture generated small amounts (2 -3% )  
of 1,3-pentadiene. Since 1,3-pentadiene was not ob­
served until long after the reaction of 7 with iodide was 
complete, we conclude that its formation is unrelated to 
the elimination reaction of interest.

I,

/
ch3ch= c= chch.\

/
ch3ch= c

CHjOH

/
ch3ch= ĉ

\
CHCH3 + HI

och3

I
(1)

chch3

I

To test the possibility that racemization of 1 might 
occur by the reversible addition of iodine in the pres­
ence of iodide ions, (¿2)-(—)-l  having [ o: ] d  — 10.7 ±  
0.1° was allowed to react with iodine in a 1:1 mixture of 
diglyme and carbon tetrachloride which was saturated 
with sodium iodide. The diglyme was necessary to 
solubilize the sodium iodide. The allene was recovered 
after 50%  conversion to 7 and found to have [a ]D  —6.54 
±  0.5° showing that the presence of iodide ion produced 
some 39%  racemization of 1 within 1.33 hr. Although 
this result might be interpreted to mean that the iodide- 
induced elimination of 7 is not completely stereospecific, 
evidence in support of stereospecific elimination of vic­
inal dihalides with halide ions is very strong.8,9 For 
this reason it seems doubtful that the iodine-iodide 
induced racemization of 1 stems from nonstereospecific 
elimination of 7. A  likely explanation for the observed 
racemization of 1 is shown in the reaction sequence of 
eq 2. The initial addition of iodine to give 7 and its 
subsequent E2 elimination to 1 are visualized as stereo­
specific processes which appear to be nonstereospecific 
because of a competing Sn2 reaction of 7 with iodide ion 
that leads to the racemization of 7.

(8) D. V. Banthorpe, “ Elimination Reactions,”  E. D. Hughes, Ed., El­
sevier, New York, N. Y., 1963.

(9) E. Baciocchi and A. Schiroli, J. Chem. Soc., B, 554 (1969).

Conclusions

The observation that the optical purity of the iodo 
ether 6 varies with the nature of the iodinating agent 
used in its preparation from 1 can be understood in 
terms of the relative nucleophilicities of the product 
ions I - , Br- , and C l- . In the case of reaction with IC1 
in methanol, both the iodo ether 6 and the iodochloro 
adduct 5 are formed irreversibly since chloride ion is 
ineffective in promoting elimination of 5. Racemiza­
tion of 1 directly or indirectly by reversible halogen 
addition is therefore precluded and the optical purity of 
the iodoether obtained is relatively high. With molec­
ular iodine the iodo ether adduct 6 is formed irrevers­
ibly, but the diiodide 7 is formed rapidly and reversibly 
and is probably racemized to a significant extent by 
iodide ions in a straightforward displacement reaction. 
The net result of this is the formation of 6 of low optical 
purity. Iodine bromide, as expected, represents an 
intermediate situation since the nucleophilicity of Br~ 
toward halogen and carbon is less than that of I -  but 
greater than that of Cl- .

In order to eliminate the attendant racemization by 
iodide ions in the reaction of 1 with iodine in methanol, 
addition of methyl hypoiodite to (R)-(—) - l  was at­
tempted (eq 3). The electrophile was prepared as a

CH., CHs I
\  /  CHsOH /

C = C = C  +  CHaOI----------->- CH3C H = C

\ fH C H ,

(3)

och 3

( « ) - ( - ) - 1 (± )-6

solution in methanol by the reaction of iodine with silver 
tetrafluoroborate in methanol. However, the adduct 
obtained from the reaction of methyl hypoiodite with 1 
was found to be a mixture of 6a (41%) and 6b (59%) 
with no observable optical rotation. This contrasts 
markedly with the product composition obtained from 
the reaction of iodine with 1 in methanol and suggests 
that a different type of reaction may be involved. 
Since a similar reaction of methyl hypoiodite with cyclo­
hexene gave methoxycyclohexane as the major reaction 
product (60% ), the incursion of a free-radical process is 
strongly implicated even though the reactions were car­
ried out at low temperatures in the dark. In view of 
this, the results obtained with methyl hypoiodite and 1 
cannot be related with any reliability to the comparable 
reactions of either methanolic iodine, iodine bromide, or 
iodine chloride with 2,3-pentadiene.
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Since we were unable to show that the optical purity 
of 6 could be increased if it were prepared from 1 and 
methanolic iodine in the absence of iodide ions, the ef­
fect of added sodium iodide was studied. Starting with 
equimolar amounts of iodine and ( + ) - l  of rotation
[a]D  + 2 3 .6 °  (c 75, ether), the iodo ethers 6a and 6b 
obtained in pure methanol had [a]D + 6 .3 °  (c 10, 
ether); in contrast, the iodo ethers obtained in 
methanol containing a fourfold excess of sodium iodide 
had no observable rotation. This result adds further 
support to the plausibility of eq 1 and 2 as routes for 
the racemization of 1, 6, and 7.

Experimental Section

Iodine monochloride (Eastman Kodak) was distilled before use 
and had bp 97°. Iodine bromide was prepared from iholecular 
iodine and bromine and was obtained as dark brown crystals 
having mp 40°. Solutions of bromine chloride were prepared by 
passing chlorine gas into cooled methanol or carbon tetrachloride; 
1 equiv of bromine was then added to the solution.6 The addi­
tion of halogens to 2,3-pentadiene in methanol or carbon tetra­
chloride were carried out as described previously,4 and the prod­
ucts were analyzed by nmr and glpc. In pyridine (25 ml) equi­
molar amounts of iodine monochloride and 1 (10 mmol) were 
stirred at room temperature in the dark for 14 hr, ether (30 ml) 
was added, and the solution was then washed repeatedly with 
water followed by extraction with dilute hydrochloric acid. The 
ether extract was dried, filtered, and evaporated, and ":he residue 
analyzed by nmr and glpc.

3,4-Diiodo-2-pentene was prepared by the addition of 1.12 g 
(16.4 mmol) of 1 as a 40% solution in ether to a solution of 4.17 
g (16.4 mmol) of iodine in 100 ml of carbon tetrachloride. The 
mixture was stirred and maintained at —40° in the dark for 5.5 
hr. Unreacted iodine was destroyed with aqueous sodium thio­
sulfate; the solvents were removed at reduced pressure from the 
dried organic extract. The nmr spectrum of the crude product 
was consistent with the structure assigned as trans-3,4-diiodo-2- 
pentene, 7 (Table II). Addition of a slight excess of silver tetra- 
fiuoroborate in methanol to 7 gave an immediate precipitate of 
silver iodide. After neutralization with sodium carbonate the 
mixture was filtered and the filtrate evaporated. The nmr spec­
trum of the residue in carbon tetrachloride was identical with that 
of a known sample of irans-3-iodo-4-methoxv-2-pentene, 6b ( Table
II).

Optical rotations of the halo ethers 3 and 6 obtained from the 
addition of halogens to (R)-( — )-l in methanol solution were cor­
rected for the rotations due to dihalo adducts present in the reac­
tion mixtures. Corrections were necessary only in the case of 
bromine, bromine chloride, and iodine chloride addition. The 
assumption was made that the specific rotations of the dihalo 
adducts were the same when obtained in methanol as in carbon 
tetrachloride or pyridine.

Racemization of ( — )-2,3-Pentadiene.— Reaction of iodine with 
1, [a] 25d —13.7° ±  0.3 (ether), was carried out as described above

except that aqueous sodium thiosulfate was added when half of 
1 had been consumed. The unreacted allene was recovered from 
the organic extract by fractional distillation and had [a] “ n —12.1 
±  0.7° (ether). A similar reaction of 1, [a]25D —10.7 ±  0.1° 
(ether), in a mixture of digtyme (3 ml) and carbon tetrachloride (4 
ml) led to the recovery of unreacted 1 having [a]o —10.9 ±  1.0° 
(ether, CC14). Iodine (16.6 mmol) and sodium iodide (1.86 
mmol) in 4 ml of diglyme and 4 ml of carbon tetrachloride were 
added to 1.13 g (16.6 mmol) of 1, [<*]d —10.7 ±  0.10° (ether), as 
a 40%  solution in ether and the mixture stirred at —42° for 1.33 
hr in the dark. Excess iodine wras destroyed as before and the 
unreacted allene recovered by distillation. The specific rotation 
of recovered 1 was [a]25n —6.54 ±  0.5° (ether). No 1,3-penta- 
diene -was detected.

2,3-Pentadiene from 3,4-Diiodo-2-pentene.— To 2.5 g (8.3 
mmol) of 7 in 1.4 ml of carbon tetrachloride was added 0.11 g 
(0.7 mmol) of sodium iodide in 1.5 ml of diglyme. The reaction 
mixture was protected from light throughout the experiment. 
After 3 hr the iodine was removed by extraction with acueous 
sodium thiosulfate, and the organic layer was analyzed by glpc. 
The major product was 2,3-pentadiene contaminated with up to 
3%  of 1,3-pentadiene. Analysis of the reaction mixture by glpc 
immediately following addition of sodium iodide showed 2,3- 
pentadiene as the only volatile product. On standing for 3 hr or 
longer, small amounts of 1,3-pentadiene were detected.

Addition of Methyl Hypoiodite to 2,3-Per.tadiene.— To 3.26 g 
(4.8m m ol)of (/?)-( — )-l as a 50% solution in ether, [a]25D —8.43 
±  0.20°, was added 9.35 g (4.S mmol) of silver tetrafiuorokorate, 
4.5 g (4.8 mmol) of sodium carbonate, and 12.19 g (4.8 mmol) of 
iodine in 50 ml of methanol. After stirring for 18 hr in the dark 
the reaction was quenched with aqueous sodium thiosulfate and 
the organic layer repeatedly washed with water, dried, and evapo­
rated. The product had [«jo  0 ±  1° (CCL), and was identified 
by nmr as a 41:59 mixture of 6a and 6b.

Addition of Methyl Hypoiodite. to Cyclohexene.10— To 3.52 g 
(9.1 mmol) of silver tetrafluoroborate and 2.3 g (9.1 mmol) of 
iodine in 75 ml of methanol were added 1.5 g (9.1 mmol) of cyclo­
hexene. The mixture wras stirred for 0.5 hr in the dark in the 
presence of 2.5 g (25 mmol) of calcium carbonate. The product 
mixture was extracted with ether and water. The ether extract 
was dried and evaporated and the residue anafyzed by glpc and 
nmr. The products were identified as 60% methoxycyclohexane 
[(singlet 3.34 ppm, complex 3.0 ppm, complex region 0.8-2.2 
ppm downfield from TM S) (CC14)] and 35% irares-2-iodo-l- 
methoxycyclohexane [(quartet 4.1 ppm, singlet 3.34 ppm, quar­
tet 3.18 ppm, and complex region 0.8-2.4 ppm, all downfield 
from TM S) (CC1,)].

Registry No.— ( f l ) - ( - ) - l ,  20431-56-5; 2a, 26889-28- 
1; 2b, 26889-29-2; 3a, 26889-30-5; 3b, 26889-31-6; 
4a, 26889-32-7; 4b, 26889-33-8; 5a, 26889-34-9; 5b, 
26889-35-0; 6a, 26889-36-1; 6b, 26889-37-2; 7 ,26889-
38-3.

(10) L. Birckenbach and J. Goubeau, Ber., 65, 39o (1932).
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Either the benzene rings or heterocyclic rings of certain quinolines and A'-alkylindoles may be preferentially 
reduced by lithium in ammonia, depending upon the proton source. When excess methanol is present the 
benzene rings are preferentially reduced, possibly by protonation of intermediate radical anions. If methanol 
is omitted or added later the heterocyclic rings are preferentially reduced, presumably by protonation of inter­
mediate dianions. Indoles unsubstituted on nitrogen afford salts which are not reduced in the absence of a proton 
source such as methanol. In the presence of methanol they give only benzene ring reduction.

Although the metal-in-ammonia reduction of aro­
matic carbocycles has been extensively investigated, 
comparatively little is known about the corresponding 
reductions of aromatic heterocycles.3 4 5 Since the nitro­
gen heterocycles are of great importance in chemistry 
and biology, we have undertaken an investigation of 
the reduction of certain of these compounds, attempt­
ing both to elucidate the reduction processes and to uti­
lize this knowledge in controlling which products are 
formed. This paper is concerned with the reduction of 
indoles and quinolines by lithium and methanol in 
liquid ammonia.

The most significant result of our study was that ring 
selectivity could be controlled in the reductions of cer­
tain of these heterocycles. In the example with highest 
selectivity, 5-methoxy-l-methylindole (lb) was reduced 
by lithium in ammonia containing excess methanol to 
the corresponding 4,7-dihydroindole 3b in 60%  yield. 
Only 5 %  of 5-methoxy-l-methylindoline (2b) was ob­
tained. Reduction of lb  in the absence of methanol 
contrasted the previous reaction both in rate and in 
product distribution. Whereas reaction in the presence 
of methanol was almost instantaneous, reaction in its 
absence required excess lithium and much longer times 
(4 hr) for appreciable reduction. The latter reaction 
gave only indoline 2b in 70%  yield. (Scheme I) A 8

1-Methylindole (la) was also reduced with a high 
degree of specificity to the corresponding indoline 2a 
by excess lithium. However, reduction in the presence 
of methanol was less selective. It afforded a mixture 
which contained both 2a (32%) and the 4,7-dihydro 
derivative (3a, 37% ), plus four m inor components 
(total 5 % ). Similar ratios of 2a and 3a were reported

(1) (a) Part of the investigation was described in a preliminary communi­
cation: W. A. Remers, G. J. Gibs, C. Pidacks, and M. J. Weiss, J. Amer. 
Chem. Soc., 89, 5513 (1967). A brief account also appears in “ Topics in 
Heterocyclic Chemistry»”  R . N. Castle, Ed., Wiley, New York, N. Y ., 1969, 
p 178. (b) For the second paper in this series, see W. A. Remers and M. J. 
Weiss, Tetrahedron Lett., 81 (1968).

(2) To whom inquiries should be addressed at the Department of Medici­
nal Chemistry and Pharmacognosy, School of Pharmacy and Pharmacal 
Sciences, Purdue University, Lafayette, Ind. 47907.

(3) H. Smith in “ Chemistry in Nonaqueous Ionizing Solvents,”  Vol. I, 
part 2, G. Jander, H. Spandau, and C. C. Addison, Ed., Wiley-Interscience, 
New York, N. Y ., 1963.

(4) If methanol was added to an ongoing reduction of lb , the faster 
reduction to Sb superseded that which gave 2b. The relative proportions 
of 3b and 2b then reflected the time which had elapsed before the methanol 
was added (see Table I).

(5) Both indoline 2b and 4,7-dihydroindole 3b were stable in the presence
of lithium amide. Excess lithium further reduced 2b when methanol was 
present, but not in its absence. Neither set of conditions lead to further
reduction of 3b, which agrees with a previous report6 on the resistance of the
pyrrole ring to such reductions.

Sc h e m e I

CH3
la, R =  H 
b, R =  CH30
CHjOH|Li-NH,

ch3
2a, R =  H
b, R =  CH30

ch3
3a,R=H  
b, R =  CH;,0

H
5a, R, =  R2 =  R3=H
b, R, =  CH30 ;R 2 =  R3 =  H
c, R2 =  CH30 ;R ,= R 3 =  H
d, R, =  CH30; R-2 =  H;

R, =  CH2CH2NH2

6a, R[ =  R¡ =  R¡ =  H
b, R1 =  CH30 ;R , =  R3 =  H
c,  R2=CH 30 ;R ,= R 3 =  H
d, Rj =  CH30 ;R 2=H;

r 3= c h 2c h 2n h 2

previously for the reduction of la in the presence of 
methanol.6 *

When indoles are unsubstituted on nitrogen, the N H  
proton is sufficiently acidic (pK& ~  17) to give indolyl 
salt formation with metals in ammonia. These salts 
are not reduced in the absence of a proton source such 
as methanol. An earlier publication revealed that 
addition of methanol to a mixture of indole 5a and a 
large excess of sodium in ammonia gave a mixture com­
posed of equal parts of 4,7-dihydroindole (6a) and 4,5,-
6,7-tetrahydroindole (4).6 The authors suggested that 
methanol is the optimum proton source for this reduc­
tion because it is acidic enough (pAa = 1 6 )  to maintain 
a portion of the indole in the N H  form, but not so acidic 
that it competes with this form for reduction by the 
metal.

W e have reinvestigated the reduction of indole and 
confirmed these findings. However, we have also found 
that the large excess of alkali metal is unnecessary. Re­
duction with only 2 equiv of lithium afforded (glc 
analysis of the crude product) 4 4 %  of dihydroindole 6a, 
15%  of tetrahydroindole 4, and 3 9%  of starting mate-

(6) S. O’Brien and D. C. C. Smith, J. Chem. Soc., 4609 (1960).
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rial. When a third equiv of lithium was used, the re­
covery of starting material fell to 11%  and yields of 
the two products were increased correspondingly (Table
I ) . If methanol was not present prior to the addition

T a b l e  I
P ro d u cts  fro m  t h e  R e d u ction  o f  I n d o le

5a  w it h  L it h iu m  in  A m m o n ia“
/—Product, % —» Recovered

Experimental conditions 4 6a 5 a , %

Excess CH3OH, 2 Li added 14 43 38
Excess CH3OH, 3 Li added 26 .56 1 1

Excess CH3OH, 4 Li added 31 57 6

4 Li, CH3OH added 2 0 59 1 2

• A CH2CI2 solution of the product mixture (totally distillable 
at reduced pressure) was passed through a 6 -ft column of 20% 
SE-30 at 200°. Compounds are listed in the order in which they 
came off the glc column.

of lithium, 1 equiv of this metal was immediately con­
sumed in forming the indolyl salt. However, a rela­
tively small additional amount of lithium sufficed for re­
duction of this salt when methanol was added. Thus, 4 
equiv of lithium followed by methanol (until discharge 
of the blue color) gave 63%  of 6a, 21%  of 4,7 and only 
6%  of starting material. It should be noted that the 
ratio of 6 a : 4 is essentially the same whether the metha­
nol was present in excess before addition of lithium or 
if it was added after the lithium.

The previously reported6 9 mixture of 6a and 4 had not 
been resolved into its pure components; hence some 
doubt remained about the proof of their structures. 
W e resolved this mixture by preparative glc and con­
firmed the assigned structures. The identity of 4 with 
a known sample prepared by an independent route 
was established (Experimental Section), whereas the 
structure of 6a was clearly delineated by its nmr spec­
trum (Table II) which showed two protons on a pyrrole 
ring, two protons on a double bond, and four aliphatic 
protons strongly deshielded. Reduction of 5-methoxy- 
indole (5b) under similar conditions was highly specific. 
The 4,7-dihydro derivative 6b was obtained in 83%  
yield (after recrystallization). As in the example of lb  
the methoxy group appears to enhance selectivity in 
the reduction of an indole. It also helps accelerate 
the reduction, which is in agreement with a rate-en­
hancing effect of the methoxy group in other Birch re­
ductions.8,9 Thus, in a competitive experiment 5b 
was reduced more rapidly than indole.

6-Methoxyindole (5c) was also reduced to a crystalline
4,7-dihydro derivative (6c, 65%  yield) but an appreci­
able amount of tetrahydrofuran was required as cosol­
vent. Attempted reduction of 7-methoxyindole was 
unsuccessful. More complex indoles, such as 5-me- 
thoxytryptamine (5d) were also reduced to their 4,7- 
dihydro derivatives {e.g., 6d). These reductions were 
less efficient than those of the simpler indoles and gener­
ally required a large excess of lithium. The conversion 
of tryptophan into its 4,7-dihydro derivative was re­
ported previously.10 Tryptamine quaternary salts

(7) Since 4,7-dihydroindole 6a  is stable in the presence of excess lithium 
and methanol in ammonia, it is apparent that tetrahydroindole 4  is not 
formed from 6 a . Probably 4  is formed by way of an isomer of 6 a  in which 
the double bond is conjugated with the pyrrole ring.

(8) A. J. Birch and D. Nasipuri, Tetrahedron, 6 , 148 (1959).
(9) A. P. Krapcho and A. A. Bothner-By, J. Amer. Chem. Soc., 81, 3658 

(1959).
(10) O. Yonemitsu, P. Cerutti, and B. Witkop, ibid., 88,  3941 (1966).

afforded either cleavage at the quaternary center or 
reduction of the indole nucleus, depending upon whether 
or not methanol was present during the reduction 
(cleavage occurred in the absence of methanol) .11

In contrast to the indoles, quinoline derivatives im­
mediately decolorized 2 equiv of lithium even in the 
absence of methanol. This probably resulted in di- 
anion formation as discussed below. Addition of meth­
anol and work-ups gave mixtures of products which were 
separated by liquid-liquid partition chromatography. 
From 6-methoxyquinoline 7a the main product isolated 
was an interesting unsymmetrical dimer, 11 (Scheme
II). The structure of this dimer was revealed by its

S c h e m e  II

nmr spectrum (Table II), which showed two methoxy 
groups, six protons on benzene rings, two protons meta 
on a pyridine ring, and five protons on aliphatic carbons. 
The last five protons appeared as two two-proton mul- 
tiplets and a one-proton doubled doublet. Addition of 
HC1 to a dimethyl sulfoxide solution of 11 broadened the 
one-proton pattern, but did not broaden the other 
aliphatic protons. This result showed that the single 
proton was on a carbon next to nitrogen and uniquely 
determined the structure of the dimer. Other products 
isolated from this reduction of 6-methoxyquinoline were
5.8- dihydro derivative 8a (15%) and starting material 
(14% ). An appreciable quantity of amorphous solid 
(polymer ?) was also present, but it could not be further 
resolved.

When the previous experiment was repeated with 5 
equiv of lithium, no dimer 11 was found in the product 
mixture. The only products isolated were 6-me- 
thoxy-l,2,3,4-tetrahydroquinoline (12a, 32% ) and 5,8- 
dihydro derivative 8a (5% ). Some starting material 
(9% ) was recovered.

Reduction of 6-methoxyquinoline (7a) in the presence 
of excess methanol (5 equiv of lithium) resulted in a 
significant change in the ring selectivity, at least in the 
isolated products. Products of benzene ring reduction,
5.8- dihydro derivative 8a (32% ) and the isomeric 7,8- 
dihydro derivative 9 (16% ), were obtained,12 but the 
only isolated product of pyridine ring reduction was 
12a (5% ).

(11) The important role of the proton source in determining preferential 
reduction was especially evident in these quaternary salts.lb

(12) The 7,8-dihydro derivative 9 could arise either from isomerization of
5.8- dihydro derivative 8 a  or from protonation of 'he intermediate (radical 
anion) at a different site. Thermal isomerization of 8 a  to 9 was evident when 
the crude reaction mixture was distilled. More 9 was present in the distillate 
than had been in the crude according to tic.
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T able  I I

Spectroscopic D a ta  for  N e w  C ompounds“
Compd Bp (mm) or mp, °C Uv, inu (e), in CHsOH 5, ppm, in CDCls (J in Hz)6
3bc’i 94 (4) 6.55 (d, J =  3, C ,), 5.91 (d, J  =  3, C„), 4.75 (m, C,), 3.23 [4, s 

(broadened), C4, C7]
6a 37-39 6.85 (dd, J  =  3, J  =  3, C2), 6.04 (dd, /  =  3, /  =  3, C3),

5.95 [2, s, (broadened), C6, C6], 3.14 [4, s (broadened), C4, C7]
6b 65-68 6.67 (dd, J  =  3, /  =  3, C2), 6.00 (dd, /  =  3, /  =  3, C3), 4.79 

(m, C3), 3.27 [4, s (broadened), C4, C7]
6c 70-71 6.15 (dd, J  =  3, J  =  3, C2), 6.02 (dd, /  =  3, /  =  3, C3), 4.88 

(m, C6), 3.28 [4, s (broadened), C4, C7]
6d 151-153' 6.50 (broadened, C2), 4.78 (m, C6), 3.25 [4, s (broadened), C4, C7], 

2.9-2.5 (4, m, side chain CH2CH2)
8a ' 138-140 (8) 269 (4100) 8.41 ( /  =  5, J  =  2), 7.45 {J  =  5, /  =  2), 7.08 [ /  =  5, /  =  5, 

pyridine ring], 4.77 (m, vinyl), 3.60 (m, 4, aliphatic)
9» 164-168 275 (5900) 8.35 ( /  =  5, /  =  2), 8.02 (J =  5, /  =  2), 7.08 ( /  =  5, /  =  5, 

pyridine ring), 5.90 (broad s, vinyl), 3.25 (m), 2.63 (m, 
aliphatic)»

11 159-160 225 (23,400), 329 
and 322 (3680)

8.71 (J  =  2), 8.00 (J =  2, meta on pyridine ring), 7.30, 6.95, 
6.60 (3 protons, aromatic), 4.50 [m, NCH-aromatic (broadens 
when HC1 is added)], 2.75 (2), 2.05 (2, aliphatic)

8b*-< 157-169 240 (13,500), 270 
(6300) sh, 350 
(15,300), 390 
(9900) sh

8.75 (J =  5 ,J  =  2), 8.40 ( /  =  5, /  =  2), 7.90 ( /  =  5, /  =  5, 
pyridine ring), 5.97 (2, vinyl), 3.67 (4, aliphatic)

“ Satisfactory analytical values (±0 .3 5% ) in C, H, and N were reported for all compounds in the table: Ed. 6 Methyl group and 
NH absorptions omitted. '  n’aD 1.5465. d Calcd for N: 8.58. Found: 9.02. 'M elting point of acetate salt. '  Calcd for N: 
8.69. Found: 9.08 « Melting point and nmr of picrate. * Melting point and analysis of picrate. * Calcd for C: 50.39. Found: 
50.00.

When quinoline 7b was reduced under the same sets 
of conditions just described for 6-methoxyquinoline, 
the results were qualitatively similar, although the 
yields of isolated products were lower and more amor­
phous solid was obtained. Thus, when excess meth­
anol was present, the isolated products resulted mainly 
from benzene ring reduction. They were 5,8-dihydro- 
quinoline (8b, 24% ), 5,6,7,8-tetrahydroquinoline (10, 
7 % ), and 1,2,3,4-tetrahydroquinoline (12b, 5 % ), plus 
9 %  of starting material. In contrast, addition of 5 
equiv of lithium followed by methanol afforded 36%  
of 12b, but only 8%  of 8b and 1%  of 10. Appreciable 
starting material (26%) also was recovered.13 The low 
material balances obtained from some of these quinoline 
reductions make evaluations of the ring selectivity less 
certain than in the corresponding indole reductions. 
However, at least in the reduction of 6-methoxyquino­
line with methanol initially present, the material balance 
allowed ring selectivity to be conclusively established.

At the present time the mechanisms for the metal-in- 
ammonia reductions of aromatic carbocycles are fairly 
well understood. They are based upon product dis­
tributions,8 kinetic studies,9 and molecular orbital cal­
culations.14 The following application of the salient 
features of these mechanisms to related nitrogen het­
erocycles gives a reasonably coherent explanation for the 
products and ring selectivity observed in their reduc­
tion. The most important assumption inherent in this 
application is that 7r-electron densities are more impor­
tant than solvation and counterion effects in deter­
mining the site of protonation on intermediate radical 
anions and dianions. This assumption appears to be

(13) W. Huckel and L. Hagedorn reported [Chem. Ber., 9 0 , 752 (1957)] 
the preparation in 85% yield of 1,2-dihydroquinoline by treatment of quino­
line with 2 equiv of sodium followed by ammonium chloride ( — 65° under
N2).

(14) A. Streitwieser, Jr., “ Molecular Orbital Theory for Organic Chem­
ists,”  Wiley, New York, N. Y., 1962.

true for the carbocycles15 but remains unproven for 
nitrogen heterocycles.

The ease of adding electrons to the 7r-electron system 
of a molecule is related directly to the energy of the 
lowest unoccupied molecular orbital (LUMO) of that 
system.14 In liquid ammonia, which is especially effec­
tive in stabilizing dianions,16 molecules such as naph­
thalene (LUMO at —0.60/3)14 readily form dianions 
when treated with an alkali metal. Both of these elec­
trons go into the LUM O. Our observations on quin­
oline ( —0.43/3) and 6-methoxyquinoline (—0.45/3)17 
are consistent with this view. Both of these compounds 
immediately decolorized 2 equiv of lithium in ammonia, 
forming colored (greenish) intermediates. Benzene 
does not readily give a dianion because its LUM O is too 
high ( — 1.00/3). It does not decolorize a solution of lith­
ium in ammonia, nor does it undergo reduction. How­
ever, if methanol is added the benzene is readily re­
duced. This reduction is thought to occur by rapid 
protonation of the radical anion formed to a small ex­
tent in an equilibrium with benzene and solvated elec­
trons.9 A-Alkylindoles ( la  and lb ) lie between naph­
thalene and benzene in LUM O energy ( —0.870).19 
They were reduced in the absence of methanol but only 
very slowly. In the presence of methanol their reduc­
tion was rapid. W e suggest that in the presence of 
methanol (pK& =  16) the radical anion is protonated as 
it forms in equilibrium with the IV-alkylindole. In the 
absence of methanol, the only proton source is ammonia 
(pK& =  34), which is not acidic enough to protonate this

(15) H. E. Zimmerman, Tetrahedron, 1 6 , 169 (1961).
(16) W. Huckel, Fortschr. Chem. Forsch., 6,  197 (1966).
(17) LCAO-MO calculations based upon parameters (« n  =  «C +  0.5/3, 

/3cn =  /See) which afforded a reasonable correlation between calculated and 
observed hyperfine splitting constants in the esr spectrum of quinoline radical 
anion.u For oxygen, « o  =  <*C +  2.0/3, /3co = 0.8/3cc were used.

(18) J. Chaudhuri, S. Kume, J. Jagur-Grodzinski, and M. Szwarc, J. 
Amer. Chem. Soc., 9 0 , 6421 (1968).

(19) LCAO-MO calculations based upon the parameters suggested by 
Streitwieser (ref 14).



radical anion. However, ammonia will protonate the 
dianion which exists to a small extent in equilibrium 
with the radical anion. Benzene apparently does not 
give a sufficient concentration of dianion to allow sig­
nificant reduction when ammonia is the only proton 
source.

The ring selectivity observed in the reduction on IV- 
alkylindoles can be related to this difference in the 
intermediate protonated in the presence or absence of 
methanol. Thus, the radical anion might be prefer­
entially protonated in the benzene ring, whereas pro­
tonation in the pyrrole ring might be favored with 
the dianion. Support for this view is afforded by 
the N H  indoles (5a, 5b, and 5c) which are reduced ex­
clusively in their benzene rings. These compounds 
could give only the radical anion since methanol must 
be present to reverse indolyl salt formation.

It is also conceivable that the ring selectivity observed 
in the quinoline examples reflects preferential protona­
tion of a dianion when methanol is not initially present 
and protonation of a radical anion when methanol is 
initially present in excess. This concept would require 
that the radical anion, formed by reversible addition of 
one electron to the ir system of the quinoline, be pro­
tonated by methanol before the second proton adds. 
The selective benzene ring reduction observed by treat­
ment of 6-methoxyquinoline with lithium in the pres­
ence of methanol fits this picture. Unfortunately, the 
low material balances obtained in most of the other ex­
amples do not afford further concrete evidence for this 
point.

In an important paper by Zimmerman,16 the site of 
protonation of radical anions derived from various 
methoxybenzene derivatives was successfully corre­
lated with the total 7r-electron density at the several 
carbon atoms in the aromatic rings of those anions. Al­
though in certain cases the difference in ^-electron den­
sity between two atoms was very small, it was always 
considered to be the determining factor. It was further 
noted that in certain compounds the pattern of t -  

electron density in the radical anion differed from that 
in the starting material. Thus, for anisole, the increase 
in total 7r-electron density afforded by addition of one 
electron to the ir system was much higher at the ortho 
and meta positions than at the para position.

An extension of these ideas to the nitrogen hetero­
cycles might help explain the observed ring selectivity 
in their reductions. For example, in 5-methoxy-l- 
methylindole (lb) the highest total 7r-electron density 
on carbon is at C-3, whereas it is at C-4 in the radical 
anion and at C-2 in the dianion. It should be noted 
that protonation at these positions in the radical anion 
and in the dianion would lead to the observed selective 
products of benzene ring reduction and pyrrole ring 
reduction, respectively. Similarly, there is correspon­
dence between the sites of protonation and highest total 
w-electron densities on carbon20 for the radical anion 
and dianion derived from 6-methoxyquinoline. How­
ever, the calculated total 7r-electron densities for quino­
line do not predict the correct products from protona­
tion of the radical anion (although the material balance 
was very poor in this case).

(20) The total 7r-electron densities on pyridyl nitrogens are actually much 
higher than those on carbon atoms. Product determining protonation on 
carbon would, therefore, require that protonation on nitrogen be reversible 
under the experimental conditions.
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At the present time the experimental evidence is not 
strong enough to compel acceptance of the above inter­
pretation of ring selectivity in the reduction of nitrogen 
heterocycles. For one thing, the assumption that sol­
vent and counterion effects do not determine the site of 
protonation might not be as valid for nitrogen hetero­
cycles as it appears to be for carbocycles. Furthermore, 
the position of highest total ir-electron density can vary 
with the choice of parameters used in the L C A O -M O  
calculations (we used parameters recommended in the 
literature).17,19 However, it still seems valid to call 
attention to this interpretation, since it should serve as 
the most reasonable starting point for more rigorous 
calculations and mechanistic studies in this important 
area of heterocyclic chemistry.

Finally, some further comment will be made on the 
formation of unsymmetrical dimer 11. It seemed at 
first that such a dimer might be produced by the cou­
pling of two molecules of 6-methoxyquinoline radical 
anion or by the addition of one molecule of radical anion 
to one molecule of starting material. However, treat­
ment of 6-methoxyquinoline with either 1 or 0.5 equiv 
of lithium, hypothetical conditions for these modes of 
formation, gave no dimer. Only starting material 
was recovered. These results suggest that the dimer 
is produced instead by intermediates which occur after 
formation of a dihydroquinoline reduction product.21

Experimental Section

Melting points were determined on a Mel-Temp apparatus and 
are corrected. Ultraviolet spectra were determined in methanol 
solution with a Cary recording spectrophotometer. Infrared 
spectra were determined in potassium bromide disks or neat with 
a Perkin-Elmer Model 21 spectrophotometer. Nuclear magnetic 
resonance spectra were determined in deuteriochloroform (unless 
otherwise specified) with a Varian A-60 spectrometer. Solutions 
were dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure on a rotary evaporator.

5-Methoxy-l-methylindole (lb).—This compound was pre­
viously prepared by a less direct method.53 In the present 
method, a solution of 0.1 mol of methylsulfinyl carbanion in 50 
ml of dimethyl sulfoxide54 was treated with a solution of 14.7 g 
(0.1. mol) of 5-methoxyindole in 50 ml of dimethyl sulfoxide. 
After 1 hr 28.4 g (0.2 mol) of methyl iodide was added. The 
resulting solution was stirred overnight under N2 and then care­
fully diluted with water, whereupon the product crystallized. 
Recrystallization from ethanol gave 11.8 g (74% ) of colorless 
prisms, mp 97-103°. Another recrystallization gave mp 102-104° 
(lit.24 mp 103-104°).

5-Methoxy-l-methylindolme (2b).— This compound was pre­
viously obtained as a pierate.23 In the present investigation, an 
authentic sample was prepared as a standard for glc determina­
tions. A  mixture of 500 mg of 5-methoxy-l-methylindole (lb), 6 
ml of ethanol, 6 ml of concentrated HC1 and 2.0 g of granular tin 
was heated at reflux temperature for 18 hr, cooled, and filtered. 
The filtrate was brought to pH 10 with NaOH solution and re­

R emers, Gibs, P idacks, and W eiss

(21) When quinoline is heated with sodium in toluene, a related dimer, 
2,3'-diquinoline, is obtained in 30-40% yield [Weidel, Monatsh. Chem., 2 , 
491 (1881)]. The mechanism of this dimerization is not known, although 
it seems likely that a dimeric dianion of the type observed in tetrahydrcfuran 
solvent is initially formed,22 and then aromatization occurs with loss of 
hydride ion. Dimer formation in liquid ammonia probably does not occur 
by this process because a monomeric dianion is the predominant species in 
equilibrium, even when less than 2 equiv of lithium is involved.16

(22) With typical aromatic compounds in tetrahydrofuran, a dimeric 
dianion is the predominant species, whereas in hexamethylphosphoramide 
the corresponding radical anion is favored in equilibrium with this dimeric 
dianion.18 The special role of amine solvents in stabilizing monomeric 
dianions has been pointed out by Huckel.M

(23) J. W. Cook, J. D. Loudon, and P. McCloskey, J. Chem. Soc. 1203 
(1951).

(24) R. Greenwald, M. Chaykovsky, and E. J. Corey, J. Org. Chem., 2 8 , 
1128 (1963).



I n d o l e s  a n d  Q u i n o l i n e s J. Org. Chem., Vol, 36, No. 2, 1971 283

filtered. The solids were washed with ether and the combined 
filtrate and washes were diluted with ether, washed with water, 
dried, and concentrated. Treatment of a portion of the residual 
oil (435 mg, re25n 1.5865) with picric acid in ethanol afforded a 
yellow picrate, mp 171-172° dec after recrystallization from 
methanol (lit.23 mp 171-173° dec).

1-Methylindoiine (2a).'—This compound w'as prepared by the 
procedure described for 2b. From 500 mg of 1-methylindole (la ) 
was obtained 428 mg of pale yellow oil which showed only one 
peak on glc. It gave a picrate with mp 161-164° after two re- 
crystallizations from benzene (lit.6 mp 160-165°).

Typical Lithium-in-Ammonia Reduction Procedures for In­
doles. A. Excess Methanol Present.—A solution of 10 mmol of 
the indole derivative in 6 ml of methanol was added to .50 ml of 
distilled liquid ammonia. The resulting solution was treated 
portionwise with 280 mg (40 mg-atoms) of Li wire, which reacted 
very rapidly. After evaporation of the ammonia and removal of 
the methanol under reduced pressure, the residue w'as treated 
with ether and water. The ether layer was dried and concen­
trated and the residue was weighed and assayed by chromatog­
raphy as described in Tables I and III. Pure products were

Table IV
Products fron the R eduction of 6-Methoxyquinoline 

(7a) with Lithium in Ammonia“
— Product , % -------, Recovered

Experimental conditions 10 8a 9 11 12a Ta, %
2 Li, CHjOH added 0 15 0 35 0 14
5 Li, CH3OH added 0 0 0 0 32 9
Excess CH3OH, 5 Li added 3 32 16 0 5 8
“ The crude product mixtures were resolved by liquid-liquid 

partition chromatography on diatomaceous earth with a heptane- 
methyl cellosolve system. In a typical experiment 1.94 g of 
crude product was dissolved in 45 ml of the lower phase, mixed 
with 60 g of diatomaceous earth, and packed atop a column 
prepared from 450 ml of the lower phase and 600 g of diatoma- 
ceous earth. The resulting column was eluted -with the upper 
phase, and the effluent, was passed through a recording uv spec­
trophotometer set at 260 m/i. Eluate corresponding to the re­
corded peaks was then concentrated and the residue was weighed 
and further purified by crystallization or picrate formation. 
Compounds are listed in the order in which they came off the 
chromatography column.

T a b l e  III
Products from the Reduction of 

5-Mkthoxy-I-methylindole (lb) with 
Lithium in  Ammonia“

Experimental conditions
✓----- Product,
others 2b

%----- '
3b

Re­
covered 
lb , %

8 Li, FeCL after 4 hr 0 70 0 5
2 Li, FeCL after 4 hr 0 18 0 72
Excess CH3OH, 4 Li added 3 5 60 8
4 Li, CH3OH added immediately 6 9 38 7
4 Li, CH3OH added after 45 min 4 11 25 2
4 Li, CH3OH added after 4 hr 5 25 8 4
“ The neat product mixture (totally volatile) was passed 

through a 6-ft Carbowax 20M column at 250°. Compounds are 
listed in the order in which they came off the glc column.

obtained by crystallization or distillation as described in Table
II. Nmr spectra of these products are recorded in Table II.

Several compounds were insoluble in ammonia or methanol- 
ammonia mixtures and required modified reduction procedures. 
Thus, on the same scale, 1-methylindole, 6-methoxyindole, and
7-methoxyindole were dissolved in a mixture of 35 ml of ammonia, 
25 ml of tetrahydrofuran, and 8 ml of methanol.

B. Methanol Added Later.—A solution of 10 mmol of the 
indole derivative in 60 ml of distilled ammonia was treated por­
tionwise with 280 mg (40 mg-atoms) of Li wire. After specified 
times the blue mixture was then treated dropwise with methanol 
until this color was discharged. After evaporation of the am­
monia the residue was worked up as described above.

C. Methanol Not Used.— A solution of 7.5 mmol of the indole 
derivative in 10 ml of tetrahydrofuran and 125 ml of distilled 
ammonia was treated portionwise with 420 mg (60 mg-atoms) of 
lithium. After 4 hr the excess lithium was discharged by the 
addition of a small amount of ferric chloride hexahydrate. 
Methanol was added to neutralize the amide ion and the ammonia 
was evaporated. The residue was worked up as described above.

Typical Lithium-in-Ammonia Reduction Procedures for Quino­
lines. A. Excess Methanol Present.— A solution of 10 mmol of 
the quinoline derivative in 6 ml of methanol was added to 50 ml 
of distilled liquid ammonia. The resulting solution was treated 
portionwise with 280 mg (40 mg-atoms) of Li wire, which reacted 
immediately. After evaporation of the ammonia and removal of 
the methanol under reduced pressure, the residue was treated 
with ether and w'ater. The ether layer was dried and concen­
trated, and the residue was resolved by liquid-liquid partition 
ehromatograptiy as described in Tables IV and V. Monomeric 
products were examined by glc on a 6-ft column of Carbowax 
20M at 200° as a check on the liquid-liquid separation. The 
results were in agreement.

The isolated products were purified by crystallization, distilla­
tion, or picrate formation as described in Table II. Their struc­
tures were confirmed by spectral data as recorded in Table II.

T a b l e  V
P roducts  from  t h e  R e d u ction  o f  Q u in o l in e  

7b w it h  L it h iu m  in  A m m o n ia “
/------Product, % ------ , Recovered

Experimental conditions to 8b 12b 7b, %
5 Li, CH3OH added 1 8 36 26
Excess CH3OH3, 5 Li added 7 24 5 9
“ The chromatography system and procedure were the same 

as those described in the footnote of Table I. Compounds are 
listed in the order in which they came off the chromatography 
column.

The reduction of 6-methoxyquinoline (7a) was carried out on 
a larger scale. Treatment of 50 g of 7a and 400 ml of methanol 
in 21 ml of ammonia afforded 33 g of an oil which upon distilla­
tion afforded 17 g of a mixture of isomeric dihydro derivatives 
8a and 9.

B. Methanol Added Later.—A solution of 10 mmol of the 
quinoline derivative in 60 ml of distilled ammonia was treated 
portionwise with L: wire (20 or 50 mg-atoms, depending upon 
the particular experiment). The mixture was stirred for 1 hr 
and treated dropwise with methanol until the color was dis­
charged. After evaporation of the ammonia, the residue was 
worked up as described above.

Identification of Certain Reduction Products with Compounds 
Previously Reported in the Literature. A. 4,7-Dihydro-l- 
methylindole (3a) was isolated from a mixture with 1-methyl- 
indoline according to the published procedure.6 It had an n wD 
1.5482 that was equivalent to the literature value of k isd 1.5490.

B. 4,5,6,7-Tetrahydroindole (4) was isolated from a mixture 
with 4,7-dihydroindole by preparative glc on a 10% SE-30 column 
(8 ft X 0.5 in.) at 158° and He flow rate 75 ml/min. It had, 
after recrystallization from re-hexane, mp 54-55° (lit.2“ mp 55°).

C. 6-Methoxy-l,2,3,4-tetrahydroquinoline (12a), isolated as 
described in Table IV, had an ir spectrum superimposable with 
that of a commercial sample. The two samples had identical 
retention times on glc.

D. 5,6,7,8-Tetrahydroquinoline (10), isolated as described in 
Table IV, had an ir spectrum identical with the published one.26 
It gave a picrate with mp 158° (lit.27 mp 158.5°).

Structure Proofs for New Compounds.— The structures of 
new compounds were verified by their spectral data (Table II) 
in addition to microanalyses (Table II). In the ir spectra, the 
vinyl ether groups showed characteristic sharp peaks at 6.0 n 
(KBr disks except 8a which was neat between salt plates). Dimer 
11 showed an NH band at 3.1 ¡i. The uv spectra of the new com­
pounds are recorded in Table II. Also in this table are listed

(25) J. M. Patterson and S. Soedigdo, J. Org. Chem. 32, 2969 IJ967).
(26) E. Godar and P„. P. Mariella, J. Amer. Chem. Soc., 79, 1402 (1957).
(27) M. M. Janot, 7. Keufer, and J. LeMen, Bull. Soc. Chim. Fr., 230 

(1952).



those nmr peaks most essential to the structure proof. Dimer 11 
had a molecular ion at m/e 320 in its mass spectrum.

Registry N o .— Lithium, 7439-93-2; lb , 2521-13-3; 
3b, 17052-38-9; 5a, 120-72-9; 6a, 26686-10-2; 6b, 
17052-39-0; 6c, 26686-12-4; 6d, 26573-83-1 ; 6d acetate, 
26686-14-6; 7a, 5263-87-6; 7b, 91-22-5; 8a, 17052-
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40-3; 8b, 26686-17-9; 8b picrate, 17052-42-5; 9 pic- 
rate, 17052-41-4; 11,18995-96-5.
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The alkylation behavior of the potassium and silver salts of alkyl benzohydroxamates 2 has been investigated. 
The structures of the alkylation products were determined by comparison of their nmr spectra and vpc retention 
times with independently synthesized compounds: ethyl M-ethylbenzohydroxamate (6a), the Z  and E isomers 
of ethyl O-ethylbenzohydroximate (7a and 8a), ra-propyl iV-ra-propylbenzohydroxamate (6b), the Z  and E 
isomers of ethyl O-ra-propylbenzohydroximate (7e and 8e), the Z  and E  isomers of ra-propyl O-isopropylbenzo- 
hydroximate (7f and 8f), ra-propyl iV-benzylbenzohydroxamate (6h), and the Z  and E  isomers of benzyl O-ra- 
propylbenzohydroximate (7h and 8h). Alkylation of the potassium salts of 2 with primary alkyl halides in 
methanol-water solutions gives mixtures of 6 (major product) and 7 (minor product). Isopropyl halides lead to 
mixtures of 6 and 7 in which 7 predominates. Oxygen alkylation of the potassium salts is increased considerably 
in dimethyl sulfoxide or dimethylformamide. Alkylation of potassium benzohydroxamate with 1,2-dibromo- 
ethane, 1,3-dibromopropane, and 1,4-dibromobutane gives cyclized products 16, 17, and 18, respectively. Hetero­
geneous reactions of the silver salts of 2 with alkyl halides in anhydrous ether give mixtures of 7 and 8. Alkyl 
iodides give mainly (Z)-hydroximates (7), whereas alkyl bromides favor hydroximates with the E  configuration 
(8). The amount of the Z  isomer increases when dimethylformamide is used as the solvent. The configuration 
of the products from the reactions of alkylbenzohydroximoyl chlorides (19) with sodium alkoxides were de­
termined. In all of the reactions investigated only the Z  isomers (7) of the hydroximates are formed. The 
alkylbenzohydroximoyl chlorides are prepared by the reaction of 2 with phosphorus pentachloride. Mechanisms 
for the alkylation reactions are discussed.

In connection Math another study currently being 
carried out in our laboratory we have found it necessary 
to investigate methods of synthesizing and identifying 
the geometrical isomers of alkyl O-alkylbenzohydroxi- 
mates3 (7 and 8). The most direct route to these com­
pounds appeared to be alkylation of alkyl benzohydrox­
amates 2. Recent reports4-6 on the alkylation of ben­
zohydroxamates prompts us to describe our observa­
tions concerning alkylations of the ambident anions 
derived from this class of compounds.

Benzohydroxamic acid 1 offers three sites for alkyla­
tion: the hydroxylamine oxygen, the nitrogen, and the 
carbonyl oxygen. The four possible monoalkylation 
products are an alkyl benzohydroxamate 2, an N- 
alkylbenzohydroxamic acid 3, and the Z and E isomers 
of an alkyl benzohydroximate (4 and 5, respectively).7

(1) A preliminary communication of this work, was presented at the 
Southwest Regional Meeting of the American Chemical Society, Little 
Rock, Ark., Dec 7, 1967, Abstracts p 61A.

(2) To whom correspondence should be addressed: Chemistry Depart­
ment, Texas Woman’s University, Denton, Texas 76204.

(3) We have named the compounds described in this paper as derivatives 
of benzohydroxamic acid, C6HsC(=0)NHOH, and its tautomer benzo- 
hydroximic acid. C6HsC(OH)=N— OH. Compounds substituted with alkyl 
or acyl groups on the hydroxylamine oxygen of benzohydroxamic acid are 
named alkyl or acyl benzohydroxamates. Substitution on the nitrogen is 
denoted with the prefix A’-alkyl. A compound with alkyl substitution on the 
C-OH of benzohydroximic acid is named an alkyl benzohydroximate and 
substitution on the oxime oxygen is designated with the prefix O-alkyl.

(4) M. Chehata, F. Bocabeille, G. Thuillier, and P. Rumpf, C. R. Acad.
Sci., Ser. C, 268, 445 (1969).

(5) R. Blaser, P. Imfeld, and O. Schindler, Helv. Chim. Acta, 52, 569 
(1969).

(6) O. Exner and O. Schindler, ibid., 52, 577 (1969).
(7) In the past the configurational descriptors syn and anti have been 

used to designate the two geometrical isomers of alkyl benzohydroximates 
and their derivatives. However, in the older reports10,21,22 a different con­
vention was used than that proposed more recently by Exner.19 To avoid 
confusion we will designate these isomers using the configurational descrip-

Extensive study has shown that the monoalkylation of 
the potassium salt of benzohydroxamic acid results in 
the exclusive or preferential formation of a hydroxa- 
mate 2.8,9

0II
C6H6CNHOH

O OII
C6H5CN—OH

1
CsHsCNHOR

1 2
Ri
3

R,0

) c =

CJI,

OH RiO

S /
CsHü'

0 11
/ §

4

a, R o r R i  = C2HS
b, R = ra-C3H7
c, Ri = i—C3H7
d, R = ra-CiHs
e, R, = CH2C6H5

5

The dialkylation of 1 or the monoalkylation of 2 could 
give rise to an alkyl iV-alkylbenzohydroxamate (6), 
an alkyl (Z)-O-alkylbenzohydroximate (7), or an alkyl 
(E)-O-alkylbenzohydroximate (8). In all of the earlier 
investigations the alkylation of either 1 or 2 has been 
reported to give exclusively an alkyl O-alkylbenzohy-

tors Z and E. The rules which permit unambiguous description of double 
bond stereoisomerism in terms of the descriptors Z and E  have been reported 
by J. E. Blackwood, G. L. Gladys, K. L. Loening, A. E. Petrarca, and J. E . 
Rush, J. Amer. Chem. Soc., 9 0 , 509 (1968).

(8) P. A. S. Smith, “ The Chemistry of Open-Chain Organic Nitrogen 
Compounds,”  Vol. II, W. A. Benjamin, New York, N. Y., 1966, pp 68-98.

(9) J. H. Cooley, W. D. Bills, and J. R. Throckmorton, J. Org. Chem., 25, 
1734 (1960).
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droximate (7 or 8).8,10-17 No experimental evidence 
was presented in these reports for the existence of the 
two geometrical isomers of the alkyl O-alkylbenzohy- 
droximates.18 In contrast, alkyl alkoxyformohydroxa- 
mates (9, R2 =  H) have been reported to alkylate pri­
marily on nitrogen.8

0

ROCN—OR,
I

R j
9a, R  =  C2H5J Ri =  R2 " H
b, R =  Rj =  R 2 =  C2H5
c, R  — C2H5J Ri — R 2 =  71-C3H7

Sch em e  I

O

C6H6C— Cl +  Ri— N—OR
I

H

■ 6a or 6b

0 0  0  A g+ 0
Il lì NHa Ij -  II

C6H6CNHOCC6H6 — >  c 6h 6—6 = n — <
Ag +

10 11

OCCeHe

Results

In order to study the alkylation reactions of benzo­
hydroxamic acid, it was desirable to synthesize model 
compounds so that correlations of nmr spectra and vpc 
retention times with the structures of the alkylation 
products could be established. Since a considerable

O R,0

C6H6CN(Ri)OR

OR RjO

N' c = n '/  ^ c = n
/  /  \

CeHs C6H5 OR
7 8

a, R  =  Ri — C2H5
b, R  = Ri = n-C3H,
c, R  =  Ri =  n-C4H9
d, R  =  n-C3H7; Ri =  CHS
6, R = 71-C3H7J Ri = C2H5
f, R  =  n-CsH,; R, =  7-C3II7
g, R  =  71-C3H7; Ri =  allyl
h, R = 71-C3H7, Ri = CHiCeHs
i, R =  Ri =  CH2C6H5

amount of work has been published concerning the geo­
metrical isomers of ethyl benzohydroximate (4a and 
5a), the first compounds to be independently synthe­
sized in this study were the three diethylated isomers of 
benzohydroxamic acid (6a, 7a, and 8a).

The synthesis of ethyl N-ethylbenzohydroxamate 
(6a) was accomplished by reacting benzoyl chloride with 
0,N-diethylhydroxylamine (Scheme I). The 0,N- 
diethylhydroxylamine was prepared by diethylation of 
ethoxyformohydroxamic acid (9a) followed by acid 
hydrolysis.

The Z and E isomers of ethyl O-ethylbenzohydroxi- 
mate (7a and 8a) were synthesized according to the pro­
cedure outlined in Scheme I. Exner, Jehliéka, and 
Reiser19 have reported the preparation and separation 
of the ethyl benzohydroximates 4a and 5a, but we have 
found it more convenient to synthesize these isomers by 
a modification of the older procedure reported by 10 11 12 13 14 15 16 17 18 19

(10) “ Beilsteins Handbuch der Organischen Chemie,”  Vol. IX , Verlag 
von Julius Springer, Berlin, 1926, pp 309-313.

(11) H. L. Yale, Chem. Rev., 33, 209 (1944).
(12) A. T. Fuller and H. King, J. Chem. Soc., 963 (1947).
(13) W. Lossen, Justus Liebigs Ann. Chem., 2 5 2 , 170 (1889).
(14) W. Lossen, Ber., 2 4 , 4059 (1891).
(15) M . E. Waldstein, Justus Liebigs Ann. Chem., 18 1 , 384 (1876).
(16) There have also been several reports of alkylations of the salts of

acyl benzohydroxamates to give alkyl O-acylbenzohydroximates: (a)
W. Lossen, ibid., 2 8 1 , 169 (1894); (b) A. Werner and J. Subak, Ber., 2 9 , 1153 
(1896); (c) see also ref 13, 20, and 39.

(17) Cooley, Bill, and Throckmorton9 have reported a few dialkylated 
hydroxamic acids but did not assign structures to the compounds.

(18) In the recent literature6 the synthesis of the Z and E isomers of 
methyl O-carbethoxymethylbenzohydroximate and some of its derivatives 
have been reported.

(19) O. Exner, V. Jehlifka, and A. Reiser, Collect. Czech. Chem. Commun., 
24, 3207 (1959).

RiO OCCsHs
\  /

C = N
/

c 6h 6
12a, Ri =  C2H6 

b, Ri =  ¿-C3H7

R,0
\

C = N
/  \

c 6h 5 oh
5a, Ri = C2H5 
c, Ri =  i-C3H,

I NaOR 
^  RI

8a, 8e, or 8f

NaOR
,R I

7a, 7e, or 7f

Gurke.20 Benzoyl benzohydroxamate (10) was con­
verted into its silver salt 11 and then alkylated with 
ethyl iodide to produce the Z isomer of ethyl benzoyl- 
benzohydroximate (12a) along with a small amount of 
the E isomer. Basic hydrolysis of the crude alkylation 
product gave mainly ethyl (Z)-benzohydroximate (4a). 
Alkylation of 4a with ethyl iodide and sodium ethoxide 
resulted in the formation of ethyl (Z)-O-ethylbenzohy- 
droximate (7a).

Since 5a was produced in the hydrolysis of crude 12a 
in low yield, isolation of 5a was not attempted on this 
sample. Instead the crude hydrolysis product was en­
riched in the E isomer by uv irradiation before attempt­
ing the separation. Column chromatography of the 
irradiated sample afforded pure ethyl (A)-benzohy- 
droximate (5a) which was alkylated to give ethyl (E)-
O-ethylbenzohydroximate (8a).

The unambiguity of the syntheses of the authentic 
samples of the Z and E isomers of ethyl O-ethylbenzo- 
hydroximate depends on accurate knowledge of the 
stereochemistry of their precursors, 4a and 5a. Wer­
ner21,22 first reported evidence concerning the stereo­
chemistry of these compounds. He subjected the two 
isomers to Beckmann rearrangement conditions (phos­
phorus pentachloride in ether) and found that the iso­
mer with mp 53.5° gave, after hydrolysis, N-phenyl- 
urethane, whereas the other isomer with mp 67.5-68° 
did not rearrange and afforded only a phosphate ester 
after hydrolysis. Werner drew the wrong conclusion 
concerning the configurations of these compounds since 
at the time of his work the Beckmann rearrangement 
was thought to involve migration of the group syn to the

(20) O. Gurke, Justus Liebigs Ann. Chem., 205, 273 (1880).
(21) A. Werner, Ber., 25, 27 (1892).
(22) A. Werner, ibid., 26, 1561 (1893).

f
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hydroxyl groups. It is now known,23 of course, that the 
group anti to the hydroxyl group migrates to nitrogen. 
One would now conclude that the ethyl benzohydroxi- 
mate with mp 53.5° has the Z configuration (4a) and the 
isomer with mp 67.5-68° has the E configuration (5a). 
This conclusion has been substantiated by cvroscopic24 
and dipole moment19,25 measurements of these two Co­
rners.

Eight additional model compounds were synthesized
according to the methods outlined in Scheme I (6b, 
7e. 8e, 7f, and 8f) and Scheme II (6h, 7h, and 8h ). The
procedures used for the synthesis (Scheme II) of the
three isomers 13, 14, and 15 depend on the variations of
product distribution with changes in the alkylation reac­
tion conditions of benzoyl benzohydroxamate (10). 
Admittedly these procedures ivere developed in the 
later stages of this study and were based on the results 
obtained with alkyl benzohydroxamates.

Schem e  II

O O O 1
CnHsCHîBr II Il II

10 ------------- >- CJBCHîO OCCsHs +  C6H5CNOCC6H6
K îCOj, \  /  
DMF C = N 1

CH2C6H5
/

CsHb
13 14

/  KOH, 
/  H'-°

/  KOH, 
/  Il2°

4e 3e
I n-CiHiONa I n-CaHiONa
i, 7Î-C3H7I i, n-CîHjI
7h 6h

C6H5CH20
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11 ---------— >  C sH 5 o c c „h 5

15
I KOH, 

1  HsO
n -C 3 ÏÏ7 0 N a
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The Z and E isomers of isopropyl benzohydroximate 
(4c and 5c) have not been previously reported. In order 
to establish the configurations of these compounds, they 
were reacted with phosphorus pentachloride in ether. 
One isomer (5c, assigned the E configuration) did not 
undergo a Beckmann rearrangement and was converted

H— CH,
K'l. h A  

4c ------* CH— 0
/  \

CH,

1. PCI,

K.CO, 

H O
QH.NCO

C = N — C,,H,
ÙCl

¿-c3h 7o^

C = N  
/  \ 

C, H O

(23) N. V. Sidgwick, I. T. Millar, and H. D. Springall, ‘ ‘The Organic 
Chemistry of Nitrogen," 3rd ed, Clarendon Press, Oxford, 1966, pp 316-333.

(2-4) II.-C. Yuan and K.-C. Hua, J. Chin. Chem. Soc. (Taipei), 7, 76 
(1940).

(25) O. Exner, C o l le c t .  C z e c h .  C h e m . C o m m u n . ,  30, 652 (1965).

into a phosphate ester. The other isomer (4c, assigned 
the Z configuration) gave phenyl isocyanate which prob­
ably arose by elimination of the isopropyl group from 
the Beckmann rearrangement product .

The stereochemical assignments26 for the isomers of 
benzyl benzohydroximate (4e and 5e) are based on their 
melting points by comparison to the melting points of 
the isomeric pairs 4a 5a and 4c -5c and other hydroxi- 
mates of known configuration.27 It is assumed that the 
Z isomer 4e has a lower melting point than the corre­
sponding E isomer 5e. This difference in melting ]x>int 
behavior presumably is due to intramolecular hydrogen 
bonding in the (Z)-hydroximates vs intermolecular 
hydrogen bonding in the E isomers.

The nmr spectra of the isomers 6, 7, and 8 differ 
mainly in the chemical shifts of the methylene hydro­
gens attached to the nitrogen and oxygen atoms of these 
molecules. From the nmr spectra of the model com­
pounds the following generalizations have been made.
(1) The chemical shift of the NOCH2 hydrogens of the 
Z isomer of an alkyl O-alkylbenzohydroximate occurs 
further downfield than the chemical shift for the N O C Ii2 
hydrogens of the E isomer. Similarly, the chemical 
shift of the COCH2 hydrogens of the Z isomer occurs 
further downfield than the COCH2 hydrogens of the 
E isomer. (2) The chemical shift of the XO CH 2 and 
COCH2 hydrogens of the E isomer of an alky O-alkyl- 
benzohydroximate occurs further downfield than the 
NOCH2 and NCH2 hydrogens of an alkyl iV-alkvlben- 
zohydroxamate.

In addition, on the basis of the results obtained with 
the model compounds, it has been concluded that, the 
alkylated isomers elute from a vpc column of 20%  SE- 
30 in the following order: alkyl (E)-O-alkylbenzohy- 
droximate (shortest retention time), alkyl (Z)-O-alkyl- 
benzohydroximate, and alkyl .V-alkylbenzohydroxa- 
mate (longest retention time).

Chemical shift data for the methylene hydrogens at­
tached to nitrogen or oxygen atoms in the dialkylated 
hydroxamic acids prepared in this investigation are lo­
cated in Tables I and II.

Having established methods for determining the 
product distributions, a systematic study of the alkyla­
tion of the salts of alkyl benzohydroxamates was under­
taken. The first alkylation reactions investigated were 
carried out on the potassium salts of alkyl benzohydrox­
amates. These salts were not isolated but generated 
in situ by adding potassium carbonate to aqueous- 
methanol solutions of the hydroxamates. The results 
of this study are summarized in Tables III and IV. 
The most obvious consequence of this study is that the 
reaction of the potassium salts of alkyl benzohydroxa­
mates with primary alkyl bromides gives primarily 
products resulting from alkylation on nitrogen rather 
than oxygen as previously reported. This is in accord 
with the recent findings of Chehata, ei a/.4’28 Further­
more, we have found that the minor product in the reac-

(26) Both stereoisomers of benzyl benzohydroximate gave the same major 
product (by tic and nmr) when reacted with phosphorus pentachloride. 
No attempt was made to identify this product.

(27) The configurations of three other pairs of hydroximate isomers have
been determined: methyl benzohydroximate5 (Z mp 44°, E mp 52-53°),
ethyl p-nitrobenzohydroximate19 (Z mp 95°, E rr.p 141°), and ethyl p- 
methylbenzohydroximate24 (Z mp 35.5-36°, E mp 131.5-102°).

(28) The reaction conditions employed by Chehata, Bocabeille, T1 uillier, 
and Rumpf4 are somewhat different from ours. T.iey reacted benzyl benzo- 
hydroxamate with alkyl iodides in a solution of sodium ethoxide in absolute 
ethanol.



Alkylation of Benzohydroxamic A cid J. Org. Chem., Voi. 36, No. 3, 1971 287

T a b l e  I

N m r  Sp e c t r a l  D a t a  f o r  B e n zo h y d r o x im a t e s “
Chemical shift, 5, ppm (multiplicity, J in Hz)

Compd =N O C H r- = c o c h 2
7a6 4.11 (q, 7) 4-35 (q, 7)
8a6 4.05 (q, 7) 4-18 (q, 7)
7b 4.05 (t, 6.5) 4.24 (t, 6.5)
8b 3.92 (t, 6.5) 4.08 (t, 6.5)
7c 4.08 (t, 6) 4.26 (t, 6)
8c 3.97 (t, 6) 4.13 (t, 6)
7d 4.05 (t, 6.5) 3.96 (CH3, s)
8d 3.93 (t, 6.5) 3.81 (CH3, s)
7e 4.05 (t, 6.5) 4-33 (q, 7)
8e 3.93 (t, 6.5) 4-17 (q, 7)
7f 4.05 (t, 6.5) 4.98 (CH, septet, 6)
8f 3.92 (t, 6.5) 5.00 (CH, septet, 6)
8g 3.96 (t, 6.5) ca. 4.69 (m)
7h 4.07 (t, 6.5) 5.31 (s)
8h 3.96 (t, 6.5) 5.17 (s)

“ Unless otherwise noted all spectra were determined in CDC13 
with tetramethylsilane as an internal standard. 6 Determined on 
the neat liquid.

T a b l e  II
N m r  Spe c tr a l  D a t a  f o r  B e n zo h y d r o x a m a t e s “

Chemical shift, 5, ppm (multiplicity, J  in Hz)
Compd NCHi- OCH2-

6a6 3.71 (q, 7) 3.68 (q, 7)
6b 3.72 (t, 7) 3.63 (t, 6.5)
6c 3.75 (t, 6.5) 3.67 (t, 6)
6d 3.34 (CH3, s) 3.65 (t, 6)
6e 3.76 (q, 7) 3.65 (t, 6.5)
6f ca. 4.52 (CH, m) 3.70 (t, 6)
6g ca. 4.31 (m) 3.63 (t, 6)
6h 4.92 (s) 3.56 (t, 6)
6i 4.67 (s) 4.49 (s)

“ Unless otherwise noted all spectra were determined in CDCU 
with tetramethylsilane as an internal standard. b Determined on 
the neat liquid.

tions with primary alkyl bromides is in all cases studied 
the Z isomer of an alkyl O-alkylbenzohydroximate.

We have repeated the two potassium salt reactions 
described in the older literature. Lossen13,14 reported 
that ethyl O-ethylbenzohydroximate was the only prod­
uct from the reaction of ethyl benzohydroxamate with 
ethyl iodide in an aqueous ethanol solution of potassium 
hydroxide. We have found that this reaction actually 
results in the exclusive formation of the A-alkylated 
isomer, 6a.

Fuller and King12 have reported that the alkylation 
of potassium benzohydroxamate with n-butyl bromide 
in a mixture of ethanol and potassium carbonate forms 
n-butyl benzohydroxamate (2d) in 33%  yield and n- 
butyl O-n-butylbenzohydroximate (7c or 8c) in 24%  
yield. In our hands this alkylation gave 4 3%  yield 
of the monoalkylated product, 2d, along with an 8%  
yield of the (Z)-hydroximate, 7c, and a 17%  yield of 
the hydroxamate, 6c. Fuller and King29 based their 
structure assignment for the dialkylated product on a 
hydrolysis experiment from which they isolated O-n- 
butylhydroxylamine hydrochloride. Apparently they 
isolated only one of the hydrochlorides and overlooked 
the 0 , W-di-n-butyl hydroxyl amine hydrochloride which 
was probably present in their hydrolysis mixture.

(29) The per cent yields reported in this work are based on vpc analyses
of the crude products whereas the yields reported by Fuller and King11 
were of distilled samples.

T a b l e  III
E f f e c t  o f  th e  A l k y l a t in g  A g e n t  on  th e  
A l k y l a t io n  P ro d u cts  o f  th e  P o ta ssiu m  

Sa l t s  o f  A l k y l  B e n zo h y d r o x a m a t e s11

O RrO OR O

C6H6CNHOR — >  "XC = N /  +  CiHsCNfROOR

C t t l /

Alkylating agent R

Crude
yield,

%
Product distribution, % 

7 6
Ethyl bromide C2H5 48 23 77
n-Butyl bromide 71-C4H 9 21 28 72
Methyl iodide ra-CzH, 91 3 97
Ethyl bromide ÍI-C3H7 56 25 (26) 75 (74)
Ethyl iodide 71-C3H7 78 20 (19) 80 (81)
Diethyl sulfate6 n-C3H7 83 49 (48) 51 (52)
n-Propyl bromide n-C3H, 29 26 (28) 74 (72)
n-Propyl iodide n-CsH, 31 20 (18) 80 (82)
Isopropyl bromide B-C3H7 19 78 22
Isopropyl iodide n-C3H, 22 63 37
Allyl chloride n-C3H, 47 25 75
Allyl bromide 71-C3H7 62 19 81
Allyl iodide ÎÏ-C3H7 66 9 91
Benzyl bromide'1 n-C3H7 51' 15 85
“ These reactions were carried out using mole ratios of 1:2 :1.6 

of alkyl benzohydroxamate to alkyl halide to potassium car­
bonate. The reactions were all run at 38° for 15 hr using metha­
nol-water (1.45:1) as the solvent. The crude yields and product 
distributions were determined by vpc analyses of the crude 
products. Numbers in parentheses represent product distribu­
tions obtained in duplicate runs. 6 This reaction was carried out 
in anhydrous ether and was heterogeneous. c Per cent yield 
based on distilled product. d Product distribution determined 
by integration of benzyl hydrogens in nmr spectrum of crude 
product.

The product distributions for the potassium salt reac­
tions appear to be sensitive to the structure of the alkyl 
bromide. A  small increase in the amount of oxygen 
alkylation was observed with increase in the length of 
the straight chain of the primary alkyl bromide, but, 
more dramatically, isopropyl halides gave more alkyla­
tion on oxygen than on nitrogen.

The leaving group may have an effect on the product 
distribution in the potassium salt reactions as evidenced 
by the large increase in oxygen alkylation when diethyl 
sulfate was used as the alkylating agent. However, 
this reaction cannot be compared to the other potassium 
salt reactions since it was a heterogeneous reaction car­
ried out in anhydrous ether.

We have considered the possibility that the predomi­
nance of nitrogen alkylation in the reactions with pri­
mary alkyl halides is due to rearrangement of one or 
both of the oxygen alkylated isomers. This was of 
particular concern since rearrangements of this type are 
known, albeit at elevated temperature.30 W e have 
subjected mixtures of the oxygen alkylated isomers 7b 
and 8b to the potassium salt reaction conditions and 
have found no rearrangement to the nitrogen alkylated 
isomer, 6b, or for that matter we observed no change in 
the ratio of the geometrical isomers. W e therefore con­
clude that these isomers are formed irreversibly and 
that no interconversion between the isomers occurs 
during the alkylation reactions.

(30) J. W. Schulenberg and S. Archer, Org. React., 14, 24 (1965).
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T a b l e  IV
E f f e c t  o f  T e m p e r a t u r e , R e a ctio n  T im e , So l v e n t , an d  C o n c e n tr a t io n  o f  A l k y l  

B r o m id e  on  th e  P ro d u ct  D is t r ib u t io n s  in  th e  P o tassiu m  Sa l t  R e a c t io n s  of 
B e n zo h y d r o x a m ic  A cid  an d  A l k y l  B e n zo h y d r o x a m a te s“

Mole ratio of Crude yield
Alkyl hydroxamate to Reaction Temp, of dialkylated Product distribution, %

Hydroxamate bromide alkyl bromide time, hr °C isomers, % 7 6

PhCONHOK n-C3H, 1:3 15 38 29 28 72
PhCONHOK n- C3H, 1:3 15 48 30 23 77
PhCONHOK 71-C3H7 1:3 15 58 63 27 73

2b 71-C3H7 1:2 15 38 29 28 72
2b R-C3H7 1:2 15 48 58 31 69
2b n-CsH, 1:2 15 58 76 34 66
2b 71-C3H7 1:1 15 58 47 34 66
2b ÎI-C3H7 1:3 15 58 77 33 67
2b n-CaH,* 1:2 15 58 91 63 34
2b n-CaH,‘ 1:2 15 58 88 63 37
2d n-CiHg 1:2 10 58 62 34 66
2d n-C,H9 1:2 15 58 68 33 67
2d n-CJIg 1:2 20 58 5 33 67
2b ¿-C3H7 1:2 15 38 19 78 22
2b Z-C3H7 1:2 15 ' 58 45 73 27
2b z-CaH,' 1:2 15 58 94 92 8

« These reactions were carried out using a mole ratio of 1:1.6 of alkyl benzohydroxamate to potassium carbonate or a mole ratio of 
1:2 of potassium benzohydroxamate to potassium carbonate. Methanol-water (1.45:1) was used as a solvent except when otherwise 
noted. b In dimethyl sulfoxide solvent. c In dimethylformamide solvent.

The effects of temperature, concentration of alkylat­
ing agent, and reaction time on the product distributions 
in the potassium salt reactions (Table IV) have been 
studied. Although the product distributions changed 
only slightly with these variables the product yields 
underwent considerable change. Our data shows that 
optimum conditions for the potassium salt reactions are 
a temperature of 58°, a reaction time of 15 hr, and a 
2:1 ratio of alkyl bromide to alkyl benzohydroxamate.

The synthesis of dialkylated hydroxamates, where 
both alkyl groups are the same, can be carried out 
starting with potassium benzohydroxamate and adding 
enough alkyl halide to achieve dialkylation. This 
method has the obvious advantage of eliminating an 
isolation step. The product distributions for these 
reactions are in Table V.

T a b l e  V
P ro d u cts  o f  th e  R e a ctio n  of P otassium  

B e n zo h y d r o x a m a t e  w it h  A l k y l  B ro m id e s“
Crude yield Crude yield 

of alkyl of di-
benzohy- alkylated Dialkylation product

droxamate products 7  ✓—distribution, %—*
Alkyl bromide 2 , % and 6, % 7 6

C2H5 34 33 20 80
n-CaH7 62 23 21 79
71-C.H,, 60 10 32 68
CaHaCHa6 C 47 100*

“ These reactions were carried out using mole ratios of 1 :3 :2 
of potassium benzohydroxamate to alkyl bromide to potassium 
carbonate. The reactions were run at 38° for 15 hr and methanol- 
water (1.45:1) was used as the solvent. The crude yields and 
distributions of the dialkylated products were determined by 
vpc analyses of the crude products. 6 This reaction was refluxed 
for 15 hr. e The amount of benzyl benzohydroxamate produced 
in this reaction was not determined. d T ic analysis of the crude 
product showed that it contained only one isomer which was 
assumed to be 6i.

When potassium benzohydroxamate was allowed to 
react with dibromides cyclized products were obtained.
1,4-Dibromobutane and 1,3-dibromopropane reacted at 
nitrogen and the hydroxylamine oxygen to give 2-

benzoyltetrahydro-l,2-oxazine (18) and 2-benzoyloxa- 
zolidine (17), respectively. Cyclization with 1,2- 
dibromoethane led to the formation of 3-phenyl-5//-
1,4,2-dioxazine (16). The structures of these com-

0 <Ach->"
l / N - 0  

CcH —  C

17, a =  1
18, ’¡ =  2

pounds were determined by comparison of their nmr, 
uv, and ir spectra with the spectra of the model com­
pounds described earlier.

Table V I summarizes data on the product distribu­
tions observed for alkylations of the silver salts of alkyl 
benzohydroxamates. All reactions listed in this table 
were heterogeneous and conducted in anhydrous sol­
vents under comparable reaction conditions. It is 
clear that alkylation occurs on oxygen in preference to 
nitrogen in these reactions. In addition, the halogen 
of the alkyl halide has a significant effect on the stereo­
chemistry of the product. Whereas alkyl iodides af­
ford mainly (Z)-hydroximates, alkyl bromides favor 
hydroximates with the E configuration. It should also 
be noted that there is a substantial difference in the rate 
of the silver salt alkylations depending on the kind of 
halogen of the alkyl halide. Alkylations with alkyl 
iodides are complete in about 3 days, but most of the 
alkyl bromide reactions require a reaction time of 
approximately 7 days. Several experiments were car­
ried out to ensure that the observed product distribu­
tions did not result from isomerization.

The literature31 contains another general method for 
the preparation of alkyl O-alkylbenzohydroximates. 
This procedure (Scheme III) involves the preparation of

(31) F. Tieman and P. Kruger, Ber., 18 , 727 (1885).
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T a b l e  V I
E ff e c t  o f  t h e  A l k y l a t in g  A g e n t  on  th e  A l k y l a t io n  P ro d u cts  o f  t h e  

Sil v e r  Sa lt s  o f  A l k y l  B e n zo h y d r o x a m a t e s“

O _ Ag+ R70  OR R :0  0

C J Is— ¿ - -= = N O R  — >  \ = N / /  +  +  C s H ^ N iR O O R

CsH ^ C .H ^  ' o R  6

7 8

Crude

Alkyl halide R
yield,

% 7
-----Product distribution, % -----

8 6
Methyl iodide6 n-C3H7 71 42 (41) 20 (21) 38 (38)
Ethyl bromide n-C3H7 69 23 (23) 74 (74) 3 (3)
Ethyl iodide «-Call, 81 69 (71) 23 (21) 8 (8 )
n-Propyl bromide 7l-C3H7 22 30 (31) 67 (66) 3 (3 )
n-Propyl iodide n-C,H7 67 70 22 8
Isopropyl bromide n-C3H7 72 22 76 2
Isopropyl iodide n-C3H7 66 72 26 2
Allyl bromide n-C3H7 83 9 75 16
Allyl iodide n-CsH7 72 32 38 30
Benzyl bromide' n-C3H7 63 20 71 9
Benzyl iodide' n-C3H7 100 27 28 45
Ethyl bromide* C2H5 49 32 61 7
Ethyl iodide* c 2h 5 54 81 18 1
n-Butyl iodide* 7l-C4H 9 50 62 35 3
Ethyl iodide' n-C3H7 60 83 8 9
Allyl bromide* n-C3H7 68 38 40 22
Benzyl bromide'-' n-C3H7 65 42 33 25
Benzyl iodide'-' 7I-C3H7 73 55 13 32

“ These reactions were carried out using a mole ratio of 1:1.9 of the silver salt of the alkyl benzohydroxamate to the alkyl halide. 
The reactions were run at room temperature for 7 days. Anhydrous ether was used as the solvent unless otherwise noted and all of the 
reactions were heterogeneous. The crude yields and product distributions were determined by vpc analyses of the crude products. 
Numbers in parentheses represent product distributions obtained in duplicate runs. 6 The distribution of isomers as determined from 
integration of the nmr spectrum of the crude product was 41% 7, 22% 8, and 37% 6. '  The relative amounts of the isomers were 
determined from the nmr spectra by integration of the benzyl hydrogens. * The silver salts used in these reactions were prepared by 
reaction of the alkyl benzohydroxamate with silver nitrate and sodium hydroxide rather than ammonium hydroxide. * Reaction solvent 
was dimethylformamide.

an alkylbenzohydroximoyl chloride (19)32 by the reac­
tion of an alkyl benzohydroxamate (2) with phosphorus 
pentachloride followed by the reaction of 19 with a 
sodium alkoxide.33 In all of the reactions that we have 
carried out only the Z isomers (4)34 of the hydroximates 
were formed.

During the course of this investigation it was neces­
sary to isolate pure samples of 6 and 8 from mixtures 
containing two (6 and 7) or three (6, 7, and 8) of the 
isomers. Though pure samples of the (A)-hydroximates
(8) had to be obtained from these mixtures by prepara­
tive vpc, a more convenient method has been developed 
for preparing pure samples of 6. This procedure de­
pends on the greater hydrolysis rate (acid catalyzed) 
of the hydroximates compared to the hydroxamates. 
Treatment of the mixtures of 6, 7, and 8 with warm con­
centrated hydrochloric acid for short periods caused 
hydrolysis of 7 and 8 leaving relatively pure 6 which 
could be further purified by distillation.

Discussion

The most interesting result of our alkylation studies 
was the observation of changes in the distribution of the

(32) The vapor phase chromatograms and nmr spectra of these compounds 
show that only one isomer is formed in the reaction of 2 with PCls. Work is 
currently in progress on the determination of the configurations of these 
compounds.

(33) The reaction to obtain 7d from 19b was carried out at 55° with
dimethyl sulfoxide as a solvent.

Sch em e  III

O Cl
'I PCIs \

CeHsCNHOR — >- C = N O R

19a, R =  C2H5
b, R  = 71-C3H7
c, R  =  n-CiHU

RiO OR
NaORi \  /

19  9- C = N
RiOH /

CeH5

7a, R  =  Ri =  CîH5; 56%
b, R  = R , =  n-C3H7; 79%
c, R  =  Ri =  n-CJR; 71%
d, R =  ra-C3H7; R i =  CH3; 68%
e, R =  ra-C3H7; Ri =  C2HS; 85%
f, R  = n-C3H7; Ri = i-C3H7; 89%

stereoisomeric benzohydroximates with changes in 
cation, solvent, and alkylating agent. W e believe that 
two competing factors are important in determining the 
stereochemistry of the hydroximates. One factor we 
have considered is the relative stability of the two geo­
metrical isomers. From examination of the structures 
of the stereoisomeric benzohydroximates it would ap­
pear that in all cases the Z isomer is more stable than

(34) Less than 2% of the E isomer was formed in each of these reactions 
with the exception of the preparation of 7d in which 4%  E isomer was 
obtained.
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the E isomer. This is based solely on the obvious dif­
ference in steric interactions between the E and Z iso­
mers where the iV-alkoxy group is interacting with either 
a phenyl group or the smaller alkoxy group. Clearly, 
the magnitude of this effect will depend upon the degree 
of carbon-nitrogen double bond character in the transi­
tion state.

A  second factor that we have considered is a repulsive 
field effect (F.E) between the two oxygen atoms in the 
transition state. The importance of this effect should

c6h

X— Ag

change with variations in the magnitude of the negative 
charge on the carbonyl oxygen in the transition state.

It seems reasonable that bond formation between the 
silver ion and the halogen of the alkyl halide is further 
advanced in the case of an alkyl iodide transition state 
than a corresponding alkyl bromide reaction. This 
would be expected since silver ion is a soft Lewis acid 
and should react more readily with iodide which is a 
softer base than bromide.35 As a consequence of more 
advanced silver-halogen bond formation, the incipient 
carbon-nitrogen double bond may also be further ad­
vanced in the alkyl iodide transition states as compared 
to the alkyl bromides. In addition, the developing 
bond between the carbonyl oxygen and the carbon atom 
of the alkylating agent should be formed to a greater 
extent in the iodide reactions. Accordingly, the car­
bonyl oxygen should carry a larger negative charge in 
the alkyl bromide reactions than in reactions with alkyl 
iodides.

In the alkyl bromide reactions, the repulsive field 
effect would become negligible if the hydroxylamine 
oxygen assumed a position opposite to the carbonyl 
oxygen in the transition state. Obviously, this tran­
sition state would lead to the E isomer. It is possible 
that the repulsive field effect in the alkyl bromide reac­
tions outweighs the stability factor causing a predomi­
nance of the E isomer. In the alkyl iodide reactions 
the stability factor is more important resulting in the 
formation of the Z isomer.

The hydroximates formed in the potassium salt reac­
tions36 in all cases studied have the Z configuration. It 
is conceivable that the charge on the carbonyl oxygen 
in the transition state is dispersed by the solvent mole­
cules thus diminishing the field effect. However, this 
explanation would lead to the conclusion that dimethyl- 
formamide (D M F) and dimethyl sulfoxide (DMSO) 
are effective in dispersing the charge on the carbonyl 
oxygen since in these solvents only the Z isomers of the 
hydroximates are obtained. This does not seem to be a 
plausible conclusion because D M F  and DM SO, while 
being very effective at solvating cations, are relatively 
ineffective at solvating anions.37 We propose instead

(35) R. G. Pearson and J. Songstad, J. Amer. Chem. Soc., 89, 1827 (1967).
(36) The mechanisms of alkali metal-ambident anion alkylations have 

been reviewed: R. Gomper, Angew. Chem,., Int. Ed. Engl., 3, 560 (1964).
(37) (a) N. Kornblum, R. Seltzer, and P. Haberfield, J. Amer. Chem. Soc., 

85, 1148 (1963); (b) E. M. Kosower, “ Physical Organic Chemistry,”  
Wiley, New York, N. Y., 1968, pp 334-342.

that the lack of a significant field effect in the potassium 
salt reactions is due to the inherent charge dispersal of a 
pure or nearly pure S n 2 reaction. In other words the 
potassium salt reactions are typical Sn 2 reactions with 
considerable dispersal of the negative charge in the 
transition state. The field effect, therefore, is impor­
tant only in those reactions where bond cleavage and 
bond formation are not completely synchronous. This 
would be the case in the silver salt reactions where cleav­
age of the carbon-halogen bond is ahead of carbon- 
oxygen bond formation.

When D M F  was used as the solvent in the silver salt 
alkylations a significant decrease in the amount of the 
E isomer was observed. It seems likely that in D M F  
the silver ion is at least partially solvated. This should 
diminish the effect of the silver ion on the reaction and 
impart more Sn 2 character to the transition state. The 
decrease in the field effect in D M F  is thus due to an in­
crease in the S n 2 character of the alkylation transition 
state.

Experimental Section

Melting points are corrected and were determined on a 
Thomas-Hoover capillary melting point apparatus. All the 
boiling points are uncorrected. Magnesium sulfate was em­
ployed as a drying agent for ether extracts. The petroleum 
ether used throughout this work had a boiling point of 30-60°. 
The thin layer chromatograms were carried out on Mallinekrodt’s 
SilicAR TLC-7GF adsorbent using chloroform-petroleum ether 
(1:1) as the solvent. The infrared spectra were determined with 
a Beckman Model IR-20 infrared recording spectrophotometer. 
The ultraviolet spectra were determined with a Beckman record­
ing spectrophotometer, Model DK-2A. The nmr spectra were 
determined at 60 Me with a Varian Model A-60A nmr spectrom­
eter. The chemical shifts are expressed in o values relative to a 
tetramethylsilane internal standard. The vapor phase chromato­
grams were determined with a Beckman Model GC-5 fitted with 
a Disc Integrator. The chrc matograms were obtained with a 
column (6 ft X 0.25 in.) consisting of 20% silicone gum rubber 
(SE-30) on 60-70 mesh diatomaceous earth (Anolabs’ Anakrom 
SD) at a column temperature of 200° and a flow rate of 60 ml of 
He/min. The microanalyses were performed by John R. 
Springfield of this laboratory using an P & M  Scientific Model 
185 Carbon, Hydrogen, and Nitrogen Analyzer. The properties 
for most of the compounds prepared in this work are in Table 
V II. One example of each type of alkylation procedure is 
described in this section.

Silver Salt of Benzoyl Benzohydroxamate (11).— A procedure 
for the preparation of this salt has been reported previously by 
Lossen.38 In Lossen’s procedure sodium hydroxide was used as 
the base. A solution of silver nitrate (40.0 g) in distilled water 
(34 ml) was added to a warm (40°) solution of benzoyl benzo­
hydroxamate (55.5 g) in methanol (860 ml). Concentrated 
ammonium hydroxide (16 ml) was then added to the vigorously 
stirred reaction mixture. The precipitate which formed was 
filtered, washed thoroughly with acetone, and dried in a vacuum 
desiccator to give 72.4 g (90%) of a white powder.

Anal. Calcd for CuH^NOsAg: C, 48.30; H, 2.90; N, 4.02. 
Found: C, 47.91; H, 2.80; N, 3.99.

Ethyl (Z)-O-Benzoylbenzohydroximate (12).— The reaction was 
carried out according to a procedure described by Eiseler.39 
A mixture of ethyl iodide (39.0 g), the silver salt of benzoyl 
benzohydroxamate (87.0 g), and anhydrous ether (500 ml) was 
stirred at room temperature for 3 days. The insoluble salts were 
removed by filtration and the ether was evaporated from the 
filtrate. The residual oil solidified upon standing to give 58.4 g 
(88%) of white crystals, mp 45-48°. The tic of this crude product 
showed one major spot (Z  isomer) along with one small spot 
(E isomer). Several recrystallizations of the crude product from 
large volumes of petroleum ether gave white needles, mp 58.5- 
59° (lit.20’39 mp 58°). The tic of the recrystallized product 
showed only one spot due to the Z  isomer: ii (Nujol) 1750 (m,

(38) W. Lossen, Justus Liebigs Ann. Chem., 161, 34'7 (1880).
(39) E. Eisler, ibid., 176, 326 (1875).
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T a b l e  VII
P r o pe r tie s  o f  D ia l k y l a t e d  B e n zo h y d r o x a m ic  A c id s“

0 RiO OR RiO
II \ /  \

C6H6CN(R,)OR C = =N C= N
/ / \

6 c 6h 5 c 6h 5 OR
7 8

Compd Bp (mm) Method of
R Ri no. or mp, °C preparation-

71-C3H7 71-C3H7 8b G
11-CtH) n-C4H 9 6c G
K-C4H 9 n-C4H 9 7c 129-134 (0.4) A
n-C4H 9 n-C4H 9 8c G
71-C3H7 c h 3 6d 108-109 (0.4) E
71-C3H, c h 3 7d 85-87 (0.5) A
k-C3H7 c h 3 8d G
n-C3H, c 2h 6 6e 126-129 (1.2) E
H-C3H7 c 2h 5 7e 86-87 (0.4) A and B
n-C3H, c 2h 5 8e 83-84 (0.5) C
Ti-Call, i~C8H, 7f 78-79 (0.2) A and B
n-CsFI, i-C3H, 8f 89-97 (0.5) C
ra-CsH, Allyl 6g G
?i-C3H, Allyl 8g G
n-C3H, Benzyl 6h 145-147 (0.13) D
n-CsH, Benzyl 7h 151-159 (0.5) B
n-C3H7 Benzyl 8h 135-139 (0.15) C
Benzyl Benzyl 6i 66-67“ F
“ Satisfactory analytical values (±0 .30%  for C, H, and N) 

were reported for all compounds in this table: Ed. b Pure
samples (95% or better by vpc) prepared by distillation (or 
recrystallization) of samples obtained from reactions of the 
following types: A, benzohydroximoyl chloride with a sodium 
alkoxide; B, alkylation of alkyl (Z)-benzohydroximate; C, 
alkylation of alkyl (E)-benzohydroximate; D, alkylation of N- 
alkylbenzohydroxamic acid; E, selective hydrolysis of Z  and E 
hydroximates in a mixture containing 6, 7, and 8 or 6 and 7. 
Those samples labeled with a G were obtained by preparative 
vpc of an alkylation reaction mixture. c Reported: mp 66°
[R. Behrend and K. Leuchs, Justus Liebigs Ann. Chem., 257, 
203 (1890)], 65-66° [R. Kothe, ibid., 266, 310 (1891)], 65° 
(ref 4).

C = 0 ) ,  1615 (m, C = N ), 1610 (m, aromatic), 1580 cm-1 (w, 
aromatic).

Ethyl (Z)-Benzohydroximate (4a).— The procedure was that of 
Gurke,20 with minor modifications. Crude ethyl (Z)-O-benzoyl- 
benzohydroximate (58.4 g) was dissolved in a solution of potas­
sium hydroxide (28 g) and water (300 ml) and the mixture was 
stirred and refluxed for 12 hr. Carbon dioxide was then bubbled 
through the solution until it became cloudy and an oil separated. 
The mixture was extracted with ether (four 75-ml portions) and 
the combined ether extracts were dried and evaporated to give an 
oil that crystallized upon standing at room temperature (27.5 g, 
77%), mp 49-50°. The tic of the crude product showed one 
major spot (Z  isomer) along with one small spot (E  isomer) with 
a higher Rt value. Three recrystallizations from petroleum 
ether followed by sublimation yielded white crystals that showed 
only one spot on tic: mp 53-53.5° (lit. mp 53.5°,20 53°19);
uv max (95% ethanol) 248 mu (log e 4.00); ir (Nujol) 3140 (s, 
broad, OH), 1630 cm“ 1 (s, C = N ); nmr (CDC13) S 1.33 (t, 3, 
J =  7 Hz, OCH2CH3), 4.31 (q, 2, J  = 7 Hz, OCH2CH3), 7.2- 
8.0 (2 m, 3 and 2, aromatic H ).

Anal. Calcd for C9HuN 0 2: C, 65.45; H, 6.71; N, 8.48. 
Found: C, 65.86; H, 6.70; N, 8.59.

Ethyl (F)-Benzohydroximdate (5a).— A solution of crude ethyl 
(Z)-benzohydroximate (89.5 g) in dry benzene (500 ml) was 
irradiated for 2 hr at 70° -with a Hanovia 450-W high-pressure 
lamp contained in a quartz water-cooled immersion apparatus 
(Ace Glass Inc., Vineland, N . J.). Subsequent evaporation of 
the benzene at aspirator pressure yielded an oily residue that 
solidified upon cooling. This solid was dissolved in hot petroleum 
ether and the solution was allowed to cool slowly to room tem­
perature. During the cooling, a dark viscous red oil separated 
and was removed by decantation. The decantation was repeated 
several times until the red oil no longer appeared. The solution

was then kept at room temperature until crystals (79.2 g, 90%) 
were obtained, mp 32-36°. The tic of this material showed two 
spots with the largest spot corresponding to the E  isomer.

Column chromatography on silica gel (250 g, 100-200 mesh) of 
8.10 g of product using chloroform-petroleum ether (25:75) as 
the eluting solvent gave ethyl (i)-benzohydroximate (6.15 g, 
68% ), mp 61-66°, and ethyl (2')-benzohydroximate (1.75 g, 
19%), mp 39-45°. The E  isomer eluted from the column before 
the Z  isomer. Recrystallization of the crude 5a from petroleum 
ether gave colorless needles that showed only one spot on tic: 
mp 67-67.5° (lit.19'20 mp 67.5-68°); uv 248 mM (log e 3.72); ir 
(Nujol) 3160 (s, broad, OH), 1650 (s, C = N ), 1600 cm-1 (w, 
aromatic); nmr (CDC13) 5 1.32 (t, 3, J  =  7 Hz, OCH2CH,), 
4.15 (q, 2, J = 7 Hz, OCH2CH3), 7.2-8.1 (2 m, 3 and 2, aro­
matic H).

Anal. Calcd for C9HnN 02: C, 65.45; H, 6.71; N, 8.48. 
Found: C, 65.73; H, 6.67; N, 8.47.

Ethyl (F)-O-Ethylbenzohydroximate (8a).— Ethyl (A)-benzo- 
hydroximate (5.0C g) and ethyl iodide (4.06 g) were added to a 
solution of sodium ethoxide that had been prepared by adding 
sodium (0.59 g-atom) to absolute ethanol (50 ml). The resulting 
solution was heated to 45° and stirred for 72 hr after which time 
it was found to be acidic to litmus. The ethanol was evaporated 
at reduced pressure and the residue was triturated with chloro­
form (100 ml) and filtered. The chloroform filtrate was evapo­
rated at reduced pressure and the residue was distilled to yield 
a colorless oil, bp 79-80° (0.1 mm). Vpc analysis of the distilled 
product showed that it was mainly ethyl (2?)-0-ethylbenzo- 
hydroximate (3.74 g, 75%) contaminated with ethyl benzoate 
(0.06 g, 2% ), ethyl (Z)-O-ethylbenzohydroximate (0.06 g, 2% ), 
and a mixture of the E  and Z  isomers of ethyl benzohydroximate 
(0.29 g, 7% ). A pure sample of 8a was obtained by preparative 
vpc:40 uv max (95% ethanol) 256 mn (log e 3.70); ir (neat) 1620 
cm-1 (m, C = N ); nmr (neat) 5 1.22 (t, J =  7 Hz, COCH2CH3),
1.26 (t, J = 7 Hz, NOCIi2CH3), the signals between 1.0 and 
1.5 integrated for a total of 6 H, 4.05 (q, J =  7 Hz, COCH2CH3), 
4.18 (q, J  =  7 Hz, NOCH2CH3), the signals between 3.8 and 4.5 
integrate for a total of 4 H, 7.1-8.2 (2 m, 3 and 2, aromatic H).

Anal. Calcd for C „H ,5N 0 2: C, 68.37; II, 7.82: N, 7.25. 
Found: C, 68.59; H, 7.83; N, 7.32.

Ethyl IZ)-0-Ethylbenzohydroximate (7a).— Ethyl (Z)-benzo- 
hydroximate (5.00 g) and ethyl iodide (5.46 g) were added to a 
solution of sodium ethoxide prepared from 0.81 g of sodium and 
50 ml of ethanol. The solution was heated to 45° and stirred for 
48 hr after which rime it was found to be acidic to litmus. Com­
pound 7a (4.27 g, 73%), bp 80-81° (0.1 mm), was isolated as de­
scribed above: uv max (95% ethanol) 256 mu (log e 4.01); ir 
(neat) 1615 (s, C = N ), 1580 cm-1 (m, aromatic); nmr (neat) & 
1.25 (t, 6, J  =  7 Hz, NOCH2CH3 and COCH2CH3), 4.11 (t, J  =
7 Hz, COCH2CH3), 4.35 (t, J =  7 Hz, NOCH2CH3), the signals 
between 3.9 and 4.6 integrate for a total of 4 H, 7.1-8.0 (2 m, 3 
and 2, aromatic H).

Anal. Calcd for CnH16N 0 2: C, 68.37; IT, 7.82; N , 7.25. 
Found: C, 68.59; H, 7.89; N , 7.38.

Ethyl V-Ethylethoxyformohydroxamate (9b).— The procedure 
was similar to that reported by Major and Fleck.41 A 20% solu­
tion of potassium hydroxide (300 ml) was slowly added to a vigor­
ously stirred solution of ethoxyformohydroxamic acid12 (50.0 g) 
and ethyl sulfate (164 g). The mixture was stirred for 3 hr and 
then acidified with dilute sulfuric acid using Congo red paper as an 
indicator. The mixture was extracted with ether (four 100-ml 
portions) and the combined ether extracts were washed with 3 N 
sodium hydroxide solution (five 50-ml portions), dried, and 
evaporated at aspirator pressure. The residue was distilled to 
yield a colorless oil (48.4 g, 75% ), bp 91-98° (34 mm) [lit.41 
56%, bp 107-112° (70 m m )].

Ethyl A'-Ethylbenzohydroxamate (6a).— Ethyl (V-ethylethoxy- 
formohydroxamate (48.4 g) was added to a cold solution (10°) 
of potassium hydroxide (50.5 g) in 50% ethanol (117 ml). The 
solution was allowed to warm to room temperature, refluxed for 
1 hr, and then distilled at atmospheric pressure. All of the distil­
late up to 83° was cooled in an ice bath and acidified with cold 
12 N  hydrochloric acid. After the acidified solution had warmed

(40) The preparative vpc was carried out using a Varian Aerograph 
Autoprep Model 705 with a column (20 ft X 3/s in.) consisting of 30% 
silicone gum rubber (3E-30) on 45—60 mesh diatomaceous earth. The column 
temperature for the chromatography was 200° with nitrogen flow of ap­
proximately 300 ml/min.

(41) R. T. Major and E. E. Fleck, J. Amur. Chem. Soc., 8 0 , 147 (1928).
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to room temperature, it was concentrated on a hot plate, cooled 
in an ice bath, and then made basic to litmus with a coned, solu­
tion of potassium hydroxide.

One-half of the above solution (which was assumed to contain
13.4 g of 0,A-diethylhydroxylamine) was added to benzoyl 
chloride that had been cooled in an ice bath. During the addi­
tion, the reaction was stirred and cooled in an ice bath so that 
the reaction temperature did not rise above 10°. Potassium 
carbonate was added during the course of the addition in order 
to maintain a solution that was basic to litmus. After all the 
0,-V-diethylhvdroxylamine solution had been added, the reaction 
mixture was allowed to warm to room temperature and then 
stirred for 6 hr. After acidification -with 12 N  hydrochloric acid, 
the material was extracted with ether (six 50-ml portions), the 
combined extracts were dried, and the solvent was removed at 
aspirator pressure. Distillation of the residue gave 6a (12.6 g, 
100%) as a colorless oil, bp 75-87° (0.1 mm) (lit.13 bp 267°); 
the uv spectrum did not show a maximum but rather an increas­
ing end absorption which had a log e of 3.52 at 256 mu; ir (neat) 
5 0.90 (t, J =  7 Hz, NCH2CH3), 1.17 (t, J =  7 Hz, OCH2CH3), 
the signals between 0.70 and 1.40 integrate for a total of 6 H, 
3.6S (q, J  =  7 Hz, NCH2CH3), 3.71 (q, J  =  7 Hz, OCH2CH3), 
the signals between 3.3 and 4.0 integrate for a total of 4 H,
7.1-7.9 (2 m, 3 and 2, aromatic H).

Anal. Calcd for C „H 16N 0 2: C, 68.37; H, 7.82; N, 7.25. 
Found: C, 68.14; H, 7.65; N, 7.33.

n-Propyl JV-n-Propylethoxyformohydroxamate (9c).-—The re­
action was carried out by the procedure described for 9b except 
that ii-propyl bromide was used as the alkylating agent. A 37% 
j-ield of 6c was obtained: bp 75-83° (0.2 mmj; ir (neat) 1700 
cm -1 (s, C = 0 ) ;  nmr (CDC13) 5 0.7-1.9 (m, 13, OCH2CH2CH3, 
NCH2CH2CH3 and OCH2CH3), 3.40 (t, J =  7 Hz, 2, NCH2- 
CH2CH3), 3.78 (t, /  = 6 Hz, 2, OCH2CH2CH3), 4.11 (q, /  =  7 
Hz, 2, OCH2CH3).

Anal. Calcd for C9HIt)N 0 3: C, 57.12; H, 10.11. Found:42 
C, 56.86; H, 10.15.

w-Propyl A-ra-Propylbenzohydroxamate (6b).— A solution of 
OjiV-di-n-propylhydroxylamine was prepared by the procedure 
described above for 3a. The reaction of the 0,Ar-di-n-propyl- 
hydroxylamine solution with benzoyl chloride gave 6b in 100% 
yield: bp 93-97° (0.2 mm); ir (neat) 1645 cm-1 (s, C = 0 ) ;  
nmr CDC13 5 0.5-2.1 (m, 10, OCH2CH2CH3 and NCH2CH2CH3),
3.63 (t, J =  6.5 Hz, OCH2CH2CH3), 3.72 (t, .1 =  7 Hz, NCH2- 
CH2CH3), the signals between 3.4 and 3.9 integrate for a total 
4 H, 7.1-7.8 (2 m, 3 and 2, aromatic H).

Anal. Calcd for C,3H19N 02: C, 70.55; H, 8.65; N, 6.33. 
Found: C, 70.62; H, 8.43; N, 6.24.

Benzyl (jE)-O-Benzoylbenzohydroximate (15).— A mixture of 
benzyl bromide (35.0 g), the silver salt of benzoyl benzohydroxa- 
mate (65.0 g), and anhydrous ether (140 ml) was stirred at 
room temperature for 3 days. When the ether was evaporated 
from the filtrate of this mixture, an oil (44.7 g) was obtained. 
The nmr spectrum of this oil indicated that, it was a mixture of 
the isomers 15 (56%), 13 (17%), and 14 (27%). The oil was 
dissolved in ether-petroleum ether and kept in a freezer for 1 
day. This resulted in the formation of an oil along with some 
crystalline solid. The crystals were collected and recrystallized 
from ether to yield 19.7 g (32%) of 15, mp 83-86°. One re- 
crystallization from methanol and two from ether-petroleum 
ether afforded an analytical sample: mp 86-88°; ir (Nujol)
1730 (s, C = 0 ) ,  1620 (m, C = N ), 1600 (m, aromatic), 1580 
cm-1 (w, aromatic); nmr (CDC13) 5 5.48 (s, 2, CH2), 7.1-8.1 
(m, 15, aromatic H).

Anal. Calcd for C21H „N 0 3: C, 76.12; H, 5.17; N, 4.23. 
Found: C, 75.87; H, 5.05; N, 4.14.

In several other similar reactions crystallization of the crude oil 
from ether-petroleum ether did not give pure 15, but rather a 
mixture of 15 and 14. However, it has been found that it is 
possible to hydrolyze a mixture of 15 and 14 and obtain pure 5e 
(see next experiment).

Benzyl (E j-Benzohydroximate (5e).— A crystalline mixture 
(33.4 g) of 15 and 14 in a 73:27 ratio (by nmr) was added to a 
solution of potassium hydroxide (16.7 g) and water (25 ml) and 
the mixture was stirred and refluxed for 10 min. Water (40 ml) 
was added and the solution was extracted with ether (two 
100-ml portions). The ether extracts were dried and evaporated 
to give 4e (14.3 g, 85% based on the amount of 15 in the starting

(42) This analysis was carried out by M-H-W Laboratories, Garden City, 
Mich.

mixture), mp 127-133°. One recrystallization from methanol 
and one from benzene yielded a microcrystalline powder: mp 
132-134°; ir (Nujol) 3270 (m, broad, OH), 1650 (m, C = N ), 
1600 cm-1 (w, aromatic); nmr (CDC13) 5 5.19 (s, 2 H, CH2),
7.1-8.1 (m, 11 H, aromatic H and OH).

Anal. Calcd for C14HI3N 0 2: C, 73.99; H, 5.77; N, 6.16. 
Found: C, 73.97; H, 5.62; N, 6.28.

Benzyl (Z)-O-Benzoylbenzohydroximate (13) and Benzoyl N- 
Benzoylbenzohydroxamate (14).— A mixture of benzoyl benzo- 
hydroxamate (58.0 g), benzyl bromide (60.0 g), anhydrous potas­
sium carbonate (48 g), and dimethylformamide (250 ml( was 
stirred at 42° for 1 day (an initial exothermic reaction -was con­
trolled by cooling with an ice bath). The mixture was diluted 
with water (11.) and then extracted with chlcroform (two 100-ml 
portions). The chloroform extracts were washed with water 
(three 500-ml portions), dried, and evaporated. An nmr spec­
trum of the oil residue (70.1 g) indicated that it consisted of 13 
(23%) and 14 (77%). The oil was dissolved in ether (100 ml) 
and placed in a freezer overnight which resulted in the formation 
of 55.3 g (69%) of 14, mp 83-89°. Two recrystallizations from 
chloroform-petroleum ether gave white prisms: mp 95-96°
(lit.43 mp 96-97°); ir (Nujol) 1745 (s, ester C = 0 ) ,  1615 (s, 
amide C = 0 ) ,  1590 and 1560 cm-1 (nr, aromatic); nmr (CDCli) 
5 5.11 (s, 2, CH2), 7.1-8.1 (nr, 15, aromatic H).

Anal. Calcd for C21H „N 0 3: C, 76.12 H, 5.17; N, 4.23. 
Found: C, 76.23; H, 5.11; N, 4.22.

Petroleum ether was added to the ether filtrate from the above 
crystallization and after 3 hr in a freezer crystals of 13 (6.40 g, 
8% ) were obtained, mp 64-66°. RecrystaLization from ether- 
petroleum ether gave white needles: mp 68-70°; ir 1740 (s,
C = 0 ) ,  1610 (s, C = N ), 1570 c m '1 (w, aromatic); nmr (CDC1«) 
5 5.30 (s, 2, CH2), 7.1-8.2 (nr, 15, aromatic H).

Anal. Calcd for C21H „N 0 3: C, 76.12; H, 5.17; N, 4.23. 
Found: C, 75.85; H, 5.15; N, 4.23.

Benzyl (Z)-Benzohydroximate (4e).—(Benzyl (Z)-O-benzoyl- 
benzohydroximate (6.40 g) was added to a solution of potassium 
hydroxide (3.3 g) and water (5 ml) and the mixture was heated 
(steam bath) and stirred until the reaction was homogeneous (ca. 
5 min). Water (50 ml) was added and carbon dioxide was 
bubbled through the solution until it became cloudy and an oil 
separated. The mixture was extracted with ether (two 20-ml 
portions), the ether extracts were dried and evaporated, and the 
oil residue was crystallized from benzene-petroleunr ether to 
yield 3.67 g (85%) of 4e, nrp 55-58°. Recrystallization from 
benzene-petroleum ether provided an analytical sample: mp
58-60°; ir (Nujol) 3120 (m, broad, OH), 1630 (m, C = N ), 1580 
cm -1 (w, aromatic) 5 5.31 (s, 2, CH2), 7.1-7.8 (m, 10, aromatic 
H).

Anal. Calcd for C „H 13N 0 2: C, 73.99; H, 5.77; N , 6.16. 
Found: C, 73.50; H, 5.73; N , 5.95.

AT-Benzylbenzohydroxamic Acid (3e).— The hydrolysis of 14 
(15.7 g) was carried out by the procedure described in the preced­
ing experiment except that chloroform was used as the extraction 
solvent. Evaporation of the chloroform extracts gave crystalline 
3e (9.61 g, 89% ), mp 100-104°. Two rscrystallizations from 
chloroform-petroleum ether afforded whire microcrystals, mp 
104-106° (lit.43 mp 106°) that gave a magenta color with an 
ethanolic solution of ferric chloride: ir (Nujol) 3250 (m, broad, 
OH), 1620 (s, C = 0 ) ,  1600 (m, aromatic), 1570 c m '1 (w, aro­
matic); nmr (CDC13) S 4.77 (s, 2, CH2), 7.0-7.7 (m, 10, aro­
matic H).

Anal. Calcd for CUHI3N 0 2: C, 73.99; H, 5.77; N , 6.16. 
Found: C, 74.13; H, 5.58; N, 6.15.

Isopropyl (Z)-O-Benzoylbenzohydroximate (12b).— A mixture 
of isopropyl iodide (30.0 g), the silver salt of benzoyl benzo- 
hydroxamate (50.0 g), and anhydrous ether (200 ml) was stirred 
at room temperature for 3 days. The insoluble salts were removed 
by filtration and washed with ether. Evaporation of the ether 
filtrate gave a solid (35.0 g) that was recrystallized from ether- 
petroleum ether to yield 22.3 g (55%) of 12b, mp 101-104°. 
Two more recrvstallizations gave white needles: mp 105-106°; 
ir (Nujol) 1740 (s, C = 0 ) ,  1620 (s, C = N ), 1600 cm "1 (m, 
aromatic).

Anal. Calcd for CnH17N 0 3: 3, 72.07; H, 6.05; N , 4.94. 
Found: C, 72.28; II, 6.03; N, 4.99.

Isopropyl (E)-Benzohydroximate (5c).— Crude isopropyl (Z )- 
O-benzylbenzohydroximate (35.0 g) obtained in an experiment 
identical with the one described above was added to a solution of

(43) E. Beckmann, Ber., 26, 2272, 2631 (1893).
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potassium hydroxide (17.5 g) and water (25 ml) and the mixture 
was stirred and refluxed for 10 min. After the reaction mixture 
had cooled to room temperature, water (100 ml) was added to 
give a solid which was collected (the aqueous filtrate was kept 
for further work-up) and triturated with ether. Filtration of the 
insoluble salts, evaporation of the ether filtrate, and recrystalliza­
tion of the residue from petroleum ether gave 5c (3.62 g), mp 
95-101°.

Carbon dioxide was bubbled through the aqueous filtrate 
until it became cloudy. The resulting mixture was extracted 
with ether (three 100-ml portions) and the ether extracts were 
dried and evaporated. An nmr spectrum of the oil residue (14.4 
g) showed that it was a mixture of 5c and 4c in ca. 15:85 ratio. 
The oil was dissolved in benzene (80 ml) and irradiated in quartz 
tubes for 3 hr in a Rayonet R P R -100 Reactor (The Southern 
New England Ultraviolet Company, Middletown, Conn.) fitted 
with 2537-A lamps. Subsequent evaporation of the benzene at 
aspirator pressure yielded an oil that was shown by its nmr spec­
trum to be a mixture of 5c and 4c in ca. 45:55 ratio. Column 
chromatography on silica gel (160 g, 100-200 mesh) of this oil 
using chloroform-petroleum ether (25:75) as the eluting solvent 
gave in the first fractions isopropyl (F)-benzohydroximate 
(3.50 g, mp 97-101° after recrystallization from petroleum 
ether). Later fractions gave the Z  isomer (4.62 g, 21%, mp 
51-55° after recrystallization from petroleum ether). The com­
bined yield of the E  isomer was 32%. Two more recrystalliza­
tions of the E isomer from petroleum ether gave colorless prisms: 
mp 101-102°; ir (Nujol) 3250 (s, broad, OH), 1555 (s, C = N ), 
1605 cm-1 (w, aromatic); nmr (CDCL) S 1.35 (d, /  =  6 Hz, 6, 
CH3CHCH3), 4.90 (septet, J  =  6 Hz, 1, CH3CHCH3), 7.1-8.0 
(2 m, 3 and 2, aromatic H).

Anal. Calcd for C1.,H13N 0 2: C, 67.02; H, 7.31; N, 7.82. 
Found: C, 67.28; H, 7.21; N , 7.88.

Isopropyl (/? )~Benzohydroximate (4c).-—Hydrolysis of isopropyl 
(Z)-O-benzoylbenzohydroximate (16.0 g, mp 101-104°) was 
carried out by the procedure described for the preparation of 4e. 
The oil left after evaporation of the ether extracts was dissolved 
in petroleum ether and cooled in a Dry Ice-acetone bath. The 
crystals (5.46 g, 54%) thus obtained were recrystallized from 
petroleum ether to afford an analytical sample: mp 53.5-55.5°; 
ir (Nujol) 3210 (m, broad, OH), 1640 (m, C = N ), 1575 cm“ 1 
(w, aromatic); nmr (CDCL) 5 1.34 (d, /  =  6 Hz, 6, CH3CHCH3), 
4.87 (septet, J =  6 Hz, 1, CH3CHCH3), 7.2-7.8 (m, 3 and 2, 
aromatic H ).

Anal. Calcd for C i0H13NO2: C, 67.02; H, 7.31; N, 7.82. 
Found: C, 66.92; H, 7.01; N , 7.81.

Beckmann Rearrangement of Isopropyl (Z )-Benzohydroximate
(4c).— Solid phosphorus pentachloride (1.67 g) was added slowly, 
with stirring, to a solution of 4c (1.08 g) in ether (10 ml) which 
was cooled in a water bath. After the addition was complete, 
the mixture was stirred for an additional 30 min. The reaction 
mixture was then cooled in an ice bath and water (5 ml) was 
added slowly with stirring. The ether layer was separated, 
washed with 10% potassium carbonate (10 ml), dried, and 
evaporated. An infrared spectrum of the orange colored residual 
oil (0.62 g) indicated that it contained phenyl isocyanate. To 
an ether solution of this oil was added a solution of aniline (0.56 g) 
in ether. The solid (0.40 g, 31%) thus produced was recrystal­
lized from acetone-water to give white crystals, mp 239-241°. 
A mixture melting point of these crystals with s-diphenylurea 
showed no depression, mp 240-242°.

Attempted Beckmann Rearrangement of Isopropyl (F)-Benzo- 
hydroximate (5c).— The reaction of 5c (0.50 g) with phos­
phorus pentachloride (0.45 g) was carried out by the procedure 
described in the preceding experiment. Evaporation of the 
ether gave an oil that partially crystallized upon standing. The 
crystals were separated and recrystallized from ethanol to give 
the phosphate ester of 5c as white needles (0.25 g, 46% ), mp 
116-117°. One more recrystallization from ethanol gave white 
needles: mp 117-119°; ir (Nujol) 1620 (m, C = N ), 1600 (m, 
aromatic), 1580 cm-1 (w, aromatic); nmr (CDCL) 5 1.29 (d, 
J  =  6 Hz, 18, CH3CHCH3), 5.00 (ca. septet, J  =  6 Hz, 3, CH3- 
CH3CH3), 7.1-7.9 (m, 15, aromatic H).

Anal. Calcd for C30H36N 3O-P: C, 61.95; H, 6.24; N, 7.23. 
Found: C, 62.02; H, 6.19; N , 7.34.

Monalkylation of Potassium Benzohydroxamate with n-Pro­
pyl Bromide.— A solution of potassium benzohydroxamate 
(87.4 g), re-propyl bromide (69.7 g), and anhydrous potassium 
carbonate (25.0 g) in methanol (374 ml) and water (250 ml) was 
stirred at 45° for 3 days. After the methanol was removed by

distillation at atmospheric pressure, the residue was cooled to 
below 10° and acidified with 12 N  hydrochloric acid. The mix­
ture was extracted with ether (four 100-ml portions) and the 
combined ether extracts were washed with 10% sodium bicar­
bonate solution (100 ml). The ether solution was then extracted 
with 6 N  sodium hydroxide solution (six 50-ml portions) and the 
combined basic extracts were acidified with 12 N  hydrochloric 
acid and extracted with ether (four 50-ml portions). These 
ether extracts were dried and the solvent was removed at aspira­
tor pressure. After the residue solidified, it was recrystallized 
from ether-petroleum ether to yield 63.0 g (71%) of re-propyl 
benzohydroxamate, mp 52-58°. Several more recrystallizations 
from ether-petroleum ether gave the analytical sample, mp 
58-59° (lit.41 mp 58-59°).

Anal. Calcd for Ci„H,3N 02: C, 67.02; H, 7.31; N, 7.82. 
Found: C, 66.81; H, 7.41; N, 8.04.

The Silver Salt of re-Propyl Benzohydroxamate.— A solution of 
silver nitrate (38.0 g) in distilled water (80 ml) was added slowly 
to a vigorously stirred solution of re-propyl benzohydroxamate 
(40.5 g) and concentrated ammonium hydroxide (15 ml) in 95% 
ethanol (160 ml). After approximately half of the silver nitrate 
solution had been added, a white precipitate began to form. 
When the addition was complete, the mixture was stirred for an 
additional 30 min. The precipitate was then filtered, washed 
thorougly with acetone, and dried at 60° in a vacuum desiccator 
for 24 hr to yield 48 g (76%) of a white powder.

Anal. Calcd for CjoH12N 0 2Ag: C, 41.96; H, 4.24; N, 4.90. 
Found: C, 41.30: H, 4.42; N, 4.99.

Alkylation of the Silver Salt of re-Propyl Benzohydroxamate 
with Methyl Iodide.—A mixture of methyl iodide (8.43 g), the 
silver salt of re-propyl benzohydroxamate (9.00 g), and anhydrous 
ether (10 ml) was stirred at room temperature (approximately 
24°) for 7 days. Addition of more ether, filtration of the insolu­
ble salts, and evaporation of the ether from the filtrate yielded 
an oil. Ypc analysis of this oil showed that it was a mixture of 
re-propyd benzoate (0.33 g, 6% ), met.hyd (E)-O-n-propydbenzo- 
hydroximate (0.87 g, 14%), rnethyd (Z)-O-re-propylbenzo- 
hy-droximate (1.87 g, 30%), and re-propyl Ar-methylbenzo- 
hydroxamate (1.66 g, 27%).

Alkylation of the Potassium Salt of re-Propyl Benzohydroxa­
mate with Ethyl Bromide.— A solution of re-propyl benzohyrdroxa- 
mate (7.00 g), ethyl bromide (8.72 g), and potassium carbonate 
(8.45 g) in methanol (22 ml) and water (15 ml) was stirred at 
38° in a constant ~emperature bath for 15 hr. After evaporation 
of the methanol at aspirator pressure, the residue was cooled to 
below 10° and acidified with 12 N  hydrochloric acid. The mix­
ture was then extracted with ether (four 20-ml portions) and the 
combined ether extracts were washed with 10% sodium bi­
carbonate solution (40 ml). The acidic material was extracted 
from the ether w rh 3 N  sodium hydroxide solution (three 15-ml 
portions). The nmacidic material remained in the ether. The 
combined sodium hydroxide extracts were cooled to below 10°, 
acidified with 12 N  hydrochloric acid, and extracted with ether 
(three 15-ml portions). The ether extracts were dried and the 
solvent was evaporated at aspirator pressure to yield re-propyl 
benzohydroxamats (2.60 g, 37% ).

The ether was evaporated from the nonacidic material at 
aspirator pressure to yield a light yellow oil. Vpc analysis of 
this oil showed that it consisted of ethyl (Z)-O-re-propylbenzo- 
hydroximate (1.10 g, 14%) and re-propyl iV-ethylbenzohydroxa- 
mate (3.40 g, 42%).

Dialkylation of Potassium Benzohydroxamate with re-Propyl 
Bromide.— A solution of potassium benzohydroxamate (10.0 g), 
re-propyl bromide (21.0 g), and anhydrous potassium carbonate 
(15.8 g) in methanol (42 ml) and water (29 ml) was stirred at 
58° in a constant temperature bath for 15 hr. The following 
products were obtained as described above: n-propyl benzo-
hy'droxamate (2.37 g, 20% ), re-propyd (Z)-O-n-propylbenzo- 
hydroximate 2.10 g, 17%), and re-propyl Ar-re-propylbenzo- 
hydroxamate (5.82 g, 46% ).

O-n-Propylbenzohydroximoyl Chloride (19b).— Solid phos­
phorus pentachloride (58.3 g) was added in small portions to 
re-propyl benzohydroxamate (50.2 g) that was cooled in an ice 
bath and magnetically stirred. After all the phosphorus penta­
chloride had been added, the oily reaction mixture was stirred 
for a few minutes, then dissolved in ether and washed with water. 
The ether was dried and evaporated and the residue was distilled

(44) Cooley, Bills, and Throckmorton9 prepared this compound by the
catalytic hydrogenation of allyl benzohydroxamate.
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to yield 19b (45.1 g, 82% ) as a clear liquid: bp 82-83° (0.3 mm); 
ir (neat) 1590 (w, C = N ), 1570 cm "1 (w, aromatic); nmr (neat)
S 0.92 (t, 3, J =  7 Hz, OCH2CH2CH3, 1.4-2.1 (m, 2, OCH2- 
CH2CH3), 4.16 (t, 2, J  =  6.5 Hz, OCH2CII2CH3), 7 .0-S .l (2 m, 
3 and 2, aromatic H).

Anal. Calcd for C10H I2NOC1: C, 60.76; H, 6.12; N, 7.09. 
Found: C, 60.64; H, 5.90; N, 7.01.

O-Ethylbenzohydroximoyl Chloride (19a).— By the procedure 
described above phosphorus pentachloride (8.66 g) and ethyl 
benzohydroxamate9 (6.87 g) yielded 6.08 g (80%) of 19a: bp 
85-86° (0.5 mm) [lit. bp 125° (45 mm),31 bp 239°13]; ir (neat) 
1585 (w, 0 = N ) ,  1565 cm“ 1 (w, aromatic); nmr (CDCU) 8 1.33 
(t, 3, J =  7 Hz, OCH2CH3), 4.27 (q, 2, J =  7 Hz, 0C H 2CH3)
7.2-7.9 (2 m, 3 and 2, aromatic H).

O-M-Butylbenzohydroximoyl Chloride (19c).— Phosphorus 
pentachloride (5.26 g) and n-butyl benzohydroxamate (4.88 g) 
yielded 3.56 g (62%) of 19c, bp 104-114° (0.7 mm); ir (neat) 
1585 (w, C = N ), 1560 cm "1 (w, aromatic).

Anal. Calcd for CuH14NOC1: C, 62.41; II, 6.66; N, 6.61. 
Found: 0 ,6 1 .80 ; H, 6.47; N, 6.57.

re-Propyl (Z)-O-n-Propylbenzohydroximate (7b).— 0-n-Propyl~ 
benzohydroximoyl chloride (25.6 g) was added slowly with stirring 
to a cold solution of sodium propoxide prepared from sodium 
(6.0 g) and 1-propanol (250 ml). The mixture was refluxed for
3 hr and the 1-propanol was removed by evaporation at reduced 
pressure. Water (100 ml) was added to the residue and the 
mixture extracted with ether (four 50-ml portions). The com­
bined ether extracts were washed with 3 N sodium hydroxide 
solution (three 50-ml portions), dried, and evaporated at aspira­
tor pressure. The residue was distilled to yield 7b (21 g, 79%): 
bp 84-86° (0.1 mm); ir (neat) 1610 (s, C = N ), 1570 cm” 1 (m, 
aromatic); nmr (CDC13) 5 0.7-2.1 (2 m, 6 and 4, NOCH2CH2CH3, 
and COCH2CH2CH3), 4.05 (t, J =  6.5 Hz, NOCH2), 4.24 (t, 
J =  6.5 Hz, COCH2), the signals between 3.8 and 4.5 integrate 
for a total of 4 H, 7.1-8.0 (2 m, 3 and 2, aromatic H).

Anal. Calcd for Ci3HlsN 0 2: C, 70.55; H, 8.65; N, 6.33. 
Found: C, 70.31; H, 8.65; N, 6.11.

2-Benzoyltetrahydro-l,2-oxazine (18).— A solution of potas­
sium benzohydroxamate (7.35 g), 1,4-dibromobutane (10.0 g), 
and anhydrous potassium carbonate (11.6 g) in methanol (31 
ml) and water (21 ml) was stirred at 35° in a constant tempera­
ture bath for 3 days. The methanol was then removed at reduced 
pressure, water (50 ml) was added to the residue, and the mixture 
was extracted with ether (two 50-ml portions). The combined 
ether extracts were dried and the ether was evaporated at aspira­
tor pressure. The crude product was distilled to give a colorless, 
viscous liquid (4.33 g, 54% ): bp 113-120° (0.1 mm) [lit.45 bp 
152-153° (2 m m )]; rising end absorption in uv with log e of 3.66 
at 256 npx (95% ethanol); ir (neat) 1640 (s, C = 0 ) ,  1580 cm "1 
(w, aromatic); nmr (neat) S 1.3-1.9 (m, 4, CII2CH2CH2CH2), 3.5- 
4.1 (m, 4, NCH2 and OCH2), 7.2-8.0 (2 m, 3 and 2, aromatic H).

Anal. Calcd for C „H 13N 0 2: C, 69.09; H, 6.85; N, 7.32. 
Found: C, 69.13; H, 6.80; H, 7.52.

2-Benzoyloxazolidine (17).— By the procedure described above 
(reaction temperature of 38°), potassium benzohydroxamate 
(7.35 g), 1,3-dibromopropane (9.35 g), and anhydrous potassium 
carbonate (11.6 g) in methanol (31 ml) and water (21 ml) yielded
2-benzoyloxazolidine (2.13 g, 29%) as a colorless liquid: bp 124- 
126° (0.16 mm); rising end absorption in uv with log e of 3.71 
at 256 niju (95% ethanol); ir (neat) 1630 (s, C = 0 ) ,  1580 cm” 1 
(m, aromatic); nmr (CDC13) 5 2.17 (quintet, 2, .7 — 7 Hz, 
CH2CH2CH2), 3.77 (t, J  =  7 Hz, OCH2), 3.82 (t, J  = 7 Hz, 
NCH2), the signals between 3.6 and 4.0 integrate for a total of
4 II, 7.1-8.0 (2 m, 3 and 2, aromatic H).

Anal. Calcd for C10HuNO2: C, 67.78; H, 6.26; N, 6.90. 
Found: C, 67.58; H, 6.13; N, 6.92.

3-Phenyl-5H-l,4,2-dioxazine (16).— By the procedure de­
scribed above (reaction temperature of 32°), potassium benzo­
hydroxamate (14.7 g), 1,2-dibromoethane (17.5 g), and anhy­
drous potassium carbonate (23.2 g) in methanol (62 ml) and 
water (42 ml) yielded 3-phenyl-5H-l,4,2-dioxazine (5.72 g, 42% ) 45

(45) This compound has been prepared previously by the reaction of 
benzoyl chloride with tetrahydro-l,2-oxazine: O. Witchterele and J. Novak, 
Colled. Czech. Chem. Commun., 15, 309 (1950),

as a light yellow liquid: bp 103-107° (0.07 mm); uv max
(95% ethanol) 252 npx (log e 3.95); ir (neat) 1610 (s, C = N ), 
1580 cm” 1 (s, aromatic); nmr (neat) 5 3.9-4.5 (2 m, A2' X 2', 2 
and 2, = C O C H 2 and =NOC!H2), 7.1-8.1 (2 m, 3 and 2, aro­
matic H).

Anal. Calcd for CJUNCh: C, 66.25; H, 5.56; N, 8.58. 
Found: C, 66.10; H, 5.48; N , 8.70.

Alkylation of Potassium Benzohydroxamate with n-Butyl 
Bromide.— The reaction was carried out according to a procedure 
described by Fuller and King12 except on a smaller scale. A 
solution of potassium benzohydroxamate (15.0 g), n-tutyl 
bromide (13.2 g), and potassium carbonate (12.0 g) in 95% 
ethanol (72 ml) was stirred and refluxed for 15 hr. The ethanol 
was evaporated at aspirator pressure and after using the work-up 
procedure described above the following products were obtained 
(as determined by vpc analyses of the crude oil): n-butyl benzo­
hydroxamate (7.03 g, 43% ), n-butyl (Z)-O-n-butylbenzo- 
hydroximate (1.59 g, 8% ), and n-butyl A-n-butylbenzohydroxa- 
mate (3.71 g, 17%).

Alkylation of Ethyl Benzohydroxamate with Ethyl Iodide.—
The reaction was carried out according to a procedure described 
by Lossen.13 A solution of ethyl benzohydroxamate (10.0 g), 
potassium hydroxide (3.4 g), ethyl iodide (25.8 g), and 70% 
ethanol (70 ml) was refluxed over a water bath for 2 hr. The 
reaction was worked up in the usual manner and the nonacidic 
fraction was distilled in vacuo yielding ethyl benzoate (1.27 g ) and 
ethyl A-ethylbenzohydroxamate (4.12 g, 36%).

Isolation of n-Propyl Ar-Isopropylbenzohydroxamate (6f) by Se­
lective Hydrolysisof IsopropylZ-O-re-Propylbenzohydroximate (7f) 
in a Mixture Containing 6f and 7f.— An oil (7.26 g) consisting of 
6f and 7f in a 27:73 ratio (by vpc) was dissolved in concentrated 
hydrochloric acid (72 ml) and the resulting solution was stirred 
at 50-54° for 30 min. After the solution had cooled to room tem­
perature, it was neutralized with 6 N  sodium hydroxide and ex­
tracted with ether (two 40-ml portions). The ether extracts 
were dried and evaporated and the residual oil wras distilled to 
give pure 6f (1.23 g, 63% based on the amount of 6f in the start­
ing material): bp 106-110° (0.45 mm); nmr (CDC13) 5 0.6-1.8 
(m, OCH2CH2CH3), 1.29 (d, /  =  7 Hz, CH3CIICH3), the signals 
between 0.6 and 1.8 integrate for a total of 11 H, 3.7 (t, J =  6 
Hz, 2, OCH2CH2CH3), ca. 4.52 (ca. septet, J — 7 Hz, 1, CH3- 
CHCH3), 7.2-7.7 (m, 5, aromatic H).

Anal. Calcd for CJ3H19N 0 2: C, 70.55; H, 8.65; N, 6.33. 
Found: C, 70.67; H, 8.6S; N, 6.28.
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Deoxygenation of nitrosobenzene by triethyl phosphite in methanol has been found to give o- and p-anisidine 
in yields up to 70%. Similar deoxygenations in ethanol, 2-methoxyethanol, isopropyl alcohol, and ¿eri-butyl 
alcohol give mixtures of the corresponding o- and p-alkoxyanilines, but only in the presence of small amounts 
of acid in the solvent (0.01-1.0 m ol'%  acetic acid). Deoxygenation of p-nitrosotoluene in methanol gives 2- 
methoxy-4-methylaniline and 4-methoxy-4-methyl-2,5-eyclohexadienone. Deoxygenations which lead to 
aromatic nucleophilic substitution are interpreted in terms of a mechanism which proposes that an intermediate 
prior to phenylnitrene in the deoxygenation sequence is protonated and undergoes solvolysis leading to the 
alkoxyanilines.

The deoxygenation of nitrosobenzene by trivalent 
phosphorus compounds has usually been studied in 
aprotic solvent media. In benzene in the presence of 
excess nitrosobenzene, a modest yield (21% ) of azoxy- 
benzene is formed.1 2 In excess triethyl phosphite, de- 
oxygenation occurs, but the products have not proven 
to be tractable.2 W e have reported that the deoxygen­
ation of nitrosobenzene in triethyl phosphite (TEP) con­
taining 5% by volume acetic acid led to the formation of
2-hydroxy acetanilide and diethyl o- and p-aminophenyl- 
phosphonate.3 These products, on the basis of their 
structures, appear to have been formed by a process 
involving nucleophilic aromatic substitution. W e pro­
posed that such products arose as a result of protona­
tion of phenylnitrene or some prior intermediate during 
the deoxygenation reaction.3 The addition of a proton

S ch em e  I

8

0

X = -P (O E t)2 or - 0 2CCH3

(1) (a) Presented in part at the 159th National Meeting of the American 
Chemical Society, Houston, Texas, Feb 22-27, 1970, Abstract ORGN 65; 
supported in part by NIH Grant GM 14344; (b) NDEA Fellow, 1966- 
1969; University of Virginia Du Pont Fellowship, 1969-1970.

(2) P. J. Bunyan and J. I. G. Cadogan, J. Chem. Soc., 42 (1963).
(3) R. J. Sundberg, R. H. Smith, Jr., and J. E. Bloor, J. Amer. Chem.

Soc., 9 1 , 3392 (1969).

to either 3 or 4 would generate an intermediate which 
would be expected to be attacked by a nucleophile at 
the ortho and para positions of the ring and thus lead to 
the observed products.4 In this paper we present the 
results of the study of the deoxygenation of nitrosoben­
zene by TEP in several alcohols. Nucleophilic aro­
matic substitution has been found to be an important 
process under these conditions and further evidence has 
been developed which points to a proton transfer step 
as being crucial to nucleophilic aromatic substitution 
under these conditions.

Results

The deoxygenation of nitrosobenzene was studied 
using methanol, ethanol, 2-methoxyethanol, isopropyl 
alcohol, and ierf-butyl alcohol as solvents. Deoxygena­
tions were also carried out in each alcohol with added 
amounts of acetic acid in concentrations ranging from
0.01 to 1.0 mol % . The introduction of each of the al­
cohols as a nucleophile was observed. However, except 
for methanol, the substitution process was important 
only in the presence of added acetic acid.

11a-e

It was possible to isolate samples of the alkoxyanilines 
lOa-e and l la -e  from deoxygenations run on a prepara­
tive scale. Each of the anilines was unequivocally 
identified by preparation of derivatives or by spectral 
data, as is described fully in the Experimental Section. 
Quantitative yield data were obtained gas chromato- 
graphically using the internal standard method. The 
data are shown in Table I.

The formation of o- and p-anisidine in a combined 
yield of ~ 6 0 %  in the absence of any acid was a re­
producible result. Methanol, distilled directly from 
sodium methoxide under nitrogen and used without ex­
posure to the atmosphere, gave similar yields of anisi- 
dines. It, therefore, seems very unlikely that acidic 
impurities are responsible for the nucleophilic substitu-

(4) For related examples of nucleophilic aromatic substitution, see (a) 
P. G. Gassman, G. Campbell, and R. Frederick, ibid., 9 0 , 7377 (1968); 
(b) P. A. S. Smith, ‘Open Chain Nitrogen Compounds,”  Vol. 2, W. A. 
Benjamin, New York, N. Y., 1966, pp 225-226; (c) H. J. Shine, “ Aromatic 
Rearrangements,”  Elsevier, New York, N. Y ., 1967, pp 182-190.
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Figure 1.— Yield of phenetidine as a function of acetic acid con­
centration in ethanol.

T a b l e  I
A l K O X Y AN ILIN ES FROM N ITRO SO BE N ZE N E BY

D e o x y g e n a t io n  in  A lcoh ols

Alcohol R
Mol % 

acetic acid
-----% yield

10 1 1
9a CH, 0.00 11 49
9a c h 3 0.01 11 61
9b CH3CH2 0.00 <1 <1
9b c h 3c h 2 0.01 12 42
9b c h 3c h 2 0.02 14 50
9c c h 3o c h 2c h 2 0.00 0 0
9c c h 3o c h 2c h 2 0.01 8 39
9d (CH3)2CH 0.01 2 2
9d (CH3)2CH 0.10 15 52
9e (CH3)3C 0.10 6 4
9e (CH3)3C 1.0 13 24

“ The yields are averages of at least two runs. The absolute 
yields are reproducible to ± 2 %  for 10 and ± 3 %  for 11.

tion which is observed in methanol. Indeed, 10a and 
11a were formed in a combined yield of 27%  when a 
deoxygenation was carried out in methanol containing
1.0 mol %  sodium methoxide. The addition of small 
amounts of acetic acid resulted in a slight increase in the 
yield of o- and p-anisidine (12 and 60% , respectively, in 
methanol containing 0.2 mol %  acetic acid).

The extent of nucleophilic aromatic substitution in 
ethanol was studied as a function of the concentration 
of added acetic acid. As shown in Figure 1, the yields 
of o- and p-phenetidine rise sharply as the amount of 
acetic acid is increased from 0.004 to 0.02 mol % , but 
then remain relatively constant and eventually decrease 
again at higher acetic acid concentrations.

Both anisidines and phenetidines are formed in meth­
anol-ethanol mixtures. The total yield of alkoxy- 
anilines drops with increasing ethanol concentration, 
but the proportion of the total mixture which is ac­
counted for by 10b and lib  increases as the amount of 
ethanol in the solvent mixture increases. The data are 
shown in Table II.

Deoxygenation of nitrosobenzene in methanol-d gave 
reproducibly lower yields (8 ±  1 and 47 ±  1% , respec­
tively) of 10a and 11a than identical deoxygenations in

T a b l e  II
Y ie l d s  o f  A l k o x y a n il in e s  in  

E th a n o l - M e t h a n o l  M ix t u r e s

% 10b +  lib
Mole % ------% yields“---- of total
EtOH 10a lia 10b lib alkoxyanilines

0 10 49
10 10 44 1 4 8.5
25 7 32 2 8 20
30 5 21 2 7 26
35 5 22 2 9 29
41 4 14 2 7 33
59 1 5 1 3 40

100 0 0
“ Yields were measured gas chromatographically using the 

internal standard method.

normal methanol (11 ±  1, 60 ±  2, respectively). Be­
cause of slightly modified reaction conditions, these data 
are not directly comparable to those in Table I.

Deoxygenation of p-nitrosotoluene (12) in methanol 
also afforded products characteristic of nucleophilic 
aromatic substitution. 2-M ethoxy-4-methylar.iline
(13) and 4-methoxy-4-methyl-2,5-cyclohexadienone (14) 
were isolated and identified as products. The details 
of product identification are described in the Experi­
mental Section.

CH3 ch3 h3c och3

12 13 14

Since the major goals of this study included an effort 
to establish the stage at which the crucial proton trans­
fer occurs, it was of interest to study some alcohol- 
amine solvent mixtures. Secondary amines are efficient 
traps for the bicyclic intermediate 15 which is believed 
to be rapidly formed from phenylnitrene.6 The nature

:N: N

15 16

of the products formed in alcohol-amine solvent mix­
tures should then provide insight into the relative rates 
of processes leading to 10 and 11 as opposed to those 
leading to 16 in such solvent mixtures. Figures 2 and 3 
record the yields of 11a and 16 found for deoxygenation 
in a series of methanol-diethylamine mixtures and for 
lib  and 16 in a series of ethanol-diethylamine mixtures. 
Deoxygenation of nitrosobenzene in methanol-diethyl­
amine also led to the formation of a small amount of
l,l-diethyl-2-phenylhydrazine which was identified by 
comparison with an authentic sample.6 The forma­
tion of hydrazines from amines and arylnitrenes has

(5) (a) R. Huisgen and M. Appl, Chem. Ber., 91, 12 (1958); (b) W. von
E. Doering and R. A. Odum, Tetrahedron, 22, 81 (1966); (c) R. A. Odum 
and M. Brenner, J. Amer. Chem. Soc., 88, 2074 (1966); (d) J. I. G. Cadogan 
and M. J. Todd, J. Chem. Soc. C, 2808 (1969); (e) R. J. Sundberg, B. P. 
Das, and R. H. Smith, Jr., J. Amer. Chem. Soc., 91, 658 (1969); (f) R. J. 
Sundberg, ibid., 88, 3781 (1966).

(6) K. Kratzl and K. P. Berger, Monatsh. Chem., 89, 83 (1958).
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Figure 2.— Product composition in methanol-diethylamine 

mixtures.

previously been observed with phenylnitrene,50 p- 
cyanophenylnitrene,7a and 2-pyrimidylnitrene.7b

The photolytic decomposition of phenyl azide in cer­
tain protic solvents has been found to give products re­
sulting from apparent nucleophilic aromatic substitu­
tion.51’’7 8 However, the mechanisms by which net 
nucleophilic substitution occurs in these systems have 
not been carefully studied. W e have photolyzed phe­
nyl azide in solvent systems similar to those employed 
in the deoxygenation reactions. Since photolysis of 
phenyl azide is believed to generate phenylnitrene,9 
these experiments permit a test for the existence of the 
reaction pathway 4 6 -*• 10 +  11 in alcoholic solu­
tions of acetic acid. Photolysis of phenyl azide in 
methanol, methanol containing 10%  acetic acid, eth­
anol, and ethanol containing 10%  acetic acid gave no 
significant amounts of alkoxyanilines, indicating that 
the reaction path 4 - » - 6 - | - 1 0 - | - l l i s  inoperative un­
der these conditions. Interestingly, we observed small 
yields of 2-alkoxy-3H-azepines in these reactions. 
Their formation can be accounted for by a mechanism 
similar to that invoked for 2-dialkylamino-3fl-aze- 
pines5 but the alcohols are evidently much poorer 
“ traps” for the intermediate 15 than are amines.

Discussion

The results of this study have provided a new exam­
ple of nucleophilic aromatic substitution during deoxy­
genation reactions. The type of nucleophiles which 
have been demonstrated to effect substitution of the 
aromatic ring during deoxygenation processes now in­
clude triethyl phosphite,3 acetic acid or acetate ion,3 
hydrogen fluoride,10 and primary, secondary, and terti-

(7) (a) R. A. Odum and A. M. Aaronson, J. Amer. Chem. Soc., 91, 5681 
(1969); (b) R. Huiegen and K. v. Fraunberg, Tetrahedron Lett., 2595 (1969).

(8) T. Shingaki, Sci. Rep. Coll. Gen. Educ. Osaka Univ., 11, 93 (1963); 
Chem. Abstr., 60, 6734 (1964).

(9) G. L’abbé, Chem. Rev., 69, 345 (1969).
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ary alcohols. The isolation of the cyclohexadienone 14 
from deoxygenation of p-nitrosotoluene in methanol 
provides further support for the interpretation of the 
overall reaction as a process involving nucleophilic 
aromatic substitution. The acid-catalyzed rearrange­
ment of para-substituted phenylhydroxylamines has 
been shown to provide products related to 14, as in the 
case of 2,4-dimethylphenylhydroxylamine.40’11

0

Several of the qualitative results of our work support 
the proposal3 that nucleophilic aromatic substitution 
occurs when some intermediate in the deoxygenation 
sequence is protonated. The sharp rise in yields of 
phenetidines when acetic acid is added to ethanol sug­
gests that protonation is crucial to nucleophilic sub­
stitution. The difference in product yield in methanol- 
d vs. methanol can be interpreted on the basis of a de­
creased rate of protonation in the deuterated solvent. 
If the yield of 10a and 11a depends upon the relative 
magnitudes of k ±  and k ,  (Scheme I), the magnitude of 
the solvent isotope effect can be estimated by assuming 
that the total yield of 10a and 11a reflects the fraction 
of the intermediate 3 which is converted to 5 rather 
than 4. In methanol, h =  71/29 fcd. For methanol-d, 
ki' =  56 /44  fcd'- Assuming fcd is identical in the two 
solvents, k t  =  l . d  k , - .  This solvent isotope effect could 
reflect either a kinetic isotope effect on the rate of pro­
ton transfer or the diminished extent of autoprotolysis 
of the deuterated solvent.

The results in the methanol-diethylamine system are

(10) P. H. Scott, C. P. Smith, E. Kober, and J. W. Churchill, Tetrahedron 
Lett., 1153 (1970).

(11) E. Bamberger and F. Brady, Chem. Ber., 33, 3642 (1900); E. Bam­
berger, ibid., 40, 1906, 1918 (1907); see also the related work of P. G. Gass- 
man and G. A. Campbell, Chem. Commun., 427 (1970).
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in accord with treating nucleophilic aromatic substitu­
tion as a process which competes with formation of 
phenylnitrene. As shown in Figure 2 the yield of the 
azepine 16, which is derived from the nitrene, is greatly 
diminished in the methanol-rich mixtures which facili­
tate nucleophilic aromatic substitution. In ethanol, 
which does not favor nucleophilic aromatic substitu­
tion, the yield of azepine is roughly constant over the 
rage 2-40  mol %  diethvlamine.

A  final qualitative conclusion which can be drawn 
from the results involves the identity of the species 
which is protonated. The fact that the nucleophilic 
aromatic substitution products found from deoxygena­
tions in alcohols are not found when phenyl azide is 
photolyzed in the same solvents leads to the conclusion 
that nucleophilic aromatic substitution involves an 
intermediate which is unique to the deoxygenation reac­
tion. Since currently available evidence2:50 indicates 
that phenylnitrene is the earliest intermediate common 
to both deoxygenation and azide photolysis, we conclude 
that it is the zwitterion 3 which acts as the proton accep­
tor and leads to nucleophilic aromatic substitution in 
deoxygenation reactions. It is entirely reasonable that 
the conjugate acid 5 would solvolyze in alcohols to give 
10 and 11, since 5 is an aniline derivative with an excel­
lent leaving group, triethyl phosphate, bonded to nitro­
gen by a relatively weak N - 0  bond. We, therefore, 
propose the sequence l - * 3 - * - 5 - * - 1 0  +  11 as the 
mechanism by which the formation of alkoxyanilines 
occurs during deoxygenation.

There are several additional facets of the data which 
require comment. One of these is the striking contrast 
in the ability of methanol to promote the formation of 
aromatic nucleophilic substitution products, as com­
pared to ethanol and the other alcohols studied. Sec­
ondly, the data in Figure 2 suggest that the extent of 
nucleophilic substitution in ethanol rises very sharply 
over a narrow range of increasing acid concentration. 
The relative amount of nucleophilic substitution ap­
pears to increase by a factor of about five while the 
acid concentration changes only by a factor of two in 
the concentration range 0.005-0.010 mol %  acetic acid. 
Finally, as shown in Figure 3, diethylamine in the con­
centration range 1-30 mol %  induces formation of o- 
and p-phenetidine.

It is important to consider whether the protonation 
process 3 —► 5 is an equilibrium process under the reac­
tion conditions. A  proton transfer to nitrogen from a 
pro tic solvent is expected to be rapid. However, de­
composition of 3 and 5 by heterolysis of the weak N - 0  
bond may also be fast. Several pieces of data tend to 
argue against the various solvent effects being reflec­
tions of shifts in the position of a 3 5 equilibrium.
Extensive nucleophilic aromatic substitution occurs 
even in the presence of methoxide ion. Under these 
conditions the equilibrium should be shifted toward 3 
unless 3 is a much stronger base than methoxide ion. 
The induction of nucleophilic aromatic substitution by 
the base, diethylamine, is also difficult to comprehend in 
terms of an equilibrium process, since diethylamine 
could not be expected to shift the equilibrium toward 5. 
The present evidence seems more in accord with con­
sidering the product-determining protonation step from 
a kinetic viewpoint and assuming that nucleophilic 
substitution occurs in solvents in which the protonation

step is rapid enough to compete with decomposition of 
3 to 4.

Methanol is a stronger acid than ethanol12 and the 
rate of proton transfer to a base is therefore expected to 
be more rapid for methanol than for ethanol.13 The 
rate of dissociation of methanol in autoprotolysis ex­
ceeds that of ethanol by a factor of 200.14 If the rates 
of protonation of 3 by the two alcohols differed by a 
comparable magnitude, the observed difference in the 
extent of nucleophilic substitution in the two alcohols 
could be readily understood. The magnitude of the 
rate difference for protonation of 3 by methanol and 
ethanol would presumably be greatly diminished by a 
leveling effect if 3 is a very strong base relative to both 
alcohols. For example, the relative order of protona­
tion of strongly basic aromatic radical anions has been 
found to fall in the order methanol >  ethanol ~  1- 
propanol >  2-propanol, but the protonation rates of 
methanol and ethanol differ by only a factor of three in 
this case.15 The effect of acetic acid in inducing nu­
cleophilic aromatic substitution in ethanol and the other 
alcohols studied can be interpreted as being the result of 
an increased rate of proton transfer in the presence of 
the added acid. W e are, however, not able to interpret 
this effect of the acid concentration in a quantitative 
way. A  simple kinetic scheme which assumes that 
ki =  fcp [HA ] and that 5 is quantitatively converted to

5

10b and lib  predicts that the per cent yield of nucleo­
philic substitution product will be given by

%  yield = 100fcp[HA] 
A:p [HA] +  id

100 id
% yield +  i p [HA]

The observed increase in yield of 10b and lib  over the 
range 0.005-0.015 mol %  acetic acid is much sharper 
than predicted by the previous equation.

The extent of formation of o- and p-phenetidine in 
diethylamine-ethanol mixtures is surprising. This 
effect does not appear to be a case of base-catalyzed 
nucleophilic attack on the intermediate 3 since deoxy­
genation of nitrosobenzene in ethanol containing sodium 
ethoxide does not lead to detectable amounts of phen- 
etidines. The possibility that solvolysis of the amine 
furnishes sufficient Et2N H 2+ to act as a catalytic species 
also is unlikely. The dissociation constant of diethyl- 
ammonium ion in ethanol has been given as 10-915.16 
From this data and the autoprotolysis constant, 
10 13*9,17 we calculate that [Et2N H 2 + ] in ethanol is
2.0 X  10-5 M  at [Et2N H ] =  1 M  ( ~ 5  mol % ) . Ace­
tic acid (pK =  10 in ethanol)13b induces nucleophilic 
aromatic substitution in 20%  yield when present at

( 1 2 )  J .  M u r t o ,  Acta Chem. Scand., 18, 1 0 4 3  ( 1 9 6 4 ) ;  J .  H i n e  a n d  M .  H i n e ,  
J. Amer. Chem. Soc., 74, 5 2 6 6  ( 1 9 5 2 ) .

(1 3 )  R .  P .  B e l l ,  " T h e  P r o t o n  i n  C h e m i s t r y , ”  C o r n e l l  U n i v e r s h y  P r e s s ,
I t h a c a ,  N .  Y . ,  1 9 5 9 :  (a )  C h a p t e r  X ;  ( b )  p p  4 3 —4 6 .

( 1 4 )  G .  B r iè r e  a n d  F .  G a s p a r d ,  J. Chim. Phys., 64, 1 0 7 1  ( 1 9 6 7 ) .
( 1 5 )  S .  A r a i  a n d  L .  M .  D o r f m a n ,  J. Chem. Phys., 41, 2 1 9 0  ( 1 9 6 4 ) .
( 1 6 )  P .  R u m p f ,  G .  G i r a u l t - V e x l e a r s c h i ,  a n d  R .  S c h a a l ,  Bull. Soc. Chim. 

Fr., 5 5 4  ( 1 9 5 5 ) .

(1 7 )  K .  B o w d e n ,  Can. J. Chem., 43, 2 6 2 4  ( 1 9 5 5 ) .
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1 X  10-3 M. Thus, it seems unlikely that catalysis 
by Et2N H 2+ can be responsible for the effect of diethyl- 
amine. In the absence of a satisfactory alternative 
explanation, we conclude that the solute diethylamine 
must effect the bulk solvent structure of ethanol in such 
a way that the solvolytic reaction pathway for 3 is 
favored relative to pure ethanol.

In conclusion, this work reports a new facet in the 
study of deoxygenations of aromatic nitroso compounds. 
While a qualitatively satisfactory mechanistic descrip­
tion of the aromatic nucleophilic substitution process 
seems to have been developed, several of the details 
and quantitative aspects of the data must, at present, 
be ascribed to rather ill-defined solvent effects.

Experimental Section

Procedure for Quantitative Glpc Analyses.— Quantitative 
analysis of product mixtures was carried out on a Varian Aero­
graph 204-10 instrument using a 10-ft copper column (‘ /s-in. 
o.d.) of 5% Apiezon L -5%  potassium hydroxide on Chromosorb 
G. Column temperature was programmed 160-200° at 15° per 
min. The internal standard method of analysis was employed 
and detector responses for the various alkoxyanilines vs. biphenyl 
were determined experimentally with the following exceptions. 
The internal standard for the reaction in 2-methoxyethanol was 
re-amylbenzene. In the case of o-phenetidine, /3-methoxy-o- 
phenetidine, o-isopropoxyaniline, and o-ferf-butoxyaniline the 
yields were calculated using the detector responses obtained for 
the respective para isomers.

Deoxygenation of Nitrosobenzene (1) in Methanol.— A solu­
tion of 1 (2.0 g, 18.7 mmol) in benzene (80 ml) was added drop- 
wise over a period of 3 hr to a cooled (0°) solution of TEP (9.4 
mol, 55 mmol) in methanol (600 ml) under nitrogen. The meth­
anol and benzene were then removed using a rotary evaporator, 
the residue was diluted with ether, and an aliquot was removed 
for quantitative glpc analysis. This analysis indicated yields of 
o- and p-anisidine of 10 and 49%, respectively. The main por­
tion of the ether solution was extracted with dilute hydrochloric 
acid. The acidic extract was made alkaline with dilute sodium 
hydroxide and extracted with ether. After drying, concentration 
and chromatography on silicic acid (benzene-ether mixtures were 
used as the eluent solvent), there was obtained o-anisidine (0.14 
g, 1.1 mmol, 7% ) and p-anisidine (0.79 g, 6.4 mmol, 38%). Both 
compounds were identified by spectral comparison with authentic 
samples.

Deoxygenation of Nitrosobenzene in Ethanol.— The procedure 
was analogous to that described above for methanol. Quantita­
tive glpc indicated no trace of o- or p-phenetidine under analytical 
conditions capable of detecting a 0.5% yield. Chromatography 
afforded no characterizable products.

Repetition of the experiment by adding nitrosobenzene (0.90 
g, 8.4 mmol) in benzene (140 ml), dropwise over 2 hr, to TEP 
(4.2 ml, 24 mmol) in ethanol-acetic acid (272 ml, 1.0% acetic 
acid by volume) followed by the work-up described for methanol 
gave a glpc yield of 40% p-phenetidine. Chromatography on 
silicic acid using benzene-ether mixtures gave o-phenetidine (0.11 
g, 0.8 mmol, 10%) and p-phenetidine (0.39 g, 2.8 mmol, 34% ). 
Both compounds were identified by spectral comparison with 
authentic samples.

Deoxygenation of Nitrosobenzene in Methanol-Acetic Acid, 
Ethanol-Acetic Acid, and Methanol-Ethanol Mixtures.— The
yield data for the solvent systems described in Figure I and Table 
II were obtained as follows. A solution of nitrosobenzene (0.45 
g, 4.2 mmol) in benzene (20 ml) was added dropwise over a period 
of 1 hr to TEP (2.1 ml, 22 mmol) dissolved in the appropriate 
solvent (136 ml) at 0° under nitrogen. The solvent was then 
removed using a rotary' evaporator and the residue was dissolved 
in ether and analyzed by glpc using the internal standard tech­
nique.

Solvent Isotope Effect in Methanol-d.— Two series consisting 
of three runs each were carried out, one series using methanol and 
the other using methanol-d. A solution of TEP (0.2 ml, 1.2 
mmol) in methanol (8 ml) was cooled to 0°. A solution of nitro­
sobenzene (45 mg, 0.42 mmol) in methanol (5.6 ml) was added in 
one portion. The solution was then stirred for 1.5 hr. The

solvent was evaporated and the residue was dissolved in ether 
and analyzed by glpc. The yield data for the individual runs 
are shown in Table III.

T a b l e  III
A n i s i d i n e  Y i e l d s  i n  M e t h a n o l  a n d  M e t h a n o l ^

S o l v e n t
---------------------------------------- %  y  l e i d ­

ig  A n i s i d i n e p- A n i s i d i n e

Methanol 10 60
Methanol 10 59
Methanol i l 62
Methanol-d 8 48
Methanol-d 8 46
Methanol-d 9 48

Deoxygenation of Nitrosobenzene in Methanol Containing 
Sodium Methoxide.— A solution of nitrosobenzene (0.45 g, 4.2 
mmol) in benzene (20 ml) was added dropwise over a period of 1 
hr to a cooled (0°) solution of TEP (2.1 ml) in 1.0 mol %  meth- 
anolic sodium merhoxide (prepared by adding 0.78 g of metallic 
sodium to 136 ml of methanol). The reaction mixture was con­
centrated and analyzed by glpc. The yield of o-anisidine was 
5%  and that of p-anisidine was 22%.

Deoxygenation of Nitrosobenzene in Other Alcohols.— In each 
case a solution of nitrosobenzene (0.45 g, 4.2 mmol) in benzene 
(15 ml) was added dropwise over a period of 1 hr to a cooled (0°) 
solution of TEP (2.1 ml, 12 mmol) in the alcohol (136 ml) con­
taining acetic acid in the amounts shown in Table I. The sol­
vents were removed using a rotary evaporator and the residues 
were analyzed by glpc. Yield data are shown in Table I. Prod­
uct identification procedures are given below for each alcohol.

A. 2-Methoxyethanol.— The crude product was chromato­
graphed on silicic acid (50 g). Benzene-ether (9:1) eluted /3- 
methoxy-o-phenetidine18 (30 mg): ir (CC14) 3500, 3410 cm-1 
(NHj); nmr (CC14) S 3.41 (s, 3 H, OCH3), 3.50-4.30 (m, 6 H, 
OCH2CH2O and NH2), and 6.51-6.82 (m, 4 II, C6H4); mass 
spectrum m/e 167, 109 (base peak). Benzene-ether (4:1) eluted 
/3-methoxy-p-phenetidine (0.21 g): ir (CC14) 3490, 3400 cm-1 
(NH j); nmr (CC14) 5 3.15 (broad s, 2 H, NH2), 3.38 (s, 3 H, 
OCHs), 3.48-4.10 (m, 4 H, OCH2CH2O), and 6.35-6.85 (m, 4 H, 
C6H4); mass spectrum m/e (relative intensity) 167 (47), 109 
(100); hydrochloride mp 180-181 (lit.19 mp 181°) after recrystal­
lization from methanol-ether; acetyl derivative mp 116-117° 
(lit.19 mp 117°) after recrystallization from hexane-ether.

B. 2-Propanol.— The crude product was chromatographed on 
silicic acid (50 g). Benzene-ether (9:1) eluted o-isopropoxy­
aniline20 (60 mg): ir (CC14) 3500, 3400 cm-1 (NH2); nmr (CDCI3) 
S 1.37 (d, 6 IT, /  = 7 Hz, CHCH3), 3.5 (broad s, 2 II, NH2), 
4.58 [multiplet, J ~  7 Hz, ~ 1  H, CH(CH3)2], 6.84 (s, 4 II, 
C6H4); mass spectrum m/e (relative intensity), 151 (24), 109 
(100). Benzene-ether (4:1) eluted p-isopropoxyaniline (0.26 g): 
ir (CC14) 3470, 3390 cm r1 (NH2); nmr (CDCI3) 5 1.29 [d, 6 H, 
J  =  7 Hz, CHiCHs)«], 3.15 (broad s, ~ 2  H, NH ,), 4.40 [m, /  = 
7 Hz, 1 H, CH(CH3)2] , 6.75 (d, 4 H, C6H4); mass spectrum m/e 
(relative intensity) 151 (19), 109 (100); acetyl derivative mp 
130-131° (lit.21 mp 131°) after recrystallization from ethanol- 
water.

C. ieri-Butyl Alcohol.— The crude product was chromato­
graphed on silicic acid (50 g). Benzene-ether (9 :1) eluted o-ieri- 
butoxyaniline (50 mg): ir (CCI4) 3480, 3390 cm "1 (NH2); nmr 
(CDCls) S 1.40 [s, 9 H, C(CH3)3] , 3.96 (broad singlet , 2 II, N il,), 
and 6.45-7.15 (m, 4 H, C6H4); mass spectrum m/e 165, 109 (base 
peak). Treatment with hydrochloric acid (20 min) followed by 
acetylation gave 2-hydroxyacetanilide, mp 205-206 (lit.22 mp 
209°), identified by spectral comparison with an authentic sam­
ple. Benzene-ether (4 :1) eluted p-ferf-butoxyaniline (73 mg): 
mp 64-64.5° (lit.23 mp 73-74°) after recrystallization from hexane 
ir (CCL,) 3480, 3490 cm "1 (NH2); nmr'(CDCl3) 5 1.31 [s, 9 H,

( 1 8 )  A .  S e k e r a ,  R .  P a v l i ë e k ,  a n d  C .  V r b a ,  B u ll . S o c . C h im . F r .,  4 0 1  
( 1 9 5 9 ) .

(1 9 )  M .  I s h i d a t e  a n d  K .  M a r u y a m a ,  J . P h a r m . S o c . J a p .,  7 2 ,  5 2 1  ( 1 9 5 2 ) ;  
C h em . A b s tr .,  4 6 ,  8 8 1 0  ( 1 9 5 2 ) .

(2 0 )  E .  P r o f i t ,  D e u t.  C h em . Z . ,  2 ,  1 9 4  ( 1 9 5 0 ) ;  C h em . A b str .,  4 6 ,  7 5 4 4  

( 1 9 5 1 ) .
( 2 1 )  J .  B i l c h i ,  G .  L a u e n e r ,  L .  R a g a z ,  H .  B ô n i g e r ,  a n d  R .  L ie b e r h e r r ,  

H elv . C h im . A cta ,  3 4 ,  2 7 8  ( 1 9 5 1 ) .
(2 2 )  E .  B a m b e r g e r ,  C h em . B e r . ,  3 6 ,  2 0 4 2  ( 1 9 0 3 ) .
(2 3 )  K .  B o w d e n  a n d  P .  N .  G r e e n ,  J . C h em . S o c .,  1 7 9 5  ( 1 9 5 4 ) .
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C(CH j),] ; 3.4.5 (broad s, ~ 2  H, NH2), 6.67 (d, J  = 9 Hz, 2 H), 
6.93 (d, J =  9 Hz, 2 H ); mass spectrum (relative intensity) 165 
(6), 109 (100); acetyl derivative mp 131-132° (lit.23 mp 130°). 
Treatment of the acetyl derivative with hydrochloric acid gave 
4-hydroxyacetanilide, mp 164-165° (lit.21 mp 166°), which was 
identified by spectral comparison with an authentic sample.

Deoxygenation of p-Nitrosotoluene in Methanol.— A solution 
of TEP (10.0 ml) in methanol (600 ml) was stirred at room tem­
perature and a solution of p-nitrosotoluene (2.0 g, 16.5 mmol) was 
added dropwise over 3 hr. The solution was then stirred at room 
temperature for 1 hr followed by addition of water (50 ml). The 
resulting solution was concentrated at room temperature to about 
100 ml with a rotary evaporator. The residue was diluted with 
water (500 ml) and thoroughly extracted with hexane. Evapora­
tion of the hexane gave a mixture containing 0.3 g (17%) of 2- 
methoxy-4-methylaniline (13) by nmr analysis. A sample puri­
fied by glpc using an Apiezon-KOH column gave a pure sample; 
nmr (CCU) S 2.15 (s, 3 H ), 3.45 (broad, 2 H), 3.,SO (s, 3 H), and 
6.52 (s, 3 H). An acetyl derivative was prepared, mp 127-129° 
(lit.24 25 mp 131°). The water solution remaining after hexane 
extraction was extracted with ether. Evaporation of the dried 
ether extract gave a mixture of triethyl phosphate and 4-methoxy- 
4-methyl-2,5-eyclohexadienone (14) containing 0.5 g of 14 (23%) 
by nmr analysis. Crystallization from hexane gave pure 14; 
mp 61-63° (lit.26 mp 62-63°); nmr (CCU) 1.48 (s, 3 H), 3.27 
(s, 3 II), 6.35 (d, 2 H), and 6.85 (d, 2 II).

Deoxygenation of Nitrosobenzene in Methanol-Diethylamine 
Mixtures.— A solution of nitrosobenzene (0.45 g, 4.2 njmol) in 
benzene (20 ml) was added dropwise over a period of 1 hr to a 
cooled (0°) solution of TEP (2.1 ml, 12 mmol) in the methanol- 
diethylamine mixtures indicated in Figure 2. After the reaction 
was complete, the solvent was removed on a rotary evaporator 
and the residue was analyzed for o-anisidine, p-anisidine, and 
2-diethylamino-3H-azepine by glpc. The glpc analysis indicated 
the presence of a fourth volatile product which was isolated by 
preparative glpc using a 5-ft 5%  SE-30 on Chromosorb Cl column. 
Spectral data indicated this to be l,l-diethyl-2-phenylhydrazine 
and the identification was confirmed by comparison with an 
authentic sample prepared by the procedure of Fratzl and Ber­

( 2 4 )  P .  F r i e d l a e n d e r ,  C h em . B e r . ,  26, 1 7 2  ( 1 3 9 3 ) .
( 2 5 )  E .  K h o t i n s k y  a n d  W .  J a c o p s o n - J a c o p m a n n ,  ib id .,  42, 3 0 9 7  ( 1 9 0 9 ) .
( 2 6 )  E .  H e c k e r  a n d  R .  L a t t r e l l ,  J u s tu s  L ieb ig s  A n n .  C h em ., 662, 4 8

( 1 9 6 3 ) .

ger.6 The hydrazine was not detected at concentrations below 
5 mol %  diethylamine. The maximum yield observed was 8%  
at 40 mol %  diethylamine.

Deoxygenation of Nitrosobenzene in Ethanol-Diethylamine 
Mixtures.— The reaction procedure was identical with that de­
scribed for methanol-diethylamine mixtures. Results of glpc 
analysis for p-phenetidine and 2-diethylamino-3//-azepit e are 
shown in Figure 3. Traces of l,l-diethyl-2-phenylhydrazine 
were detected by tic.

Deoxygenation of Nitrosobenzene in Ethanol Containing So­
dium Ethoxide.— A solution of nitrosobenzene (0.225 g, 2.1 
mmol) in benzene (10 ml) was added slowly to ethanol (67 ml) 
containing sodium ethoxide (11.7 mmol, prepared by dissolution 
of 0.27 g of sodium) and TEP (1.0 ml). No p-phenetidine was 
detected by glpc using the standard conditions of analysis.

Photolysis of Phenyl Azide in Methanol, Ethanol, Methanol- 
Acetic Acid, and Ethanol-Acetic Acid.— A solution of phenyl 
azide (1.0 g, 8.4 mmol) was irradiated using a 200-W Hanovia 
mercury lamp (filtered through Pyrex) for 9 hr in 180 ml of the 
appropriate solvent . More than 90% of the azide decomposed in 
each run. The solvents were removed using a rotary evaporator 
and the residue was analyzed by glpc. The results for the four 
solvent systems are described individually below.

A. Methanol.— No o-anisidine or p-anisidine was detected. 
2-methoxy-3H-azepine27 was formed in 11% yield and identified 
by spectra data.

B. 9:1 (v/v) Methanol-Acetic Acid.— No o-anisidine or p- 
anisidine was detected. A 9%  yield of 2-methoxy-3H-azepine 
was indicated by glpc.

C. Ethanol.—No o-phenetidine or p-phenetidine was de­
tected. A volatile product, tentatively identified as 2-ethoxy- 
3H-azepine, on the basis of spectral data was detected, but the 
yield was not determined.

D. 9:1 (v/v) Ethanol-Acetic Acid.— No o- or p-phenetidine 
was detected. Qualitative glpc indicated that 2-ethoxy-3ff- 
azepine had been formed, but the yield was not determined.

Registry No.-— 1, 5S6-96-9; triethyl phosphite, 122- 
52-1; 9a, 67-56-1; 9b, 64-17-5; 9c, 109-86-4; 9d,
67-63-0; 9e, 75-65-0; 12,623-11-0.

( 2 7 )  E .  V o g e l ,  R .  E r b ,  G .  L e n z ,  a n d  A .  A .  B c t h n e r - B y ,  ib id .,  682, 1 
( 1 9 6 5 ) .
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The rates of deoxygenation by triethyl phosphite in methanol have been measured for nitrosobenzene, six 
monosubstituted derivatives, and 2-nitrosomesitylene. The rate of deoxygenation Ls enhanced by electron- 
withdrawing substituents and correlated best (p =  1.83, r =  0.994) in the Hammett equation using <r+ substituent 
constants. Nitrosomesitylene is slightly more reactive than nitrosobenzene and the lack of a steric hindrance 
to deoxygenation points to nucleophilic attack by phosphorus at oxygen. Rates of deoxygenation of nitro­
benzene and eight derivatives are reported. The rate of deoxygenation is enhanced by electron-withdrawing 
substituents. The question of isolation of triethyl JV-arylphosphorimidates from thermal deoxygenation re­

types of rearranged heterocyclic nitrogen system.2,3 
During the course of the investigations which have ex­
plored the synthetic scope of the deoxygenation reac­
tion, there have been relatively few rate studies which 
could provide data for more detailed mechanistic dis­
cussion of the deoxygenation reaction. Cadogan has re­
ported a comparison of the reactivity of o-nitrobiphenyl 
with its 4-bromo and 4 '-methyl derivatives.5 Half-

( 4 )  ( a )  R .  J .  S u n d b e r g ,  R .  H .  S m it h ,  J r . ,  a n d  J .  E .  B l o o r ,  J . A m e r .  C h em .
S o c .,  91, 3 3 9 2  ( 1 9 6 9 ) ;  ( b )  P .  H .  S c o t t ,  C .  P .  S m i t h ,  E .  K o b e r ,  a n d  J .  W .
C h u r c h i l l ,  T etra h ed ron  L e tt .,  1 1 5 3  ( 1 9 7 0 ) ;  ( c )  R .  J .  S u n d b e r g  a n d  R .  H .  
S m it h ,  J r . ,  J . O rg. C h em ., 36, 2 9 5  ( 1 9 7 1 ) .

( 5 )  J .  I .  G .  C a d o g a n  a n d  M .  J .  T o d d ,  J . C h em . S oc . C , 2 8 0 8  ( 1 9 6 9 ) .

actions is considered in light of these rate data.

The deoxygenation of aromatic nitroso and nitro 
compounds by trivalent derivatives of phosphorus has 
attained important synthetic potential for the prepara­
tion of a variety of benzoazoles,1 trialkyl fV-arylphos- 
phorimidates,2 dialkyl iV-arylphosphoramidates,3 nu­
cleophilic aromatic substitution products,4 5 and several

*  T o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .
(1 )  J .  I .  G .  C a d o g a n ,  Q uart. R ev ., C h em . Soc., 2 2 ,  2 2 2  ( 1 9 6 8 ) ;  S yn th esis ,

I ,  11 ( 1 9 6 9 ) .
( 2 )  ( a )  R .  J .  S u n d b e r g ,  J .  O rg . C h em .,  30, 3 6 0 4  ( 1 9 6 5 )  ; ( b )  R .  J .  S u n d b e r g ,

J .  A m e r . C h em . Soc., 8 8 ,  3 7 8 1  ( 1 9 6 6 ) ;  ( c )  R .  J .  S u n d b e r g ,  B .  P .  D a s ,  a n d  
R .  H .  S m i t h ,  J r . ,  ib id .,  9 1 ,  6 5 8  ( 1 9 6 9 ) .

( 3 )  J .  I .  G .  C a d o g a n ,  D .  J .  S e a r s ,  D .  M .  S m it h ,  a n d  M .  J .  T o d d ,  J . C h em . 
Soc. C, 2 8 1 3  ( 1 9 6 9 ) .
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lives of 50, 17, and 50 min, respectively, at 145.5° in 
triethyl phosphite (TEP) were reported. Cadogan and 
Cooper6 have also reported a study of the rate of de­
oxygenation of o-nitrosobiphenyl by TEP in triethyl 
phosphate. Rate data in the temperature range 278- 
332°K  led to values for E& of 11.56 kcal mol-1 and 
A S * of —29 eu at 298°K.

In the present work we have studied the rate of de­
oxygenation of eight substituted nitrosobenzenes by 
TEP in methanol and of nine aromatic nitro compounds 
in excess TEP. This study has provided the first quan­
titative data on the sensitivity of the deoxygenation 
reaction to ring substitution.

Results

The aromatic nitroso compounds reported in Table I 
were deoxygenated in methanol with sufficient excess of 
TEP to provide pseudo-first-order kinetics. The rates 
of disappearance of the nitroso compounds were followed 
by the decrease in absorbance at the absorbance max­
imum of the nitroso compound in the range 283-342 nm. 
The rate constants were evaluated from the absorbance 
data by the Guggenheim method.7 A  first-order de­
pendence of [TEP] was established for nitrosobenzene 
and p-nitrosotoluene. The derived rate constants and 
relative reactivity of the compounds studied are shown 
in Table I.

T a b l e  I
R a te s  op D e o x y g e n a t io n  in  M e th a n o l

Registry Max k4> sec“ 16 &2 sec-1 Relative
R no.® (nm) X 10* mol“ 11. X 102 rate

P-OCH3 1516-21-8 345 0.33 0.868 0.057
P-CH3 623-11-0 315 1.80 4.74 0.31
TO-CH3 620-26-8 286 3.83 10.1 0.67
H 586-96-9 283 5.75 15.1 1.00
TO-CO2CH3 26960-97-4 283 36.3 95.6 6.3
TO-C1 932-78-5 282 37.5 98.7 6.5
p -c o 2c h 3 13170-28-0 286 76.6 202 13.3
2,4,6-Tri-CH3 1196-12-9 321 7.47 19.7 1.30

“ Registry no. are for nitrosobenzene with substituents. 
b Temperature 29.9°; [TEP] =  3.80 X 10~3 M.

Rate data recorded in Table II indicate the sensi­
tivity of the deoxygenation of nitrosobenzene to changes 
of the solvent media to ethanol or ethanol containing

T a b l e  I I
R a te s  o f  D e o x y g e n a t io n  o p  N it r o so b e n ze n e  

in  O t h e r  S o lven ts

Solvent k\f/ sec-1 X 104
MeOH 5.75
EtOH 5.40
EtOH -1%  HO Ac 5.80

1%  acetic acid. Rate-temperature results for p-nitro- 
sotoluene are reported in Table III. From this data a 
value of E a of 9.7 kcal/mol and a A S * of —35 eu are 
calculated at 30.0°. These activation data are quite 
comparable to the results Cadogan and Cooper6 ob­
tained for o-nitrosobiphenyl.

The nitroso compounds, with the exception of p- 
methoxynitrosobenzene, gave a satisfactory Hammett

(6) J. I. G. Cadogan and A. Cooper, J . C h em . S o c . B , 883 (1969).
(7) A. A. Frost and R. G. Pearson, "Kinetics and Mechanism," 2nd ed,

Wiley, New York, N. Y „  1961, p 49.

Figure 1.— Hammett correlation of rates of deoxygenation of 
nitrosoaromatics with <r.

T a b l e  I I I
T e m p e r a t u r e  D e pe n d e n c e  of 

D e o x y g e n a t io n  of jj-N it ro so to l u en e

Temp, °C kJ, sec-1 X 10*
kz sec-1 m ol"1

1. X 1 0 *
24.0 1.29 3.39
27.0 1.56 4.10
29.9 1.80 4.74
34.7 2.25 5.92

correlation with a, yielding a p value of 3.08. An ex­
cellent correlation, which included p-methoxynitroso- 
benzene, was found with <r+ with p equal to 1.83. 
These correlations are shown in Figure 1 and 2, re­
spectively.

The principal products of the deoxygenation of nitro­
sobenzene in methanol are o- and p-anisidine.4c The 
absorption spectrum found at the end of typical rate 
runs in consistent with the formation of p-anisidine as 
the major reaction product. The final absorption spec­
trum for m-nitrosotoluene is very similar indicating that
3-methyH-methoxyaniline is the major product in this 
reaction. The final absorption spectrum for p-nitroso- 
toluene is much different. Product isolation studies in 
this system have shown that 2-methoxy-4-methylani- 
line and 4-methoxy-4-methyl-2,5-cyclohexadienone are 
major products.40

Me OMe 
4

The final absorption spectrum [\max 228 nm (e 
13,600), 290 (s) (1120)] for the deoxygenation of p- 
nitrosotoluene is very similar to that reported for 4,8 
indicating that 4, or conceivably the precursor 3, is the 
principal product formed under the conditions of the

(8) E. Hecker and R. Lattrell, Justus Liebigs Ann. Chem., 662, 48 (1963).
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Figure 2.— Hammett correlation of rates of deoxygenation of 
nitrosoaromatics with <r+.

Figure 3.— Hammett correlation of rates of deoxygenation of 
nitroaromatics with a.

kinetic experiment. The products formed from the 
other nitroso compounds have not been studied. The 
satisfactory Hammett relationship indicates that no 
change in the nature of the rate-determining step has 
occurred in the range of substituent groups studied, 
however.

The rate of deoxygenation of 2-nitrosomesitylene was 
studied in order to assess the steric effect of the two 
ortho substituents. Nitrosomesitylene was found to be 
surprisingly reactive toward deoxygenation as the reac­
tion proceeded slightly faster than that of nitrosoben- 
zene despite the presence of the electron-donating 
methyl substituents.

The rates of deoxygenation of the nitro compounds in 
triethyl phosphite were followed by gas chromatogra­
phy. Pseudo-first-order rate constants were derived 
from the resulting data. These rates are summarized 
in Table IV.

Hammett plots of the rate data vs. a and ar+ are 
shown in Figures 3 and 4. The correlation with a (cor­
relation coefficient 0.981) is somewhat more satisfactory 
than with a+ (correlation coefficient 0.961).

In contrast to nitrosomesitylene, the deoxygenation 
of nitromesitylene is subject to some steric hindrance. 
It was not included in the present study but data from 
preparative runs give a half-life of about 4 hr at 156°.

The product mixtures obtained from thermal deoxy­
genations of nitro compounds in triethyl phosphite are 
complex and include triethyl A-arylphosphorimidates 
and products derived from them,2,3 as well as products 
resulting from rearrangement of the original aromatic

Figure 4.— Hammett correlation of rates of deoxygenation of 
nitroaromatics with <r+.

T a b l e  IV
R a te s  o p  D e o x y q e n a t io n  o p  N it r o a r o m a t ic s  

in  T r ie t h y l  P h o sph it e  a t  130.0 ±  0.1°

R
Registry-

no.0 H  (h r-p  X 10 till (hr)
Ralative

rate
p-MeO 100-17-4 0.80 ±  0.05 8.6 0.17
p-Me 99-99-0 2.11 ±  0.12 3.3 0.45
m-Me 99-08-1 2.33 ±  0.07 2.9 0.50
H 98-95-3 4.68 ±  0.40 1.5 1 .0 0
p-Cl 100-00-5 8.14 ±  0.20 0.85 1.74
m-C02Me 618-95-1 8.79 ±  0.31 0.79 1.88
m-Cl 121-73-3 11.5 ±  0.2 0.60 2.46
¡o-C02Me 619-50-1 16.9 ±  0.3 0.41 3.61
p-CN 619-72-7 51.5 ±  1.1 0.13 1 1 .0
“ Registry no. are for nitrobenzene with ■substituents.

ring.20,3 Although, as described in the discussion sec­
tion, we have repeated some of our earlier product stud­
ies, no new product studies on the reaction were carried 
out in the course of this work.

Discussion

In the preceding paper,40 evidence was presented 
pointing to the existence of an intermediate in the de- 
oxygenation of nitrosobenzene which could give either 
phenylnitrene by a elimination or aromatic nucleophilic 
substitution products. The intermediate was con­
sidered to be the zwitterion A  (Scheme I ) . W e can now 
consider this intermediate and its role in the deoxygen­
ation reaction in terms of the rate studies presented in 
this paper.

S ch em e  I
~ + +

A r N = 0  +  P(OEt)3 — -  ArNOP(OEt)3 or ArNP(OEt)3
A

“O
B

ArN: +  O = P (0E t)3 Ai— X — F'(OEt),

O
C

The response of the deoxygenation rates to substitu­
ents in the nitroso compounds shows that the rate of de­
oxygenation is accelerated by electron-withdrawing sub­
stituents. These data, along with studies of Cadogan 
and Todd5 which have established that highly nucleo-
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philic phosphorus compounds are the most reactive de- 
oxygenating agents, indicate that nucleophilic attack by 
phosphorus on the nitroso compounds occurs in the de­
oxygenation reaction. The initial nucleophilic attack 
could conceivably be at oxygen or nitrogen. Further­
more, either of the resulting zwitterionic intermediates 
A and B might form the cyclic pentacovalent phos­
phorus intermediate C prior to expulsion of triethyl 
phosphate. Any of these schemes is compatible with 
the observed substituent effects, provided the initial 
nucleophilic attack by phosphorus is rate determining. 
The evidence that the deoxygenation eventually leads to 
aryl nitrenes has been discussed elsewhere.1'213“ 0’3'9 
Our studies40 of the products of deoxygenation in alco­
holic solvents have established that the type of products 
formed in the reaction is very sensitive to the nature of 
the reaction media. Changes in solvent media which 
would increase the rate of protonation of a dipolar inter­
mediate, such as A, divert the reaction from its normal 
nitrenoid course and lead, instead, to nucleophilic aro­
matic substitution.40

PhNOP(OEt)3
A

/  s f «
I +

PhN: +  0 = P (0 E t)3 PhNOP(OEt)3
A'
| r o h

A  dipolar intermediate such as A  provides an attrac­
tive explanation for this feature of the reaction. Its 
conjugate acid A ' is an aniline derivative with an excel­
lent leaving group, triethyl phosphate, bonded to nitro­
gen. Protonation of C could also lead to aromatic nu­
cleophilic substitution, but protonation of the interme­
diate B would not be expected to lead directly to aro­
matic substitution although it could do so indirectly 
via a cyclic form.

The rate of deoxygenation of nitrosobenzene is rela­
tively unaffected by changes in solvent which have a 
major effect on product composition. Nucleophilic aro­
matic substitution accounts for > 6 0 %  of the nitroso­
benzene in methanol, but less than 5 %  of the total prod­
uct in ethanol.40 The rates of deoxygenation in the 
two solvents are within 10%  of one another. Addition 
of acetic acid to ethanol induces nucleophilic aromatic 
substitution in > 5 0 %  yield40 but increases the rate of 
deoxygenation by less than 10% . These results indi­
cate that the product-determining step in deoxygena­
tion, protonation, or a elimination, follows the rate-de­
termining step which must be formation of A  (or B or 
C).

The insensitivity of the deoxygenation reaction to 
steric hindrance which is dramatically indicated by the 
fact that nitrosomesitylene is slightly more reactive 
than nitrosobenzene can not easily be reconciled with 
the formation of B in the rate-determining step of the 
reaction. Nucleophilic attack at nitrogen would be ex­
pected to be subject to large steric hindrance. Base- 
catalyzed hydrolysis of mesitoate esters, for example,

(9) R. A. Odum and M. Brenner, J. Amer. Chem. Soc., 88, 2074 (1966).

is about 105 times slower than comparable hydrolyses 
of benzoate esters.10-11 The reason for the small rate en­
hancement present in nitrosomesitylene is not entirely 
clear. It may be associated with steric inhibition of 
resonance in nitrosomesitylene. Such an effect is 
known to be present12 and the resulting higher ground- 
state energy of the nitroso compound may result in in­
creased reactivity.

The Hammett correlation for the nitroso deoxygena­
tions is significantly improved by use of a+ values in 
place of a values. This points to a high contribution 
from resonance interactions in the overall substituent 
effect.13 The intermediate A  cannot account for the 
large resonance effect associated with a+ correlations. 
However, the ground-state nitroso compounds present 
the opportunity for direct conjugation of the nitroso 
group with the substituents and such conjugation is 
known to significantly effect the spectral14 properties of

the nitroso compounds. We suggest that the <r+ corre­
lation reflects the fact that this direct conjugation is de­
creased in the transition state leading to A.

In summary, we propose that the transition state for 
deoxygenation cf aromatic nitroso compounds can be 
represented as D . A  similar proposal has been made by 
Cadogan and Cooper8 on the basis of their studies on o- 
nitrosobiphenyl. In accord with expectation for an

8~" g+
A rN = 0— P(OEt)3 

D

exothermic reaction with a low energy of activation,16 
the transition state probably occurs early on the reac­
tion coordinate and there appears to be minimal steric 
resistence to the approach by phosphorus in the transi­
tion state. There is no evidence in the present data 
that indicates that the reaction proceeds to a cyclic in­
termediate C but the possibility can not be finally ruled 
out.

The electronic substituent effects in the nitro deoxy­
genations are generally similar to those observed with 
the nitroso compounds. There is a moderate steric 
effect observed in the deoxygenation of nitromesitylene. 
Although quantitative rate data were not obtained, 
preparative scale runs indicate a half-life of about 40 hr 
at 156° for nitromesitylene. The steric effect thus de­
creases the reactivity relative to nitrobenzene by a fac­
tor of roughly 100. Again, this seems much too small 
for a nucleophilic attack on nitrogen. The increase in 
steric sensitivity may reflect the fact that nitrogen is 
trisubstituted in the nitro system but only disubstituted

(10) W. Roberts and M .  C. Whiting, J . C h em . S o c .,  1290 (1965).
(11) H. L. Goering, T .  Rubin, and M .  S .  Newman, J .  A m e r .  C h em . S o c .,  

76, 787 (1954).
(12) R. R . Holmes, J . O rg . C h em .,  29, 3076 (1964).
(13) C. G. Swain and E .  C. Lupton, Jr., J .  A m e r .  C h em . S o c .,  90, 4328 

(1968).
(14) I. C. Calder and P. J. Garratt, T etra h ed ron , 26, 4023 (1969); B. G. 

Gowenlock and W. Liittke, Q u a rt. R ev .,  C h em . S o c . ,  12, 321 (1958).
(15) G. S. Hammond, J . A m e r .  C h em . S o c . ,  77, 334 (1955).
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in the nitroso case. The transition state for deoxygena­
tion of nitrobenzene may be represented as E. I t  is as-

5 +
ArN— O— P(OEt)aA
S~

E

sumed th a t the deoxygenation of nitroaromatics leads 
to nitroso compounds which are rapidly deoxygen- 
ated,1,2b,16but, as Cadogan1 has point ed out, the evidence 
for this assumption is indirect at this point.

We believe that the rate data presented here affords 
a partial explanation for the differences in products re­
ported in our studies of the deoxygenation of nitro com­
pounds as compared with those of Cadogan. Cadogan 
has reported the deoxygenation of a number of alkyl 
and alkoxynitroaromatics and found dialkyl iV-aryl- 
phosphoramidates and dialkyl N-alkyl-iV-arylphosphor- 
amidates as the major products.3 In  contrast, our 
studies of similar compounds have lead usually to the 
isolation of trialkyl iV-arylphosphorimidates.2a_0 
Cadogan has noted this difference. We have confirmed 
the isolation of trialkyl N-arylphosphorimidates from 
deoxygenation of several representative (specifically
o-ethylnitrobenzene, 3,4-dimethylnitrobenzene, and 2,3- 
dimethylnitrobenzene). We have usually2b’c isolated 
triethyl W-arylphosphorimidates by direct distillation 
of the reaction mixture after a lf.-5-hr r eflu x  period. 
Cadogan’s coworkers have used 1 1 -1 7  hr reflux periods. 
With half-lives of the nitrotoluenes in the range of
0.5-1.0 hr at 156° (the reflux temperature of triethyl 
phosphite), it is clear that the more extended reflux 
periods provide the opportunity for subsequent conver­
sion of the initially formed iV-arylphosphorimidates to 
the dialkyl W-arylphosphoramidates isolated by Cado­
gan and coworkers. We suspect that this difference 
in length of reflux contributes to the difference in prod­
uct distribution noted in the two laboratories. In our 
hands16 17 18 19 20 only such unreactive compounds as p-nitroani- 
sole and nitromesitylene give rise to much dealkylation 
of the phosphorimidate during the time required for de­
oxygenation. I t  should be noted that trimethyl N -  
arylphosphorimidates are quite thermally labile.17

Experimental Section

Nitrosoaromatics.—With the exception of p-nitrosoanisole, all 
of the nitroso compounds were prepared from the corresponding 
nitro compounds by reduction with zinc followed by oxidation of 
the crude arylhydroxylamine with ferric chloride.18 2-Nitroso- 
mesitylene was prepared following the procedure of Bamberger 
and Rising.19 We were able to prepare only impure p-nitroso- 
anisole from p-nitroanisole. Pure p-nitrosoanisole was obtained 
by oxidation of p-anisidine with persulfuric acid.20 Potassium 
persulfate (57 g) was slowly added to cooled concentrated sulfuric 
acid (80 ml). A solution of p-anisidine (12 g) in water (1500 ml) 
was brought to pH 6 with 6 N  acetic acid and cooled to 5°. 
The solution of persulfuric acid was poured on to ice, neutralized 
with potassium carbonate, and finally made slightly acidic with 
dilute acetic acid. This solution was added all at once at 5° to 
the solution of p-anisidine. After 0.5 hr, the precipitated nitroso 
compound was extracted with hexane. The hexane extract

( 1 6 )  A .  J .  B o u l t o n ,  I .  J .  F l e t c h e r ,  a n d  A .  R .  K a t r i t z k y ,  C h em . C o m m u n ., 
6 2  ( 1 9 6 8 ) .

( 1 7 )  V .  A .  G i l y a r o v ,  R .  V .  K u d r y a v s t e n ,  a n d  M .  I .  K a b a c h n i k ,  J . G en . 
C h em . U S S R ,  36, 7 2 2  ( 1 9 6 6 ) .

( 1 8 )  R .  E .  L u t z  a n d  M .  R .  L y t t o n ,  «7. O rg . C h em .,  2, 6 8  ( 1 9 3 7 ) .
( 1 9 )  E .  B a m b e r g e r  a n d  A .  R i s i n g ,  C h em . B e r .,  33, 3 6 2 3  ( 1 9 0 0 ) .
( 2 0 )  A .  B u r a w o y ,  M .  C a is ,  J .  T .  C h a m b e r l a i n ,  L .  L i v e r s e d g e ,  a n d  A .  R .  

T h o m p s o n ,  J .  C h em . S o c .,  3 7 2 1  ( 1 9 5 5 ) .

was diluted with methanol and a methanol-hexane azeotrope was 
removed (bp 50°). The concentrated hexane solution was 
steam distilled, yielding blue crystalline p-nitrosoanisole, con­
taminated with 15% p-nitroanisole. The product was purified 
by sublimation.

Triethyl Phosphite.-—Commercial triethyl phosphite (Mobil 
Chemicals) was stored over sodium metal and then distilled 
through a Vigreux column under nitrogen at atmospheric pres­
sure.

Kinetic Measurements on Nitroso Compounds.—Solutions of 
the nitroso compounds with absorbance of ~ 0 .9  were prepared in 
methanol and exactly 3 ml was pipetted into a cell thermcstated 
at 29.9° in a Beckman DU spectrophotometer. At t =  0, tri- 
ethyl phosphite was added from a microsyringe and the cell was 
shaken. The cell was quickly returned to the thermostat and 
absorbance vs. time measurements were recorded for several 
half-life periods. Straight lines were obtained plotting log 
(At — At+o) vs. time according to the Guggenheim method.7 
The pseudo-first-order rate constants were evaluated from the 
slope of the line, slope =  — fc/2.303. Most runs gave good straight 
lines for two to three half-lives when subjected to standard 
first-order analysis but precise determination of A 3c0 was difficult 
because of slow drift, and the Guggenheim method was used to 
circumvent this problem. The concentration of triethyl phos­
phite was calculated from the volume of triethyl phosphite 
delivered by the calibrated syringe (2-92 /xl). The chloro- and 
carbomethoxy-substituted compounds were deoxygenated at 
[TEP] =  3.80 X 10~3 mol/1. The nitrosotoluenes were de­
oxygenated at several TEP concentrations ranging from [TEP] = 
1.52 X  10~2 to 3.04 X  10-2 mol/1. and showed first-order de­
pendence on [TEP] in this range. Nitrosobenzene was deoxy­
genated at [TEP] =  3.80 X 10-3 and 7.60 X 10-3 mol/1. and 
showed first-order dependence on TEP. For p-nitrosoanisole, 
[TEP] =  1.52 X 10-2 — 1.75 X  10~2 mol/1. were used.

The procedures for studies in ethanol and solutions containing 
acetic acid were identical with those described for methanol.

Kinetic Measurements on Nitro Compounds/—Samples of 
0.003-0.012 mol of the nitro compound were diluted to 25 ml with 
triethyl phosphite. The resulting solution was sealed in a series 
of 10-15 Pyrex ampoules. These were immersed in a oil bath 
at 130° and to was taken at the point at which the bath and tubes 
had been at constant temperature (130 ±  0.1°) for 3 min. 
Tubes were removed at to and subsequent time intervals, cooled 
in ice water, and stored for analysis at the end of the run. The 
amount of unreacted nitro compound was determined by the 
peak height method using a Wilkens A-90-P gas chromatograph 
and a 5-ft SE-30 column. Plots of log c0/'c vs. time showed first- 
order behavior and rate constants were obtained from the best 
least squares line using data for several half-life periods.

Preparative Thermal Deoxygenations.— Three nitroaromatics 
(2-ethylnitrobenzene, 3,4-dimethylnitrobenzene, and 2,3-di- 
methylnitrobenzene) were deoxygenated by refluxing with tri­
ethyl phosphite. The nitroaromatic (0.10 mol) was dissolved 
in triethyl phosphite (1.0 mol) and heated at reflux under nitrogen 
for 4-5 hr. Three fractions were collected by direct vacuum 
distillation of the reaction mixture. Recovered triethyl phos­
phite was obtained at 25-40° (0.1-0.2 mm), followed by triethyl 
phosphate, bp 55-65° (0.1-0.2 mm), and Hie trialkyl phosphor­
imidate, bp 120-140° (0.1 mm). Yields were 60, 78, and 79%, 
respectively, for the three nitro compounds (reported244,60,79% , 
respectively). The infrared spectra showed no NH absorption. 
The nmr spectra were in accord with expectation and in particu­
lar the integration gave the expected values for the -O CH 2CH3 
and -OCH 2CH3 signals indicating three ethoxy groups attached 
to phosphorus. There were no NCH2CH3 signals evident in the 
nmr. The only indication of any impurities is the presence of 
weak phosphoryl absorption in the infrared near 1250 cm -1. 
Since phosphoramidates show strong absorptions in this region, 
the distilled samples are believed to be >90%  pure.

Similar thermal deoxygenations of 2-nitromesitylene lead to 
substantial recovery of nitromesitylene (9 hr, 90%  recovery; 
43 hr, 52% recovery; 96 hr, 21% recovery). The products of 
such deoxygenations have been previously described.20

Registry N o .■— Triethyl phosphite, 122-52-1.
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Preliminary, unsuccessful attempts to obtain di- and tetrahydro-5-phenyl-7-chloro-l,4-benzoxazepines 
through reactions of derivatives of 2-hydroxy-5-chlorobenzophenone oxime (2a-d) and of 2-(carboxymeth- 
oxy)-5-chlorobenzophenone and benzhydrol (5-8) are described. A successful route to the title compounds 
differing from existing methods for synthesis of (hydro) 1,4-benzoxazepines was found involving novel prepara­
tion of o-hydroxybenzhydrylamines II by reduction of o-hydroxybenzophenone imines 10, O-alkylation with 
a-halo esters, and thermal closure to lactams 12a, followed by N-alkylation and hydride reduction to the cyclic 
amines 13.

Tetrahydro-5-aryl-l,4-benzoxazepines such as 12 and 
13 (Scheme I) might be of pharmacological interest, 
owing to their structural similarity to the well-known
5-aryl-3i7-l,4-benzodiazepines. *■ 1 2 Synthetic hydro-1,4- 
benzoxazepines, prepared starting from salicylaldé­
hydes,3-4 o-hydroxyacetophenones,5-6 salicylamides with 
a-halo ketones and a-halo esters,7 W-(o-hydroxybenzyl)- 
anilines,8 or o-hydroxybenzophenones,9 and tetrahydro-
4,1-benzoxazepines, obtained from o-aminobenzhv- 
drols,10 have appeared recently, some of the reports at­
testing that compounds of this type are not easy to syn­
thesize by classical methods.

Our initial attempts to arrive a t 12, starting from 
phenolic ketone la and its oxime 2a, failed for reasons 
which may be outlined briefly as follows. Diacetyl 
(2b) and chloroacetyl (lb, 2c, 2d) derivatives were labile, 
hydrolyzing or aminolyzing back to la  or 2a readily. 
The carbonyl group of la  being relatively inert, la  did 
not condense with glycine ester (pyridine)1 or ethyl 
cyanoacetate,11 and even Perkin condensation giving
4-phenyl-6-chlorocoumarin12 was difficult. With XaH 
(toluene) and ethyl bromoacetate, la gave mainly ben- 
zofuran 4a (structure confirmed by spectra and conver­
sion to acid 4b and amide 4c) and, as a by-product, cor­
responding ketol 3. Milder ethyl bromoacetate alkyla­
tion (K2C 03) of la gave 5a which was readily converted 
to amide 5b by ammonolysis. Whereas sodium boro- 
hydride reduction of 5a gave diol 6, further indicating 
the highly reactive nature of the ester group, reduction 
of 5b under the same conditions gave amide carbinol 
7a. This in turn with SOCl2 gave chloroamide 7b, but 
no seven-membered lactam could be prepared from 7b 
by internal displacement. Products of the reaction of 
7b with sodium methoxide were identified as 8a, 8b, and 
NH3.

We then sought a relatively facile wray to introduce an 
amino group on the benzhydryl carbon at the onset.

( 1 )  G .  A .  A r c h e r  a n d  L .  H .  S t e r n b a c h ,  C h em . R ev .,  6 8 ,  7 4 7  ( 1 9 6 8 ) .
( 2 )  L .  H .  S t e r n b a c h ,  L .  O .  R a n d a l l ,  a n d  S .  R .  G u s t a f s o n  in  “ P s y c h o -  

p h a r m a c o l o g i c a l  A g e n t s , ”  M .  G o r d o n ,  E d . ,  A c a d e m i c  P r e s s ,  N e w  Y o r k ,  
N .  Y . ,  1 9 6 4 , C h a p t e r  5 .

( 3 )  B .  B e l le a u ,  ü .  S .  P a t e n t  2 ,8 0 7 ,6 2 8  ( 1 9 5 7 ) .
( 4 )  L .  M .  M a r s o n ,  F a rm a co , E d . S e t .,  14, 1 5 9  ( 1 9 5 9 ) .
(5 )  P .  G .  F e r r i n i  a n d  A .  M a r x e r ,  H elv . C h im . A c ta ,  46, 1 2 0 7  ( 1 9 6 3 ) .
( 6 )  K. S c h e n k e r  a n d  J .  D r u e y ,  ib id .,  46, 1 6 9 6  ( 1 9 6 3 ) .
(7 )  K .  S c h e n k e r ,  C h im ia ,  20, 1 5 7  ( 1 9 6 6 ) ;  C h em . A b str .,  65, 1 8 6 0 4  ( 1 9 6 6 ) ;  

7 2 , 3 1 8 6 1  ( 1 9 7 0 ) .
(8 )  M .  E .  D e r i e g  a n d  L .  H .  S t e r n b a c h ,  J . H e te r o c y d . C h em ., 3, 2 3 7  

( 1 9 6 6 ) .
( 9 )  H. A .  L u t s ,  J . P h a rm . S e i .,  58, 1 4 6 0  ( 1 9 6 9 ) .
( 1 0 )  E .  T e s t a  a n d  L .  F o n t a n e l l a ,  F a rm a co , E d . S e i .,  20, 3 2 3  ( 1 9 6 5 ) .
( 1 1 )  E .  J .  C r a g o e ,  C .  M .  R o b b ,  a n d  J .  M .  S p r a g u e ,  J .  O rg . C h em .,  15, 

3 8 1  ( 1 9 5 0 ) .
(1 2 )  G .  W i t t i g ,  J u s tu s  L ieb ig s  A n n .  C h em .,  446, 1 5 5  ( 1 9 2 6 ) .

la,R = H;R' = 0  

b, R = COCHjCl; R' =  0 
2a, R = H; R' =  NOH
b, R =  COCH3; R' =  NOCOCH3
c, R =  COCHjCl; R' =  NOCOCH2Cl
d, R = H; R' =  NOCOCHjCl

Ph

4a, R = OEt
b, R =  OH
c, R = NH2

5a, R — OEt 
b, R=NH2

b 7a, R = NH2; R' = OH
b, R = NH2; R' = Cl

8a ,R  =  NH2;R ' =  OCH3 
b, R = OH; R' = 0CH:)

o-Hydroxybenzhydrylamines have been reported as 
products of reduction of o-hydroxybenzophenone ox­
imes13 and 3-arylbenzisoxazoles,14 and also as Curtius 
rearrangement products of azides from 3-phenylbenzo- 
furan-2-ones,16 but these routes do not seem practical 
for preparative work. On the other hand, although a 
number of o-hydroxy and otherwise substituted benzo- 
phenone imines have been prepared from nitriles with 
ArMgX reagents and their hydrolysis rates studied,16 
they have not been used as benzhydrylamine precursors. 
We found that o-hydroxy imine 10, a relatively stable, 
bright yellow, highly chelated substance, could be pre­
pared readily in quantity by action of excess ammonia 
on la in ethanol. After some preliminary work, in 
which it was learned that large excesses of strongly

( 1 3 )  P. B i l l o n ,  A n n .  C h im . (P a r is ) ,  7, 3 1 4 , 3 3 2  ( 1 9 2 7 ) .
(1 4 )  P. C o h n ,  M o n a ish . C h em ., 16, 6 4 5  ( 1 8 9 4 ) .
( 1 5 )  A ,  D a r a p s k y ,  H. B e r g e r ,  a n d  A .  N e u h a u s ,  J .  P r a k t. C hem ., 147, 

1 4 5  ( 1 9 3 6 ) .
( 1 6 )  J .  B .  C u l b e r t s o n ,  J . A m e r . C h em . S o c .,  73, 4 8 1 8  ( 1 9 5 1 ) ;  Chem . 

A b str .,  25, 1 2 3 1  ( 1 9 3 1 ) ;  27, 1 8 1 0  ( 1 9 3 3 ) .
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S c h e m e  I

12a, R =H
b, R = CH3

I » '

a, X =  Cl
b, X = H

basic reagents and overly vigorous conditions, leading 
to loss of N H 3, had to be avoided, it was possible to 
reduce 10 to the colorless aminophenol 11 with NaBH4 
in methanol.17,18 Compound 11 (-HC1) was also pre­
pared, more arduously, by Leuckart reaction of la and 
acid hydrolysis of resulting 9. With 11 in hand, one 
could try a variety of acylations and alkylations. Al­
though certain acylations of 11 proved to be rather sur­
prisingly complex, alkylations of the preformed phe- 
nolate anion were more straightforward. Thus 11 with 
ethyl bromoacetate (NaH) gave an oily mixture, prob­
ably owing to partial N-alkylation, consisting largely of 
the expected ethoxycarbonylmethoxy amine. This was 
evident during work-up and subsequent heating of the 
crude oil, when lactam 12a crystallized and was isolated 
readily in 16%  yield. In view of Luts’ yield of 2 .4%  
of demethyl 13a from Leuckart reaction of 1 (R =  
CH2CH2C1; R ' =  0 ) , hydrolysis, and closure,9 these 
results represent significant improvement in the con­
struction of this ring system.

Infrared and nmr spectra (see Experimental Section) 
having shown structure 12a to be correct, further con­
firmation was adduced by first methylating 12a to 
12b and reducing 12b to the cyclic amine 13a with Li- 
A1H4 in ether. This reduction had to be done gently 
to retain the chloro substituent, for under more vigorous 
conditions (refluxing tetrahydrofuran) there was partial

( 1 7 )  J .  H .  B i l l m a n  a n d  A .  C .  D i e s in g ,  J. Org. Chem., 2 2 ,  1 0 6 8  ( 1 9 5 7 ) .
( 1 8 )  G .  N .  W a l k e r  a n d  M .  A .  K l e t t ,  J. M e d . Chem., 9, 6 2 4  ( 1 9 6 6 ) .

dechlorination to give 13b, also isolated and character­
ized.

Only moderate hypotensive (and no significant cen­
tral nervous) effects were observed in pharmacological 
testing of compounds 12 and 13.

Experimental Section19

2-Hydroxy-5-chlorobenzophenone Oxime (2a).— Refluxing
41.5 g of 2 hydroxy-5-chlorobenzophenone (la ) and 20 g of hy- 
droxylamine hydrochloride in 40 ml of pyridine and 250 ml of 
90% ethanol (water) for 4 hr, evaporation, treatment with water, 
and recrystallization from aqueous methanol gave (100%) color­
less crystals: mp 144-145.5°; base soluble, ferric chloride posi­
tive; ir 2.98, 6.12 p; uv  276 nm (e 12,080).

Anal. Calcd for C13HI(1C1N02: C, 63.04; H, 4.07; N , 5.66. 
Found: C, 63.08; H, 4.02; N , 5.66.

The corresponding 0 ,0 '-dh.eetate (2b), obtained by heating a 
sample of the oxime 2 hr with excess acetic anhydride and evapor­
ating, was recrystallized from methanol, mp 119-121°, ir 5.65 p.

Anal. Calcd for C17H i4C1N04: C, 61.54; H, 4.25; N , 4.22. 
Found: C, 61.65; H ,4.32; N ,4.07.

The corresponding 0 ,0 '-bischloroacetate (2c) was obtained by 
warming 2 g of the phenolic oxime with 11 ml of chloroacetyl chlo­
ride on steam cone 0.5 hr. The residue, after evaporation and 
treatment with water, crystallized in the presence of methanol: 
colorless crystals; mp 142-143.5°; ir doublet 5.59, 5.64 p; uv 318 
nm (e 3380) and inflection 260 nm (e 7890); ferric chloride nega­
tive.

Anal. Calcd for C „H I2C13N 0 4: C, 50.96; H, 3.02; N , 3.50. 
Found: C, 51.20; H, 3.09; N , 3.44.

The corresponding chloroacetyloximinophenol (2d) was ob­
tained by treating 10 g of the phenolic oxime with 20 ml of chloro­
acetyl chloride at room temperature. The reaction was non- 
exothermic, but much HC1 was evolved. After standing 1.5 hr 
the solution was poured into cold water, and the produce was 
collected, washed with water, and triturated with and recrystal­
lized from ethanol to give 6.5 g of colorless crystals: mp 119.5- 
121°; ir 5.57 p; uv 317 nm (e 4150) with inflection 259 nm (e 
7650); ferric chloride positive (purple color).

Anal. Calcd for C15H„C12N 0 3: C, 55.57; H, 3.42; N , 4.32. 
Found: C, 55.53; H , 3.53; N, 4.26.

The monochloracetate reverted to the phenolic oxime on treat­
ment with methanolic methylamine or sodium methoxide solu­
tions.

2-(Chloroacetoxy)-5-chlorobenzophenone (lb).— Heating 40 
g of la with 100 ml of chloroacetyl chloride at 100° for 2 hr, treat­
ment of the cooled residue with water, and trituration of the re­
sulting crude product with methanol gave 25 g of the recovered 
phenol and, from the filtrate, 4.5 g of chloroacetate: mp 88-90°, 
raised on further recrystallization (methanol) to mp 89.5-90.5°; 
ferric chloride negative; ir 5.63 and 6.01 p; uv 221, 256, and 345 
nm (e 19,840,11,770, and 3230, respectively). The chloroacetate 
reverted easily to the phenol on treatment with bases and gave 
imine 10 on treatment with ethanolic ammonia.

Anal. Calcd for C16H10ChO3: C, 58.27; H, 3.26. Found: 
C, 58.50; H, 3.38.

2-Hydroxy-5-chlorobenzhydrol.-—A methanol suspension of 4 
g of la or its chloroacetate was treated with excess sodium boro- 
hydride (ca. 10 g) in portions. The solution was heated (steam 
cone) 10 min, cooled, and treated with water, and the resulting 
solution acidified with HC1. The colorless oil was extracted with 
ether, the washed (water) and dried (MgSCL) organic solution 
evaporated, and the residue recrystallized from cyclohexane, 
giving colorless crystals: mp 89-90.5°; ir 2.90, 3.10 p; uv 286 
nm (e 2980).

Anal. Calcd for C i3H uC102: C, 66.53; H, 4.73. Found: 
C, 66.41; H, 4.54.

( 1 9 )  M e l t i n g  p o i n t s  w e r e  o b t a i n e d  u s i n g  a  T h o m a s - H o o v e r  s i l i c o n e  o i l  
b a t h ,  i n f r a r e d  s p e c t r a  ( N u j o l  m u l .s ,  u n le s s  o t h e r w i s e  n o t e d )  w e r e  r e c o r d e d  
w i t h  P e r k i n - E l m e r  d o u b l e - b e a m  in s t r u m e n t ,  u l t r a v i o l e t  c u r v e s  ( m e t h a n o l  
s o l u t i o n s )  w e r e  m e a s u r e d  b y  a  C a r y  r e c o r d i n g  s p e c t r o p h o t o m e t e r ,  a n d  
n m r  d a t a  w e r e  o b t a i n e d  u s i n g  V a r i a n  A - 6 0  6 0 - M c  a p p a r a t u s  w i t h  T M S  in ­
t e r n a l  s t a n d a r d .  W e  a r e  i n d e b t e d  t o  M r .  L o u i s  D o r f m a n ,  M r .  G e o r g e  
R o b e r t s o n ,  M r .  R u d o l f  O e c k i n g h a u s ,  M i s s  R u t h  B e h n k e ,  M r s .  M a r g a r e t  
M u l l i g a n ,  a n d  M r .  C h a r l e s  N a v a r r o  f o r  a n a l y t i c a l  a n d  s p e c t r a l  d a t a ,  a n d  
t o  M r s .  A n g e l a  A r e t a k i s  f o r  l i t e r a t u r e  s e a r c h  w o r k .



2-Ethoxycarbonyl-3-phenyl-5-chlorobenzofuran (4a).— A 
stirred solution of 13.5 g of la in 200 ml of warm toluene was 
treated with 2.5 g of 56% NaH (oil) and then 9 ml of ethyl bromo- 
acetate, and the mixture was refluxed and stirred for 5.5 hr. After 
the mixture was cooled and treated with water, the ether-diluted, 
washed (water), and dried (M gS04) organic solution was evapor­
ated to give yellow oil from which 4a crystallized on standing (4.1 
g), and was collected with the aid of a small amount of ethanol 
and recrystallized from ether: mp 105-106°; ir 5.80 m; u v  216 
and 286 nm (e 29,170 and 15,950).

Anal. Calcd for Ci7H13C103: C, 67.91; H, 4.36. Found: 
C, 67.92; H, 4.45.

2-Ethoxycarbonyl-3-hydroxy-3-phenyl-5-chloro-2,3-dihydro- 
benzofuran (3) crystallized from the mother liquor after removal 
of 4a: crystals from ether; mp 134-137°; ir 2.91 (intense) and 
5.77 m; uv 289 nm (e 3260).

Anal. Calcd for C17H16C104: C, 64.05; H, 4.74. Found: 
C, 64.08; H, 4.71.

Compound 3 gave 4a on warming with acids or PPA. Com­
pound 4a was further characterized by hydrolysis (10% sodium 
hydroxide, 1.5-hr reflux, dilution and acidification) to correspond­
ing acid 4b, recrystallized from ethanol: mp 254.5-256.5° 
slow dec; ir 5.95 m -

Anal. Calcd for Ci5H9C103: C, 66.07; H, 3.33. Found: 
C, 66.37; H, 3.50.

The acid was further converted to the corresponding acid chlo­
ride (SOCI2) and thence, using concentrated NH4OH and stan­
dard methods, to amide 4c: crystals from ethanol; mp 186-188°; 
ir 2.88, 3.01, and 6.01 m ; u v  282 nm (e 14400).

Anal. Calcd for C15H10CINO2: C, 66.30; H, 3.71; N, 5.16. 
Found: C, 66.15; H, 3.85; N , 5.27.

2-(Ethoxycarbonylmethoxy)-5-chlorobenzophenone (5a).— To 
a solution of 19.1 g of la in 1400 ml of acetone was added 20 g of 
ethyl bromoacetate and 18.5 g of anhydrous potassium carbonate. 
The suspension was refluxed vigorously 7.5 hr and filtered, the 
filtrate was evaporated, the residue was taken into ether and 
clarified by another filtration, and the solvent again evaporated, 
to give crude, oily product. The keto ester was characterized as 
the 2,4-dinitrophenylhydrazone, red crystals from ethanol, mp 
161-163°.

Anal. Calcd for C23H19C107N 4: C, 55.37; H, 3.84; N, 11.23. 
Found: C, 55.61; H, 3.88; N, 11.48.

2-(|3-Hydroxyethoxy)-5-chlorobenzhydrol (6 ).— Reduction of 
ca. 12 g of the preceding, crude keto ester 5a was carried out in 
methanol with sodium borohydride (ca. 8 g) added in portions. 
After 15-min heating (steam cone) and evaporation of solvent, 
the cooled residue was treated with water. The colorless, crude 
product crystallized and was collected, washed with water, dried 
(yield 5.3 g), and recrystallized from ether: mp 124-125.5°; ir
3.12 m (very broad, intense).

Anal. Calcd for Ci5H15C103: C, 64.63; H, 5.42. Found: 
C, 64.82; H, 5.14.

2-Benzoyl-4-chlorophenoxyacetamide (5b) was prepared by 
saturating a solution of ca. 18 g of crude keto ester 5a in 300 ml of 
ethanol with ammonia. After standing 3 days the alcoholic solu­
tion was evaporated, and the syrupy residue with the aid of meth­
anol afforded 4.8 g of crystalline amide. Recrystallization from 
methanol gave colorless crystals: mp 184-186°; ir 2.90, 5.92 
and 6.06 m ; u v  251 nm (e  13,800) with inflection 312 nm (e  2120).

Anal. Calcd for C16H12C1N03: C, 62.18; H, 4.18; N , 4.84. 
Found: C, 62.41; H, 4.17; N, 4.70.

2-(a-Hydroxybenzyl)-4-chlorophenoxyacetamide (7a) was ob­
tained by sodium borohydride reduction of 5b (4.5 g), following 
usual procedure of adding the excess reagent in portions to a 
methanol solution of the keto amide and thereafter warming 20-  
30 min on a steam cone and evaporating methanol. After treat­
ment with water, the crude crystals were collected, water-washed, 
dried, and recrystallized (ether-methanol) to give (4.2 g) colorless 
crystals: mp 143-145°; ir 2.89, 2.97, 3.06, 3.17, and 5.94 m; uv 
280 nm (e 2190).

Anal. Calcd for C15H14C1N03: C, 61.75; H, 4.84; N , 4.80. 
Found: C, 61.71; H, 4.87; N , 4.69.

2-(a-Chlorobenzyl)-4-chlorophenoxyacetamide (7b).— On 
treatment with excess thionyl chloride (50 ml) the hydroxyamide 
7a (2 g) reacted rapidly. The solution was warmed gently 15 
min, the excess reagent was removed in vacuo, and the residual 
material was obtained in crystalline form (1.4 g) using ether: 
colorless crystals; mp 152.5-154.5°; ir 2.92, 3.20, and 5.93 m ; 

uv 281-287 nm (e 2270).

5-Phenyl-2, 3,4, 5-tetrahydro- 1,4-benzoxazepines

Anal. Calcd for Ci5H13Cl2N 0 2: C, 58.08; H, 4.22; N, 4.52. 
Found: C, 57.78; H, 3.99; N, 4.43.

Methyl 2-(a-Methoxybenzyl)-4-chlorophenoxyacetate (8a) 
and Methoxy Acid (8b).— To a solution of 0.15 g of sodium 
in 40 ml of methanol was added 1.0 g of 7b. After refluxing 1 hr, 
the methanol was evaporated in vacuo (NH3 present, as evi­
denced by odor) and the cooled residue treated with water. Crys­
tals of 8a which separated were collected (0.25 g), washed with 
water, dried, and recrystallized from ether: mp 141-142°; ir
2.89, 3.20, and 5.89 m ; u v  281 nm (e 2370).

Anal. Calcd for C16H 16C103N: C, 62.85; H, 5.28; N , 4.58. 
Found: C, 62.74; H, 5.40; N, 4.51.

Acidification (HC1) of the aqueous filtrate gave 0.45 g of 8b. 
Recrystallization from ether gave a pure sample: mp 160-162°; 
ir 5.74-5.83 m and bonded OH and carboxylate bands; uv 282 
nm (e 2420).

Anal. Calcd for Ci6Hi3C104: C, 62.64; H, 4.93. Found: 
C, 62.83; H, 5.03.

2-Hydroxy-5-chlorobenzophenone Imine (10).— A brisk steam 
of anhydrous ammonia was passed into an uncooled suspension of 
130 g of 2-hydroxy-5-chlorobenzophenone in 1.2 1. of EtOH for 
1.8 hr. Within 1 hr the crystals of la had dissolved and product 
began to separate. After standing overnight the suspension was 
filtered; the first crop of product, 69 g of orange-yellow crystals, 
had mp 134-136°, not raised on recrystallization (ethanol). Ad­
ditional, less pure product (40 g) was obtained after concentrating 
the ammoniacal solution. The analytical sample, mp 134-136.5° 
from ethanol, was shiny, yellow flakes: ir 6.25 (sharp), bonded 
3.19-3.27, and broad, dipolar bands 3.78-4.33 m ; u v  224, 336- 
350, and 421 nm (e 18,180, 1220, and 6750, respectively) with 
inflections 236 and 272 nm. The compound was soluble in 10% 
hydrochloric acid (solution colorless), and gave strong ferric 
chloride test and precipitate with cupric acetate.

Anal. Calcd for CI3H10C1NO: C, 67.39; H, 4.35; N, 6.05. 
Found: C, 67.09; H, 4.48; N, 6.20.

2-Hydroxy-5-chloro-a-aminodiphenylmethane (11).— The im­
ine 10 (69 g) in 300 ml of warm (30°) methanol was treated (stir­
ring) gradually (5 min) with 10-12 g of sodium borohydride, or 
ca. several grams in excess of the amount required to convert from 
yellow to colorless solution. After warming briefly and gently 
to ensure breakdown of any excess hydride, the solution was 
cooled and treated with 2 1. of water, and the crude amine ex­
tracted with ether (:n some runs it crystallized directly and was 
collected). The ether solution was washed with water and ex­
tracted with 10% hydrochloric acid. The chilled, acid solution 
was neutralized carefully with cold, concentrated NaOH solution 
and the amine again either filtered or extracted with ether; the 
water-washed, dried (MgS04), and evaporated ether solution 
gave colorless crystals (44.8 g), mp 135-136° (solvated). Re­
crystallization from methanol gave a sample: mp 136.5-137.5°; 
ir 2.98, 3.05 m and broad, moderately intense band centered ca. 
4.03 m . indicative of aminium phenolate form; uv 287 nm (e 

2820).
Anal. Calcd for C i3H12C1NO: C, 66.81; H, 5.18; N, 5.99. 

Found: C, 67.13; H, 5.29; N , 5.96.
The corresponding hydrochloride, obtained from the amino- 

phenol with alcoholic HC1 or from its attempted chloroacetyla- 
tion, and also from hydrolysis of 9 as described next, was recrys­
tallized from ethanol-ether or methanol-ethyl acetate: color­
less crystals; mp 218-220° dec; uv 288 nm (e 3020).

Anal. Calcd for C13H12C1N0-HC1: C, 57.79; H, 4.85; N, 
5.19. Found: C, 57.57; H, 4.53; N , 5.04.

Both the aminophenol and its hydrochloride gave ferric chlo­
ride tests, but whereas that of the salt was blue and relatively 
permanent, that of *he base itself was red and transient, indicat­
ing relatively facile oxidation of the benzhydrylamine moiety.

The corresponding 0 ,iV-dibenzoate was prepared by usual 
Schotten-Baumann method (benzoyl chloride and 5%  sodium 
hydroxide solution) and after recrystallization from cyclohexane 
had mp 108-111°: ir 3.02, 5.74, 6.10, and 6.54 M.

Anal. Calcd for C27H20ClNO3: C, 73.38; H, 4.56; N , 3.17. 
Found: C, 73.60; Ii, 4.52; N, 3.27.

Other attempted acylations, with, e.g., ClCH2COCl, Ac20 , 
AcCl, CICOOEt, etc., appeared to be quite complex and did not 
afford crystalline, well-characterized derivatives.

Leuckart Reaction (9).-—A solution of 20 g of la and 30 g of 
ammonium formate in 100 ml of formamide and 75 ml of formic 
acid was distilled slowly until temperature of solution reached 
175° and then refluxed 6 hr. The cooled solution was poured 
into ice water. The crude product was collected, triturated and
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washed with wrater, dried (yield 20.3 g), and recrystallized from 
ethvl acetate-ether: colorless crystals; mp 169-171°; ir 2.99-
3.07 and 6.06-6.12 M; uv 286 nm (3100).

Anal. Calcd for C14H12C1N02: C, 64.25; H, 4.62; N, 5.35. 
Found: C, 64.48; H, 4.89; N, 5.46.

Hydrolysis of 9 (concentrated HC1, 4.5 hr reflux) gave a sample 
of 11 HC1, identical with that prepared via reduction of imine 10.

5-Phenyl-7-chloro-2,3,4,5-tetrahydro-l,4-benzoxazepin-3-one 
(12a).— A stirred solution of 25 g of aminophenol 11 in 500 ml of 
toluene was treated with 4.8 g of 56% sodium hydride (oil) and
5-10 min thereafter wdth 12.5 ml of ethyl bromoacetate. The 
suspension was refluxed and stirred 4 hr. The cooled, filtered, 
and ether-diluted organic solution was washed with three portions 
of water, dried (KiCOi), and partly evaporated. Compound 12a 
(2.7 g), crystallized from the solution, and collected and washed 
with ether, had mp 206-208°. The mother liquor, after evapora­
tion while heating on steam cone, afforded 1.9 g of additional 
lactam 12a, mp 204-206°, on trituration with ether, bringing the 
yield to 4.6 g (15.7%). Recrystallization from methanol gave a 
pure sample: mp 206.5-208.5°; ir 3.14, 3.27 (moderate), and 
6.00 n (intense); uv 272, 279, and 291 nm (e 980, 990, and 210, 
respectively); nmr (CDCL) & 7.35-6.9 (m, 8, aromatic protons), 
5.71-5.65 (d, 1, benzhydryl proton coupled to NH, collapsed to 
5 5.68 s when NH exchanged with D20 ) , and 4.57 (s, 2, magneti­
cally equivalent protons at position 2).

Anal. Calcd for C15HI2C1N02: C, 65.82; H, 4.42; N, 5.12. 
Found: C, 65.93; H, 4.44; N, 4.98.

4-Methyl-5-phenyl-7-chloro-2,3,4,5-tetrahydro-1,4-benzoxaze- 
pin-3-one (12b).— Lactam 12a (3.0 g) in toluene (200 ml) was 
treated with 1.5 g of 56% sodium hydride (oil) and then 20 ml of 
iodomethane, and the mixture was stirred and refluxed for 7 hr. 
After cooling, water treatment, and dilution with ether, the 
separated, washed (water), dried (M gS04), and evaporated or­
ganic layer afforded 2.8 g of colorless crystals, mp 177-181° (from 
ether). Recrystallization from methanol gave a sample: mp ISO- 
1820; ir 6.13 n\ uv 280 nm (e 1220) with inflections 271 nm (e 
1090) and 291 (500); nmr (CDCI3) 5 7.43-6.88 (m, 8, aromatic 
protons), 5.31 (s, 1, benzhydryl proton), 4.95-4.14 (symmetric 
AB 1 :2 :2 :1 ’ quartet centered 4.54, J =  16 Hz, magnetically 
nonequivalent position 2 protons), and 3.28 (s, 3, JV-methyl).

Anal. Calcd for CI6H 14C1N02: C, 66.78; H, 4.90; N , 4.87. 
Found: C, 66.51; H, 5.12; N , 4.88.

4-Methy l-5-phenyl-7-chloro-2,3,4,5-tetrahydro-1,4-benzoxaze- 
pine (13a).—Reduction of 3.5 g of N-methyllactam 12b with 4 g 
of lithium aluminum hydride in 500 ml of ether with 1-hr stirring 
and reflux, followed by addition of 16 ml of water at 0°, 0.5-hr

stirring at 26°, and filtration, gave a solution of crude base which 
was dried (K2C 03) and evaporated: yield 3.5 g of slightly green­
ish oil; soluble in dilute acids; ir devoid of C = 0  bands.

The corresponding hydrochloride was precipitated from ether 
with ethanolic HC1 and recrystallized from ethanol-ether: color­
less crystals; mp 231-233° dec; ir 4.08 n (broad, intense); uv 
269 nm (e 940).

Anal. Calcd for C16HI6C1N0-HC1: C, 61.94; H, 5.53; N , 
4.52. Found: C, 61.69; H, 5.66; N , 4.57.

The corresponding picrate was prepared in and recrystallized 
from ethanol: yellow crystals; mp 201.5-204° dec.

Anal. Calcd for C22H19C1N40 8: C, 52.54; H, 3.81; N , 11.14. 
Found: C, 52.84; H, 4.09; N , 11.10.

When 2.0 g of 12b was reduced with lithium aluminum hydride 
(5 g) in tetrahydrofuran, and refluxing for 7.5 hr, the crude base 
(1.4 g) afforded a hydrochloride which, on crystallization from 
ethanol-ether, was obtained in two fractions, mp 224-228° dec 
and mp ca. 138-150° dec. Clarified, aqueous solutions of the 
lower melting, more soluble hydrochloride fraction, on dropwise 
treatment with 10% sodium hydroxide solution, gave amorphous, 
crude deschloramine 13b which, after isolation by ether ex­
traction, drying (K2C 03), and evaporation, was also characterized 
by preparation of salts.

The corresponding hydrochloride, mp 151-155° dec (from 
ethanol-ether), apparently was a hydrate.

Anal. Calcd for C16H17NO • HC1 • H20 : C, 65.41; E , 6.86. 
Found: C, 65.17; H, 6.90.

The corresponding picrate was recrystallized from ethanol: 
yellow crystals; mp 190-192°; analytically devoid of chlorine.

Anal. Calcd for C22H20N4O8: C, 56.41; H, 4.30; N . 11.96. 
Found: C, 56.15; H, 4.49; N, 12.3.

Registry N o — lb , 25965-43-5; 2a, 26965-44-6; 2b, 
27005-98-7; 2c, 26965-45-7; 2d, 27005-99-8; 3, 26965- 
46-8; 4a, 27006-00-4 ; 4b, 26965-47-9: 4c, 26965-48-0; 
5a 2,4-DNP, 26965-49-1; 5b, 26965-50-4; 6, 26965-
51-5; 7a, 26965-52-6; 7b, 26965-53-7; 8a, 26965-54-8; 
8b, 26965-55-9; 9, 26965-56-0; 10, 26965-57-1; 11, 
26965-58-2; 11 HC1, 26965-59-3; 11 0,iV-dibenzoate, 
26965-60-6; 12a, 26965-61-7; 12b, 26965-62-8; 13a 
HC1, 26965-63-9; 13a picrate, 26965-64-0; 13b HC1, 
26965-65-1; 13b picrate, 26965-66-2; 2-hydraxy-5-
chlorobenzhydrol, 26965-67-3.
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o-Carboxyphenyl o-carboxybenzenethiolsulfonate (4) was prepared easily in 77-92% yield from o-mercapto- 
benzoic acid in one step using chlorine or sulfuryl chloride. It reacted readily in ethanol or pH 7 buffer to give 
unsymmetrical o-carboxyphenyl disulfides (5-15), in yields exceeding 55%, with primary, secondary, and tertiary 
alkane'hiols, an arenethiol, a heterocyclic thiol, and with mereapto amino acids. Other routes to these disulfides 
were inferior. The formation of o-carboxyphenyl disulfides affords a promising means of purifying and charac­
terizing thiols, since typical compounds differ considerably in melting point and tic Rs value, can be titrated with 
standard base, and can resist disproportionation well. Furthermore, the thiol can be regenerated by reduction 
either with sodium borohydride or dithiothreitol under mild conditions or recovered as the disulfide by dispro­
portionation of the unsymmetrical disulfide. The o-carboxyphenylthio moiety seems promising for latentiating 
pharmacologically active thiols; it also reversibly blocks the sulfhydryl groups of an enzyme, although thus far it 
shows no advantages over Ellman’s reagent.

Earlier work, in a continuing study of disulfides,2 sug­
gested that the o-carboxyphenylthio moiety, o -H 02CC6- 
H„S- (1), is a promising latentiating group3 for radiopro­
tective thiols.5'6 It also suggested that salts of unsym­
metrical disulfides containing moiety 1 showed an inter­
esting instability.5 While looking further into these 
matters, we realized that moiety 1 had attractive poten­
tialities for latentiation of other medicinally significant 
thiols, for purification, characterization, or resolution of 
thiols, and for working with biochemically important 
thiol groups such as those of proteins. Relevant to 
many of these purposes were the presence of the car­
boxyl group and the probability of easy removal of moi­
ety 1. This paper reports a study of some of these po­
tentialities.

W e found earlier that o-mercaptobenzoic acid (2)6 or 
its disulfide (3)5 could be converted by chlorine-acetic 
acid-water in the Douglass-Farah reaction7 to the thiol- 
sulfonate (4). The 4 reacted with aminothiols to give 
compounds like 5-15 (eq l ) .5'6 With thiophenol as 
RSH, instead of an aminothiol, the reaction of eq 1 still 
proceeded cleanly, without added base at room temper­
ature. As Table I shows, o-carboxyphenyl phenyl di­
sulfide (5) precipitated in 85%  yield. One recrystalli­
zation gave 5 of analytical purity in 74%  yield.

Attempts to prepare 5 by treating o-carboxybenzene- 
sulfenyl chloride (prepared from 2 with chlorine) with 
thiophenol gave 5 in 48%  yield; o-carboxybenzenesul-

*  T o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .
(1 )  (a )  P a p e r  V :  L .  F i e l d ,  J .  L .  V a n h o r n e ,  a n d  L .  W .  C u n n i n g h a m ,  J. Org.

Chem., 35, 3 2 6 7  ( 1 9 7 0 ) .  ( b )  T h i s  in v e s t i g a t i o n  w a s  s u p p o r t e d  b y  P u b l i c
H e a l t h  S e r v i c e  R e s e a r c h  G r a n t  A M I  1 6 8 5  f r o m  t h e  N a t i o n a l  I n s t i t u t e  o f  A r t h ­
r i t i s  a n d  M e t a b o l i c  D is e a s e s ,  ( c )  R e p o r t e d  in  p a r t  a t  t h e  S o u t h e a s t e r n  R e g i ­
o n a l  M e e t i n g  o f  t h e  A m e r i c a n  C h e m i c a l  S o c i e t y ,  T a l la h a s s e e ,  F l a . ,  D e c  1 9 6 8 , 
A b s t r a c t s ,  p  9 8 ,  a n d  a t  t h e  I V t h  “ S y m p o s i u m  o n  O r g a n i c  S u l p h u r , ”  V e n i c e ,  
I t a l y ,  J u n e  1 9 7 0 .  ( d )  A b s t r a c t e d  f r o m  t h e  P h . D .  D i s s e r t a t i o n  o f  P .  M .  G . ,
V a n d e r b i l t  U n i v e r s i t y ,  M a y  1 9 7 0 .  ( e )  C o m p o u n d s  o f  t h e  s t r u c t u r e  0 - H O 2-
C C 6H 4S S R  u s u a l l y  a r e  n a m e d  i n  t h i s  p a p e r  a s  u n s y m m e t r i c a l  d i s u l f i d e s .  
T h e  a l t e r n a t i v e  ( a n d  m o r e  p r o p e r )  n a m i n g  a s  2 - ( a l k y l -  o r  a r y l d i t h i o ) b e n z o i c  
a c id s  fa i l s  t o  e m p h a s i z e  t h e  d i s u l f i d e  f u n c t i o n ,  t h a t  o f  p r i n c i p a l  in t e r e s t  in  
t h is  p a p e r ,  a n d  le a d s  t o  p r o b l e m s  in  t h e  c o n s i s t e n t  t r e a t m e n t  o f  r e l a t e d  c o m ­
p o u n d s  a n d  g r o u p s  t o  b e  d i s c u s s e d ,  ( f )  W e  a r e  i n d e b t e d  t o  P r o f e s s o r  J .  P .  
D a n e h y  o f  t h e  U n i v e r s i t y  o f  N o t r e  D a m e  f o r  h e l p f u l  c o m m e n t .

(2 )  (a )  F o r  l e a d i n g  r e f e r e n c e s ,  s e e  p a p e r  X X I X  i n  t h e  s e r ie s  e n t i t l e d  
“ O r g a n ic  D i s u l f i d e s  a n d  R e l a t e d  S u b s t a n c e s . ” 215 ( b )  N .  E .  H e i m e r  a n d  L .  
F i e l d ,  J. Org. Chem., 35, 3 0 1 2  ( 1 9 7 0 ) .

( 3 )  O n e  w h ic h  c o n v e r t s  a  b i o l o g i c a l l y  a c t i v e  c o m p o u n d  t o  a  d e r i v a t i v e  
w h ic h  in vivo e i t h e r  l i b e r a t e s  t h e  p a r e n t  o r  a l l o w s  a n  a c t i v e  m o i e t y  o f  i t  t o  
r e a c t  a t  a  b i o l o g i c a l l y  i m p o r t a n t  s i t e .  Cf. r e f  4  f o r  e l a b o r a t i o n .

(4 )  L .  F ie l d ,  B .  J . S w e e t m a n ,  a n d  M .  B e l la s ,  J. Med. Chem., 12, 6 2 4  

( 1 9 6 9 ) .
( 5 )  R .  R .  C r e n s h a w  a n d  L .  F i e l d ,  J. Org. Chem., 3 0 ,  1 7 5  ( 1 9 6 5 ) .
( 6 )  L .  F i e l d  a n d  H .  K .  K i m .  J. Med. Chem., 9, 3 9 7  ( 1 9 6 6 ) .
( 7 )  I .  B .  D o u g l a s s  a n d  B .  S .  F a r a h ,  J. Org. Chem., 2 4 ,  9 7 3  ( 1 9 5 9 ) .

5, R =  C„H,
6, R=C,H ,
7 , R =  nb,H T
8, R =  n-C4H9
9 , R=n-C1_,H25

10, R =  Irans-2-CICöHio

11, R =  (CH3)3C
12, R =2-benzothiazolyl
13, R =  L-CH2CH(NH2)C02H
14, R = D-C(CH,)2CH(NH2)C02H
15, R =  DL-C(CHi),CH(NHAc)CO.H

( 1 )

fenyl thiocyanate with thiophenol gave only impure 5 
in 36%  yield, at best.8 In work by others, o-carboxy- 
benzenesulfenyl chloride was prepared from A-chloro- 
succinimide and thiol 2 and then was used to prepare an 
unsymmetrical disulfide;9 in our hands this overall tech­
nique for the synthesis of 5 gave only symmetrical disul­
fides. Another approach was suggested by the well- 
known one for preparing disulfides by thioalkylating 
thiolates (RS- ) with thiosulfates (Bunte salts, R 'S- 
S 0 3- ) ;10 unfortunately, the attempted preparation of 
the pyridinium thiosulfate needed for synthesis of 5 was 
unsuccessful, i.e., of o-H02CC6H 4SS03- C5H5N H +,u and 
this route was not explored further.

With eq 1 thus the synthesis of choice for 5 as a 
model, the best means for preparing 4 was sought. Im­
provement was made on chlorinolysis of the thiol 2,6 but 
use of liquid chlorine makes this technique inconvenient. 
Use of sulfuryl chloride instead of chlorine is much

( 8 )  T h e  p r o c e d u r e  w a s  b a s e d  o n  o n e  o f  H .  L e c h e r  a n d  M .  W i t t w e r ,  Ber., 
55B, 1 4 7 4  ( 1 9 2 2 ) .

(9 )  J .  T u l e c k i ,  J .  D a b r o w s k i ,  a n d  J .  K a l i n o w s k a - T o r z ,  Dies. Pharm. 
Pharmacol., 18, 4 7 3  (1 9 6 6 )  [ t h r o u g h  Chem. Abstr., 67, 6 3 9 7 1  ( 1 9 6 7 ) ] .

( 1 0 )  Cf. H .  B .  F o o t n e r a n d  S .  S m ile s ,  J. Chem. Soc., 127, 2 8 8 7  ( 1 9 2 5 ) .
( 1 1 )  Cf. t h e  m e t h o d  u s e d  t o  p r e p a r e  C e H s S S O i 'C ö H s N H  + d e v e l o p e d  b y  

P .  B a u m g a r t e n ,  Ber., 63, 1 3 3 0  ( 1 9 3 0 ) .
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more convenient;12 the yield of about 92%  compares 
favorably with about 91%  obtained using chlorine.

Typical classes of o-earboxypher.yl disulfides (5-15), 
shown in eq 1 and Table I, then were prepared in 9 5%  
ethanol without base (procedure A ): or in ethanol-buffer 
(procedure B ). In most instances procedure A  was pre­
ferred. With compounds 13-15, Table I shows that 
procedure B is not essential; it was included for biolog­
ically significant compounds with which it might be cru­
cial. Although thiolsulfonate 4 is quite stable as a 
solid, it decomposes slowly in ethanol or buffer solution 
with precipitation of the disulfide 3; this instability 
should be of little concern, ordinarily, since the low con­
tent of o-carboxyphenyl disulfide (3) in the products 
shows that the rate of thioarylaticn must compare fa­
vorably with that of decomposition of 4 .13

The reaction in eq 1 was general for a wide variety of 
types of thiols (eq 1 and Table I). Compounds 5-15  
were obtained in crude yields of 55-100%  and usually 
became virtually analytically pure after one recrystalli­
zation.

Primary aliphatic thiols such as ethanethiol, 1-pro- 
panethiol, 1-butanethiol, and even the long-chained 1- 
dodecanethiol gave disulfides with attractive properties 
(6-9, respectively; Table I). The nearly odorless disul­
fides formed quickly at room temperature. The three 
homologs 6 -8  were prepared to tesr, differences in melt­
ing points of homologs. The melts of 7 and 8 remained 
cloudy up to about 220°; for 7, this fact and the broad 
melting range (Table I) were shown to be caused by dis­
proportionation at about the melting point by isolating 
the symmetrical disulfides. The differences in melting 
points of these homologs suggest considerable promise 
in use of o-carboxyphenyl disulfides for characterization 
(vide infra). Sodium salts of disulfides 6 and 7 have 
been reported, but details were unavailable to us.14

Secondary and tertiary alkanethiols, b'ans-2-chloro- 
cyclohexanethiol, and 2-methyl-2-propanethiol gave 
disulfides 10 and 11 without difficulty or indication of 
reduced rate; the products were easier to purify than 
some from the primary thiols; and there was no indica­
tion of disproportionation at the melting point.

Similarly, the heterocyclic thiol 2-mercaptobenzothi- 
azole (16) gave the disulfide 12 without incident.

The mercapto amino acids L-cysteine, D-penicilla- 
mine, and DL-iV-acetylpenicillamme gave disulfides 
13-15, although the synthesis of 13 had a surprising fea­
ture. The reaction of L-cysteine hydrochloride with 4 
should have led to the hydrochloride of 13. Instead, 
very' sparingly soluble material precipitated from either 
95%  ethanol or buffer-ethanol tha': contained no halo­
gen. Elemental analysis and neutralization equivalent 
(formol technique)15 indicated that 13 is the correct 
structure. For insight into this unusual precipitation 
of a free base from its hydrochloride, the hydrochloride

( 1 2 )  A  m e t h o d  d e v e l o p e d  b y  J .  D .  B u c k m a n ,  M .  B e l la s ,  H .  K .  K i m ,  a n d  
L .  F i e l d ,  J . O rg. C h em .,  32, 1 6 2 6  ( 1 9 6 7 ) .

( 1 3 )  A s  a  m e a s u r e  o f  t h e  d e c o m p o s i t i o n  o f  4, t h e  s p a r i n g l y  s o l u b l e  d i ­
s u l f i d e  3 w a s  s e p a r a t e d  w h i c h  p r e c i p i t a t e d  u n d e r  t h e  u s u a l  r e a c t i o n  c o n d i ­
t i o n s ,  e x c e p t  f o r  a b s e n c e  o f  t h i o l .  I n  9 5 %  e t h a n o l  t h e  r e s u l t s  f o r  t i m e  in  
h o u r s  ( %  d e c o m p o s i t i o n )  w e r e  0 .1  ( < 1 ) ,  1 ( 1 0 ) ,  8  ( 6 0 ) ,  a n d  2 4  ( 9 4 ) .  I n  
5 : 2  e t h a n o l - p H 7  p h o s p h a t e  b u f f e r ,  t h e  r e s u lt s  w e r e :  0 .5  ( 2 4 ) ,  1 ( 5 1 ) ,  2  
( 6 8 ) ,  a n d  1 0  ( 9 6 ) .

(1 4 )  H .  S a s a k i ,  Ig a k u  K e n k y u ,  27, 2 6 7 9  (1 9 5 7 )  [ t h r o u g h  in d e x e s  *50 C h em . 
A b str .,  52, 1 1 2 6 6  ( 1 9 5 8 ) ;  t h e  c o m p o u n d s  a r e  n o t  m e n t i o n e d  in  t h e  a b s t r a c t  
i t s e l f ] .

( 1 5 )  R .  H .  A .  P l i m m e r ,  “ P r a c t i c a l  O r g a n ic  a n d  B i o - c h e m i s t r y , ”  L o n g ­
m a n s ,  G r e e n  a n d  C o . ,  L o n d o n ,  1 9 1 8 ,  p  1 4 5  ( c / .  E x p e r i m e n t a l  S e c t i o n ) .
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of 13 was prepared by dissolving 13 in dry methanol 
containing dry hydrogen chloride and evaporating the 
solvent (13 itself is insoluble in dry methanol alone). 
When this product was shaken with water 13 precipi­
tated, and titration with alkali showed that 103% of the 
theoretical amount of hydrochloric acid remained in the 
water. The extremely low solubility of 13 may be a fac­
tor in this precipitation from its salt. Disulfides 14 and 
IS behaved as one would expect.

Latentiation of mercaptoethylamine with moiety 1 
led to o-(2-protoaminoethyldithio)benzoate (17),16 which 
gave “ good” protection against radiation ;5,I6b 17 has 
since shown activity as an antiinflammatory drug.17 
Disulfides 13-15 will be tested as antiradiation and 
antiinflammatory drugs, but penicillamine is of special 
interest to us because of its use in rheumatoid arthritis; 
unfortunately, its use often leads to problems of toxi­
city.20 Latentiation with the moiety 1 to give 14 might 
lead to a more active or less toxic counterpart. The 
acetyl derivative 15 had no effect on the skin-tensile 
strength of rats,21 22 but acetylpenicillamine does not 
affect collagen in the skin of rats.22a Disulfide 14 had 
virtually the same effect in reducing skin tensile strength 
(54-59%  of the tensile strength of a control) as penicil­
lamine (5 4 % ).22b

For assurance as to the structures of 5-15, a typical 
disulfide was synthesized independently. The reaction 
of o-mercaptobenzoic acid (2) with ethyl ethanethiolsul- 
fonate gave 6 in 83%  yield (eq 2). Further structural

o-HOsCCilLSH +  EtSOjSEt — >- 
2

o-HOiCCeHiSSEt +  EtSOaH (2) 
6

evidence was provided by neutralization equivalents 
(Table I) and ir spectra. In common with past experi­
ence,23 the ir spectra are not merely summations of those 
of the two symmetrical disulfides, although they usually 
resemble a summation. Not only are some bands in the 
symmetrical disulfides absent in the unsymmetrical one, 
but bands present in neither symmetrical one appear. 
The most characteristic ir bands are at 1670, 1300-1250, 
900, 740, 690, and 650 cm-1 , although in 13-15 some 
were shifted somewhat. All of the disulfides were too 
sparingly soluble for good nmr spectra.

Disproportionation conceivably could become trou­
blesome with disulfides resembling 5-15 (eq 3). Fortu-

2o-H02CCeH4SSR — >- (o-HChCCelbSh +  RSSR (3)
3

( 1 6 )  (a )  N o m e n c l a t u r e  s u g g e s t e d  b y  F .  Y .  W i s e l o g l e .  S e e  F .  G .  B o r d w e l l ,
M .  L .  P e t e r s o n ,  a n d  C .  S .  R o n d e s t v e d t ,  J r . ,  J. Amer. Chem. Soc., 76, 3 9 4 5  
( 1 9 5 4 ) .  ( b )  Cf. L .  F i e l d  a n d  P .  M .  G i l e s ,  J r . ,  J. Med. Chem., 13, 3 1 7  ( 1 9 7 0 ) .

(1 7 )  W e  a r e  i n d e b t e d  t o  D r s .  N .  G .  B r i n k  a n d  C .  G .  V a n  A r m a n  o f  t h e  
M e r c k  S h a r p  a n d  D o h m e  R e s e a r c h  L a b o r a t o r i e s  f o r  t h e  f o l l o w i n g  u n p u b ­
l i s h e d  r e s u l t s :  C a r r a g e e n i n  f o o t - e d e m a  a s s a y , 18 1 0  m g / k g  ( 3 2 % ) ,  3 0  m g / k g  
( 4 0 % )  ; a d j u v a n t  a r t h r i t i s ,19 i n a c t i v e  a t  5 0  m g / k g .

(1 8 )  P r o c e d u r e  o f  C .  A .  W i n t e r ,  E .  A .  R i s l e y ,  a n d  G .  W .  N u s s ,  Proc. Soc. 
Exp. Biol. Med., I l l ,  5 4 4  (1 9 6 2 )  ; r e s p o n s e s  t o  s t a n d a r d  a g e n t s  a r e  r e p o r t e d .

( 1 9 )  P r o c e d u r e  o f  H .  C .  S t o e r k ,  T .  C .  B i e l i n s k i ,  a n d  T .  B u d z i l o v i c h ,  Amer. 
J. Pathol., SO, 6 1 6  ( 1 9 5 4 ) .

(2 0 )  I .  A .  J a f f e ,  Arthritis Rheum., 8 ,  1 0 6 4  ( 1 9 6 5 ) .
(2 1 )  W e  a r e  i n d e b t e d  t o  D r .  I .  A .  J a f f e ,  o f  t h e  N e w  Y o r k  M e d i c a l  C o l l e g e  

a n d  F l o w e r  a n d  F i f t h  A v e n u e  H o s p i t a l s  ( N e w  Y o r k ,  N .  Y . ) ,  f o r  t h e s e  t e s t s  
u s i n g  m e a n s  r e f e r r e d  t o  p r e v i o u s l y . 4

(2 2 )  (a )  M .  E .  N i m n i ,  K .  D e s h m u k h ,  N .  G e r t h ,  a n d  L .  A .  B a v e t t a ,
Biochem. Pharmacol., 18, 7 0 7  ( 1 9 6 9 ) ;  ( b )  I. A .  J a f f e ,  P. M e r r y m a n ,  a n d

D .  J a c o b u s ,  Science, 161, 1 0 1 6  ( 1 9 6 8 ) .
( 2 3 )  Cf. r e f  6 .

nately, disproportionation usually can be recognized 
easily in four ways. (1) The disulfide 3 is so sparingly 
soluble that it generally remains as a readily recogniz­
able residue upon recrystallization (a feature which aids 
purification, as does the fact that RSSR usually either 
fails to dissolve or remains in solution if it does dissolve).
(2) The other disulfide (RSSR), unless it has a carboxyl 
group, will be evident when the unsymmetrical one is 
dissolved in dilute aqueous base, as when the neutraliza­
tion equivalent is determined. (3) Melting point de­
pression usually is clear if there is contamination by 
either symmetrical disulfide. (4) Tic results in 3 left at 
the origin if much 3 is present. Thus, with 10 and 11 
presence of as little as 1%  of 3 is apparent by tic. None 
of the disulfides 5-15 showed presence of 3 by tic after 
one or two recrystallizations, and all gave single spots 
except 13, which was too sparingly soluble for tic (Table
I); in eight instances, disulfides corresponding to RSSR 
were done simultaneously and were reasonably distant 
from the tic spot reported in Table I. Some tendency 
to disproportionate in tic was observed with 6 and 7 
(9:1 chloroform-ethanol; three spots were seen); this 
behavior was circumvented by prior washing of the tic 
sheet with chloroform containing dry hydrogen chloride.

Under most circumstances, the o-carboxyphenyl di­
sulfides studied resist disproportionation in solution 
well. For example, 5 was recovered in 96 -98%  yield 
after 21-119 hr a* 100° in H20 , 1,4-dioxane, or AcOH; 
that it then contained negligible 3 was shown by tic and 
melting point.

The sodium salt of 5 in water, on the other hand, dis- 
proportionated completely in 1 hr at 68° and to the ex­
tent of 13%  in 20 hr at about 25° (25%  in ambient 
light). This unusual behavior of the salt is more a 
virtue than a blemish. It furnishes a useful means for 
recovery of a thiol as its symmetrical disulfide. Thus 
5 gave phenyl disulfide in 96%  yield after 5 min with 
ca. 12 equiv (to accelerate disproportionation) of aque­
ous alkali at ca. 25° ; the symmetrical disulfide 3 was re­
covered in 9 8%  yield by acidification. Although aryl 
disulfides undergo decomposition to sulfinic acids and 
thiols in the presence of base,24 no such behavior was ap­
parent with 5, in conformity with observations that the 
disulfide 3 is by far the least reactive of the dithiodiben- 
zoic acids in alkaline solution.25 Symmetrical disulfides 
often afford a convenient means of storing thiols; they 
can be used in a wide variety of reactions without recon­
version to the thiol.

Although conversion of an o-carboxyphenylthio deriv­
ative to the symmetrical disulfide should prove useful, 
regeneration of the thiol by reduction should be more so. 
In establishing tne feasibility of mild reductions, the 
benzothiazolyl disulfide 12 was used as a model because
2-mercaptobenzothiazole (16) is easily isolated. So­
dium borohydride (18), which has been used for reduction 
of disulfides,26 reduced 12 in either 1,4-dioxane or dilute 
aqueous alkali to the thiol 16 in 82 -8 5 %  yield (eq 4).

N a B H .  ( 1 8 )  o r
0-HO2CC6H4SSC7H4N S --------------->- HSC7H4NS +  2 (4)

12 DTT (19> 16

( 2 4 )  R .  S c h i l l e r  a n d  R .  O t t o ,  Ber., 9, 1 6 3 7  ( 1 8 7 6 ) .
( 2 5 )  (a )  S .  S m il e s  a n d  J .  S t e w a r t ,  J. Chem. Soc., 119, 1 7 9 2  ( 1 9 2 1 ) ;  ( b )  

S .  S m i l e s  a n d  D .  C .  H a r r i s o n ,  ibid., 121, 2 0 2 2  ( 1 9 2 2 ) ;  ( c )  J .  P .  D a n e h y  a n d
K .  N .  P a r a m e s w a r a n ,  J. Org. Chem., 3 3 ,  5 6 8  ( 1 9 6 8 ) .

(2 6 )  (a )  C .  R .  S t a h l  a n d  S .  S ig g ia ,  Anal. Chem., 29, 1 5 4  ( 1 9 5 7 ) ;  ( b )  W .  D .  
B r o w n ,  Biochim. Biophys. Acta, 44, 3 6 5  ( 1 9 6 0 ) .



The o-mercaptobenzoic acid (2) also formed was re­
moved easily by washing with aqueous sodium bicar­
bonate. Dithiothreitol (19, Cleland’s reagent, D TT) 
also is a mild elegant reductant,27 28 a particularly popular 
one for sensitive systems. One molar proportion of 19 
reduced one of 12 to the thiol 16 in 35%  yield. Since 
the reduction by 19 presumably is an equilibrium pro­
cess, use of a larger excess of 19 (which is costly, how­
ever) should increase the yield of 16; this trend is re­
flected by an increase in the yield of 16 to 66%  with use 
of 2 molar proportions of 19.

The ease of preparing, purifying and characterizing
o-carboxyphenyl disulfides, then of conversion to a de­
sired disulfide or thiol, suggests several uses other than 
latentiation. One use is for the characterization of 
thiols for which few good means are available. Some 
common derivatives, such as mercuric mercaptides, 
nitro thiol esters, a-anthraquinone sulfides, p-nitro- 
phenyl sulfones, and 2,4-dinitrophenyl sulfides or sul- 
fqnes, often exhibit unsatisfactory melting points or 
have a small range of melting points,28a although N,N- 
diphenylthiocarbamates seem promising.2813 Some are 
not applicable to thiols which contain other functional 
groups. o-Carboxyphenyl disulfides generally not only 
lack these shortcomings but have several features which 
further enhance their value (c/. Table I). (1) They are
easy to prepare and purify from 4, a cheap, readily ac­
cessible reagent. (2) The carboxyl group permits deter­
mination of the neutralization equivalent and is valu­
able for isolation and purification. (3) The tic Rs 
values vary considerably. (4) The melting points fall 
in a desirable temperature range, are usually rather well 
separated and differ even for homologs (i.e., 6-8). (5)
A  thiol can be either regenerated or recovered directly as 
its disulfide.

Another attractive use (not verified experimentally) 
would seem to be in the resolution of thiols. Conver­
sion of a thiol to its disulfide by eq 1 could be followed 
by resolution with optically active amines, regeneration 
of the o-carboxyphenyl disulfide from its salt, and con­
version of the unsymmetrical disulfide to the optical 
active thiol or disulfide.

A third possible application was attractive, that of 
using eq 1 for analysis or reversible “ blocking” of the 
sulfhydryl (-SH ) moieties of proteins.29 Creatine 
kinase, an enzyme, after reaction with 4 showed total 
loss of enzymatic activity, indicating conversion of -S H  
to disulfide. No distinctive uv absorption useful for 
analysis of -S H  was observed. Ellman’s reagent re­
acted with creatine kinase more rapidly;30 the reaction 
could be followed by uv absorption. Reduction of 
either inactivated product with excess 19 gave a 95 - 
100% recovery of enzymatic activity, indicating regen­
eration of -SH . The thiolsulfonate 4 seems rather un­
promising for assay of -S H  and seems to have no ad­
vantage over Ellman’s reagent for reversible blocking, 
unless its slower reaction could provide greater selec­

( 2 7 )  W .  W .  C l e la n d ,  B io ch em is try ,  3, 4 8 0  ( 1 9 6 4 ) .
(2 8 )  (a )  E .  E .  R e i d ,  “ O r g a n i c  C h e m i s t r y  o f  B i v a l e n t  S u l f u r , ”  V o l .  I ,  

C h e m i c a l  P u b l i s h i n g  C o . ,  N e w  Y o r k ,  N .  Y . ,  1 9 5 8 ,  p  1 6 2 ;  ( b )  R .  G .  H i s k e y ,
F. I. C a r r o l l ,  R .  F. S m it h ,  a n d  R .  T. C o r b e t t ,  J. Org. Chem., 26, 4 7 5 6  ( 1 9 6 1 ) .

(2 9 )  W e  a r e  m u c h  i n d e b t e d  t o  D r .  L .  W .  C u n n i n g h a m  a n d  D r .  C .  S .  
B r o w n  f o r  t h e s e  u n p u b l i s h e d  r e s u lt s  a n d  f o r  t h e i r  g r a c i o u s  p e r m i s s i o n  t o  
s u m m a r i z e  t h e m  h e r e .  T h e  P h . D .  D i s s e r t a t i o n  o f  C .  S .  B . ,  V a n d e r b i l t  U n i ­
v e r s i t y ,  J a n  1 9 7 0 ,  m a y  b e  c o n s u l t e d  f o r  d e t a i l s .

( 3 0 )  5 ,5 ' - D i t h i o b i s ( 2 - n i t r o b e n z o i c  a c i d ) ;  s e e  G .  L .  E l l m a n ,  A r c h . B io -
chem . B io p h y s . ,  82, 7 0  ( 1 9 5 9 ) .
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tivity for different -S H  groups, or unless its lack o: color 
makes it useful in masking SH where the color from 
Ellman’s reagent might interfere with other colored 
reagents.

Experimental Section31
Materials.— o-Mercaptobenzoic acid (2, Aldrich Chemical Co.) 

was dissolved in 95% EtOH at ca. 60°, treated with decolorizing 
carbon, and filtered while hot. Water was added to incipient 
turbidity. Cooling and filtration gave fine yellow crystals having 
mp 165-166° (lit.32 mp 163-164°). ircras-2-Chlorocyclohex- 
anethiol33 had bp 95° (30 mm) and n.26c 1.4986 [lit.33a bp 83° 
(20 mm); *® d 1.5015], Ethyl ethanethiolsulfonate was kindly 
provided by Dr. Michael Bellas.12 All other reagents were used 
as purchased.

Preparation of o-Carboxyphenyl o-Carboxybenzenethiolsul- 
fonate (4). A. Using Cl2.— In an improvement of earlier proce­
dures,6,6 Cl2 (20.9 g, 13.5 ml, ~ 0 .3  mol) was condensed and then 
introduced slowly (1 hr) into a stirred mixture of the thiol 2 (30.2 
g, 0.196 mol) and AcOH (5.6 ml, ~ 0 .1  mol) in CH2C12 (110 ml) 
at —2° to + 2 ° . Moisture was carefully excluded from the sys­
tem by means of drying tubes containing CaCl2. The suspension 
was stirred (20 min) at —2° to + 2 ° , after which H20  (3.6 ml, 0.2 
mol) was added slowly (15 min). After 16 hr at ca. 25°, crude 4 
was separated by filtration, washed with cold H20  (200 ml), and 
dried under reduced pressure: yield of 4, 30.2 g (91% ); mp 200- 
210° dec. The 4 was taken up in 95% EtOH (ca. 1 g/10 ml) at 
ca. 25° and filtered. Water was added to incipient turbidity. 
Cooling (ca. 0°) and filtration gave 4 as a tan powder (25.6 g, 
77% ), mp 220-225° dec, unchanged by further crystallization 
(lit. mp 218-222° dec,6 215-223° dec).6

Anal. Calcd for CuILcO ^: C, 49.69; H, 2.98; S, 18.95. 
Found: C, 49.58; H, 3.37; S, 18.86.

Thin layer chromatography of compound 4 on Brinkmann 
MN Polygram Sheet (polyamide) developed with MeOH con­
taining 0.5% H C 02H showed only one spot under uv light (Ri 
0.20). The 4 thus obtained was identical (ir) with authentic 4.6 
A sample of 4 was unchanged (ir, mp) after 5 years.

B. Using S 02C12.— In a procedure resembling one reported,12 
S02C12 (81.00 g, 0.60 mol) was added slowly (1.5 hr) to a rapidly 
stirred solution of the thiol 2 (61.68 g, 0.40 mol) and AcOH (12.00 
g, 0.20 mol) in CH2C12 (400 ml) at —2° to —2°. The reaction 
mixture was allowed to warm (during ca. 1 hr) to ca. 25°. Heat­
ing (40°, 3 hr) then resulted in evolution cf copious amounts of 
gas. Water (7.30 g, 0.41 mol) was added slowly (0.5 hr) and 
heating was continued for 5 hr more. Tar. solid was separated, 
washed first with cold H20  (400 ml) and then with cold CH2C12 
(100 ml), and then dried to give 4, 62.38 g (92%), mp 210-216° 
dec. Thiolsulfonate 4 at this point was nearly always satisfac­
tory for preparing 5-15, even though the melting point was occa­
sionally 200-220° dec. Unsuitability, suggesting the recrystal­
lization described next, was determined easily by a significant 
residue of 3 when the 10% solution of 4 used for such preparations 
was prepared in EtOH. Recrystallization of a 10-g sample from 
aqueous EtOH as above gave 8.4 g (84%) of 4 having mp and 
mmp 220-224° dec, identical (ir) with authentic 4.6

Longer reaction times without heating gave 4 in only 30% 
yield, mp 220-222° dec.

Synthesis of o-Carboxy phenyl Disulfides 5-15 via Eq 1.—Ex­
cept for variations noted in Table I, procedures A and B were as 
illustrated below.

Procedure A. o-Carboxyphenyl Phenyl Disulfide (5).— Thio- 
phenol (1.65 g, 15 mmol, often in a little EtOH) was added to a 
stirred solution of 4 (5.06 g, 15 mmol) in 95%  EtOH (£0 ml). 
Precipitation of 5 began in ca. 5 min. Filtration after 3 hr gave 5 
(3.00 g, 76% ), mp 190-195° dec. A second crop was collected 
(0.36 g, 9% ), mp 190-195° dec. The crude 5 (1 g) was dissolved 
in EtOH (50 ml) at ca. 25°, and water was added to incipient

( 3 1 )  M e l t i n g  p o i n t s  a r e  c o r r e c t e d .  E l e m e n t a l  a n a l y s e s  w e r e  b y  G a l b r a i t h  
M i c r o a n a l y t i c a l  L a b o r a t o r i e s ,  K n o x v i l l e ,  T e n n .  I r  s p e c t r a  w e r e  d o n e  u s i n g  
a  B e c k m a n  M o d e l  I R - 1 0  w i t h  K B r  p e l le t s  o f  a l l  s a m p l e s ;  s  s i g n i f i e s  a  s t r o n g  
a b s o r p t i o n  b a n d  ( o t h e r s  r e p o r t e d  w e r e  m e d i u m ) .  U n le s s  o t h e r w i s e  s t a t e d ,  
r e a c t i o n s  w e r e  c a r r i e d  o u t  a t  r o o m  t e m p e r a t u r e .  S o l v e n t s  w e r e  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u r e  w i t h  a  r o t a r y  e v a p o r a t o r .

( 3 2 )  C .  F .  I I .  A l l e n  a n d  D .  D .  M a c K a y ,  “ O r g a n ic  S y n t h e s e s , ”  C o l l .  V o l .  
I I ,  W i l e y ,  N e w  Y o r k ,  N .  Y . ,  1 9 4 3 , p  5 8 0 .

( 3 3 )  (a )  P r e p a r e d  a c c o r d i n g  t o  C .  C .  J .  C u l v e n c r ,  W .  D a v i e s ,  a n d  N .  S . 
H e a t h ,  J . C h em . S o c .,  2 8 2  ( 1 9 4 9 ) ;  ( b )  E .  E .  v a n  T a m e l e n ,  J . A m e r . C h em . 
S o c .,  7 3 ,  3 4 4 4  ( 1 9 5 1 ) ,  r e p o r t e d  t h a t  t h e  p r o d u c t  o b t a i n e d  is  t h e  t r a n s  i s o m e r .

F ield and G iles
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turbidity. Cooling and filtration gave 0.87 g (87% recovery, 
74% yield) of 5 as fine white crystals having mp 197-198.5° dec; 
ir (KBr) 3200-2500, 1670 (s), 1420, 1320, 1280, 1260, 900, 740, 
690, and 650 cm-1.

D-Penicillamine did not dissolve quickly in the reaction me­
dium, but finely ground penicillamine did so during a long reac­
tion period of 18 hr. Ether then was added to the clear solution 
to effect precipitation. Disulfide 14 had [ a ] 26D  +181° (c 1 in 
glacial acetic acid).

Procedure B. DL-o-(l,l-Dimethyl-2-carboxy-2-acetamido- 
ethyldithio)benzoic Acid (15).— DL-iV-Acetylpenicillamine (1.91 
g, 10 mmol) was suspended in commercial phosphate buffer (pH 
7, 0.2 Hi, 20 ml), and the mixture was added to a stirred solution 
of 4 (3.38 g, 10 mmol) in 95% EtOH (50 ml). After 1 hr, the 
heterogeneous reaction mixture was cooled, and the 15 was re­
moved by filtration, yield 3.28 g (96% ), mp 200-205° dec. Re­
crystallization from M eOH-H20  gave material having mp 208- 
209° dec; ir (KBr) 3360, 3200-2300, 1695 (s), 1625, 1540, 1250 
(s), 900, and 740 cm-1.

The formol titration technique15 is illustrated for disulfide 13. 
Commercial formalin (10 ml) was diluted with H20  (20 ml) and 
neutralized with 0.1 JV NaOH using phenolphthalein as an indica­
tor. This neutral formalin was added to a suspension of 13 
(0.2133 g, 0.78 mmol) in 95% EtOH (10 ml). Titration with 
NaOH (0.0994 N , 15.40 ml) indicated a neutralization equivalent 
of 139 (calcd, 137).

Comparative Syntheses of 5 by Other Means. A. Via 
o-Carboxybenzenesulfenyl Chloride.— Chlorine (7.09 g, 4.58 ml, 
0.10 mol ) was condensed (Dry Ice) and then was added slowly 
(0.5 hr) to a stirred suspension of 2 (15.42 g, 0.10 mol) in CII2C12 
(55 ml) at ca. 0°. After 10 min more at 0°, PhSH (11.01 g, 
0.10 mol) was added slowly (15 min). The reaction mixture was 
allowed to warm to ca. 25°, and the solvent was removed under 
reduced pressure. Recrystallization of crude 5 from EtOH-H2() 
as before gave 5 (12.5 g, 48% ) with mp 190-198° dec, identical 
with authentic 5 by ir.

B. Via o-Carboxybenzenesulfenyl Thiocyanate (Cf. Ref 8).—  
The thiol 2 (1.54 g, 10 mmol) in Et20  (50 ml) was added slowly 
(1 hr) to a stirred solution of (SCN)2 (1.33 g, 11 mmol) in Et20  
(55 ml) at ca. 0°. After 1 hr, PhSH (1.10 g, 10 mmol) in Et20  
(10 ml) was added rapidly. The solution was stirred for 10 
min more at ca. 0° and for 3 hr at ca. 25°. The Et20  solution 
was washed with H20  until colorless and then dried (MgSO,). 
The Et20  was removed to give crude 5; the ir was similar to 
(but not identical with) that of authentic 5. Recrystallization 
as usual gave 0.95 g (36%) of 5 having a broad melting point of 
145-180° dec. It might be added that, although the use of ex­
cess (SCN)2 is standard,8 use of smaller amounts might be ad­
vantageous here.

Independent Synthesis of o-Carboxyphenyl Ethyl Disulfide
(6).— Ethyl ethanethiolsulfonate (1.54 g, 10 mmol) and 2 (1.54 
g, 10 mmol) were stirred (1 hr) at ca. 25° in 95% EtOH (50 ml). 
Addition of H20  (50 ml) and cooling gave 1.78 g (83%) of 6, mp 
125-128°. Recrystallization from M eOH-H20  as usual gave 
1.60 g (75%) of 6, mp and mmp 129-130°, ir identical with that 
of 6 synthesized by procedure A.

Reactions of o-Carboxyphenyl Disulfides. A. Disproportiona­
tion.— Carefully weighed samples of 5 (ca. 1 mmol) were dis­
solved in 10 ml of solvent (see Table II) in 15-ml ampoules. 
The ampoules were wrapped with aluminum foil to protect the 
contents from light. They were immersed to their necks in an 
oil bath and were maintained at 25, 68, or 100° for the designated 
time intervals. The ampoules then were withdrawn and chilled 
in ice. The extent of disproportionation was determined either 
by isolating phenyl disulfide which was formed, or by recovering

disulfide 5. The phenyl disulfide, isolated by filtration from all 
experiments involving the sodium salt of 5 in H20 , was washed 
with H20  (100 ml) and carefully dried (identity established by 
melting point and tic). In all other instances the solvent was re­
moved under reduced pressure and phenyl disulfide was separated 
by washing the residue with hexane (100 ml). The recovered 5 
(hexane insoluble) was identical with authentic material (ir, 
melting point). "Disproportionation, % ”  was calculated as 
usual;34 the results are given in Table II.

T able II
D isproportionation of 5 or of Its Salt

T i m e ,  h r T e m p ,  ° C S o l v e n t %“
20 25 H20 5 13
25 25 H20 5 25c
79 25 H20 6 69

0.25 6 8 h 2o 42
0.75 6 8 H20 5 83
1.00 6 8 h 2o 5 100
0.1 25 H2Od 96e.'

24 100 1,4-Dioxane < 3 /
119 100 AcOH < 2 /
21 100 h 2o < 4 /
24 25 95% EtOH 0/

° Disproportionation, % ; see ref 34. 1 Containing 1 molar
proportion of NaOH. c Exposed to ambient light. d Con­
taining 12 M  proportions of NaOH. • 98% of the theoretical 
amount of disulfide 3 also was recovered. /  Determined by iso­
lation of disulfide 5. » Sample did not dissolve even at 100°. 
The 5 was completely dissolved in all the other experiments re­
ported in Table II.

B. Reduction with NaBH4 (18).— A solution of 18 (0.67 g,
17.70 mmol) and disulfide 12 (1.14 g, 3.57 mmol) in dry 1,4- 
dioxane (50 ml) was warmed on a steam bath for 3 hr. The 
solution then was acidified carefully (pH 1, 10% HC1). After 
filtration to remove solids, the solvent was removed under re­
duced pressure. The solid residue was rubbed with 5%  Na- 
HCO3 (100 ml) and H20  (50 ml) and then dried to give 0.49 g 
(82%) of yellow crystalline 16, mp and mmp 180-181°, ir identical 
with that of authentic 16.

A similar reaction using 0.1 N  aqueous NaOH as the solvent 
gave 16 in 85% yield, identified by melting point and ir.

C. Reduction with Dithiothreitol (19).— A solution of disul­
fide 12 (0.32 g, 1.0 mmol) and 19 (0.31 g, 2.0 mmol) in pH 10 
buffer (0.2 M  carbonate, 20 ml) was stirred for 20 min. Acidifi­
cation to pH 1 (concentrated HC1) and cooling gave yellow 16, 
which was separated and washed with 5%  NaHCOs (100 ml) 
and H20  (50 ml). The residue of crude 16 (0.16 g, 96% ; mp 
160-165°) was recrystallized from EtOH-H20  to give 0.11 g 
(66%) of 16, identified by ir, mp and mmp 180-181°.

When 1.0 mmol of 19 was used, 0.06 g (35%) of 16 was re­
covered, identified by melting point and ir.

Registry N o.— 4, 1906-41-8; 5, 26929-62-4; 6,
26929-63-5; 7, 26893-47-0; 8, 26893-48-1; 9, 26893-
49-2; 10, 26885-61-0; 11, 26893-50-5; 12, 26893-51-6; 
13,26885-62-1; 14,26885-63-2; 15,26885-64-3.

( 3 4 )  L .  F ie l d ,  T .  C .  O w e n ,  R .  R .  C r e n s h a w ,  a n d  A .  W .  B r y a n ,  J . A m er . 
C h em . S o c „  8 3 , 4 4 1 4  ( 1 9 3 1 ) .
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The Reaction of Monohalonaphthalenes with Potassium tert-Butoxide 
and tert-Butvl Alcohol in Dimethyl Sulfoxidela
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The reaction of monoiodo-, monochloro-, and monofluoronaphthalenes with potassium ierf-butoxide in a tert- 
butyl alcohol-dimethyl sulfoxide medium at 140° has been examined; the results are compared to the reaction of 
the monobromonaphthalenes under the same conditions. The major products observed in the bromo-, iodo-, and 
chloronaphthalene reactions were 1- and 2-ierf-butyl naphthyl ethers (IV and V), 1- and 2-naphthols (X III and 
XIV), and l-methylmercapto-2-naphthol (X I). Other products were found in minor yields. The mole per cent 
ratio of 1-substituted products (IV and X III) to 2-substituted products (V and X IV ) was found to oe 0.35 ±  
0.03 in every case suggesting that 1,2-dehydronaphthalene is an intermediate in each of these reactions. The 
fluoronaphthalenes were found to undergo only direct nucleophilic substitution with no formation of 1,2-dehy- 
dronaphthalene. The order of addition of potassium ierf-butoxide and (erf-butyl alcohol to DMSO seems to be 
critical in this reaction. When ierf-butoxide is added first, the major products are not compounds IV, V, XI, 
X III, and XIV, but are 1- and 2-methylthionaphthalene (XV and XVI).

Bromobenzene is known to react with potassium ierf- 
butoxide to form ferf-butyl phenyl ether by way of an 
aryne mechanism.1 2 3“ 4 In another paper,5 we report 
the reaction of 1- and 2-bromonaphthalene with po­
tassium ierf-butoxide in a ierf-butyl alcohol-dimethyl 
sulfoxide mixture.6 W e found that the major products 
formed in this reaction were 1- and 2-terf-butyl naphthyl 
ethers (IV and V), 1- and 2-naphthols (X III and X IV ), 
and l-methylmercapto-2-naphthol (X I). Ten other 
identifiable products were also observed. The reaction 
was studied under a variety of conditions and it was 
found that the ethers were formed in higher yields when 
less base concentration, lower temperature, and shorter 
reaction times were used. This was a result of the base- 
catalyzed decomposition of the ethers to give the corre­
sponding naphthols and isobutylene under the reaction 
conditions. Maximum yields of the ethers were ob­
tained at 80° with a molar ratio of 1 : 2 : 3 : 15  for the fol­
lowing reactants; bromonaphthalene-potassium tert- 
butoxide-ferf-butyl alcohol-DMSO.6 The mole per 
cent ratio of 1-substituted products to 2-substituted 
products was found to be 0.36 ±  0.02 under all condi­
tions except when the initial concentration of base was 
greatly reduced or when the initial concentration of al­
cohol was eliminated. The fact that this ratio was ob­
tained with both 1- and 2-bromonaphthalene indicated 
that 1,2-dehydronaphthalene was an intermediate in 
that reaction.5

W e now report on the reaction of 1- and 2-iodo-, 
-chloro-, and -fluoronaphthalenes with potassium tert- 
butoxide in a /erf-butyl alcohol-DMSO solvent mix­
ture and compare the results found with those of the 
bromonaphthalene reaction.6 The iodo- and chloro­
naphthalene reactions were found to be very similar to 
the bromonaphthalene reactions. However, the fluoro- 
naphthalene reactions were found to proceed by way of

(1) (a) Nuclear magnetic resonance spectra were obtained on a Varian
A-60A spectrometer purchased under the National Science Foundation 
Grant GP-6837. (b) National Defense Education Act Fellow, 1967-1970.
(c) To whom inquiries should be addressed.

(2) D. J. Cram, R. Rickborn, and G. R. Knox, J .  A m e r . C h em . S o c ., 82, 
6412 (1960).

(3) J. I. G. Cadogan, J. K. A. Hall, and J. T. Sharp, J . C h em . S o c . C , 
1860 (1967).

(4) M. Rise, T. Asari, N. Furukawa, and S. Oae, C h em . I n d . {L o n d o n ),  
276 (1967).

(5) J. S. Bradshaw and R. H. Hales, J . O rg. C h em ., 36, 318 (1971).
(6) We used the procedure of Sahyun and Cram.7
(7) M . R. V. Sahyun and D. J. Cram, O rg . S y n ., 45, 89 (1965).

direct nucleophilic substitution rather than the aryne 
mechanism.

Results

The halonaphthalene was rapidly added to the potas­
sium ferf-butoxide- ■¿erf-butyl alcohol-DMSO mixture 
maintained at 140°. The 1-halonaphthalene com­
pounds were added as the neat liquids while a D M 3 0  so­
lution of the solid 2-halonaphthalene compounds was 
used. The reactions with the bromo- and iodonaphtha- 
lenes were more exothermic than those with the chloro- 
and fluoronaphthalenes. After 8 min, the reaction mix­
ture was added to water and the neutral products ( I -X  
in Scheme I) and acidic products (X I -X I V  in Scheme I) 
were separated by extraction with ether and analyzed 
by vapor phase chromatography (vpc) as described pre­
viously.5

The results of the various runs are shown in Table I. 
Runs 1 and 2 are from ref 5 and are reproduced here to 
compare with runs 3-9. Although our previous work6 
sflowed that the conditions for maximum yield of the 
¿erf-butyl naphthyl ethers (IV and V) from 1-bromo- 
naphthalene was at 80°, an initial reaction of 1-chloro- 
naphthalene at 80° showed only a trace of ether forma­
tion. Therefore, all runs were made at 140° for com­
parison purposes. Even at this temperature only an 
86%  conversion was observed for the chloronaphtha- 
lenes with a lower conversion taking place for the fluoro­
naphthalenes.

Table I shows that a particular set of reaction condi­
tions which maximize the yield of ethers (IV +  V) over 
naphthols (X III +  X IV ) produced from one halcnaph- 
thalene do not show the same result with other halo- 
naphthalenes (compare runs 1 -4  with 5-9). The for­
mation of naphthols X III  and X IV  is presumed in each 
case to be from the base-catalyzed decomposition of 
ethers IV and V .5

All products I -X I V  (Scheme 1) were identified as de­
scribed previously.6 In addition to these, two addi­
tional products were observed in the 1-chloronaphtha- 
lene reaction (run 6). They were identified as 1- 
methylthionaphthalene (X V ), 1.0% , and 2-methylthio­
naphthalene (X V I), 0 .5% , from their nmr spectra, 
which matched exactly those given by Zweig and co­
workers,8 and from their ir spectra which were consis-

(8) A. Zweig, J. E. Lancaster, and M. T. Negia, T etra h ed ron , 23, 2577 
(1967).
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S c h e m e  I

+  other products

XIV

tent with these structures. In addition, compound X V  
was found to be identical with 1-methylthionaphthalene 
which was isolated from the reaction of methylsulfinyl 
carbanion with 1-bromonaphthalene.5 Compounds X V  
and X V I were not noticed in any other run except 
run 7 where only trace amounts were formed. How­
ever, in a preliminary run with 1-chloronaphthalene, 
greater yields of compounds X V  and X V I were pro­
duced (6.4 and 2 .9% , respectively) while only small 
amounts of ethers IV and V  (total 1.6% ) and naphthols 
X III  and X IV  (total 9 .4% ) were formed.

Upon examination of the experimental procedure of 
these two experiments (run 6, Table I, and the prelimi­
nary 1-chloro run), it was determined that both reac­
tions were run exactly the same except for one point. 
In the preliminary run, the potassium tot-butoxide was 
added to hot DMSO. After the to’i-butoxide dissolved, 
the to'i-butyl alcohol was added and the temperature

raised to 140°. In run 6 (Table I), the totobutyl alco­
hol was added first to the hot DA ISO followed by addi­
tion of potassium totobutoxide. When both the 1-bro- 
monaphthalcne and 2-iodonaphthalene experiments 
were repeated with potassium terf-butoxide being added 
before tert-butyl alcohol, similar results were found in 
that the major neutral fraction products were com­
pounds X V  and X V I.

Discussion

The mole per cent ratio of 1-substituted products 
(IV and X III) to 2-substituted products (V and X IV )  
of 0.36 ±  0.02 found previously5 for 1-bromonaphtha- 
lene under a variety of conditions indicated that these 
products were being formed through a 1,2-dehydronaph- 
t.halene intermediate. The fact that a ratio of 0.34 was 
found for 2-bromonaphthalene at 80° confirmed this 
deduction.6 From Table II we see that the mole per 
cent ratio of 1-substituted products to 2-substituted 
products at 140° is 0.35 ±  0.03 for not only the 1- and
2-bromonaphthalene reactions, but also for the 1- and
2-iodonaphthalene and 1- and 2-chloronaphthalene re­
actions as well. This value is within experimental error 
of that obtained previously5 and would indicate that
1,2-dehydronaphthalene is indeed an intermediate in the 
reaction of the monohalonaphthalenes with potassium 
ferf-butoxide in a tot-butyl alcohol -DMSO medium 
when the halogen is either chlorine, bromine, or iodine.

The fact that the bromo- and iodonaphthalenes are 
more reactive than the chloronaphthalenes under our 
experimental conditions (100%  conversion compared to 
86%  conversion) is to be expected in view of the mecha­
nism proposed for the generation of dehydrobenzene 
from aryl halides.5'9 In the simplified representation 
shown below for tne formation of dehydrobenzene from

an aryl halide by means of the 2-halophenyl anion, the 
order of reactivity in 7vi should be F >  Cl >  Br >  I, be­
cause the removal of the ortho hydrogen would be en­
hanced by the increased electronegative properties in 
going from iodine to fluorine. The order of reactivity 
for K-2, however, is known to be I >  Br >  Cl >  F .10 
Step 1 is normally assumed to be the rate-determining 
step due to the extreme instability of the 2-halophenyl 
anion. However, as soon as step 1 becomes reversible,
e.g., when operating in a protic medium, the ratio 
K2/(K 2 +  K -i[B H ]) codetermines the rate.11 When 
K2 <  K~ i [BH ], K, may become rate determining. For 
the amination of aryl halides in liquid ammonia the two 
opposing halogen reactivity sequences for Ki and K> are 
superimposed12 and the resulting order of reactivity of 
halobenzenes and 3-halotoluenes were found to be 
C6H 5B r-C 6H5l -C 6H 5Cl =  2 0 :8 :1 13 and CH3C6H 4B r- 
CH3C 6H 4I-C H 3C6H 4C1 =  1 3 .5 :5 :1 14 with the corre-

( 9 )  R .  W .  H o f f m a n n  " D e h y d r o b e n z e n e  a n d  C y c l o a l k y n e s , ”  A c a d e m i c  
P r e s s ,  N e w  Y o r k ,  N .  Y . ,  1 9 6 7 , p  5 8 .

(1 0 )  R e f e r e n c e  9 ,  p  4 3
( 1 1 )  R e f e r e n c e  9 ,  p  1 5 .
( 1 2 )  J .  D .  R o b e r t s ,  D .  A .  S e m e n o w ,  H .  E .  S im m o n s ,  J r . ,  a n d  L .  A .  C a r l -  

s m i t h  J . A m cr . C h em . S o e .,  78, 6 0 1  ( 1 9 5 6 ) .
( 1 3 )  F .  W .  B e r g s t r o m ,  R .  E .  W r i g h t ,  C .  C h a n d l e r ,  a n d  W .  A .  G i l k e y ,  J . 

O rg. Chem ,., 1 ,  1 7 0  ( 1 9 3 6 ) .
(1 4 )  F .  W .  B e r g s t r o m  a n d  C .  H .  H o r n in g ,  ib id .,  11, 3 3 4  ( 1 9 4 6 ) .
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T able I
R esults o p  the R eaction o f  1- and 2-Halonaphthalene with P otassium ferf-BuToxiDE in 

ieri-BuTYL Alcohol-DM SO at 140° f o r  8  M in“

Run ArX Conversion I I I

D 1-Br 100 2.3 0.5
26 1-Br 100 2.6 0.5
3 2-Br 100 1.0 0.4
4 1-1 100 4.6 0.2
5 2-1 100 2.2 0.1
6 1-C1 86.0 6.5 1.5
7 2-C1 85.6 4 .2 1.4
8 1-F 80.3 0.5
9 2-F 72.8 0.5

ill
----------P r o d u c t s 0--------

IV V V I VII
0.1 8.5 27.8 0.2 C.2
0.1 8.3 28.1 0.2 0 .2

< 0.1 6.2 27.5 0.1 < C .l
< 0 .1 8.8 25.5 0.1 C.2
< 0.1 5.6 14.4 0.2 < C .l
< 0.1 2.1 9.8 0.1 0.3
< 0.1 1.9 9.1 0.3 C .l
< 0.1 39.6
< 0.1 48.3

Run VIII IX X
i 0.8 2.7 2.5
2 0.8 2.9 2.6
3 0.8 2.8 2.8
4 0.8 2.8 2.4
5 3.0 3.6 3.3
6 1.1 3.6 2.8
7 1.6 2.8 2.6
8
9

P r o d u c t s 0------------
X I X I I X I I I X I V

7.4 1 . 1 4.8 8.5
7.7 1 . 2 5.2 9.7
6 . 1 1.4 6 . 2 1 0 . 6

8 . 6 1 . 6 2.4 6 . 2

1 0 . 6 1 . 2 6 . 0 18.1
5.6 0.9 6 . 1 13.9
4.7 1.4 5.3 13.4

58.3
49.6

“ Molar ratio of ArX-KO-i«-i-C4H 9-HO-ierf-C4Ho-DMSO is 1:2 :3 :15 in each case. b From ref 5. c M ol %  yields.

T able II
M ole P er Cent R atio o f  1-Substituted P roducts 

(IV and X III) to 2-Substituted P roducts (V and X IV )
M o l e  p e r  c e n t  r a t i o

Run“ (IV +  XIII/V
1 0.37
2 0.36
3 0.33
4 0.35
5 0.36
6 0.35
7 0.32
8 Only 1
9 Only 2

“ See Table I for reaction conditions and halonaphthalene 
used.

sponding fluoro compounds being inert. Although a 
difference between iodonaphthalene and bromonaph- 
thalene could not be observed in our case, chloronaph- 
thalene was much less reactive. This indicates that the 
presence of ferf-butyl alcohol in our reaction mixture 
must have a similar effect in our reaction.

The fact that only ¿erf-butyl 1-naphthyl ether and
1- naphthol were found in run 8 (Table I) and ¿erf-butyl
2- naphthyl ether and 2-naphthol were found in run 9 
(Table I) indicates that only a direct nucleophilic sub­
stitution mechanism takes place in the case of the fluoro- 
naphthalenes. Apparently, step 2, in the mechanism 
shown above, is very much less than — 1 when X  =  F, 
and the presence of ¿erf-butyl alcohol in the reaction 
mixture reverses the metalation step and enhances the 
chance for direct substitution. This effect was ob­
served in the reaction of lithium piperidide in ether with 
both 1-fluoronaphthalene and l-fluoro-4-methylnaph- 
thalene.15’16 The mechanism of the reactions was seen 
to change from complete aryne mechanism to a predom­
inance of nucleophilic substitution as the concentration 
of piperidine was increased from zero. In our system,

( 1 5 )  J .  S a u e r ,  R .  H u i s g e n ,  a n d  A .  H a u s e r ,  C h em . B e r .,  91, 1 4 6 1  ( 1 9 5 8 ) .
( 1 6 )  R .  H u i s g e n ,  J .  S a u e r ,  W .  M a c k ,  a n d  I .  Z i e g l e r ,  ib id .,  92, 4 4 1  ( 1 9 5 9 ) .

the initial ¿eri-butyl alcohol is causing only nucleophilic 
substitution to take place. Cram and coworkers5 found 
that the reaction of o-fluorotoluene with potassium 
ferf-butoxide in DMSO at 100° produced o-cresol which 
contained less than 3 %  m-cresol while o-bromotoluene 
produced a mixture of four parts of m-cresol to one part 
of o-cresol. It appears that the reaction of monofluoro- 
naphthalene with potassium ferf-butoxide in a ferr-butyl 
alcohol-DMSO medium is a very good procedure for 
preparing pure ferf-butyl 1- and 2-naphthyl ethers. 
Studies are presently being carried out on the reaction of 
monofluoronaphthalenes with other alkoxide-alcohol 
systems, as well as with mercaptide-mercaptan systems, 
in DM SO to determine the generality of this procedure.

The yields of naphthalene (I, Table I), methylnaph- 
thalenes (II and III), binaphthyls (VI and V II), di­
naphthyl ethers (VIII, IX , and X ), and methylthio- 
naphthols (X I and X II) were found to be very similar 
in the iodo- and chloronaphthalene reactions (runs 4-7) 
as compared to the bromonaphthalene reactions (runs
1 -3 ).17 Only a small amount of 1- and 2-methylnaph- 
thalenes were found in the fluoronaphthalene runs (run 
8 and 9, Table I). The presence of naphthalene in 
either the fluoronaphthalenes used as starting materials 
or those recovered from runs 8 and 9 (Table I) could not 
be determined by vpc analysis because a column could 
not be found which would separate naphthalene from 1- 
and 2-fluoronaphthalene. However, an ir spectrum of 
either the starting materials or the recovered fluoro­
naphthalenes did not show any naphthalene to be pres­
ent.

Naphthalene was believed to be produced by the ac­
tion of methylsulfinyl carbanion on the halonaphthalene 
to form naphthyl anion.5,18 The fact that more naph­
thalene was formed from the reaction of the 1-halcnaph- 
thalenes than from that of the 2-halonaphthalenes (com­
pare runs 1, 2, 4, and 6 with 3, 5, and 7, Table I)

( 1 7 )  F o r  a  b r i e f  d i s c u s s i o n  o f  t h e  m e c h a n i s m  o f  f o r m a t i o n  o f  t h e s e  p r o d ­
u c t s ,  s e e  r e f  5 .

(1 8 )  J .  F .  B u n n e t t  a n d  R .  R .  V i c t o r ,  J . A m er . C h em . S o c .,  90, 8 1 0  ( 1 9 6 8 ) .
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when the halogen was Cl, Br, or I would lend support 
for the mechanism which involves an intermediate aryl 
anion.5 Shatenshtein has reported that naphthalene 
underwent a base-catalyzed deuterium exchange reac­
tion in the 1 position more than twice as fast as the 2 
position.19 Similar results were observed in the detriti- 
ation of naphthalene.20 Thus, the 1-naphthyl anion is 
more stable than the 2 anion.

Apparently, the order of mixing of the solvent, alco­
hol, and base in these reactions is critical. When the 
potassium terf-butoxide is added first to the hot DMSO  
followed by addition of the (erf-butyl alcohol the major 
neutral fraction products are 1- and 2-methylthionaph- 
thalenes (X V  and X V I). The ratio of compound X V  
to compound X V I under these conditions was 2.21 when
1-chloronaphthalene was used, 1.09 when 1-bromonaph- 
thalene was used, and 0.34 when 2-iodonaphthalene was 
used. These a//3 ratios indicate that compounds X V  
and X V I are being formed through both a 1,2-dehydro- 
naphthalene and a direct nucleophilic substitution 
mechanism as was the case with the reactions of potas­
sium n-butoxide and n-butyl alcohol with monobromo- 
naphthalene.5 The normal ratio of 1- and 2-substi- 
tuted products from the 1,2-dehydronaphthalene mech­
anism is 0.50.21

The following mechanism is proposed to account for
the above observations.

tert-C Æ O - -(- CH3SOCH3 :^=±:
ierf-C4H9OH +  CH3SOCH2-  (1)

CHjSOCHï-  — >  CH2 +  CH3SO- (2)

2CH,SO- CHaS" +  CHaSOa- (3)

H+
CHaS" +  C10H6---->  1-CHsSCioH, (2-CH3SC10H7) (4)

CHaS" +  C,oH7X  — >  CHsSC,oH7 +  X -  (5)

The reaction of terf-butoxide with DMSO to form the 
methylsulfinyl carbanion (step 1) is amply prece- 
dented.22'23 This step would occur much faster when 
no (erf-butyl alcohol was initially present, i.e., when tert- 
butoxide was added to the DM SO first. The thermal 
decomposition of the methylsulfinyl carbanion at tem­
peratures above 80° in dimethyl sulfoxide has been 
shown to form the sulfenate ion (step 2) which dispro- 
portionates to the corresponding mercaptide and sul- 
finate ions (step 3).24 The methyl mercaptide, being 
more basic than either of the other ions,24 then reacts 
with either 1,2-dehydronaphthalene to give both X V  
and X V I (step 4) or with the halonaphthalene by direct 
nucleophilic substitution to give either X V  or X V I  
(step 5). Both 2,4-dinitrochlorobenzene25 and 1-bro- 
monaphthalene26 have been postulated to undergo 
nucleophilic substitution by decomposition products of 
DMSO to give the corresponding methylthio com­
pounds. The fact that the ratio of 1- to 2-substituted 
methylthionaphthalenes is larger when 1-chloronaph-

(19) See A. I. Shatenshtein, A d v a n . P h y s .  O rg . C h em ., 1,182 (1963).
(20) A. Streitwieser, Jr., and R. G. Lawler, J . A m e r . C h em . Soc., 85, 2854 

(1963).
(21) J. F. Bunnett and T. K. Brotherton, ib id ., 7 8 ,155, 6265 (1956).
(22) G. A. Russell and S. A. Weiner, J . O rg. C h em ., 31, 248 (1966).
(23) J. I. Brauman and N. J. Nelson, J . A m e r . C h em . Soc., 88, 2332 (1966).
(24) C. C. Price and T. Yukuta, J .  O rg . C h em ., 34, 2504 (1969).
(25) G. C. Finger and C. W. Kruse, J . A m e r . C h em . Soc., 78, 6034 (1956).
(26) R. G. R. Bacon and H. A. O. Hill, J . C h em . Soc., 1108 (1964).

thalene (2.21) was reacted than when 1-bromonaphtha- 
Iene (1.09) was reacted indicates that more nucleophilic 
substitution took place with 1-chloronaphthalene than 
with 1-bromonaphthalene. This is consistent with the 
order of reactivity of activated aryl halides in nucleo­
philic substitution of F »  Cl >  Br >  I found in previous 
studies. This order was found when o- and p-nitro- 
phenyl halides and 2,4-dinitrophenyl halides were re­
acted with sodium methoxide in methanol,27 when p- 
nitrophenyl halides were reacted with sodium ethoxide 
in ethanol,28 when 2,4-dinitrophenyl halides were re­
acted with ammonia in methanol,29 and when 2,4-dini­
trophenyl halides were reacted with amines in dimethyl- 
formamide.30 This mechanism also accounts for the 
fact that the major product found by us in the reaction 
of methylsulfinyl carbanion with 1-bromonaphthalene 
was 1-methylthionaphthalene (X V ).5

Experimental Section

Materials and Apparatus.— The following halonaphthalenes 
were obtained from the sources indicated and were used without 
further purification: 1-bromonaphthalene, Matheson Coleman 
and Bell; 2-bromo-, 1-chloro, 1-fluoro- and 1-iodonaphthalenes, 
Eastman Organic Chemicals; 2-chloronaphthalene, J. T. Baker 
Chemical Co.; 2-fluDronaphthalene, Aldrich Chemical Co.; and 
2-iodonaphthalene, K  and K Laboratories. Potassium tert- 
butoxide was used as received from MSA Research Corp. DMSO 
(J. T . Baker reagent grade) was passed through silica gel and 
stored over type 4A molecular sieves (Fisher Scientific Co.). 
Reagent grade ieri-butyl alcohol (Eastman Chemical Co.) was 
distilled from potassium and stored over type 4A molecular 
sieves.

Authentic samples of the naphthalene compounds used to com­
pare with the reaction products were either obtained commercially 
or synthesized in our laboratory as explained in our accompanying 
paper.6 All reaction runs were analyzed on either a Varian 
Aerograph 202-B or 1720 temperature programming vapor phase 
chromatograph. Where possible, products were isolated on a 
Varian Aerograph 90-P3 vapor phase chromatograph. All in­
frared (ir) spectra were obtained on a Perkin-Elmer 457 spectro­
photometer. A Varian A-60A spectrometer was used to obtain 
the nuclear magnetic resonance (nmr) spectra.1»

The Reaction of Halonaphthalene and Base.— All runs were 
carried out using the procedure as described in our accompanying 
paper6 for the reaction of 1-bromonaphthalene. The molar ratio 
of halonaphthalene-potassium ierf-butoxide-fert-butyl alcohol- 
DMSO was 0.025:0.050:0.075:0.375, or 1 :2 :3 :15 , in each case. 
The work-up procedure was carried out exactly as described.6

Analysis of Products.— The neutral fraction products (I -X , 
X V , and X V I) were analyzed as described.6 Results are listed in 
Table I. The retention times for compounds I -X  were com­
pared with those displayed by authentic samples of those com­
pounds as well as with those shown by the same products ob­
tained in the 1-bromonaphthalene reaction (runs 1 and 2, Table 
I). Compounds IV, V , X V , and X V I, as well as the recovered 
starting material from runs 6-9, were isolated from the vpc using 
a 5 ft by 0.25 in. column packed with 6%  SE-30 and 6%  Carbo- 
wax 20M on 60-80 mesh, acid washed Chromosorb G at 200-220°. 
Compound X V  exhioited ir and nmr spectra identical with those 
for 1-met.hylthionaphthalene isolated from the reaction of methyl­
sulfinyl carbanion with 1-bromonaphthalene.6 Compound X V I 
exhibited an ir spectrum very similar to that for compound X V  
except that the bands characteristic for (¡-substituted naphtha­
lenes were observed at 742 and 810 cm-1. Compound X V  ex­
hibited bands characteristic for a substituted naphthalenes at 
772 and 790 cm-1. Also, the nmr spectrum of compound X V I,

(27) B. A. Bolto, J. Miller, and V. A. Williams, ib id ., 2926 (1955); G. P. 
Briner, J. Miller, M. Livens, and P. G. Lutz, ib id ., 1265 (1954); A. L. Beck­
with, J. Miller, and G. D. Leahy, ib id ., 3552 (1952).

(28) C. W. L. Bevan, ib id ., 2340 (1951).
(29) J. D. Reinheimer, R. C. Taylor, and P. E. Rohrbaugh, J . A m er. 

C h em . S o c ., 83,835 (1961).
(30) S. D. Ross, ib id .. 81, 2113 (1959).
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had peaks at 5 7.48 (m, 7) and 2.50 (s, 3), and was almost identical 
with that of compound X Y  except for the 1-proton multiplet at 
5 8.29 assigned to the number eight hydrogen.8 Not enough of 
this compound could be isolated for a carbon-hydrogen analysis.

The acidic fraction products (X I-X IV ) were analyzed as de­
scribed5 for all runs except 6-9 where a 5 ft by Vs in- 
column packed with a mixture of 1% SE-30 and l^o Carbowax 
20M on 80-100 mesh Yaraport 30 using a program from 150 to 
167° at a rate of 0.5° per min was used. Results are listed in 
Table I. The retention times for compounds X I -X IV  were 
compared with those displayed by authentic samples of those 
compounds as well as with those show n by the same products ob­

tained in the 1-bromonaphthalene reaction (runs 1 and 2, Table
D-

Registry No.— 1-Bromonaphthalene, 90-11-S; 2-
bromonaphthalene, 580-13-2; 1-iodonaphthalene, 90-
14-2; 2-iodonaphthalene, 612-55-5; 1-chloronaphtha- 
lene, 90-13-1 ; 2-chloronaphthalene, 91-58-7; 1-fluoro- 
naphthalene, 321-38-0; 2-fluoronaphthalene, 323-09-1; 
potassium ferfebutoxide, 865-47-4; feri-butyl alcohol,
75-65-0.

The Reaction of Bromonaphthalene with Potassium 
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The reaction of 1-bromonaphthalene with potassium ieri-butoxide in a feri-butyl alcohol-dimethyl sulfoxide 
mixture has been extensively studied. The major products observed in this reaction were tert-butyl 1- and 2- 
naphthyl ethers (V and VI), 1- and 2-naphthoLs (XIV and X V), and l-methylmercapto-2-naphthol (XII). 
Ten other identifiable products were also observed. The reaction was studied under a variety of conditions and 
it was observed that the desired ethers (V and V I) were obtained in greater yields when lower base concentration, 
lower temperatures, and shorter reaction times were employed. The mole per cent ratio of l-substit,uted products 
(V and X IV ) to 2-substituted products ( V I  and X V ) was 0.36 ±  0.02 in every case. This ratio plus the fact 
that 2-bromonaphthalene reacted to give the same products and almost the same ratio (0.34) suggest that 1,2- 
dehjtoronaphthalene is an intermediate in this reaction.

The generation of arynes by reacting aryl halides 
with amide ions has been studied in detail.2 Cram 
and coworkers have shown that the elimination of 
hydrogen bromide from bromobenzene can be effected 
using potassium feri-butoxide and that the reaction 
is greatly enhanced when dimethyl sulfoxide (DMSO) 
is used as a solvent.3 More recently, Cram and Day4 
and Rise and coworkers5 have found that aryne in­
termediates reacted with DA ISO to yield 2-methyl- 
mercaptophenol-type products.

In connection with another study,6 we have reported 
the preparation of feri-butyl 2-naphthyl ether from 
the reaction of 1-bromonaphthalene and potassium 
ieri-butoxide in a feri-butyl alcohol-DMSO mixed sol­
vent. At that time no feri-butyl 1-naphthyl ether was 
found and a mixture of 1- and 2-naphthols was the 
major product.6 W e now would like to report on 
the reaction of 1- and 2-bromonaphthalene with po­
tassium ferfebutoxide in a feri-butyl alcohol-DMSO  
solvent mixture. This reaction not only gave feri- 
butyl 1- and 2-naphthyl ethers and naphthols but also 
eleven other identifiable products (see Scheme I ) .

Results

Bromonaphthalene was rapidly added to the po­
tassium feri-butoxide-feri-butyl alcohol-DMSO mix-

*  T o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .
(1 )  ( a )  N u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  w e r e  o b t a i n e d  o n  a  V a r i a n  

A - 6 0 A  s p e c t r o m e t e r  p u r c h a s e d  u n d e r  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n  
G r a n t  G P - 6 8 3 7 ;  ( b )  N a t i o n a l  D e f e n s e  E d u c a t i o n  A c t  F e l l o w ,  1 9 6 7 —1 9 7 0 .

(2 )  S e e  R .  W .  H o f f m a n n ,  “ D e h y d r o b e n z e n e  a n d  C y c l o a l k y n e s , ”  A c a d e m i c  
P r e s s ,  N e w  Y o r k ,  N .  Y . ,  1 9 6 7 .

(3 )  D .  J .  C r a m ,  B .  R i c k b o r n ,  a n d  G .  R .  K n o x ,  J . A m e r . C h em . S o c ., 82, 
6 4 1 2  ( 1 9 6 0 ) .

( 4 )  D .  J .  C r a m  a n d  A .  C .  D a y ,  J . O rg. C h em ., 31, 1 2 2 7  ( 1 9 6 6 ) .
( 5 )  M .  K i s e ,  T .  A s a r i ,  N .  F u r u k a w a ,  a n d  S .  O a e ,  C h em . I n d ,  {L o n d o n ),  

2 7 6  ( 1 9 6 7 ) .
( 6 )  J .  S .  B r a d s h a w ,  N .  B .  N i e l s o n ,  a n d  D .  P .  R e e s ,  J . O rg , C h em ., 33, 2 5 9  

( 1 9 6 8 ) .

ture at the appropriate temperature. The reaction 
proved to be exothermic. Upon completion of the 
reaction, the neutral and naphtholic products (Scheme
I) were separated and the products were analyzed 
by vapor phase chromatography (vpc). The results 
of several runs are shown in Table I.

The hydrocarbons (I-IV ) and naphthols (X IV  and 
X V ) were identified by comparing them with authentic 
compounds. The two feri-butyl ethers (V and VI) 
were identified as previously described6 and by com­
paring them with authentic samples prepared by the 
method of Frisell and Lawesson.7 The binaphthyls 
(VII and VIII) were not unequivocally identified; 
however, authentic samples exhibited the same vpc 
retention times. Authentic a,a'- and /3,/3'-dinaphthyl 
ethers (IX  and X I) were prepared from the correspond­
ing naphthols.8 These authentic samples gave the 
same vpc retention times as compounds I X  and X I . 
In addition, the product of reacting a mixture of 1- 
and 2-naphthols with sodium bisulfate at high tem­
peratures8 exhibited the same infrared spectrum as 
compounds I X  to X I  as collected in one combined 
sample from the vpc.

Compound X II  exhibited the same infrared spectrum 
as that reported by Leysen and Van Rysselberge9 
for l-methylmercapto-2-naphthol. The infrared band 
at 3375 cm-1 was unaffected by dilution which indicates 
the presence of a hydroxy group ortho to a methyl- 
mereapto group.4 Compound X III  exhibited in­
frared and nuclear magnetic resonance spectra which 
were very similar to those of compound X II . This 
spectral similarity, as well as the probable source of

( 7 )  C .  F r i s e l l  a n d  S .  O .  L a w e s s o n ,  O rg. S y n .,  41. 9 1  ( 1 9 6 1 ) .
(8 )  W .  M .  R o d i o d o w  a n d  S . J .  M a n z o w ,  J . S o c . C h em . I n d . ,  L o n d o n ,  

R ev . S ect., 42, 5 0 9  ( 1 9 2 3 ) ;  s e e  C h em . A b str ., 18, 9 8 1 ’  ( 1 9 2 4 ) .
(9 )  R .  L e y s e n  a n d  J .  V a n  R y s s e l b e r g e ,  S p ectro ch im . A c ta , 22, 7 7 7  ( 1 9 6 6 ) .
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S c h e m e  I

both X II  and X III , suggests that compound X III  
is 2-methylmercapto-l-naphthol.

The first reaction (run 1) was carried out using 
the conditions employed by Sahyun and Cram10 for 
the bromobenzene reaction. In our case it was ap­
parent that the conditions were too severe. When 
the amount of base was reduced, a much greater yield 
of the desired ethers (V and VI) was obtained and 
the yield of naphthols (X IV  and X V ) was greatly 
reduced (runs 1 and 2). A  similar enhancement of 
yields w'as observed at lower temperatures (compare 
run 7 with run 2).

The higher ether, and correspondingly lower naph- 
thol, yields can be attributed to a greater stability 
of the ethers in the less severe reaction conditions. We

(10) M. R. V. Sahyun and D. J. Cram, Org. Syn., 45, 89 (1965).

found that the leri-butyl naphthyl ethers decomposed 
to the corresponding naphthols under our reaction 
conditions. They were, however, much more stable 
at lower temperatures.

Discussion

On reviewing the results in Table I, it becomes 
apparent that the same intermediate is leading to 
the major products in every experiment. The mole 
per cent ratio of 1-substituted products (V and X IV )  
to 2-substituted products (VI and X V ) is 0.36 ±
0.02 in every case except runs 5 and 6 where either 
the base concentration is lower or the alcohol was 
eliminated (Table II). When 2-bromonaphthalene was 
reacted (run 8, Tables I and II), the mole per cent 
ratio of 1- and 2-substituted products was, within 
experimental error, the same as for 1-bromonaph- 
thalene. These results clearly indicate that there is a 
common intermediate in these reactions. The greater 
preponderance of evidence concerning this and similar 
reactions2-5 has shown the intermediate to be a 1,2- 
dehydroaromatic compound. In our case, this would 
be 1,2-dehydronaphthalene.

The ratio of 0.36 for 1 to 2 products is interesting. 
Most of the previous studies of 1,2-dehydronaphthalene, 
generated by a variety of methods, exhibited a ratio 
of 0.5 or higher except in cases where a bulky nu­
cleophile was used.11 In one case, the 1 :2  ratio changed 
progressively from 0.64 to 0.075 when the base-nu­
cleophile was changed from lithium diethylamide-di- 
ethylamine (0.64) to diisobutylamide-diisobutylamine 
(0.56), diisopropylamide-diisopropylamine (0.15), and 
dicyclohexylamide-dicyclohexylamine (0.075).12 Our 
results indicate that ieri-butyl alcohol is more bulky 
than diisobutylamine but less bulky than diisopropyl­
amine. A  less bulky alkoxide-alcohol system should 
give a higher ratio of 1- to 2-substituted products.

In an attempt to test this theory, we treated 1-bromo- 
and 2-bromonaphthalene with potassium n-but.oxide 
in a 1-butanol-DMSO solvent mixture at 140° (same 
conditions as run 2, Table I). The ratio of 1- to 2- 
substituted products was 1.24 in the 1-bromonaph- 
thalene reaction and 0.30 in the 2-bromonaphthalene 
reaction. A  considerable amount (up to 28% ) of 
naphthalene was observed in these reactions probably 
due to reductive processes observed by others.13,14

The fact that 1-bromonaphthalene gave the 2-ether 
and 2-bromonaphthalene gave the 1-ether suggests that 
at least some of the reaction in both cases is proceeding 
by a 1,2-dehydronaphthalene mechanism. Coupled 
with this is a direct nucleophilic substitution mechanism 
which would give mostly 1-ether from 1-bromonaph- 
thalene and 2-ether from 2-bromonaphthalene.15 A
2,3-dehydronaphthalene mechanism could also be pos­
sible in the reaction of 2-bromonaphthalene in the n- 
butoxide-l-butanol system. Work is in progress to 
sort out the various mechanisms in the n-butoxide 
system.

In any mechanistic scheme, the base-alcohol-DMSO  
system cannot be divorced from the intermediate. That

( 1 1 )  R e f e r e n c e  2 ,  p  1 3 9 .
( 1 2 )  R .  H u i s g e n  a n d  L .  Z i r n g i b l ,  C h em . B e r ., 9 1 ,  2 3 7 5  ( 1 9 5 8 ) .
( 1 3 )  J .  F .  B u n n e t t  a n d  T .  K .  B r o t h e r t o n ,  J . A m e r . C h em . S o c .,  7 8 ,  6 2 6 5  

( 1 9 5 6 ) .
( 1 4 )  J .  S a u e r ,  R .  H u i s g e n ,  a n d  A .  H a u s e r ,  C h em . B e r .,  9 1 ,  1 4 6 1  ( 1 9 5 8 ) .
( 1 5 )  J .  F .  B u n n e t t  a n d  R .  E .  Z a h le r ,  C h em . R ev .,  4 9 ,  2 7 3  ( 1 9 5 1 ) .
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T able I
R esults of the R eaction of 1- and 2-Bromonaphthalene with P otassium

íer¿-BuToxiDE in teri-BuTYL Alcohol-DM SO
------------------ M o l< 3 r a t i o s ------------ T e m p ,

R u n A r B r K O R H O R D M S O ° C

Ia i 4.06 3.38 14.75 140
2b i 2 3 15 140
3b i 2 3 15 140
4b i 2 3 15 100
5b i 1 3 15 100
6b i 2 0 15 100
7b i 2 3 15 80
8‘ i 2 3 19.1 80

R u n V V I V I I V I I I I X

i 3.9 19.3 0.2 0.1 0.8
2 8.5 27.8 0.2 0.2 0.8
3 8.3 28.1 0.2 0.2 0.8
4 9.1 26.8 0.2 0.2 1.3
5 6.9 17.8 0.3 0.2 0.5
6 3.7 13.6 0.4 0.2 0.7
7 13.5 40.2 0.4 0.1 0.5
8 10.8 31.7 0.3 0.7

T i m e , --------------- P r o d u c  ts d ---------------------,

m in C o n v e r s i o n I I I I I I I V

8 98.2 2.3 0.6 0.2 0.3
8 100 2.3 0.5 0.1
8 100 2.6 0.5 0.1
5 86.3 3.0 0.2 0.1
5 34.2 1.8 0.1
5 99.9 3.2 1.2 0.2 0.3

15 38.3 1.3
15 72.7 0.6 0.1

n  , , A

X X I X I I X I I I X I V X V

3.1 3.0 4.0 1.5 14.4 30 6
2.7 2.5 7.4 1.1 4.8 8.5
2.9 2.6 7.7 1.2 5.2 9 7
4.5 4.2 9.2 0.2 3.0 6 9
1.4 1.3 14.0 2.5 1.9 4 0
2.7 4.0 7.9 1.0 5.7 9 3
1.4 1.5 12.2 1.3 2.4 5.3
1.9 2.1 9.6 0.5 1.1 3 2

“ Same condition as Sahyun-Cram reaction, see ref 10. b 1-Bromonaphthalene. ‘  2-Bromonaphthalene. d Mole per cent yields.

T able II
M ole P er Cent R atio of 1-Substituted Products 

(V and X IV ) to 2-Substituted Products (VI and X V )
M o l e  p e r  c e n t  r a t i o  M o l e  p e r  c e n t  r a t i o

R u n “ ( V  +  X I V :  V I  +  X V ) R u n “ ( V  +  X I V :

1 0.37 5 0.40
2 0.37 6 0.41
3 0.36 7 0.35
4 0.36 8 0.34

° See Table I for conditions.

alcohol is necessary is shown by the fact that without 
alcohol, a very poor yield of the desired ethers was 
obtained (see run 6 in Table I). A  similar effect 
was observed by Huisgen and Sauer for the reaction 
of bromobenzene with lithium piperidide.16 As they 
increased the amount of piperidine in the reaction, 
the overall rate of the reaction increased. They at­
tributed this to a catalytic action of piperidine on 
the initial metalation step.16 In our case, it should 
be a similar type of effect in the initial removal of the 
proton. 1,2-Dehydronaphthalene, produced in the 
fast loss of bromide ion, would then add either ¿erf- 
butyl alcohol or more likely ferf-butoxide ion. This 
addition is probably influenced by stereochemistry 
imposed by the peri hydrogen resulting in mostly 2- 
substituted naphthalene.

The ¿erf-butyl ether decomposed in both acid6 and 
base. In the base-catalyzed decomposition at higher 
temperatures, a gas was observed leaving the solu­
tion. In the initial experiment to generate 1,2-dehy- 
dronaphthalene the evolution of gas was very vigorous. 
This gas was not collected; however, Cram and Day 
observed similar results in their system and suggested 
that isobutylene and the corresponding phenol were 
formed by a simple elimination process.4

The presence of naphthalene in the products of 
the ferf-butoxide system is somewhat surprising. This 
material may be produced by a mechanism similar 
to that postulated by Bunnett and Victor17 for the 
dehalogenation of various trihalobenzenes. They pro-

( 1 6 )  R .  H u i s g e n  a n d  J .  S a u e r ,  C h em . B e r .,  92, 1 9 2  ( 1 9 5 9 ) .
( 1 7 )  J .  F .  B u n n e t t  a n d  R .  R .  V i c t o r ,  J . A m e r .  C h em . S o c .,  90, 8 1 0  ( 1 9 6 8 ) .

posed that methylsulfinyl carbanion produced in an 
equilibrium between ¿erf-butoxide and DM SO was 
undergoing a nucleophilic displacement on the halogen 
forming an aryl anion.17,18 The aryl anion then ab­
stracts a proton from the solvent.

CH3SOCH3 +  terf-CJRO- CHaSOCHr +  <erf-C4H9OH 

CH3SOCH2- +  ArBr — >  CH3SOCH2Br +  Ar~

A r- +  tert-C4H 9OH — >- ArH +  tert-C4H 90 -

In an attempt to determine if this mechanism was 
appropriate for 1-bromonaphthalene, we treated 1- 
bromonaphthalene with sodium methylsulfinyl carb­
anion.19 Only a minor amount of naphthalene (1.3 
mol % ) was produced in this reaction. The small 
amount of naphthalene produced when a large amount 
of the carbanion base was present suggests that the 
Bunnett-Victor mechanism is not appropriate in the 
naphthalene system.

The methylnaphthalenes (II-IV ) are probably being 
formed from naphthalene and methylsulfinyl carbanion 
as reported by Schriesheim and coworkers.20 They 
found a ratio of 96%  1-methylnaphthalene to 4 %
2-methylnaphthalene when naphthalene was treated 
with DM SO and potassium ferf-butoxide in diglyme. 
We found that under our reaction conditions, naph­
thalene gave 1- and 2-methylnaphthalene in a similar 
ratio.

The formation of the dinaphthyl ethers (IX -X I )  
probably resulted from the reaction of 1- and 2-naphth- 
oxide on 1,2-dehydronaphthalene. Similar results have 
been reported for the reaction of phenoxide with de­
hydrobenzene. 21-23

The methylmereaptonaphthols (X II and X III) were 
probably formed by a dipolar addition of DM SO to

(1 8 )  S e e  a l s o  C .  G .  C a r d e n a s ,  A .  N .  K h a f a j i ,  C. L .  O s b o r n ,  a n d  P .  D .  
G a r d n e r ,  C h em . I n d .  {L o n d o n ),  3 4 5  ( 1 9 6 5 ) .

(1 9 )  E .  J .  C o r e y  a n d  M .  C h a y k o v s k y ,  J . A m e r . C h em . S o c .,  87, 1 3 4 5  
( 1 9 6 5 ) .

(2 0 )  P .  A .  A r g a b r i g h t ,  J .  E .  H o f m a n n ,  a n d  A .  S c h r ie s h e im ,  J . O rg . C h em .,  
30, 3 2 3 3  ( 1 9 6 5 ) .

( 2 1 )  F .  S c a r d i g l i a  a n d  J .  D .  R o b e r t s ,  T etra h ed ron , 3, 1 9 7  ( 1 9 5 8 ) .
(2 2 )  V o n  W .  S t r u b e l l ,  J . P r a k t.  C h em .,  1 4 ,  6 0  ( 1 9 6 1 ) .
(2 3 )  R .  W .  H o f f m a n n ,  C h em . B e r .,  97, 2 7 7 2  ( 1 9 6 4 ) .
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1,2-dehydronaphthalene as suggested by Cram and 
Day4 and Ivise and coworkers.6 The resulting adduct 
is believed to eliminate methylene (in the form of 
polymethylene) to form the observed products.4,5 The 
reasons for the observed preponderance of 1-methyl- 
mercapto-2-naphthol (X II) over the 2-1 isomer (X III) 
is not readily apparent.

0

xm XII

Experimental Section

Materials and Apparatus.— 1-Bromonaphthalene was used as 
received from Matheson Coleman and Bell. Potassium tert- 
butoxide was used as received from MSA Research Corp. 
DMSO (J. T . Baker reagent grade) was passed through silica gel 
and stored over type 4A molecular sieves (Fisher Scientific Co.). 
Reagent grade ¿erf-butyl alcohol and 1-butanol (Eastman Chemi­
cal Co.) were distilled from potassium and stored over type 4A 
molecular sieves. The naphthalene compounds used to compare 
with the reaction products were purchased from Aldrich Chemical 
Co. (naphthalene, 1-methylnaphthalene, 2-methylnaphthalene,
1- naphthol, and 2-naphthol) and K  and K  Laboratories (1,2- 
dimethylnaphthalene, l,l'-binaphthyl, and 2,2'-binaphthyl). 
The ¿erf-butyl perbenzoate was purchased from K  and K  Labora­
tories.

Authentic samples of ¿erf-butyl 1-naphthyl ether and ¿erf-butyl
2- naphthyl ether were prepared by the method of Frisell and Law-
esson7 using 1- and 2-bromonaphthalene (0.25 mol), magnesium 
(0.265 g-atom), and ¿erf-butyl perbenzoate (0.15 mol). The yield 
of the ¿erf-butyl 1-naphthyl ether was 34%, ji^d 1.5759, bp 
85-95° (2 mm) [lit.24 1.5772, bp 87-88° (0.4 m m )]. The
yield of ¿erf-butyl 2-naphthyl ether was 67%, w20d 1.5788, bp 
95-100° (2 mm) (lit.6 b*d 1.5769).6 Naphthalene was a by­
product of these reactions.

1,1'-Dinaphthyl and 2,2'-dinaphthyl ethers were prepared by 
the procedure of Rodiodow and Manzow8 from the 1- and 2- 
naphthols and sodium bisulfate. 2,2'-Dinaphthyl ether (40% 
yield) was purified by sublimation, mp 97.5-100.5° (lit.25 mp 
105°). l,l'-Dinaphthyl ether (64% yield) was purified by re­
crystallization from 95% ethanol, mp 106-106.5° (lit.25 mp 110°).

All reaction runs were analyzed and where possible the products 
were isolated using a Varian Aerograph 202-B temperature 
programming vapor phase chromatograph (vpc). All infrared 
(ir) spectra were obtained on a Perkin-Elmer 457 spectrophotom­
eter. A Varian A-60A spectrometer1“ was used to obtain the 
nuclear magnetic resonance (nmr) spectra.

Reaction of 1-Bromonaphthalene and Base (Rim 1).— A mix­
ture of 25 ml (0.3525 mol) of DMSO, 7.62 ml (5.99 g, 0.0808 
mol) of ¿erf-butyl alcohol, and 11.84 g (0.0970 mol) of potassium 
¿erf-butoxide was placed in a dry 100-ml three-necked round- 
bottom flask equipped with a thermometer, reflux condenser, 
and an addition funnel. A 1000-ml round-bottom flask with 
a male joint on the bottom was placed between the reaction 
vessel and the condenser. The potassium ¿erf-butoxide dissolved 
when the stirred (magnetic stirring bar) reaction mixture was 
heated to 140°. 1-Bromonaphthalene (4.94 g, 0.0239 mol) was 
quickly added by means of the addition funnel. The reaction 
mixture turned black and vigorously foamed into the 1000-ml

(2 4 )  S .  O . L a w e s s o n ,  J . A m e r . C h em . S o c .,  8 1 ,  4 2 3 0  ( 1 9 5 9 ) .
(2 5 )  R .  C .  W e a s t ,  E d . ,  “ H a n d b o o k  o f  C h e m i s t r y  a n d  P h y s i c s , ”  5 0 t h  e d ,

C h e m i c a l  R u b b e r  P u b l i s h i n g  C o . ,  C l e v e l a n d ,  O h i o ,  1 9 6 9 - 1 9 7 0 ,  p  C - 2 9 4 .

flask and condenser. After 8 min, the reaction mixture was added 
to 115 ml of ice wa~er. The aqueous mixture was saturated with 
sodium chloride and extracted four times with 100-ml portions 
of ethyl ether. The combined ether extracts were washed with 
an aqueous 5%  sodium hydroxide solution and dried over anhy­
drous magnesium sulfate. After the drying agent was filtered, 
the ether extract was evaporated leaving 2.11 g of a dark brown 
semisolid. This material was the neutral fraction.

The remaining aqueous DMSO reaction mixture was acidified 
to a pH of 1 with concentrated hydrochloric acid and extracted 
four times with 100-ml portions of ether. The combined ether 
extracts were washed with water and dried over anhydrous 
magnesium sulfate. After the drying agent was filtered, the 
ether extract was evaporated leaving 1.79 g of a dark yellow- 
green solid. This material was the acidic fraction.

The other reactions (runs 2-8, Table I) were carried out in the 
same manner using the listed ratios of reactants and solvents and 
the appropriate conditions. The reaction using potassium n- 
butoxide and 1-butanol was carried out by dissolving the required 
amount of potassium metal in enough 1-butanol to obtain a ratio 
of 2 mol of potassium n-butoxide to 3 mol of 1-butanol. The 
DMSO was then added and the reaction carried out as reported 
above. The analysis for all experiments was carried out as 
described below.

Analysis of the Neutral Fraction.— The neutral fraction was 
dissolved in 5 ml of benzene and subjected to vpc analysis using
1- bromo-4-methylnaphthalene as an internal standard.26 The 
starting 1-bromonaphthalene was found to contain a minute 
amount of naphthalene. This was subtracted from the amount 
found in the products. The lower boiling compounds (V -V I) 
were analyzed on a 5 ft by Vs in. column packed with a mixture 
of 1% SE-30 and 1% Carbowax 20M on 60-80 mesh, Chromosorb 
G, acid washed, at 115°. The higher boiling fractions (V II-X I) 
were analyzed on a 5 ft by 4/s in. column packed with 1.5% 
poly-m-phenoxylene (PMPE) on 80-100 mesh Varaport 30 
using a program from 125 to 290° at a rate of 10° per min. A 
total of 27 peaks were observed. The retention times for com­
pounds I -X I  were compared with authentic samples of those 
compounds. Total amounts and yields were determined by the 
internal standard method.26 Results are listed in Table I.

All the compounds in the neutral fraction except III, VII, and 
VIII were isolated from the vpc using a 5 ft by 0.25 in. column 
packed with 20% Carbowax 20M on 60-80 mesh, Chromosorb G, 
acid washed, for the lower boiling fraction and 1.5% PM PE on 
80-100 mesh Varaport 30 for the higher boiling fraction. The 
compounds in the lower boding fraction all exhibited ir spectra 
which were identical with those of authentic samples. Com­
pounds IX -X I  were isolated together and exhibited an ir spec­
trum which was exactly the same as that for an authentic sample 
prepared by reacting a mixture of 1- and 2-naphthols with sodium 
bisulfate.8

The «-butyl 1-naphthyl and n-butyl 2-naphthyl erhers ex­
hibited ir and nmr spectra which were consistent with their 
assigned structures. The 2-substituted ether was also identical 
with that prepared previously.6

Analysis of the Acidic Fraction.—The acidic fraction (X II- 
X V ) was dissolved in 3 ml of anhydrous ether and subjected to 
vpc analysis using a 5 ft by Vs in. column packed with a mixture 
of 1% SE-30 and 1% Carbowax 20M on 60-80 mesh, Chromosorb 
G, acid washed, at 175°. Five peaks were observed. The ir 
spectrum of the total material collected from the vpc was the 
same as the crude solid before it was subjected to analysis. There­
fore, no internal standard was used; the area of each peak was 
used to determine the amount of that particular product. Re­
sults are listed in Table I.

Four of the five peaks were isolated from the vpc using a 5 ft 
by 0.25 in. column packed with 20% Carbowax 20M on 60-80 
mesh, Chromosorb 3 , acid washed. Peak 2 exhibited an ir spec­
trum which was the same as that reported for 1-methylmercapto-
2- naphthol (compound X II ).9

Anal. Calcd for CUH10OS: C, 69.44; H, 5.30. Found: C, 
69.30; H, 5.34.

Peak 3 exhibited the following major ir bands: 3385, 3060, 
2925, 1629, 1621, 1590, 1573, 1506, 1460, 1438, 1390, 1360, 
1320, 1268, 1249, 1205, 1153, 1136, 1073, 972, 886, 855, 808, 
785, 778, 750, 724, and 668 cm“ 1. The nmr spectrum had peaks 
at 5 7.76 (m, 6), 3.54 (s, 1), and 2.33 (s, 3). The ir spectrum was

(2 6 )  A .  B .  L i t t l e w o o d ,  " G a s  C h r o m a t o g r a p h y ,  P r i n c i p l e s ,  T e c h n i q u e s  a n d  
A p p l i c a t i o n s , ”  A c a d e m i c  P r e s s ,  N e w  Y o r k ,  N .  Y . ,  1 9 6 2 , p  2 4 6 .
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similar to that of vpc peak 2 (compound X II) and the nmr spec­
trum was identical. On this basis, peak 3 was believed to be 2- 
methylmercapto-l-naphthol (X III). Not enough of this com­
pound could be isolated for a carbon-hydrogen analysis. Ypc 
peaks 4 and 5 exhibited ir spectra which were identical with those 
of 1- and 2-naphthols, respectively.

Decomposition of ierf-Butyl 1-Naphthyl Ether.— Mixtures of 
potassium ieri-butoxide, tert-butyl alcohol, and DMSO of the 
appropriate ratio (same as in Table I) were heated to the desired 
temperature in a dry three-necked round-bottom flask equipped 
with a thermometer, addition tube, and condenser. ierf-Butyl
1-naphthyl ether was added at once through the addition 
tube. After the desired reaction time, the reaction mixture was 
added to cold water and worked up as described above for the
1-bromonaphthalene reaction. The neutral and acidic fractions 
were analyzed as described above. In every case the ether de­
composed to the naphthol. At high temperature only 5-10%  of 
the ether was recovered; the other 90-95% was the naphthol. 
At lower temperatures (80-100°) most (60%) of the ether was 
recovered.

Reaction of Naphthalene with the Base-DMSO Solution.—
Naphthalene (0.13 g, 0.001 mol) was added to a solution of 25 
ml (27.5 g, 0.35 mol) of DMSO, 6.0 g (0.08 mol) of ierf-butyl 
alcohol, and 11.8 g (0.10 mol) of potassium ierf-butoxide at 140°. 
After 40 min, the reaction was added to ice water and worked 
up as reported above for the 1-bromonaphthalene reaction. No 
acidic fraction was observed. The neutral fraction was analyzed 
as reported above to yield 47.3% recovered naphthalene, 7.6%  
1-methylnaphthalene, and 0.6% 2-methylnaphthalene. No 1,2- 
dimethylnaphthalene was observed.

Reaction of Methylsulfinyl Carbanion with 1-Bromonaphtha- 
lene.— Methylsulfinyl carbanion was prepared according to the 
procedure of Corey and Chaykovsky19 from 124.83 g (1.6 mol) 
of DMSO and 4.5 g (0.19 mol) of sodium hydride. This mixture 
was placed in a dry 500-ml three-necked round-bottom flask 
equipped with a thermometer, condenser, addition funnel, and 
magnetic stirring. The temperature was raised to 80° and 19.5 
g (0.09 mol) of 1-bromonaphthalene was aided at once. The 
reaction mixture immediately turned black and the temperature 
rapidly increased to 150°. After 15 min (the temperature had 
lowered to 104°), the mixture was added to ire water and worked 
up as reported above. The acidic fraction was analyzed as re­
ported above to yield 3.8% X II, 1.3% X III, 0.3%  XI'V, and 
0.5% X V . The neutral fraction yielded (analyzed as reported 
above) 1.3% I, 2.7%  III, and 0.3%  II. Another compound 
(11.4%) was observed and isolated. The nmr spectra cf this 
compound was the same as that reported by Zweig and co­
workers27 for 1-methylthionaphthalene. The ir spectrum was 
consistent with this structure.

Anal. Calcd for CnllioS: C, 75.81; H, 5.79. Found: C, 
75.94; II, 5.63.

Registry N o .— 1-Bromonaphthalene, 90-11-9 2-
bromonaphthalene, 580-13-2; potassium ferf-butoxide, 
865-47-4.

( 2 7 )  A .  Z w e ig ,  J .  E .  L a n c a s t e r ,  a n d  M .  T .  N e g i a ,  T etra h ed ro n , 2 3 ,  2 5 7 7  
( 1 9 6 7 ) .
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The reaction of thiolsulfonates with aminophosphines proceeds by nucleophilic attack on sulfenyl sulfur giving 
rise to sulfones and sulfinate esters as reaction products. This is in marked contrast to the reaction of triphenyl- 
phosphine (3) with thiolsulfonates where deoxygenation is observed. This dichotomy does not extend to the cor­
responding reaction of phosphines with sulfenylthiolsulfonates. Here, nucleophilic attack on sulfenyl sulfur is 
observed for both triphenylphosphine (3) and tris(diethylamino)phosphine (4). In addition, the desulfurization 
of cyclic thiosulfonates provides a new, general route to cyclic sulfinate esters.

As part of our continuing investigation of nucleo­
philic displacements on sulfenyl sulfur we have exam­
ined the reaction of a number of thiolsulfonates 1 and 
sulfenyl thiolsulfonates 2 with various trivalent phos­
phorus derivatives.

RSOjSR RSOaSSR
1 2

The behavior of trivalent phosphorus compounds 
toward disulfides and trisulfides has been shown to be a 
function of the type of substitution on the phosphorus 
atom (aminophosphines,2'3 alkylphosphines,3 arylphos- 
phines,3'4 and phosphites).5

*  T o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .
(X ) (a )  O r g a n ic  S u l f u r  C h e m i s t r y .  I X .  P a r t  V I I I :  D .  N .  H a r p p ,

D .  K .  A s h ,  T .  G .  B l a c k ,  J .  G .  G l e a s o n ,  B .  A .  O r w i g ,  W .  F  V a n H o r n ,  a n d  
J .  P .  S n y d e r ,  T etrah ed ron  L e tt .,  3 5 5 1  ( 1 9 7 0 ) .  ( b )  H o l d e r  o f  a n  N R C C
S c h o l a r s h i p ,  1 9 6 8 —1 9 7 0 . ( c )  H o l d e r  o f  a n  N R C C  B u r s a r y ,  1 9 6 9 - 1 9 7 0 .

( 2 )  D .  N .  H a r p p ,  J .  G .  G l e a s o n ,  a n d  J .  P .  S n y d e r ,  J . A m e r .  C h em . S o c .,  
9 0 ,  4 1 8 1  ( 1 9 6 8 ) .

(3 )  D .  N .  H a r p p ,  a n d  D .  K .  A s h ,  C h em . C o m m u n .,  8 1 1  ( 1 9 7 0 ) .
( 4 )  ( a )  S .  S a f e  a n d  A .  T a y l o r ,  ib id .,  1 4 6 6  ( 1 9 6 9 ) ;  ( b )  F .  F e h e r  a n d  D .  

K u r z . ,  Z . N a tu r fo rsch . B ,  2 3 ,  1 0 3 0  ( 1 9 6 8 ) ;  ( c )  S .  H a y a s h i ,  M .  F u r u k a w a ,  
J .  Y a m o m o t o ,  a n d  K .  H a m a m u r a ,  C h em . P h a rm . B u ll .,  1 6 ,  1 3 1 0  ( 1 9 6 7 ) ;  
( d )  C .  M o o r e  a n d  B .  T r e g o ,  T etrah ed ron , 1 9 ,  1 2 5 1  ( 1 9 6 3 ) ;  ( e )  A .  S c h o n b e r g  
a n d  M .  Z .  B a r a k a t ,  J . C h em . S o c . ,  8 9 2  ( 1 9 4 9 ) .

(5 )  H .  I .  J a c o b s o n ,  R .  G .  H a r v e y ,  a n d  E .  V .  J e n s e n ,  J . A m e r . C h em . S o c .,  
7 7 ,  6 0 6 4  ( 1 9 5 5 ) ;  C .  W a l l i n g  a n d  R .  R a b i n o w i t z ,  ib id .,  8 1 ,  1 2 4 3  ( 1 9 5 9 ) .

Thiolsulfonates have been reported 10 undergo deoxy­
genation with triphenylphosphine6 (3) or desulfurization 
with trialkyl phosphites.7 In the latter reaction, the

0
II

R— S— SR +  2Ph3P — RSSR +  2PhsP = 0

1
1 3

O O S— R'

R— S— SR' +  (R "0 )3P — >- R— S +  R "0 — P+— O R " — >
I  I I
0  O - O R "
1

O S— R'

R—S— O R " +  0 = P (O R " )

sulfinate anion, presumably formed by nucleophilic 
displacement on sulfenyl sulfur, may react through 
oxygen to afford sulfinate esters or through sulfur to 
give sulfones. However, only products resulting from
O-alkylation in an Arbusov-like rearrangement8 are ob-

( 6 )  L .  H o r n e r  a n d  H .  N i c k e l ,  J u s tu s  L ieb ig s  A n n .  C h em .,  6 9 7 ,  2 0  ( 1 9 5 5 ) .
(7 )  J . M i c h a l s k i ,  T .  M o d r o ,  a n d  J .  W i e c z o r k o w s k i ,  J . C h em . S o c  , 1 6 6 5  

( 1 9 6 0 ) .
(8 )  E .  A .  A r b u s o v ,  Z h . R u ss . F iz .-K h im . O bshchest . ,  3 8 ,  6 8 7  ( 1 9 0 6 ) .
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Schem e  I

R'SP+(NEt2>j

0
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R— S— SR' +  P(NEt2>3
I! 4
0

/
R— S

\
R — S ~

0

R— S— OR' +  S =P (N E t2)3 
6

0
II

R— S— R' +  S=P(N Et,)J 

O 6

served. A  highly nucleophilic aminophosphine such as 
tris(diethylamino)phosphine9 (4) could be expected to 
react on sulfenyl sulfur displacing the ambident sul- 
finate anion 5 (Scheme I), an anion which may then 
undergo S- or O-alkylation giving rise to sulfone and/or 
sulfinate ester as products.

Results and Discussion

A variety of thiolsulfonates were prepared and treated 
with aminophosphine 4. In most of the reactions in­
vestigated, sulfone was the only product observed. For 
example, methyl methanethiolsulfonate (7) and benzyl 
benzylthiolsulfonate (9) afforded dimethyl sulfone (8) 
and dibenzyl sulfone (10) in 80 and 70%  yield, respec-

0  0
Il II

CH— S— SCHj + 4 — ► CH3— S— CH, +  6 

0 0
8

Q ^ C H 2- S - S C H ^ Q  +  4

+  6

0
10

tively. In both reactions, the absence of sulfinate ester 
was demonstrated by vpc. In a few cases, sulfinate 
esters were observed as minor by-products (10-30% ) of 
the desulfurization reaction. For example, ethyl 
ethancthiolsulfonate (11) afforded both diethyl sulfone

O
II

CH3CH2—S— SCH2CH3 +  4  >■

A
11

O O

CH3CH2— S— CH2CH3 +  CH3CH2— S— OCHîCHs +  6 
II 13, 15%

O
12, 50% * 319

(9 )  R .  G .  P e a r s o n ,  H .  S o b e l ,  a n d  J .  S o n g s t a d ,  J . A m er . C h em . S o c .,  90,
3 1 9  (1 9 6 8 ) .

(12) (50% ) and ethyl ethanesulfinate (13) (15% ) on re­
action with 4. The results of these desulfurization re­
actions are summarized in Table I. In all cases, iso­
lated yields were in excess of 6 5 % ; where only one prod­
uct was formed, the absence of sulfinate ester was dem­
onstrated by vpc analysis of the reaction mixture.

T a b l e  I  

O
11 e t h e r ,

R—S—SR' +  ( E t 2N ) 3P  — >
|| 4 25»
O

R— S— R ' +  R— S— O R' +  (Et2N )3P = S

4
P r o d u c t

,— c o m p o s i t i o n 0— . 
O O
Il II

R - S - R '  R - S - O R '

R R ' 0

1 4 cHĵ O - C H , 6 6 * 3 3 6

1 5 “ r - O
—C H , 6 1  = 3 9 =

1 6 CHj_0 - c h ’ ^ 0
1 0 0 0

1 7 chO -chK > b' 1 0 0 0

1 8 cHi~ 0 - C H , — CH, 1 0 0 0

7 c h 3- - C H , 1 0 0 0

1 1 c 2h - - C ,H , 6 6 3 3

9
0 - c h - - c h , ^ Q

1 0 0 0

0 Product composition was determined by vpc analyses. Un­
less otherwise noted isolated yields of desulfurized products 
were better than 60%. 6 Low yields are due to separation diffi­
culties. »N o products were isolated.

The formation of both sulfone and sulfinate ester 
during desulfurization is indicative of the formation of 
an ambident sulfinate anion (Scheme I). Meek and 
Fowler10 have demonstrated that O- and S-alkylation 
of the ambident p-toluenesulfinate anion is very sensi­
tive to the structure of the alkylating agent. The sul- 
finate-sulfone distribution is consistent with the ex­
pected11 behavior of such an ambident anion in that 
nucleophilic displacement by the sulfinate ion on a 
benzylic center (16, 17, 18) would proceed preferentially 
through the less electronegative atom (sulfur), while 
enhanced O-alkylation would be anticipated on an alkyl 
center (14, 15). As is shown in Table I, this is, in fact, 
observed.12

The reactions of diaryl thiolsulfonates with phos­
phines are of special interest since neither sulfone nor 
sulfinate ester would be expected. When phosphine 4 
was added to an ethereal solution of p-tolyl p-toluene-

( 1 0 )  J .  S .  M e e k  a n d  J .  S .  F o w l e r ,  J . O rg. C h em ., 33, 3 4 2 2  ( 1 9 6 8 ) .
(1 1 )  E .  S .  G o u l d ,  “ M e c h a n i s m  a n d  S t r u c t u r e  in  O r g a n i c  C h e m i s t r y , ”  

H o l t ,  R i n e h a r t  a n d  W i n s t o n ,  N e w  Y o r k ,  N .  Y . ,  1 9 5 9 , p  2 9 6 .
(1 2 )  T h i s  r a t i o n a l i z a t i o n  is  n o t  v a l i d  f o r  c o m p o u n d s  7, 9, a n d  11 s i n c e  in  

t h e s e  c a s e s  b o t h  t h e  s u l f e n y l  ( R S —) a n d  s u l f o n y l  ( R S 0 2 - ) r a d i c a ls  a r e  v a r ie d .
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thiolsulfonate (19), a 1 :1  thiolsulfonate-phosphine ad­
duct 20 was isolated as a viscous, hygroscopic oil. The 
60-M Hz nmr spectrum of 20 exhibited a singlet and a

CH, +

19

(Et2N)3P
4

( C K : S - > - P = 0

21, J = 2.0 Hz

doublet {Jph =  2.5 Hz) for the p-tolyl methyl reso­
nances. The doublet results from seven-bond long- 
range coupling with the phosphorus nucleus. Analo­
gous couplings have been observed in the spectrum of 
tri-p-tolyl phosphotrithioate (21) and for several other 
phosphines, phosphine oxides, and phosphonium salts.13 
The phosphonium salt structure of this adduct was con­
firmed by 31P nmr spectroscopy in that adduct 20 ex­
hibited a resonance at —61.6 ppm relative to H 3P 04, 
consistent with that observed for other phosphonium 
salts (Table II).

T a b l e  II
31P N m r  C h e m i c a l  S h i f t s

6 31P  ( r e l a t i v e  t o
C o m p d  I I 1P O 4 ) 0

(Et2N )3P (4) -1 1 7 .7
(Et2N)3P = 0  -2 3 .5
(Et2N )3P = S  (6) - 7 8 .5

(Et2N )3PSCH2Ph BF4“ '  - 6 1 .9

(Et2N )3PSC6H4CH3 -S 0 2C6H4CH3‘ -6 1 .6
“ Recorded in benzene solution. 6M. M. Crutchfield, C. H. 

Dungan, J. H. Letcher, V. Mark, and J. R. Van Wazer, “ Topics 
in Phosphorus Chemistry,”  Vol. 5, M. Grayson and E. J. Griffith, 
Ed., Interscience, New York, N. Y., 1967. “ J. G. Gleason, 
Ph.D. Thesis, McGill University, June 1970.

Cyclic thiolsulfonates, on treatment with aminophos- 
phine 4, yield sulfinate esters and not sulfones.14 The 
addition of 4 to a benzene solution of 1,2-ditholane 1,1- 
dioxide (22) effected an exothermic reaction which on 
distillation provided 1,2-oxathiolane 2-oxide (23) in 
92%  yield.

r"N  fL A  + (EW
b 0  4

22

Q S= 0  +  (Et2N )jP = S

23

( 1 3 )  G .  S in g h  a n d  H .  Z i m m e r ,  J . O rg. C h em ., 30, 4 1 7  ( 1 9 6 5 ) .
( 1 4 )  D .  N .  H a r p p  a n d  J .  G .  G le a s o n ,  T etrahedron  L ett.,  1 4 4 7  ( 1 9 6 9 ) .

Similarly the reaction of 1,2-dithiane 1,1-dioxide (24) 
with 4 afforded a mixture consisting of 10%  thiolane 
1,1-dioxide (26) and 90%  1,2-oxathiane 2-oxide (25).

C f l  + -  O r 0 +
24 25

0  0
26

(Et2N)3P = S
6

This alicyclic sulfinate ester was subsequently isolated 
in 64%  yield.

The formation of both sulfone 26 and sulfinate ester 
25 during desulfurization of 24 would indicate that the 
reaction proceeds via the phosphonium salt 27. This 
ionic intermediate was detected by 31P nmr. Thus, 
when equimolar amounts of thiolsulfonate 24 and 4 were 
mixed in an nmr tube, an oil appeared immediately 
which exhibited a resonance at —62.1 ppm (relative to 
H 3 P O 4 ) ,  consistent with the phosphonium salt struc-

f  ^  x P(NEt2>3
]  +  (Et2N)3P - *

A
v °  -

.0 4

f X
K
0

24 27
31P, S -62.1 ppm

C g A ) +  (Et2N)3P = S  
6 ,31P, & -79.5

0
25

ture 27 (Table II). This signal slowly (5 min) disap­
peared and was replaced by a new resonance at —79.5 
ppm, which is in good agreement with that observed for 
the aminophosphine sulfide 6 (Table II). Thus, it may 
be concluded that a phosphonium salt is formed as an 
intermediate in this reaction. The preferred formation 
of sulfinate ester appears to reflect the effect of ring size 
on the course of reaction.

ichS Y . » 0

k / \
22, n =  1
24, n =  2

+  (Et2N);,P — *  
4

(CH d>

L-o/
s=o + 6

23, n =  1 
25, n = 2

II
O

26, n =  2
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The behavior of sulfenyl thiolsulfonates toward tri- 
phenylphosphine (3) and tris(diethylamino)phosphine
(4) was also examined. The reaction of p-tolylsulfenyl 
p-toluenethiolsulfonate (28) with aminophosphine 4 
afforded three products: p-tolyl toluenethiolsulfonate
(19), phosphonium salt 20, and phosphine sulfide 6.

0  0
Il II

R— S— S— S— R +  4 — ► R— S— SR +  6 — »
Il II
0  0

28 19,40%

RS02~ RSP(NEt2)3 
20,60%

These observations are consistent with those obtained 
for the corresponding thiolsulfonate reaction.

In contrast, the reaction of sulfenyl thiolsulfonate 28 
with 3 mol of triphenylphosphine (3) afforded only di­
sulfide 29 (in addition to triphenylphosphine oxide and 
sulfide). The formation of disulfide in this reaction

Anal. Calcd for CuH13Br02S2: C, 47.06; H, 3.67; S, 17.95. 
Found: C, 47.04; H, 3.76; S, 17.79.

p-Methylbenzyl p-toluenethiolsulfonate (18) was prepared in 
60% yield by the procedure of Boldyrev18 from p-methylbenzyl 
bromide and potassium p-toluenethiolsulfonate, mp 53-54°.

Anal. Calcd for Ci5H130 2S2: C, 61.63; H, 5.51; S, 21.94. 
Found: C, 61.35; H, 5.45; S, 21.77.

1.2- Dithiolane 1,1-Dioxide (22).— A solution of 20.1 g (200 
mmol) of 1,3-propanedithiol in 450 ml of acetic acid was cooled to 
5° and 60 ml (600 mmol) of a 35% aqueous hydrogen peroxide 
solution was added dropwise. The mixture was stirred overnight, 
the acetic acid removed under vacuum (below 40°), and the 
residue diluted with water and extracted with ethyl acetate. 
After neutralization with sodium carbonate, the extract was 
dried and concentrated under vacuum. The residue was crystal­
lized from ethyl acetate-ether to afford 7.3 g (26%) of colorless 
crystals: mp 24.5-26°; ir (KBr) 1325 and 1110 cm-1; nmr 
(CDC13) t 6.25 (r, 2 H, J  =  6.5 Hz), 6.53 (t, 2 H, J =  7 Hz), 
7.46 (m, 2 H ); mass spectrum parent ion at m/e 138, fragments 
at 46, 45, 74, and 64.

Anal. Calcd for C3H6S20 2: C, 26.07; H, 4.38; S, 46.40. 
Found: C, 26.09; H, 4.58; S, 45.96.

1.2- Dithiane 1,1-Dioxide (24).-—A solution of 30.5 g (250 
mmol) of 1,4-butanedithiol in 250 ml of acetic acid was cooled in 
an ice bath and 75 ml (770 mmol) of 35% aqueous peroxide solu­
tion was added slowly such that the reaction temperature did 
not rise above 35°. After stirring for 18 hr, the solvent was re­
moved under vacuum, and the residue diluted with water, 
neutralized with sodium bicarbonate and extracted with benzene; 
the benzene extract was dried and the solvent removed under

O

O
II

R— S— SSR
II
0

28

+

R— S— SR +  Ph3P = S
A /  II
/  0

3Ph3P ]9

3 b \

\
RSSR +  Ph3P = S  +  2 Ph3P = 0  

/  29

RSSSR +  2 Ph3P = 0  
30

may be rationalized in terms of two alternate pathways. 
Deoxygenation (path B) of 28 would afford the trisulfide 
30 which is known4b to undergo rapid desulfurization to 
the disulfide 29. Alternately, desulfurization of the sul­
fenyl thiolsulfinate prior to deoxvgenation (path A) 
would also yield 29.

When the reaction was performed with 1 molar equiv 
of triphenylphosphine (3), an 81%  yield of thiolsul­
fonate 19 was realized. No trisulfide was observed. 
Thus, the reaction of 28 with triphenylphosphine pro­
ceeds via thiolsulfonate 19 as outlined in path A.

Experimental Section15

Preparation of Thiolsulfonates.— Benzyl phenylmethanethiol- 
sulfonate40 (9), methyl methanethiosulfonate16 (7), ethyl ethane- 
thiolsulfonate17 18 19“ (11), methyl,1,b ethyl,17“ benzyl,4“ and p-tol­
yl170 p-toluenethiolsulfonates 14, 15, 16, and 19 were prepared 
by reported procedures.

p-Bromobenzyl p-toluenethiolsulfonate (17) was prepared in 
79% yield by the procedure of Boldyrev18 from p-bromobenzyl 
bromide and potassium p-toluenethiolsulfonate, mp 84-85.5°.

(1 5 )  A l l  m e l t i n g  p o i n t s  w e r e  r e c o r d e d  o n  a  G a l l e n k a m p  m e l t i n g  p o i n t  
a p p a r a t u s  a n d  a r e  c o r r e c t e d .  31P  n m r  s p e c t r a  w e r e  m e a s u r e d  o n  a  V a r i a n  
A s s o c i a t e s  D P - 6 0  i n s t r u m e n t  a t  a n  o s c i l l a t o r  f r e q u e n c y  o f  1 9 .3  M H z .  A n a l ­
y s e s  w e r e  p e r f o r m e d  b y  O r g a n i c  M i c r o - a n a l y s e s ,  M o n t r e a l ,  a n d  S c a n d a n a v i a n  
M i c r o a n a l y t i c a l  L a b o r a t o r i e s ,  D e n m a r k .

(1 6 )  H .  J .  B a c k e r  a n d  G .  J .  d e J o n y ,  R ee l . T rav . C h im . P a y s -B a s ,  67, 8 8 4  
( 1 9 4 8 ) .

(1 7 )  (a )  R .  O t t o ,  C h em . B e r . ,  15, 1 2 3  ( 1 8 8 2 ) ;  ( b )  D .  T .  G i b s o n ,  J . C h em . 
S o c .,  2 6 3 7  ( 1 9 3 1 ) ;  ( c )  F .  F r i e s  a n d  W .  V o l k ,  C h em . B e r .,  42, 1 1 7 0  ( 1 9 0 9 ) .

(1 8 )  B .  G .  B o l d y r e v ,  L .  M .  G r i v n a k ,  S .  A .  L o l e z n i k o v a ,  L .  E .  K o l m a l o v a ,  
a n d  G .  A .  V o l o s h i n ,  Z h . O rg. K h im .,  3, 3 7  ( 1 9 6 7 ) ;  C h em . A b str .,  66, 9 4 7 6 9  
( 1 9 6 7 ) .

vacuum to yield a viscous oil which was crystallized from ether 
to provide 10.5 g (28%) of white crystals, mp 52-55°, which 
after two crystallizations from ether provided a pure sample: 
mp 54-56° (lit.13 mp 54.5-55°); nmr (CCU) t 7.0 (m, 4 H ), 
7.9 (broad multiplet, 4H ).

Desulfurization of Methyl Methanethiolsulfonate (7).— To a 
solution of 2.50 g (20 mmol) of 7 in dry ether was added 5.50 g 
(22 mmol) of tris(diethylamino)phosphme (4) in 20 ml of dry 
ether. An oil, which deposited immediately on mixing 7 with 4, 
slowly crystallized. Filtration and recrystallization from 
ethanol afforded 1.5 g (80%) of dimethyl sulfone, mp 108-109° 
(lit.20 mp 109°).

Similar desulfurization reactions were performed on thiol­
sulfonates 9, 11, 14, 16, 17, and 18. These results are sum­
marized below (thiolsulfonate, product, yield, melting point or 
boiling point): thiolsulfonate 9, dibenzyl sulfone 10, 65% , mp
154-155° (lit.21 22 mp 151°); thiolsulfonate 11,22 diethyl sulfone 12, 
50%, mp 70-73° (lit.23 mp 74°), and ethyl ethanethiolsulfinate 
13, 15%, bp 61-63° (10 mm) [lit.24 bp 62° (16 mm); thiolsul­
fonate 14,22 methyl p-tolyl sulfone, 6% , mp 85-87° (lit.26 mp 
86-87°), and methyl p-toluenesulfmate, 13%, bp 100-104° 
(0.1 mm), n25d 1.548 (lit.26 n25u 1.543); thiolsulfonate 16, 
benzyl p-tolyl sulfone, 70% , mp 140-141° (ht.27 mp 145°); 
thiolsulfonate 17, p-bromobenzyl p-tolyl sulfone, 72% , mp

(1 9 )  L .  F i e l d  a n d  R .  B .  B a r b e e ,  J . O rg . C h em .,  3 4 ,  3 6  ( 1 9 6 9 ) .
(2 0 )  A .  S a y t z e f f ,  J u s tu s  L ieb ig s  A n n .  C h em .,  144, 1 4 8  ( 1 8 6 7 ) .
( 2 1 )  A .  E .  W o o d  a n d  E .  G .  T r a v i s ,  J. A m e r . C h em . S o c .,  6 0 ,1 2 2 7  ( 1 9 2 8 ) .
( 2 2 )  P r o d u c t s  w e r e  s e p a r a t e d  b y  f r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  c r u d e  r e ­

a c t i o n  m ix t u r e .
(2 3 )  S .  F .  B i r c h  a r .d  W .  S .  G. N o r r i s ,  J . C h em . S o c .,  127, 1 9 3 7  ( 1 9 2 5 ) .
( 2 4 )  P .  C a r r e  a n d  D .  L ie b e r m a n n ,  C . R .  A c a d . S e i .,  S er . C , 200, 2 0 8 6  

( 1 9 3 5 ) .
( 2 5 )  R .  O t t o ,  C h em . B e r .,  18, 1 5 4  ( 1 8 8 5 ) .
( 2 6 )  A .  J .  H .  H o r s s a ,  J .  K e n y o n ,  a n d  H .  P h i l l i p s ,  J . C h em . S o c .,  1 7 0 0  

( 1 9 2 9 ) .
(2 7 )  R .  O t t o ,  C h em . B e r . ,  13, 1 2 7 8  ( 1 8 8 0 ) .
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177-180° (lit.28 mp 172°); thiolsulfonate 18, p-methylbenzyl 
p-tolyl sulfone, 60%, mp 156-157° (lit.29 30 mp 157°).

Desulfurization of Ethyl p-Toluene thiol sulfonate (15).— A 
solution of 2.16 g (10 mmol) of ethyl p-tolylthiolsulfonate (15) 
and 2.75 g (11 mmol) of the aminophosphine 4 in 10 ml of dry 
ether was stirred for 3 hr. The solvent was removed under 
vacuum and the residue was analyzed by vpc. By comparison 
of peak areas, the sulfone-sulfmate ester ratio was calculated to 
be 3:1. No pure products, however, were isolated from this 
reaction.

Attempted Desulfurization of p-Tolyl p-Toluenethiolsulfonate 
(19). Isolation of Adduct 20.— To a solution of 2.78 g (10 mmol) 
of p-tolyl p-toluenethiolsulfonate (19) in 10 ml of ether was added 
dropwise 2.50 g (10 mmol) of tris(diethylamino)phosphine (4). 
No heat was evolved; however, an oil precipitated immediately. 
The supernatant liquid was removed and the oil was washed eight 
times with fresh ether. The resulting oil was dried under vacuum 
for 24 hr to yield 5.0 g (92%) of adduct 20 as a tan, viscous, 
hygroscopic oil: nmr (benzene) r 2.5 (m, 8 H, aromatic), 6.87 
(m, 12 H, / h h  =  7 Hz, J PH =  13 Hz), 7.60 (d, 3 II, J rH =  2.5 
Hz), 7.69 (s, 3 H ), 8.85 (t, 18 H, JHh =  7 Hz). The MP nmr 
of this adduct exhibited a strong resonance at —61.6 ppm relative 
to phosphoric acid.

Anal. Calcd for C26H44N302PSr®H20 : C, 58.08; H, 8.63; 
N, 7.81; P. 5.76; S, 11.92. Found: C, 56.63; H, 8.93; N, 
8.08; P, 5.45; S, 13.07. (Sample was reported to be highly 
hygroscopic.)

Desulfurization of 1,2-Dithiolane 1,1-Dioxide (22).— To a 
solution of 1.38 g (10 mmol) of 1,2-dithiolane 1,1-dioxide (22) 
in 25 ml of benzene was added dropwise 2.60 g (11 mmol) of tris- 
(diethylamino)phosphine (4). An exothermic reaction occurred 
immediately upon addition of 4. The mixture was stirred for 15 
min, the solvent removed under vacuum, and the residue distilled 
under vacuum to yield 0.80 g (80%) of 23: bp 48-49° (0.2 mm); 
n25D 1.4862; ir (film) 1105 cm-1 (S = 0 ) ; nmr (CDC13) t 6.55 (m, 
2 H ), 8.65 (m, 4 H ); mass spectrum parent ion at ni/e 106, 
fragments at 43, 58, 42, and 78.

Anal. Calcd for C3H6S02: C, 33.93; H , 5.70; S, 30.19. 
Found: C, 33.08; H, 5.92; S, 29.36.

Desulfurization of 1,2-Dithiane 1,1-Dioxide (24).— A solution 
of 4.50 g (29.6 mmol) of 1,2-dithiane 1,2-dioxide (24) in 50 ml of 
dry benzene was cooled in an ice bath and 7.80 g (31.6 mmol) of 
tris(diethylamino)phosphine (4) was added slowly. After 
stirring the mixture for 10 min, the solvent was removed under 
vacuum and the residue fractionally distilled under vacuum to 
yield 2.25 g (64%) of 25 as colorless oil, bp 58-64° (0.2 mm), 
which on redistillation afforded an analytical sample: bp 60-61° 
(0.5 mm); nKD 1.4862; ir (film) 1125 cm-1 (S = 0 ).

Anal. Calcd for C4H80 2S: C, 39.93; H, 6.70; S, 26.68. 
Found: C, 39.68; H ,6.73; S, 26.33.

p-Tolylsulfenyl p-Toluenethiolsulfonate (28).— The method 
used was similar to that of Brooker, Child, and Smiles.80 To a 
solution of 9.0 g (57 mmol) of p-toluenesulfenyl chloride31 in 200 
ml of anhydrous diethyl ether was added 13.3 g (59 mmol) of 
potassium p-toluenethiolsulfinate as a fine powder. The orange 
color of the sulfenyl chloride was discharged and a white pre­
cipitate of KC1 formed. The reaction was stirred for 1.5 hr at 
room temperature and filtered, and the filtrate was evaporated 
to dryness. Crystallization of the crude solid from n-hexane

( 2 8 )  R .  F .  B r o o k e s ,  N .  G .  C l a r k ,  J .  E .  C r a n h a m ,  D .  G r e e n w o o d ,  J .  R .  
M a r s h a l l ,  a n d  H .  A .  S t e v e n s o n ,  J . S c i . F o o d  A g r .,  9, 1 1 1  ( 1 9 5 8 ) ;  C h em . 
A b str .,  52, 1 1 7 7 2  ( 1 9 5 8 ) .

(2 9 )  F .  E l o y ,  B u ll . S oc . C h im . B e lg .,  6 8 ,  2 7 6  ( 1 9 5 9 ) .
( 3 0 )  L .  G .  S .  B r o o k e r ,  R .  C h i l d ,  a n d  S .  S m ile s ,  J . C h em . S o c .,  1 3 8 4  ( 1 9 2 7 ) .
( 3 1 )  H .  E m d e ,  C h em . A b str .,  46, 5 2 9  ( 1 9 5 2 ) .

gave 16.7 g (95%) of pale yellow crystals, mp 68.5-72.5°. Two 
recrystallizations from n-hexane afforded an analytical sample: 
mp 77.5-78.5°; ir (KBr) 1340 and 1140 cm-1 (-S 0 2- ) ;  nmr 
(CCh) t 2.15-3.0 (m, 8 H ), 7.55 (singlet, 3 H ), 7.65 (singlet, 3 
H ); mass spectrum parent ion m/e 310 fragments at 91, 123, 
139, and 155.

Anal. Calcd for C 14HlfO,S3: C, 54.16; H, 4.54; S, 30.99. 
Found: C, 54.26; H, 4.49; S, 30.39.

Reaction of p-Tolylsulfenyl p-Toluenethiolsulfonate (28) with 
Tris(diethylamino)phosphine (4).— A solution of 0.25 g (1 mmol) 
of 4 in 25 ml of benzene was added slowly to 0.31 g (1 mmol) of 
28 dissolved in 10 ml of benzene. The reaction rvas stirred for
6.5 hr at room temperature and the benzene was removed under 
vacuum. The residue was heated with n-hexane and an in­
soluble oil 20 (0.35 g) separated. The 'H nmr of this oil was 
identical with that of 20 prepared by the reaction of 19 and 4. 
The hexane soluble portion was chromatographed over silica 
gel. Elution with 1:1 hexane-chloroform afforded 0.10 g 
(40%) of p-tolyl p-toluenethiolsulfonate (19), which after crystal­
lization from ethanol gave white crystals, mp and mmp 74-78° 
(lit.82 mp 78.5-79.5°). Further elution gave 0.15 g of *ris- 
(diethylamino)phosphine sulfide (6).

Reaction of p-Tolylsulfenyl p-Toluenethiolsuifonate (28) with 3 
Mol of Triphenylphosphine (3).-—A solution of 2.36 g (9 mmol) 
of 3 in 50 ml of benzene was added over 1 hr to 0.93 g (3 mmol) 
of 28 dissolved in 50 ml of benzene. A precipitate formed and 
then redissolved after 2 hr. The reaction was stirred for 6 hr 
at room temperature, the benzene removed under vacuum, and 
the residue chromatographed over silica gel. Elution with 3:1 
hexane-chloroform gave 0.50 g (68%) of di-p-tolyl disulfide (29) 
as a yellow oil which on crystallization from ethanol afforded 
white needles, mp 45.5-47.5° (lit.40 mp 47°). Elution with 1:1 
hexane-chloroform provided, after crystallization from ethanol, 
0.75 g (85%) of triphenylphosphine sulfide, mp 159-161.5° 
(lit.4b mp 161°). The use of 1:3 hexane-chloroform as eluent 
gave, after crystallization from diethyl ether, 0.95 g (57% ) of 
triphenylphosphine oxide, mp 157-159° (lit.18 mp 156°).

Reaction of p-Tolylsulfenyl p-Toluenethiolsulfonate (28) with 
Equimolar Triphenylphosphine (3).— A solution of 0.26 g (1 
mmol) of 3 in 50 ml of benzene was added over 40 min to 0.31 g (1 
mmol) of 28 dissolved in 50 ml of benzene. The reaction was 
stirred for 4 hr at room temperature, the benzene removed under 
vacuum, and the residue chromatographed over silica gel. Elu­
tion with 1:1 petroleum ether (30-60°)-chloroform gave a pale 
yellow solid, which, on crystallization from ethanol afforded 0.20 
g (68%) of triphenylphosphine sulfide, mp 164-165° (lit.lb mp 
161°). The filtrate wras evaporated to dryness and crystallized 
from ethanol to produce 0.23 g (81%) of p-tolyl p-toluenethiol- 
sulfonate (19), mp and mmp 71-75° (lit.32 mp 78.5-79.5°).

Registry N o.—4, 2283-11-6; (Et2N )3P = 0 ,  2622-07-3; 
6, 4154-77-2; (EGN^P+SCIRPh BF4~, 26893-33-4; 
17, 26885-97-2; 18, 21668-99-5; 20, 26885-99-4; 22, 
18321-16-9; 23, 24308-28-9; 24, 18321-15-8; 25,
24308-29-0; 28, 26886-04-4.
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Benzyne Reaction. IX .1 Benzyne Reaction of o-Halobenzenes with 
Acetonitrile or Phenylacetonitrile in Organic Solvents
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The benzyne reaction of a number of ortho-substituted halobenzenes with acetonitrile or phenylacetonitrile was 
carried out, in various organic solvents together with the appropriate amines in the presence of sodium amide, to 
give the desired meta-substituted phenylacetonitriles together with meta-substituted amino compounds. When 
o-chloro- and o-methylhalobenzene were used in this reaction, a mixture of the corresponding 1,3- and 1,2-disub- 
stituted benzenes was obtained.

In previous papers, we reported the syntheses of 
many compounds by application of the benzyne reac­
tion.1'3-9 We have also reported that syntheses of a 
number of aminoalkyl meta-substituted phenylace- 
tates,10 having anticholinergic activity, via phenyl- 
acetic acids obtained on the hydrolysis of the corre­
sponding phenylacetonitriles (A). Furthermore, the 
syntheses of various isoquinolines using phenethyl- 
amines prepared by the reduction of the corresponding 
phenylacetonitriles have been reported.11 12 13 Thus, phe­
nylacetonitriles are considerably important intermedi­
ates in the syntheses of various kinds of medicinal sub­
stance since they are convertible to phenylacetic acids 
and phenethylamines on hydrolysis and reduction, re­
spectively. Among the various methods available for 
the preparation of meta-substituted phenylacetonitriles, 
benzyne reaction1,6 of o-halobenzenes with acetonitriles 
has been proved to be one of the most useful methods, 
notably in the syntheses of m-alkoxy phenylacetonitriles, 
using liquid ammonia as solvent. Since liquid am­
monia is not suitable as solvent from the industrial point 
of view, it is of interest to reinvestigate the above reac­
tion with the use of the other solvent. In general, ali­
phatic amines such as piperidine, morpholine, and di- 
methylamine, instead of liquid ammonia, in some cases, 
together with ether12-14 have been used in the benzyne 
reaction as solvents. In these cases they were not only 
used as solvent but also as nucleophiles to the benzyne. 
Since only liquid ammonia has hitherto been used in the 
case of the compounds possessing active hydrogen such 
as alkylnitrile, we examined the benzyne reaction with 
the use of various kinds of organic solvents instead of 
liquid ammonia in the presence of sodium amide. We 
now wish to report these results.

( 1 )  P a r t  V I I I :  T .  K a m e t a n i ,  K .  K ig a s a w a ,  M .  H i i r a g i ,  O . K u s a m a ,
a n d  K .  W a k i s a k a ,  Y a k u g a k u  Z a ssh i,  89, 1 2 1 2  ( 1 9 6 9 ) .

( 2 )  C o m m u n i c a t i o n s  c o n c e r n i n g  t h is  p a p e r  s h o u l d  b e  d i r e c t e d  t o  P r o f e s s o r  
T e t s u j i  K a m e t a n i ,  T o h o k u  U n i v e r s i t y .

(3 )  T .  K a m e t a n i  a n d  K .  O g a s a w a r a ,  J . C h em . S oc . C , 2 2 0 8  ( 1 9 6 7 ) .
(4 )  T .  K a m e t a n i ,  T .  T e r u i ,  a n d  K .  F u k u m o t o ,  Y a k u g a k u  Z a ssh i,  8 8 ,  9 1 5  

( 1 9 6 8 ) .
(5 )  T .  K a m e t a n i ,  T .  T e r u i ,  a n d K .  F u k u m o t o ,  ib id .,  8 8 ,  1 3 8 8  ( 1 9 6 8 ) .
(6 )  T .  K a m e t a n i ,  K .  O g a s a w a r a ,  T .  T e r u i ,  K .  Y a m a k i ,  a n d  K .  F u k u m o t o ,  

C h em . P h a rm . B u ll .,  16, 1 5 8 4  ( 1 9 6 8 ) .
(7 )  T .  K a m e t a n i ,  K .  Y a m a k i ,  a n d  K .  O g a s a w a r a ,  Y a k u g a k u  Z a ssh i, 

89, 1 5 4  ( 1 9 6 9 ) .
(8 )  T .  K a m e t a n i ,  T .  T e r u i ,  a n d  K .  F u k u m o t o ,  ib id .,  89, 5 8 6  ( 1 9 6 9 ) .
(9 )  T .  K a m e t a n i ,  K .  K i g a s a w a ,  M .  H i i r a g i ,  a n d  O . K u s a m a ,  J . H etero -  

c y d .C h e m .,  6 , 9 3 3  ( 1 9 6 9 ) .
( 1 0 )  T .  K a m e t a n i ,  K .  K ig a s a w a ,  M .  H i i r a g i ,  T .  A o j 'a m a ,  a n d  O .  K u s a m a ,  

J . M ed . C h em ., 14, 7 2  ( 1 9 7 1 ) .
(1 1 )  T .  K a m e t a n i ,  K .  K ig a s a w a ,  M .  H i i r a g i ,  H .  I s h i m a r u ,  a n d  S . S a i t o ,  

Y a k u g a k u  Z a ssh i, 89, 1 4 8 2  ( 1 9 6 9 ) ;  T .  K a m e t a n i ,  K .  K ig a s a w a ,  M .  H i i r a g i ,  
a n d  H .  I s h i m a r u ,  J . H e te r o c y d . C h em .,  7, 5 1  ( 1 9 7 0 ) .

(1 2 )  J. F .  B u n n e t t  a n d  T .  K .  B r o t h e r t o n ,  J . A m e r .  C h em . S o c .,  78, 6 2 6 5  
( 1 9 5 6 ) .

(1 3 )  J .  F .  B u n n e t t  a n d  T .  K .  B r o t h e r t o n ,  J . O rg . C h em .,  2 2 ,  8 3 2  ( 1 9 5 7 ) .

The benzyne reaction of o-chloroanisole, o-benzyloxy- 
chlorobenzene, 1,2-dichlorobenzene, and o-chlorotoluene 
with acetonitrile and phenylacetonitrile was examined 
and found to give the meta-substituted phenylace­
tonitriles. All the products, if they were known, were 
identified with authentic specimens1,6 by comparison of 
the spectroscopic data. If not, their structures were 
determined by the microanalyses and nmr and ir spec­
tra. In some cases, 2,2-diphenylacetonitriles (B) were 
also formed as described in the Experimental Section. 
Among the products, m-aminobenzene derivatives, 
which would be formed by nucleophilic reaction, were 
also identified by their microanalyses and nmr and ir 
spectra. These result are shown in Table I.

As shown in Table I, in the benzyne reaction using 
amines as solvent, much more aminobenzenes (C) were 
formed than nitriles (A), the latter yield of which 
was less than 25% . The possible reason for this inter­
esting feature would be due to the fact that the amines 
had reacted predominantly with benzyne as nucleo­
philes before the anion which formed from acetonitrile 
or phenylacetonitrile reacted with the benzyne. When 
IV-methylmorpioline was used as solvent in the benzyne 
reaction of o-chloroanisole, 3-methoxy-A-methylaniline 
(XI) was obtained as unusual product in good yield. It 
is of interest that the heating of o-chloroanisole with N- 
methylmorpholine in tetrahydrofuran in the presence of 
sodium amide also afforded X I , whose structure was 
proved to be correct by comparison with an authentic 
sample prepared by methylation of 3-methoxyaniline.

When using tetrahydrofuran as solvent, 3-methoxy­
aniline was also obtained as in the case of liquid 
ammonia. In this case, this reaction seemed to occur 
due to the ammonia which formed during the reaction. 
In these series of benzyne reactions, when the substitu­
ent Ri at the ortho position on the benzene ring was 
electron-attracting group such as methoxyl or benzyloxyl 
group, a cyanomethyl or amino group was intro­
duced to the meta position to afford the meta-substi­
tuted benzenes However, with an electron-releasing 
group such as methyl, the reaction did not pro­
ceed with selectivity to give both compounds, ortho- 
and meta-substituted benzenes.14 Among the com­
pounds we prepared, the ratio of ortho-substituted ben­
zene to meta isomer with V, VI, V III, and X IV  
was investigated by gas chromatography, and the re­
sults are summarized in Table II.

As shown in Table II, when the substituent Ri is 
methyl group, the ratio of ortho isomer to meta isomer 
is 1:1 and, when Ri is chlorine group, the ratio of ortho

( 1 4 )  H .  H e a n e y ,  C n em . R ev .,  6 2 ,  8 1  ( 1 9 6 2 ) .
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T able I
Y ields of Benzyne R eaction P roducts of Halobenzenes with N itriles in V arious Organic Solvents

CN
Ri Ri

o-Chloroanisole

o-Chloroanisole

o-Chloroanisole

o-Chloroanisole

o-Chloroanisole

o-Chloroanisole

o-Chloroanisole

o-Chloroanisole

o-Chloroanisole

o-Chloroanisole

2-Benzyloxy-l-
chlorobenzene

2-Benzyloxy-l-
chlorobenzene

1.2- Dichlorobenzene

1.2- Dichlorobenzene 

2-Chlorotoluene 

2-Chlorotoluene

Acetonitrile Piperidine 

MorpholineAcetonitrile

Acetonitrile

Acetonitrile

Phenylace-
tonitrile

Phenylaee-
tonitrile

Phenylace-
tonitrile

Acetonitrile

Phenylace-
tonitrile

Acetonitrile

Phenylace-
tonitrile

Acetonitrile

Morpholine-triethylamine
( 1 : 1)

Morpholine-triethylamine
(2 : 1)

Acetonitrile V-Methylmorpholine

Acetonitrile Tetrahydrofuran

Acetonitrile Dioxane

Phenylace- 
tonitrile

» This shows a total yield of ortho and meta isomers.

Morpholine-triethylamine
(2 : 1)

Tetrahydrofuran

Dioxane

Morpholine-triethylamine
(2 : 1)

Tetrahydrofuran

Morpholine-triethylamine
(2 : 1)

Tetrahydrofuran

Morpholine-triethylamine
(2 : 1)

Tetrahydrofuran

Ri

A
C
A
C
A
B
C
A
B
C
A
B
C
A
B
C
A
B
C
A
C
A

A
C
A

A

A

A
C
A

I
IX  
I
X  
I
X V
X
I
X V
X  
I
XV
X I 
I
XV
X II
I
X V
X II
II 
X  
II

II

III
X III
IV

V

VI

VII
X IV  
V i l i

R i

OCII3
OCHs
OCH3

OCHs
OCHs
OCH3
OCHs
OCHs
OCHs
OCHs
OCHs
OCHs
OCH3

OCHs
OCHs
OCH,
OCHs
OCHs
OCHs
OCHs
OCHs
OCHs

OCHs

OCHsCsHs
OCHsCsHs
OCHsCsHs

Cl

Cl

CHs
CHs
CHs

- P r o d u c t —
R s

H

H

H
H

H
H

H
H

H
H

H
H

Cells

CsHs

CeHs

H

CeHs

H

C6Hs

H

CeHe

R a

o

NHCHs

NHs

NHs

/  \N 0

/— \ N 0

N 0

Yield,
%

2.6
52.1 
15.6
51.1 
Trace

1.7
48.5
25.2 

3 .9
45.5 
Trace 
11.1 
40.0

6.1
13.4
9.2

Trace
5.5
3.5

26.7
45.3
54.8

27.4

2.6
40.7
58.5

5.7»

20.6»

15.2»
47.1»
48.9»

T able II
F ormation R atio of the Isomers in the Benzyne R eaction of Halobenzenes with N itriles

R i R a C o m p d

CHs CHsCN VII

CHs N  0 X IV

CHs CsHsCHCN V ili
Cl CHsCN V

Cl CsHsCHCN VI
» This ratio was measured by nmr spectral integrat ion.

Solvent Isomer ratio
(volume ratio) Yield, % ortho : meta

Morpholine-triethylamine 15.2 51.8:48.2
(2:1)

Morpholine-triethylamine 47.1 45 .1 :54.9
(2:1)

Tetrahydrofuran 48.9 23.5:76.5»
Morpholine-triethylamine 5.7 26 .5 :73.5

(2:1)
T  etrahydrof uran 20.6 19 .1 :80.9

isomer to meta isomer becomes 1:4. Benzyne reaction 
with the use of morpholine-triethylamine as solvent be­
tween ortho-substituted halobenzenes and acetonitrile

afforded meta-substituted phenylacetonitriles in moder­
ate yields and, with phenylacetonitrile, tetrahydro- 
furan was found to be one of the best solvents.
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Thus, two kinds of solvents, namely tetrahydrofuran 
and morpholine-triethylamine, were found to be avail­
able in the benzyne reaction of ortho-substituted halo- 
benzenes with aliphatic nitriles.

Experimental Section15

3-Methoxyphenylacetonitrile (I). Benzyne Reaction of o- 
Chloroanisole. A.— To a stirred mixture of 30 ml of morpho­
line, 15.4 g of sodium amide, and 11.6 g o f acetonitrile was added 
10 g of o-chloroanisole. After the stirring had been continued for 
3 hr at room temperature, the excess sodium amide was decom­
posed with water and extracted with ether. The extract was 
washed with 20% HC1 to remove the basic product which was 
dried and evaporated. The residual oil was distilled in vacuo 
to give 1.6 g (15.6%) of I as a yellow oil, bp 116-119° (2 mm) 
[lit.20 bp 124-128° (5 mm)], whose spectroscopic data were 
identical with those of authentic specimen. The above acidic 
washing was made basic with 30% NaOH and extracted with 
ether. The extract was washed with water, dried over Na2SO<, 
and evaporated. The remaining residue was distilled in vacuo 
to give 6.9 g (51.1%) of 3-methoxy-l-morpholinobenzene (X ), 
bp 140-145° (0.5 mm) [lit.21 bp 113° (0.15 mm)], whose picrate 
was recrystallized from ethanol-ether to give yellow prisms, mp 
195-196° (lit.21 mp 196-197°).

B. —To a stirred mixture of 100 ml of piperidine, 27.4 g of 
sodium amide, and 14.4 g of acetonitrile was added 25 g of 
o-chloroanisole. After the stirring had been continued for 5 hr 
at room temperature, the reaction mixture was worked up as 
above to give 0.5 g (2.6% ) of 3-methoxyphenylacetonitrile and 
17.1 g (52.1%) of 3-methoxy-l-piperidinobenzene (IX ), bp 
130-135° (0.5 mm) [lit.21 bp 110° (0.2 mm)], whose picrate was 
recrystallized from ethanol-ether to afford yellow needles, mp 
159-160° (lit.21 mp 159-160°).

C. —To a stirred mixture of 30 ml of morpholine, 30 ml of 
triethylamine, 15.4 g of sodium amide, and 11.6 g of acetonitrile 
was added 10 g of o-chloroanisole and the stirring was continued 
for 4 hr at 40-45°. The reaction mixture was treated as above 
to give a trace of I, 0.3 g (1.7% ) of bis(3-methoxyphenyl)- 
acetonitrile (XV), and 6.1 g (44.4%) of X .21 All of them were 
identified by the comparison of their spectroscopic data with those 
of authentic specimens.

D. — To a stirred mixture of 40 ml of morpholine, 20 ml of 
triethylamine, 15.4 g of sodium amide, and 11.6 g of acetonitrile 
was added 10 g of o-chloroanisole. After the stirring had been 
continued for 4 hr at 30-40°, the reaction mixture was worked up 
as usual to give 2.6 g (25.2%) of I, 0.35 g (3.9% ) of X V , and 6.3 
g (45.5%) of X .21 The compound (X V) was obtained by 
recrystallization of the residual substance obtained after removal 
of I by distillation in vacuo.

E. -—To a stirred solution of 9.6 g of sodium amide and 5.8 g 
of acetonitrile in 70 ml of tetrahydrofuran was added 10 g of 
o-chloroanisole. After the stirring had been continued for 12 hr 
at room temperature, the reaction mixture was worked up as 
usual to give 0.63 g (6.1% ) of I, 1.2 g (13.4%) of X V , and 0.8 g 
(9.2%) of 3-methoxyaniline, whose hydrochloride was identified 
by the mixture melting point test and comparison of the spectro­
scopic data with those of authentic specimen.

F. — To a stirred mixture of 70 ml of dioxane, 9.6 g of sodium 
amide, and 5.8 g of acetonitrile was added 10 g of o-chloroanisole, 
and the stirring was continued for 2 hr at room temperature. 
After refluxing for 5 hr, treatment of the reaction mixture as 
usual afforded a trace of I, 0.7 g (5.5% ) of X V , and 0.3 g (3.5% ) 
of X II.

G. — To a mixture of 20 ml of iV-methylmorpholine, 8.2 g of 
sodium amide, and 5.8 g of acetonitrile was added 10 g of o-chloro-

( 1 5 )  M e l t i n g  p o i n t s  a n d  b o i l i n g  p o i n t s  w e r e  n o t  c o r r e c t e d .  G a s  c h r o m a ­
t o g r a p h y  w a s  t a k e n  w i t h  H i t a c h i  K - 2 3  o r  J G C - 7 5 0  u s i n g  1 0 %  P E G - s u c c i n a t e  
o n  C e l i t e  5 4 5 ,  5 %  O V - 1 7  o n  G a s  C h r o m o s o r b  Q , a n d  3 0 %  A p i e z o n  G r e a s e  
L  o n  C e l i t e  5 4 5  a s  c o l u m n ;  ir ,  a n d  n m r  s p e c t r a  w e r e  d e t e r m i n e d  o n  S h i m a z u  
s p e c t r o m e t e r ,  a n d  J N M - M H - 6 0  w i t h  t e t r a m e t h y l s i l a n e  a s  in t e r n a l  r e f e r ­
e n c e ,  r e s p e c t i v e l y .  T h e  a u t h e n t i c  s a m p l e s  o f  o r t h o -  a n d  m e t a - s u b s t i t u t e d  
p h e n y l a c e t o n i t r i l e  u s e d  f o r  t h e  c o m p a r i s o n  o f  t h e  g a s  c h r o m a t o g r a p h i c  d a t a  
w e r e  p r e p a r e d  b y  t h e  m e t h o d s  i n  t h e  l i t e r a t u r e s .16 17 18 “ 19

(1 6 )  M .  S . N e w m a n ,  J . A m e r . C h em . S o c .,  62, 2 2 9 5  ( 1 9 4 0 ) .
(1 7 )  O . G r u m m i t t  a n d  E .  N .  C a s e ,  ib id .,  64, 8 8 0  ( 1 9 4 2 ) .
(1 8 )  G .  L o c k  a n d  V .  R i e g e r ,  C h em . B e r .,  8 6 ,  7 4  ( 1 9 5 3 ) .
(1 9 )  R .  A .  B a r n e s  a n d  L .  G o r d o n ,  J . A m e r . C h em . S o c .,  71, 2 6 4 4  ( 1 9 4 9 ) .
(2 0 )  H .  T s u k a m o t o  a n d  S .  T o k i ,  P h a rm . B u ll .  ( T o k y o ) ,  3, 2 3 9  ( 1 9 5 5 ) .
(2 1 )  H .  G i l m a n  a n d  R .  H .  K y l e ,  J . A m e r . C h em . S o c .,  74, 3 0 2 7  ( 1 9 5 2 ) .

anisóle and the mixture was refluxed for 3 hr. After the reaction, 
treatment of the above mixture afforded a trace of I and 1 g 
(11.1%) of X V  as a neutral substance. Washing with hydro­
chloric acid, obtained as for method A, was treated as above to 
give 3.2 g (40.0%) of 3-methoxy-iV-methylamline (X I) [bp 
130-135° (3 mm); ir r¡Txid 3420 cm "1 (NH); nmr (CDCU) r
7.26 (3 H, s, NCH3), 6.28 (3 H, s, OCH3), 6.37 (1 H, s, NH), 
2.70-3.95 (4 H, m, aromatic protons)], whose hydrochloride was 
recrystallized from ethanol-ether to give colorless needles, mp 
113-115°.

Anal. Caled for C8H „0N -H C1: C, 57.67; H, 7.39; N, 
8.08. Found: C, 57.55; H, 7.45; N , 8.12.

This was identified by the comparison of the ir spectrum of the 
authentic specimen, which was prepared by the reduction of 
.V-formyl-3-methoxyaniline with lithium aluminum hydride.

l-(3-Methoxyphenyl)-l-phenylacetonitrile (II). A.— To a mix­
ture of 50 ml of morpholine, 25 ml of triethylamine, 9.6 g of 
sodium amide, ar.d 16.4 g of phenylacetonitrile was added 10 g 
of o-chloroanisole. After the stirring had been continued at 
28-35° for 5 hr, the mixture was treated as usual to give 4.2 g 
(26.7%) of II, bp 162-165° (2 mm) [lit.1 bp 152-154° (1 mm)], 
whose ir and nmr spectra were identical with those of authentic 
specimen. From the acidic washing of I by method A, 6.2 g 
(45.3%) of X 21 was obtained.

B. — To a stirred mixture of 60 ml of tetrahydrofuran, 9.6 g 
of sodium amide, and 16.4 g of phenylacetonitrile was added 10 g 
of o-chloroanisole. The mixture was then refluxed for 4 hr and 
worked up as usual to afford 8.6 g (54.8%) of II.

C. — To a mixture of 60 ml of dioxane, 9.6 g of sodium amide, 
and 16.4 g of phenylacetonitrile was added 10 g of o-chloroanisole. 
After the stirring had been continued under reflux for 4 hr, the 
mixture was worked up as usual to give 4.3 g (27.4%) of II.

3-Benzyloxyphenylacetonitrile (III).— To a stirred mixture of 
40 ml of morpholine, 20 ml of triethylamine, 15.4 g of sodium 
amide, and 11.6 g of acetonitrile was added 15.4 g of 2-benzyloxy- 
1-chlorobenzene. After the stirring had been continued at 
35-40° for 6 hr, the reaction mixture was treated as usual to give 
0.4 g (2.6% ) of III as a pale yellowish oil [bp 170-175° (1 mm) 
[lit.9 bp 188-190° (3 mm)]; ir r“°iid 2250 cm -1 ( f e N ) ;  nmr 
(CDCU) t 6.45 (2 H, s, CH2CN), 5.09 (2 H, s, OCH2), 2.65-3.42 
(9 H, m, aromatic protons)] and 7.4 g (40.7%) of 3-benzyloxy-l- 
morpholinobenzene (X III) [bp 180-185° (0.7 mm); nmr (CDCU) 
t 7.01 (4 H, t, CH2NCH2), 6.26 (4 H , t, -C H 2OCH2- ) ,  5.08 
(2 H, s, OCH2C6H 5), 2.63-3.80 (9 H, m, aromatic protons)], 
whose hydrochloride was recrystallized from ethanol-ether to 
give colorless needles, mp 173-174.5°.

Anal. Caled for C „H I90 2N-HC1: C, 66.75; H, 6.60; N, 
4.58. Found: C, 66.92; H, 6.90; N , 4.61.

l-(3-Benzyloxyphenyl)-l-phenylacetonitrile (IV).— To a stirred 
mixture of 80 ml of tetrahydrofuran, 9.6 g of sodium amide, and 
16.4 g of phenylacetonitrile was added 15.4 g of 2-benzyloxy-l- 
chlorobenzene. The mixture was refluxed for 4 hr and then 
treated as usual to give 12.4 g (58.5%) of IV as a pale yellowish 
oil: bp 200-205° (0.1 mm); ir „¡£“id 2220 cm "1 (C = N ); nmr 
(CDCU) r 5.13 (2 H, s, OCH2Ph), 5.13 (1 H, s, >CH CN ), 
2.61-3.41 (14 H, m, aromatic protons).

A Mixture of l-(3 -Chlorophenyl)-l-phenylacetonitrile and
1- (2-Chlorophenyl)-l-phenylacetonitrile (VI).— To a mixture of 
60 ml of tetrahydrofuran, 9.6 g of sodium amide, and 16.4 g of 
phenylacetonitrile was added 10.3 g of 1,2-dichlorobenzene. 
The mixture was refluxed for 4 hr and then worked up as usual to 
afford 3.3 g (20.6%) of VI as a yellow oil [bp 161-164° (1 mm); 
ir r“9"“1 2230 cm“ 1 (C = N ); nmr (CDCU) r 5.05 (s, >CH CN  
of 3-chloro derivative), 4.47 (s, >CH CN  of 2-chloro derivative), 
2.63—3.07 (m, aromatic protons)], whose Beilstein test was posi­
tive.

A Mixture of 3-Chlorophenylacetonitrile and 2-Chlorophenyl- 
acetonitrile (V).— To a stirred mixture of 40 ml of morpholine, 
20 ml of triethylamine, 14.1 g of sodium amide, and 11.5 g of 
acetonitrile was added 10.3 g of 1,2-dichlorobenzene. After the 
stirring had been continued at 35-40° for 4 hr, the reaction mix­
ture was worked up as usual to afford 0.6 g (5.7% ) of V as an oil 
[bp 95-97° (1 mm); ir r“°uxid cm“ 1 2230 (C = N ); nmr (CDCU) 
r 6.37 (s, CH2CN of 3-chloro derivative), 6.27 (s, CH2CN of
2- chloro derivative), 2.60—2.90 (m, aromatic protons)], whose 
Beilstein test was positive.

A Mixture of 2-Methylphenylacetonitrile and 3-Methyl- 
phenylacetonitrile (VII).—-To a mixture of 50 ml of morpholine, 
25 ml of triethylamine, 17.1 g of sodium amide, and 13.1 g of 
acetonitrile was added 10 g of 2-chlorotoluene. After the stirring



had been continued at 35-40° for 4 hr, the reaction mixture was 
worked up as usual to give 1.5 g (15.2%) of VII as a colorless oil 
[bp 94-96° (3 mm); ir v 'Z j1 2 2230 cm“ 1 (C =N ); nmr (CDC1,) r 
7.83 (s, CH3 of 2-methyl derivative), 7.S0 (s, CH3 of 3-methyl 
derivative), 6.60 (s, CH2CN of the former), 6.57 (s, CH2CN of the 
latter), 2.77-3.23 (m, aromatic protons)] and 6.2 g (47.1%) of 
XIV  as a colorless oil, bp 114-116° (3 mm), both of which were 
separated to the following two components by the preparative 
gas chromatography. The first fraction afforded 2-methyl-l- 
morpholinobenzene [nmr (CDC13) t 7.72 (3 H, s, CH3), 7.18 
(4, H, t, CH2NCH2), 6.20 (4 H, t, CH2OCH2), 3.71-2.65 (4 H, 
m, aromatic protons)], whose hydrochloride was recrystallized 
from ethanol-ether to give colorless needles, mp 185-186°.

A n a l. Calcd for C„H 15ON-HCl: C, 62.08; H, 7.58; N, 
6.59. Found: C, 62.12; H, 7.65; N, 6.60.

The second fraction gave 3-methyl-1-morpholinobenzene; mp
40.5-42° (from petroleum ether); nmr (CDCln) r 7.70 (3 H, s, 
CH3), 6.91 (4 H, t, CH2NCH2), 6.18, (4 II, t, CH2OCH2), 
3.45-2.65 (4 H, m, aromatic protons).

A n a l. Calcd for C„H 15ON: C, 74.50; H, 8.52; N, 7.90. 
Found: C, 74.65; H, 8.61; N, 7.92.

A Mixture of l-(2-Methylphenyl)-l-phenylacetonitrile and
l-(3-Methylphenyl)-l-phenylacetonitrile (VIII).—To a mixture 
of 60 ml of tetrahydrofuran, 9.6 g of sodium amide, and 16.4 
g of phenylacetonitrile was added 8.9 g of 2-chlorotoluene. The 
reaction mixture was refluxed for 4 hr and worked up as usual to 
give 7 g (48.9%) of VIII as a pale yellowish oil: bp 141-143°
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( 1  mm); ir v0q,“id 2230 cm“ 1 (C: XT); nmr (CDC13) r 7.8C (s, 
CH3 of 2-methyl derivative), 7.76 (s, CHs of 3-methyl derivative), 
5.03 (s, >CHCN of 3-methyl derivative), 4.79 (s, >CHCN of
2-methyl derivative), 2.61-3.12 (m, aromatic protons).

Registry N o.— IV, 26926-49-8; V, 1529-41-5; VI, 
26926-51-2; VII, 2947-60-6; VIII, 26926-53-4; X I , 
14318-66-2; X I  hydrochloride, 26926-55-6; X III , 
26926-56-7; X III  hydrochloride, 26926-57-8; X IV , 
7025-91-4; 2-methyl-l-morpholinobenzene hydrochlo­
ride, 26926-59-0; acetonitrile, 75-05-8; phenylaceto­
nitrile, 140-29-4; o-chloroanisole, 766-51-8; 2-benzyl- 
oxy-l-chlorobenzene, 949-38-2; 1,2-dichlorobenzene,
95-50-1; 2-chlorotoluene, 95-49-8.
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Alkali Metal Reductions of Epoxides, Ketals, and Related Heterocycles.
Intermediacy of Carbanions1
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D e p a r tm e n t o f C h em is try , U n ive rs ity  o f M is s o u r i, C o lu m b ia , M is s o u r i  65201  
R eceived J u n e  26 , 1970

Solutions of alkali metals in liquid ammonia reduce aromatic epoxides from the “ most hindered”  position to 
afford isomerically pure alcohols. Such reductions proceed v ia  the most stable of two possible carbanions as 
demonstrated by alkylation and deuteration experiments. Aliphatic epoxides are likewise reduced to alcohols.
Similar cleavages of aromatic, but not aliphatic, ketals and thioketals afford the corresponding hydrocarbons in 
good to excellent yield, though a deficiency of metal in such systems gives hydroxy ethers or their sulfur analogs. 
Monocarbanions, not pem-dicarbanions, have been shown to be intermediates in the reductions of ketals. Aro­
matic aziridines are reduced to give amines, but a reverse aldol-type condensation has been observed with one 
highly unsymmetrically arylated aziridine.

Although small heterocyclic ring systems such as ep­
oxides and cyclic ketals have been reductively cleaved 
by a variety of reagents,3 similar reactions effected by 
means of alkali metals in liquid ammonia and other inert 
solvents have been accomplished only in a few cases. 
For example, ethylene oxide,4 indene oxide,5 and propyl­
ene oxide6 7 8 have been reduced by sodium in ammonia, 
but products were either not isolated or yields of alco­
hols were only fair. Certain steroidal epoxides have 
been cleaved by the more potent lithium-ethylamine 
system, but reduction of olefinic double bonds was also 
realized.7,8 In similar, but unrelated studies, benzo- 
phenone diethylketal has been reported to afford a vari­
ety of products upon treatment with sodium or potas­

( 1 )  S u p p o r t e d  b y  t h e  U n d e r g r a d u a t e  E d u c a t i o n  D i v i s i o n  o f  t h e  N a t i o n a l  
S c i e n c e  F o u n d a t i o n  o n  G r a n t s  G Y - 3 0 7 2  a n d  G Y - 6 1 4 4  a n d  b y  t h e  P e t r o l e u m  
R e s e a r c h  F u n d ,  a d m i n i s t e r e d  b y  t h e  A m e r i c a n  C h e m i c a l  S o c i e t y ,  o n  G r a n t  
9 5 9 - G .

( 2 )  ( a )  A u t h o r  t o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  d i r e c t e d ;  ( b )  U n d e r ­
g r a d u a t e  R e s e a r c h  P a r t i c i p a n t .

(3 )  “ R e d u c t i o n , ”  R .  L .  A u g u s t i n e ,  E d . ,  M a r c e l  D e k k e r ,  N e w  Y o r k ,  N .  Y . ,  
1 9 6 8 .

(4 )  C .  B .  W o o s t e r ,  H .  D .  S e g o o l ,  a n d  T .  T .  A l la n ,  J r . ,  J . A m e r . C h em . S o c ., 
6 0 , 1 6 6 6  ( 1 9 3 8 ) .

( 0 ) C .  M .  S u t e r a n d  H .  B .  M i l n e ,  ib id .,  6 5 , 5 8 2  ( 1 9 4 3 ) .
( 6 )  A .  J .  B i r c h ,  J . P r o c .  R o y . S o c . N . S .  W . ,  83 , 2 4 5  ( 1 9 5 0 ) .
( 7 )  W .  R e u s c h  a n d  R .  L e M a h i e u ,  J . A m e r . C h em . S o c .,  86 , 3 0 6 8  ( 1 9 6 4 ) .
( 8 )  W .  R e u s c h ,  R .  L e M a h i e u ,  a n d  R .  G u y n n ,  S teroid s, 5, 1 0 9  ( 1 9 6 5 ) .

sium in liquid ammonia.9 Certain other ketals have 
been likewise cleaved in ammonia,10,11 but alcohol core- 
agents were often present which led to concomitant re­
duction of aromatic rings; in addition, the yields in these 
reactions were only fair or not reported. Two related 
classes of compounds, aziridines and thioketals, appear 
not to have been reduced by alkali metals in ammonia. 
However, two bisthioketals were cleaved by lithium- 
ethylamine, but reduction of olefins occurred in one 
case,12 and no yield was reported in the other.13

It has been suggested that dissolving metal reduc­
tions of epoxides and ketals proceed v ia  carbanionic 
intermediates, but this has not been experimentally 
demonstrated. Indeed, one report9 surprisingly postu­
lates that ¡/eui-dialkali derivatives of diphenylmethane 
are intermediates in the reduction of benzophenone di­
ethylketal in liquid ammonia.

Thus, it was the intent of the present research to not 
only determine the best conditions, and the scope and 
limitations of such reductions, but also to prove the in­
termediacy of carbanions. The latter was to be accom-

( 9 )  C. B. Wooster and J. G .  Dean, J. Amer. Chem. Soc., 5 7 , 1 1 2  ( 1 9 3 ' ) .
( 1 0 )  A .  J. Birch, J. Chem. Soc., 1 0 2  ( 1 9 4 7 ) .
(1 1 )  A .  R .  Pinder and H .  Smith, ibid., 1 1 3  ( 1 9 5 4 ) .
(1 2 )  N .  S. Crossley and H .  B. Henbest, ibid., 4 4 1 S  ( 1 9 6 0 ) .
(1 3 )  R .  D .  Stolow and M .  M .  Bonaventura, Tetrahedron Lett., 9 5  ( 1 9 6 4 ) .
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plished by performing appropriate trapping experi­
ments. Of particular interest was the possibility that 
the small number of known ¡/em-diorganometallics14 
might be expanded by reduction of ketals, especially in 
nonprotic solvents like THF or monoglyme. Finally, 
it was of interest to determine if aziridines might simi­
larly be reduced to amines.

Results with Epoxides.— First, optimum conditions 
for the reduction of styrene oxide were established. 
Thus, treatment of this epoxide with 2 equiv of sodium 
in liquid ammonia cleanly afforded 2-phenylethanol (1) 
in 83%  yield after only a 45-min reaction period. 
Similar amounts of alcohol 1 were obtained by employ­
ing lithium, sodium, or potassium in ammonia either 
at —33° or at —80°. Lower yields of 1 were obtained, 
though, using sodium-alcohol-ammonia or lithium- 
methylamine, perhaps because of ring opening by the 
more nucleophilic solvents. Interestingly, 1-phenyl- 
ethanol (3), the alcohol obtained upon reduction of 
styrene oxide with lithium aluminum hydride,3 was not 
observed in any of the above reductions. This fact sug­
gests that the reductions of styrene oxide proceed via
1,3-dianion 2, a relatively stable benzylic-type carban- 
ion, rather than via the less stable 4, a primary carb- 
anion.

M
I

C15H5CHCH2OM
1, M = H
2 , M = Na, K, Li

G6H6CHCH2M

C)M
3, M = H
4, M = Na, Li, K

Similarly, trans-stilbene oxide and 1,1-diphenyl- 
ethylene oxide (5) were reduced by sodium in ammonia 
to afford 1,2-diphenylethanol and 2,2-diphenylethanol
(6) in yields of 77 and 89% , respectively. In the latter 
reaction, 1,1-diphenyl ethanol (8) was not observed in­
dicating that this reaction apparently proceeds via dian­
ion 7 rather than the less stable 9.

(C6H5)2C—c h 2

\ /
0

5

M
I

(C6Hs)2C—c h 2o m
6 , M = H
7, M = Na

(C6H5)2CCH2M

¿M
8 , M = H
9 , M = Na

Next, strictly aliphatic epoxides were found to also 
undergo reduction by sodium in ammonia. Thus, cy­
clohexene oxide and exo-norbornene oxide (10) afforded 
cyclohexanol and e.ro-norbornanol (11) in yields of 60 
and 82% , respectively. Likewise, 1,2-epoxybutane 
afforded 2-butanol in 55%  yield.

10
OH

11

Finally, ethyl /3,/3-pentamethyleneglycidate (12), an 
epoxy ester, was reduced by 2 equiv of lithium in am­
monia to afford hydroxy ester 13 in 46%  yield; as above, 
the reaction apparently proceeded via the more stable

( 1 4 )  F o r  e x a m p le ,  s e e  E .  M .  K a i s e r ,  F .  E .  H e n o c h ,  a n d  C .  R .  H a u s e r ,
J . Arne*. Chem . S o c .,  90, 7 2 8 7  ( 1 9 6 8 ) ;  E .  M .  K a i s e r  a n d  C .  R .  H a u s e r ,  ib id .,
88 ,  2 3 4 3  ( 1 9 6 6 ) .

resonance stabilized dianion 14 since no isomeric alcohol 
was observed. The use of sodium rather than lithium 
in the reduction of 12 was not satisfactory since a mix­
ture of products was obtained which presumably arose 
from Claisen-type condensations.15

12 13, M =  H
14, M =Li

Attention was then directed toward trapping inter­
mediate 1,3-dianions in the reductions of epoxides by 
dissolving metals. 1,1-Diphenylethylene oxide (5) was 
selected as the model substrate since dianion 7, its ap­
parent reduction intermediate, was expected to be some­
what stable to ammonolysis. This was a reasonable as­
sumption because related alkali alkyldiphenylmethides 
have a finite lifetime in this solvent.16 Thus, when a 
mixture of epoxide 5 and benzyl chloride in ether was 
added to 2 equiv of sodium in ammonia, alkyl derivative 
15 was indeed obtained in low yield; the remainder of 
the product consisted of alcohol 6 and stilbene (17). 
Such products can be rationalized by considering dian­
ion 7 to undergo not only C-alkylation to afford 15, but 
also rapid ammonolysis to give alkoxide 16 and sodium 
amide (Scheme I ) . It is well known that sodium amide 
reacts with benzyl chloride17 to afford stilbene.

S c h e m e  I

(CsHAC—CH2
\ /

O
5

2 N a

l i q u i d  N H 3

N” 3>
■ (CcHshCCHjONa ■

C s H s C H iC l

(C6H5)2CCH2ONa

NHj

CILCsHs

N H t C l

(CeHA-CCILOH
I
CILCcHs
IS

(CeHshCHCHjONa +  NaNH2 

16

N H . C l  C e H s C m C l

C6HsCH=CHC6H5 

17

Surprisingly, alkyl derivative 15 could not be ob­
tained unless the epoxide and alkyl halide were simulta­
neously added to the reducing media; otherwise, only 
alcohol 6 and stilbene were realized. This would sug­
gest that despite the fact that dianion 7 consists of a 
benzhydrylic carbanion, it is too basic to survive in liq­
uid ammonia. This was verified by attempting the re­
verse reaction, viz., treating alcohol 6 with 2 equiv of

( 1 5 )  W .  R .  D u n n a v a n t  a n d  C .  R .  H a u s e r ,  J . O rg. C h em .,  25, 1 6 9 3  ( 1 9 6 0 ) .
(1 6 )  W .  S . M u r p h y  a n d  C .  R .  H a u s e r ,  ib id .,  31, 1 7 8 1  ( 1 9 6 6 ) .
( 1 7 )  C .  R .  H a u s e r ,  W .  R .  B r a s e n ,  P .  S .  S k e l l ,  S .  W .  K a n t o r ,  a n d  A .  E .  

B r o a d h a g ,  J . A m e r .  C h em . S o c .  78, 1 6 5 3  ( 1 9 5 6 ) .
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sodium amide in ammonia; however, no color developed 
and work-up gave only recovered 6 (eq 1).

Na
liquid NH3 !

(C6H5)2CHCH2OH + 2NaNH2  X — >- (C6H5)2CCH2ONa (1 )
6 7

In order to avoid the ammonolysis described above, 
styrene oxide was reduced by 2 equiv of lithium in hexa- 
methylphosphoramide-ether to afford an intense red so­
lution. That a benzylie type carbanion was indeed 
present was demonstrated by treatment of the solution 
with deuterium oxide to afford a-deuterated 2-phenyl- 
ethanol (eq 2) ; the nmr spectra of the compound indi­
cated that it contained 0.8 benzylie deuterium atom 
per molecule.

H M P A
C6H5CH—CH2 +  2L i------- >

e t h e r

Li D
| D s O  I

C6H5CHCH2OLi----------->  CJECHCILOH (2)
t h e n  H s O

Results with Ketals and Related Compounds.— The
results obtained in liquid ammonia will be discussed 
first. Benzophenone ethyleneketal (18) was cleaved 
by 4 equiv of sodium or potassium to afford diphenyl- 
methane (20) in 60%  yield; the yield of 20 was in­
creased to 94%  by the use of 5 equiv of metal during a
3-hr period. The latter conditions were also used to 
convert benzophenone ethylenethioketal (19) and di- 
methoxydiphenylmethane (21) to diphenylmethane in 
yields of 98 and 88% , respectively. Similar reduction 
of 1-naphthaldehyde ethyleneketal (22) gave 1-methyl- 
naphthalene (23) in 58%  yield; however, 2-nonanone 
ethyleneketal (24) failed to undergo reduction and only 
starting material was recovered.

(C6H5)2C
,x — ch2

/ (
(C6H5)2C

1'x — ch2 (C6H5)2CH2
= 0 20 21

0 ---CB,

0 — CH:,

19, X =  S

Incidentally, in contrast to previous reports,10 reduc­
tion of ketal 18 under “Birch” conditions using 4 equiv 
each of sodium and ethanol gave diphenylmethane in 
about the same yield as obtained in the absence of the 
alcohol. Although an advantage the current method 
enjoys is that a large excess of reducing agent need not 
be employed as is often the case with Raney nickel,3 at 
least stoichiometric amounts of metal must be used to 
avoid underreduction of the ketal functional group. 
Thus, treatment of 18 or of 19 with only 2 equiv of so­
dium in the absence of alcohol cleanly afforded hydroxy 
ether 25 and mercapto thioether 26 in good to excellent 
yields, respectively.

(C6H6)2CHOCH2CH2OH (C6H5)2CHSCH2CH2SH
25 26

Next, attention was directed toward trapping inter­
mediate carbanions from these reductions in ammonia. 
Thus, ketal 18 was reduced by 5 equiv of sodium for 3 hr 
and the reaction mixture alkylated with n-butyl bro­
mide to afford only 1,1-diphenylpentane (27); none of 
the dialkylated product 28 was present. This result 
implies that gewi-dianion 29 was not present in the reac­
tion mixture14 and that the earlier workers9 were prob­
ably in error by postulating the existence of such species 
in ammonia.

(C6H5)2CHC4H9 (C«H5)2C(C4H9)2 (C6H5)2CNa2

27 28 29

Similar trapping experiments were performed in am­
monia on ketal 21 and on thioketal 19 using sodium and 
n-butyl bromide to also afford hydrocarbon 27.

Two solvents related to ammonia were employed in 
the reduction of ketal 18 but neither one afforded the 
clean results realized in ammonia. Surprisingly, reduc­
tion of 18 by the more potent system, lithium in methyl- 
amine,18 afforded only 17 and 31%  of diphenylmethane
(20) after 15 min and 3 hr, respectively; in the latter ex­
periment, hydroxy ether 25 was obtained in 4 3 %  yield 
despite the use of 4 equiv of lithium. Reduction of 18 
by the still more potent lithium-ethylamine system not 
only caused cleavage of the dioxalane ring, but also re­
sulted in extensive reduction of the aromatic rings to 
give mixtures of olefinic compounds which were not fur­
ther studied.

Next, certain reductions of ketals were performed in 
ethereal-type solvents in anticipation that f/em-dicarb- 
anions might be realized. However, reduction of ketal 
18 by 4 equiv of lithium in TH F for 4 hr afforded only 
hydroxy ether 25 in 73%  yield. The yield of 25 was in­
creased to 79%  by allowing the reaction to proceed for 
20 hr. Similarly, reduction of thioketal 19 by 4 equiv of 
lithium in monoglyme gave mercapto thioether 26 in 
86%  yield.

Finally, treatment of thioketal 19 with 4 equiv of 
lithium in hexamethylphosphoramide for 24 hr followed 
by excess deuterium oxide afforded deuterated diphenyl­
methane (20) in 70%  yield. However, that deuterium 
was present only to the extent of 0.82 atom per mole­
cule appears to indicate that the reduction proceeded 
via monolithiodiphenylmethane rather than dialkali 
salt 29 (M =  Li).

Results with Aziridines.— Three arylated aziridines 
were likewise reduced by sodium in liquid ammonia. 
Thus, cleavage of 1,2,3-triphenylaziridine (30) and of 
cis-l-p-chlorophenyl-2,3-diphenylaziridine (31) by 2 
and 4 equiv of sodium, respectively, gave l-anilino-1,2-

(eq 3). The

C6H5CHCH2C6H5
; (3)

nhc6h5
32

30, R =  H
31, R = Cl

diphenylethane (32) in 66 -73%  ;

Na

liquid NH3

( 1 8 )  F o r  e x a m p le ,  s e e  R .  A .  B e n k e s e r ,  R .  K .  A g n i h o t r i ,  M .  L .  B u r r o u s ,  
E .  M .  K a i s e r ,  J .  M .  M a l i a n ,  a n d  P .  W .  R y a n ,  J .  O rg . C h em .,  2 9 ,  1 3 1 3  ( 1 9 6 4 ) .
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excess sodium metal was successfully employed in the 
latter reduction to ensure complete removal of the aryl 
chlorine.

Similar cleavage of 2,2-diphenyl-3-methylaziridine 
(33), however, surprisingly gave diphenylmethane (20) 
rather than the expected amine 34. Hydrocarbon 20 
apparently arose via a reverse “ aldol-type” condensa­
tion (Scheme II) despite the use of the inverse neutral-

SCHEME II
(C6H;)2C—CHCH,

\ /
N
I

H
33

2 N a

l i q u i d  N H a

Na

(C«H5)jC—CHCHj

IIN—Na

NIL

(CsH i )2C H—G HCII3 

IIN^-Na

(C6H;,);CIINa

a c id

20

a c i d

(C6Hs),CHCHCHj
1
Nil,

34

ization technique, a procedure which has previously 
been shown to minimize such reversions in liquid am­
monia.19

In summary, it is now clear that aliphatic and aro­
matic epoxides, aromatic ketals and thioketals, and aro­
matic aziridines can be rapidly and conveniently re­
duced by alkali metals in liquid ammonia. Qualita­
tively, alkali metal reductions of epoxides and aziridines 
occur more easily than those of ketals as evidenced by 
more extensive cleavages of the former ring systems 
than of the latter during similar reaction periods. Also, 
and more importantly, strictly aliphatic epoxides, but 
not aliphatic ketals, readily undergo such reductions. 
These differences in reactivity can be ascribed to greater 
release of steric strain upon opening of the three-mem- 
bered epoxides compared to the five-membered ketals. 
Such reductions appear to be quite general and presum­
ably could be extended to a wide variety of other similar 
heterocyclic ring systems. Although the above reac­
tions have been unequivocally shown to proceed via 
carbanion intermediates, no evidence for the existence 
of ¡/em-dicarbanions was obtained either in ammonia or 
in ethereal-type solvents.

Experimental Section20
Reduction of Epoxides by Alkali Metals in Liquid Ammonia.—

To a solution of 0.0125-0.5 mol of the epoxide in 300 ml of com­

(1 9 )  F o r  e x a m p le , see  E . M .  K a is e r  a n d  C . R .  H a u se r , J. Org. Chem.,
S I ,  3 3 1 6  (1 9 6 6 ).

mercial, anhydrous, liquid ammonia, was added 2  equiv of 
sodium spheres as rapidly as caution permitted. After stirring 
until the blue color disappeared (35-90 min), the mixture was 
treated with excess solid ammonium chloride (directy neu­
tralized) or poured into ammonia containing ammonium chloride, 
(inversely neutralized) and the ammonia was allowed to evapo­
rate. The resulting residue was hydrolyzed (100 ml of 3 N  HC1) 
and the aqueous layer extracted (ether). After drying (CaS04 
or MgSO<), the product was isolated by vacuum distillation or by 
recrystallization. Specific examples are listed in Table I.

Reductive Benzylation of 1,1-Diphenylethylene Oxide in Am­
monia.—To a solution of 0.96 g (0.042 g-atom) of sodium in 300 
ml of ammonia was added during 1 min, a solution of 4.0 g 
(0.021 mol) of 1,1-diphenylethylene oxide and 2.53 g (0.021 mol) 
of benzyl chloride in 100 ml of ether. After 30 min, the mixture 
was poured into 2 0 0  ml of ammonia containing 1 0  g of ammonium 
chloride, and the ammonia was allowed to evaporate. The 
residue was worked up as above to afford an oily material which 
was chromatographed on neutral alumina using ethanol-benzene 
solvent to give 0.85 g (22.5%) of stilbene, mp and mmp 123- 
124°, and 2.1 g (50%) of 2,2-diphenylethanol (6 ), mp and mmp 
61-63°, mp and mmp of phenylurethan derivative 135-137°. 
The infrared spectra of the above compounds were identical with 
those of authentic samples. Also 0.9 g (15%) of 2,2,3-triphenyl- 
1-propanol (15) was obtained, mp 85-87° (lit. 21 mp 80°); the 
phenylurethan derivative was prepared: mp 170-173°, lit. 21 
mp 169-170°; ir (mull) 3220 (OH), 775, 699 cm- 1  (Aril); nmr 
(CDCls) S 6.91 (m, 15, ArH), 3.90 (d, 2, CH20 ), 3.43 (s, 2, 
ArCHs), 1.23 (s, l,OH ).

When the benzylation was repeated by adding the epoxide to 
the sodium-ammonia solution followed after 7 min, or after 30 
sec, by the benzyl chloride, only stilbene and 2 ,2 -diphenyl- 
ethanol were obtained in yields of 83 and 85%, respectively.

Reductive Deuteration of Styrene Oxide in Hexamethyl- 
phosphoramide-Ether.— To a solution of 6.0 g (0.05 mol) of 
styrene oxide in 45 ml of hexamethylphosphoramide and 75 ml 
of ether was added 0.7 g (0.1 g-atom) of lithium wire cut into 
1-cm pieces. Heat was applied and the mixture was gently re­
fluxed for 2 hr. Upon cooling to 0°, the intensely red mixture 
was treated with 6 ml of deuterium oxide added all at once. 
After stirring briefly, the mixture was treated with 200 ml of 
ether and the resulting solution was washed with three 1 0 0 -ml 
portions of water. Drying (CaS04), concentrating, and distill­
ing the residue gave 1.5 g (24%) of 2-phenylethanol, bp 90-92° 
(3.5 mm). The nmr of the product indicated the presence of 0.8 
benzylic deuterium atom per molecule.

Reduction of Ketals by Alkali Metals in Liquid Ammonia.—  
To a solution of 2-5 equiv of an alkali metal in 300 ml of liquid 
ammonia was added 0.025 mol of a given ketal dissolved in 
ethyl ether. After an appropriate time, the mixture was treated 
with excess solid ammonium chloride and the ammonia was al­
lowed to evaporate. The residue was taken up into 100 ml each 
of water and ether, the aqueous layer was extracted with four 
50-ml portions of ether, and the combined extracts were dried 
(CaS04) and concentrated. Products were purified by vacuum 
distillation or by recrystallization. Specific examples are listed 
in Table II.

Preparation of 3-Hydroxyethyl Benzhydryl Ether (25).—To 1.1 
g (0.048 g-atom) of sodium in 300 ml of ammonia was added 5.65 
g (0.025 mol) of benzophenone ethyleneketal (18). After stirring 
the resulting mixture for 3 hr, it was worked up as above to 
afford 3.3 g (58%) of 0 -hydroxyethyl benzhydryl ether (25): 
bp 148-150° (1 mm); ir (neat) 3280 (OH), 1105, 1055, and 1022 
(COC), 735 and 695 cm- 1  (ArH); nmr (CC14) 5 7.23 (m, 10, 
ArH), 4.08 (s, 1, OH), 3.4 (t, 2, CH2), 2.26 (t, 2, CH2).

A n a l. Calcd for C15H160 2 : 0  , 78.90; H, 7.02. Found: C, 
78.71; H, 6.93.

Hydroxy ether 25 was also prepared by stirring a mixture of 
5.65 g (0.025 mol) of ketal 18 with 0.69 g (0.1 g-atom) of lithium 
in 75 ml of THF for 4 hr. At the end of this time, the mixture 
was hydrolyzed by 1 0 0  ml of water, worked up as above, and

( 2 0 )  A l l  s t a r t i n g  e p o x i d e s ,  k e t a ls ,  t h i o k e t a l s ,  a n d  a z i r id in e s  w e r e  p u r c h a s e d  
f r o m  A l d r i c h  C h e m i c a l  C o . ,  o r  p r e p a r e d  b y  s t a n d a r d  m e t h o d s .  M e l t i n g  
p o i n t s  w e r e  t a k e n  o n  a  T h o m a s - H o o v e r  c a p i l l a r y  m e l t i n g  p o i n t  a p p a r a t u s  
a n d  a r e  u n c o r r e c t e d  I n f r a r e d  s p e c t r a  w e r e  d e t e r m i n e d  o n  a  P e r k i n - E l m e r  
M o d e l  1 3 7  e i t h e r  n e a t  o r  a s  N u j o l  m u l l s .  N m r  s p e c t r a  w e r e  o b t a i n e d  w it h  
a  V a r i a n  A s s o c i a t e s  A - 6 0  u s i n g  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  s t a n d a r d .  
A n a l y s e s  w e r e  p e r f o r m e d  b y  G a l b r a i t h  L a b o r a t o r i e s ,  K n o x v i l l e ,  T e n n .

( 2 1 )  M .  R a m a r t  a n d  M .  A m a g a t ,  C . H. A c a d . S c i .,  S er . C, 182 , 1 3 4 2  

( 1 9 2 6 ) .
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T a b l e  I
R e d u ction  of E p o x id e s  b t  A l k a l i M e t a l s '*

E p o x i d e  ( m o l ) C o n d i t i o n s  ( h r ) P r o d u c t  ( % ) N m r  s p e c t r a l  d a t a  (6 )b

Styrene oxide (0.05) 2Na-NH3 (0.75) 2-Phenylethanol (83)' (neat) 7.08 (s, 5, ArH), 4.46 (s, 1, 
OH), 3.63 (t, 2, CH20), 2.70 
(t, 2, CH2)

irans-Stilbene oxide 2Na-NH3 (1.0) 1,2-Diphenylethanol (CDCb) 7.0 (d, 1 0  ArH), 4.53
(0.0125) (77)" (t, 1, HCOH), 2.72 (d, 2, CH2), 

1.97 (s, 1, OH)
1,1-Diphenylethylene 2Na-NH3 (1.0)' 2,2-Diphenylethanol (CCh) 7.1 (s, 10, ArH), 3.91

oxide (0.05) (89 y (m, 2, CH20), 2.03 (t, 1, 
Ar2CH)

Cyclohexene oxide (0.1) 2Na-NH3 (0.75) Cyclohexanol (60)»
exo-2,3-Epoxy- 2Na-NH3 (1.5) exo-2-N orborneol (CC14) 3.5 (s, 1, OH), 2.1 (m, 1,

norbornane (0.05) (82)'* HCOH), 1.25 (m. 10, CH)
1,2-Epoxybutane (0.5) 2Na-NH3 (1.0) 2-Butanol (55)*
Ethyl /3,/3-pentamethy- 2.2LÌ-NH, (0.8) Ethyl 1-cyclohexanol- (neat) 4.1 (q, 2, OCH2), 3.65

leneglycidate* (0.04) acetate* (46) (s, 1, OH), 2.43 (s, 2, CH2CO), 
1.5 (m, 10, (CH2)6), 1.23 (t, 3,
CH3)

« All reactions were directly neutralized unless otherwise indicated. b The ir spectra either were identical with authentic samples or 
were in agreement with the assigned structures. c Bp 69-70° (1.6 mm) [lit. bp 98-100° (12 mm)]: “ Dictionary of Organic Com­
pounds,”  Oxford University Press, New York, N. Y., 1965, p 2687. " Mp 62-63° (lit. mp 62°): see footnote c, p 1280. ' Inversely 
neutralized. 1 Mp 61-63° (lit. mp 64-65°), phenylurethan, mp 134-136° (lit. mp 135-137°: see footnote c, p 1280. "B p 160- 
161° (lit. bp 161°): see footnote c, p 785. * Mp 127-128° (lit. mp 126-127°), phenylurethan, mp 145-147° (lit. mp 146°): G. 
Komppa and S. Beckmann, J u s tu s  L ieb ig s  A n n .  C h em ., 512, 172 (1934). * Bp 97.5-99.5° (lit. bp 100°): see footnote c, p 505. 
> Prepared by the method of R. H. Hunt, L. J. Chinn, and W. S. Johnson, O rg. S y n ., IV, 459 (1963). k Bp 119-122° (17 mm) [lit. bp 
143-146° (37 mm)]: E. H. Charlesworth, J. A. McRae, and H. M. MacFarlane, C a n . J . R es., 21B, 37 (1943).

T a b l e  II
R e d u ction  o f  K eta ls  an d  R e la te d  C oiWPOUNDs b y  A l k a l i M e ta ls

C o m p d  ( m o l )

Benzophenone ethyleneketal (0.025)

Benzophenone ethylenetbioketal (0.025) 
Dimethoxydiphenylmethane (0.025) 
Naphthaldehyde ethyleneketal (0.025) 
2-Nonanone ethyleneketal (0.025)

C o n d i t i o n s  (h r )

5Na-NH3 (3.0) 
4Na-NH3 (0.25) 
4K-NH-, (0.25) 
4Na-4C2H5OH 
NH3 (0.25) 
5Na-NH3 (3.0) 
5Na-NH3 (3.0) 
5Na-NH3 (3.0) 
5Na-NH3 (3.0)

P r o d u c t  (% )* *

Diphenylmethane (94)6 

Diphenylmethane (60)6 
Diphenylmethane (60)b 
Diphenylmethane (63 )b

Diphenylmethane (98)6 
Diphenylmethane (8 8  )6

1- Methylnaphthalene (58)'
2- Nonanone ethyleneketal

(88%)"
“ See footnote b, Table I. 6 Bp 84-85° (1 mm) [lit. bp 120° (10 mm)]: footnote c, Table I, p 1285. '  Bp 77-78° (1 mm) [lit. bp 

110° (12 mm)]: footnote e, Table I, p 2242. " Nmr (neat) 8 3.76 (s, 4, OCH2CH20), 1.0 (m, 18, CH).

distilled to give 4.15 g (73%) of 25, bp 148-150°. Similarly, 
the use of a 20-hr reaction period instead of a 3-hr one gave 4.5 
g (79%) of this product, bp 148-150° (1 mm).

Preparation of /3-Mercaptoethyl Benzhydryl Thioether (26).— 
To 1.15 g (0.05 g-atom) of sodium in 300 ml of ammonia was 
added 6.45 g (0.025 mol) of thioketal 19 to afford a red-brown 
mixture, the color of which changed to a bright red within 15 
min. After 3 hr, the mixture was neutralized by the addition of 
15 g of ammonium chloride and worked up in the usual fashion 
to give 5.7 g (8 8 %) of fi-mercaptoethyl benzhydryl thioether 
(26): bp 135-137° (2 mm); ir (neat) 733 and 695 cm- 1  (ArH); 
nmr (CC13) 5 7.3 (m, 10, ArH), 5.0 (s, 1, Ar2CH), 2.54 (m, 4, 
-SCH2CH2S-), 1.4 (m, 1 , SH). The latter absorption was de­
creased upon mixing the sample with deuterium oxide.

A n a l. Calcd for Ci5H16S2: C, 69.23; H, 6.15; S, 24.62. 
Found: C, 69.27; H, 5.93; S, 24.67.

Compound 26 was also prepared by refluxing 0.69 g (0 . 1  
g-atom) of lithium and 6.45 g (0.025 mol) of thioketal 19 in 75 
ml of THF for 24 hr to give 3.1 g (48%) of the compound.

When the reaction was repeated by employing 4 equiv of 
lithium in refluxing monoglyme for 2 2  hr, the yield of 26 was in­
creased to 5.6 g (8 6 %).

Reductive Alkylation of Benzophenone Ketals in Ammonia.—
To a solution of 2.88 g (0.125 g-atom) of sodium in 300 ml of 
ammonia was added 5.65 g (0.025 mol) of ketal 18. After 3 hr, 
the mixture was treated with a solution of 3.8 g (0.0275 mol) 
of n-butyl bromide in 50 ml of ether. The resulting solution was 
then stirred for 1  hr before it was treated with excess ammonium

chloride and worked up as above. Distillation of the crude 
product afforded 1.12 g (27%) of diphenylmethane (2 0 ), bp 
84-85° (1 mm), and 3.3 g (60%) of 1,1-diphenylpentane (27), 
bp 125-127° (1 mm) [lit.22 bp 80-81° (0.005 mm)]. The nmr of 
product 27 was identical with that of an authentic sample pre­
pared by the method of Murphy and Hauser.16

When the reaction was repeated employing 6.45 g (0.025 mol) 
of thioketal 19 and 6.85 g (0.05 mol) of n-butyl bromide, 3.03 
g (54%) of 1,1-diphenylpentane (27) was obtained, bp 125-127° 
(1 mm). Similarly, reduction of 5.76 g (0.025 mol) of ketal 19 
followed by 3.8 g (0.0275 mol) of n-butyl bromide gave 3.95 g 
(71%) of 1,1-diphenylpentane (27), bp 125-127° (1 mm).

Reductive Deuteration of Benzophenone Ethylenethioketal 
(19) in Hexamethylphosphoramide.—A mixture of 6.45 g 
(0.025 mol) of thioketal 19 and 0.69 g (0.1 g-atom) of lithium in 
50 ml of HMPA was stirred at room temperature for 24 hr. At 
the end of this time, the reddish mixture was treated with excess 
deuterium oxide, then washed with four 50-ml portions of water 
and worked up as usual to afford 2.95 g (70%) of diphenyl­
methane, bp 85-86° (1 mm). The nmr of the product indicated 
the presence of 0.82 benzhydrylic deuterium atom per molecule.

Reduction of Aziridines by Alkali Metals in Liquid Ammonia. 
A. 1,2,3-Triphenylaziridine (30).—To a solution of 0.115 g 
(0.005 g-atom) of sodium in 250 ml of ammonia was added 0.62 g 
(0.0025 mol) of solid aziridine 30 to afford, within 15 min, a 
yellow solution. After 1 hr, the solution -was treated with 10 g

(2 2 )  H . G ilm a n  a n d  B . J . G a j, J. Amer. Chem. Soc., 82, 6 3 2 6  (1 9 6 0 ).
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of solid ammonium chloride, the ammonia was allowed to evapo­
rate, and the crude product was worked up in the usual fashion to 
give 0.45 g (6 6 %) of l-anilino-l,2-diphenylethane (32), bp 
168-170° (1 mm) [lit. 23 24 bp 168-170° (1 mm)]: hydrochloride, 
mp 198-199° (lit.23 mp 192°); ir (neat) of 32, 3115 (NH), 745, 
728 and 689 cm- 1  (ArH); nmr (CCh) of 32 5 6.77 (m, 16, ArH, 
NCH), 4.08 (d, 2, ArCH2), 3.67 (broad s, 1 , NH).

B. cfs-l-p-Chlorophenyl-2,3-diphenylaziridine (31).24—This 
reaction was effected essentially as described in part A by em­
ploying 0.92 g (0.04 g-atom) of sodium and 3.2 g (0.01 mol) 
of aziridine 31 to afford 2.2 g (73%) of 1-anilino-l,2-diphenyl- 
ethane (32), bp 168-170°,23 hydrochloride mp and mmp 198- 
199°. The ir and nmr of this product were identical with those 
in part A.

(2 3 )  M .  B u s c h  a n d  A .  R i n c k ,  B e r .,  3 8 ,  1 7 6 1  ( 1 9 0 5 ) .
( 2 4 )  K i n d l y  p r o v i d e d  b y  R .  N .  L o e p p k y  a n d  D .  H .  S m it h .

C. 2,2-Diphenyl-3-methylaziridine (33).—This reaction was 
effected as described in part A by reducing 5.23 g (0.025 mol) 
of aziridine 33 by 1.15 g (0.05 g-atom) of sodium to give a reddish 
brown mixture which was, after 1  hr, poured into 2 0 0  ml of 
ammonia containing 15 g of ammonium chloride. The usual 
work-up gave 2.9 g (69%) of diphenylmethane, bp 84-85° (1 
mm). The ir and nmr of this compound were identical with those 
of authentic samples.

Registry No.— Styrene oxide, 97-09-3; (rows-stilbene 
oxide, 1439-07-2; 5, 882-59-7; cyclohexene oxide, 286- 
20-4; 10, 3146-39-2; 1,2-epoxybutane, 106-8S-7; 12, 
6975-17-3; 18, 4359-34-6; 19, 6317-10-S; 21, 2235-
01-0; 22,26963-79-1; 24, 14447-29-1; 25,26926-47-6; 
26,26926-48-7.

A Stereochemical Reaction Cycle with Chiral Phosphorus1

A b r a h a m  N u d e l m a n 2 a n d  D o n a l d  J. C r a m *

C o n tr ib u t io n  N o .  2 5 8 1  f r o m  th e  D e p a r tm e n t  o f  C h e m is tr y ,
U n iv e r s i ty  o f  C a l i f o r n ia  a t L o s  A n g e le s ,  L o s  A n g e le s ,  C a l i fo r n ia  9 0 0 2 4

R e c e iv e d  J u n e  1 9 , 1 9 7 0

Cholesteryl and menthyl methylphenylphosphinates diastereomerically pure gave A-phenyl methylphenyl- 
phosphinic amide of the same rotation. The lithium salt of o-phenylethylamine with the same phosphinate esters 
gave the corresponding diastereomerically pure phosphinic amide of the same rotation. Treatment of these same 
esters with benzyl Grignard reagent gave benzylmethylphenylphosphine oxide of the same rotation. These re­
sults, coupled with reactions and configurational assignments of others, completed a three-reaction stereochemical 
cycle with three chiromers. The two reactions reported here proceed with inversion of configuration and high 
stereospecificity. Cholesteryl methylphenylphosphinate, absorbed on a solid support, failed to separate a series 
of racemates in a glc column.

From analogies drawn between the reactions of sul- 
finate3' lb and phosphinate esters, we anticipated the 
possibility that phosphinate esters might react with 
Grignard reagents and with substituted lithium amides 
to produce phosphine oxides and phosphinic amides, re­
spectively. The stereochemical course of these reac­
tions was of interest, particularly since they lead to com­
pounds with phosphorus as the only chiral center. In­
deed, since Horner and Winkler4 had already demon­
strated that benzylmethylphenylphosphine oxide was 
converted stereospecifically and with retention to N- 
phenyl methylphenylphosphinic amide, we envisioned 
closing a three-reaction stereochemical cycle by con­
verting the same methylphenylphosphinate ester to 
these two substances. Finally, we planned to use these 
optically active compounds as liquid phases in attempts 
to resolve racemates by gas-liquid chromatography.

While our work was in progress, that of Korpium and 
Mislow6a appeared which established that in general, 
alkylarylphosphinate esters of menthol react with Gri­
gnard reagents to give phosphine oxides with high stereo­
specificity and inversion of configuration. In particu­
lar, they converted menthyl methylphenylphosphinate 
to benzylmethylphenylphosphine oxide. The absolute 
configuration of menthyl methylphenylphosphinate was

*  T o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .
( 1 )  ( a )  T h i s  in v e s t i g a t i o n  w a s  s u p p o r t e d  b y  t h e  U .  S .  P u b l i c  H e a l t h  S e r ­

v i c e  R e s e a r c h  G r a n t  N o .  G M  1 2 6 4 0 -0 4  f r o m  t h e  D e p a r t m e n t  o f  H e a l t h ,  
E d u c a t i o n  a n d  W e l f a r e ,  ( b )  T h i s  w o r k  w a s  r e p o r t e d  in  p r e l i m i n a r y  f o r m :  
A .  N u d e l m a n  a n d  D .  J .  C r a m ,  J . A m e r . C h em . S o c .,  9 0 , 3 8 6 9  ( 1 9 6 8 ) .

(2 )  T h i s  a u t h o r  t h a n k s  t h e  D o w  C h e m i c a l  C o .  a n d  U .  S .  R u b b e r  C o .  f o r  
n o n r e s id e n t  t u i t i o n  g r a n t s .

(3 )  K .  K .  A n d e r s e n ,  T etra h ed ron  L e tt .,  9 3  ( 1 9 6 2 ) .
(4 )  L .  H o r n e r  a n d  H .  W i n k l e r ,  ibid., 3 2 6 5  ( 1 9 6 4 ) .
(5 )  (a )  O .  K o r p i u m  a n d  K .  M i s l o w ,  J . A m e r . C h em . S o c .,  8 9 , 4 7 8 4  ( 1 9 6 7 ) ;  

( b )  O .  K o r p i u m ,  R .  A .  L e w i s ,  J .  C h i c k o s ,  a n d  K .  M i s l o w ,  ib id .,  9 0 , 4 8 4 2  
( 1 9 6 8 ) .

known,6 and that of the oxide was established.5 Thus, 
by the time our work matured, the configurations of all 
three chiromers7 II, III, and IV  were in hand.

Initially, we failed to separate the diastereomers of 
menthyl methylphenylphosphinate, but successfully ob­
tained pure one diastereomer of cholesteryl methyl­
phenylphosphinate (I). Korpium and Mislow’s5a rec­
ipe led us to the pure menthyl diastereomers (II). 
Treatment of either ester with benzylmagnesium Gri­
gnard reagent gave benzylmethylphenylphosphine oxide 
(IV) of essentially the same maximum rotation, a fact 
that establishes that both starting phosphinate esters 
possess the same configuration at phosphorus (S) 
(Scheme I). Both esters with lithium anilide gave N- 
phenyl methylphenylphosphinic amide (III) of the same 
sign and magnitude of rotation as that reported4 by con­
version of (+ )-( /? ) -IV  to ( —)-(jS)-III. These facts es­
tablish that the conversion of the phosphinic esters with 
lithium anilide proceeds with essentially complete in­
version of configuration. The two, three-reaction ste­
reochemical cycles are formulated. They are triligo- 
static (three ligands common to the three chiromers),7 
podal (number of chiromers equals the number of reac­
tions),7 contain no ligand metathesis,7 and two of the 
reactions proceed with inversion and one with retention 
of configuration.

To determine the generality of the conclusion that 
lithium amides and phosphinate esters give phosphinic 
amides with high stereospecificity, ( — )-(<S)-I and ( —)-
(S)-II were treated with the lithium salt of optically

( 6 )  E .  B .  F le i s c h e r  a n d  R .  D e w a r ,  u n p u b l i s h e d  r e s u lt s ,  r e f e r r e d  t o  in  r e f  

5 b ,  c o u p l e d  w i t h  t h e  r e s u lt s  o f  r e f  5 b .
(7 )  D .  C .  G a r w o o d  a r d  D .  J .  C r a m ,  J . A m er . C h em . S o c .,  9 2 , 4 5 7 5  (1 9 7 0 ) .
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pure ( — )-(£)-a-phenylethylamines [(—)-(£)-V ] and 
gave a single diastereomer of VI, very probably ( — )- 
(iSS)-VI. The same diastereomer [( — )-(SS}-VI] and 
its epimer at phosphorus [( — )-(S /?)-VI] were obtained 
and separated by treating 2 mol of ( —)-(<S)-V with 1 mol 
of methylphenylphosphinic chloride in ether. The dif­
ference in nmr spectra of these diastereomers was used 
to demonstrate the absence of less than 5 %  diastereo- 
meric impurity in each sample, and tic experiments de­
creased the value to less than 2% .

Sch em e  I
o
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The feasibility of using phosphine oxides as the liquid 
phase in glc experiments was tested with racemic o- 
dodecyloxyphenylmethylphenylphosphine oxide, which 
was synthesized by conventional reactions. A  column 
successfully separated a series of compounds of similar 
structure (see Experimental Section). However, a glc 
column with ( —)-(S)-cholesteryl methylphenylphos- 
phinate [( — )-(<S)-I] as the stationary liquid phase failed 
to separate a number of racemates (see Experimental 
Section). These columns were vastly shorter than 
those used in Gil A v ’s successful experiments8 9 with pep­
tides as the liquid phase.

Experimental Section
Cholesteryl Methylphenylphosphinate [(— )-(<S)-I].—Choles­

terol (74 g, 0.192 mol) and pyridine (15.2 g, 0.19 mol) were dis­
solved in 350 ml of dichloromethane under dry conditions and 
under nitrogen. To this stirred solution was added dropwise 33.6 
g (0.192 mol) of methylphenylphosphinic chloride10 dissolved in 50 
ml of dichloromethane. The mixture (heavy white precipitate)

( 8 )  (a) A .  A u l t ,  J . C h em . E d u c .,  42, 2 6 9  ( 1 9 6 5 ) ;  ( b )  W .  L e i t h e ,  C h em . 
B e r . ,  64, 2 8 2 7  ( 1 9 3 1 ) .

( 9 )  E .  G i l  A v  a n d  B .  F e i b u s h ,  T etra h ed ron  L e tt .,  3 3 4 5  ( 1 9 6 7 ) ,  a n d  e a r l i e r  
r e f e r e n c e s .

( 1 0 )  C .  S .  G i b s o n  a n d  J . D .  A .  J o h n s o n ,  J . C h em . S o c .,  9 2  ( 1 9 2 8 ) .

was stirred for 12 hr at 25° and shaken with ice-cold dilute sul­
furic acid. The organic phase was washed with water, dried, 
and evaporated to a viscous oil, wt. 94.5 g, which was chromato­
graphed on 1200 g of silica gel. The unreacted cholesterol was 
eluted with 3:2 ether-pentane solution. The ester was eluted 
with 1 0 % acetone-ether, and toward the end, 2 0 % acetone- 
ether. Fractions (20) of about 500 ml were collected, and ap­
pearance of the desired ester was monitored by tic (4:1 ether- 
pentane on silica gel plates). A total of 74.2 g (75%) of ester 
was distributed in the fractions, which were separated into the 
first ten rich in ( — )-(S)-I, and the second ten rich in diastereomer 
(+  )-(J?)-I. The residues from evaporation of the first half of the 
fractions were crystallized and recrystallized twice from pentane 
and gave (-M S )-I : 11.9 g (12%); mp 134-135.5°; [a] “ d - 81.4° 
(c 4.53, chloroform). Rotation and melting point did not 
change with further recrystallization. A n a l . Calcd for C3<- 
H53O2P: C, 77.82; H, 10.18. Found: C, 78.02; H, 10.38.

The second 1 0  fractions were evaporated and the residue re­
peatedly recrystallized from pentane (six times), but could not 
be brought to constant melting point or rotation, the maximum 
rotation being [a]26D +6.13° (c 2.33, chloroform).

Menthyl Methylphenylphosphinates [(— )-(S)-II and ( — )- 
(ff)-II].—Menthol (31.2 g, 0.195 mol) and pyridine (15.4 g, 0.195 
mol) were dissolved in 450 ml of anhydrous ether. To this dry 
solution stirred under nitrogen was added dropwise 34.1 g (0.195 
mol) of methylphenylphosphinic chloride11 in 50 ml of ether. 
The resulting mixture (heavy precipitate) was stirred for 8  hr and 
shaken with 1 0 % hydrochloric acid. The organic phase was 
washed, dried, and evaporated to give 48.3 g of an oil which was 
chromatographed on 710 g of silica gel. The unreacted menthol 
eluted with 15% ether-pentane, and the desired ester with 25% 
ether-pentane. The ester was collected in twenty-five 400-ml 
fractions, evaporation of which gave 34.8 g (61%) of ester. The 
progress of the separation was followed by tic on silica gel plates 
(ether as eluent, phosphomolybdic acid as developer). The first 
fraction [( — )-(fl)-II, 1.2 g, 2%] gave mp 89° and [<*]26d —15.4° 
(c 4.8, benzene) [lit.6 mp 89°, [a]BD —16.3° (c 1.3, benzene)]. 
The next 16 fractions contained mixtures of diastereomers. The 
last 8  fractions contained ( — )-(S)-II: 5.7 g or 10%; mp 80°, 
[«]25d -93 .8° (c 1.45, benzene) [lit.6 mp 79-80°, [«]25d -9 4 °  (c 
1.3, benzene)]. A n a l. Calcd for C17H27O2P: C, 69.36; H, 
9.25. Found for (— )-(ft)-II: C, 69.49; H, 8.99. Found for 
(-M S )-I I : C, 69.52; H, 9.31.

Benzylmethylphenylphosphine Oxide [(+  )-(/f)-IV].—A Gri- 
gnard reaction between benzylmagnesium chloride (6.3 g of benzyl 
chloride and 1 . 2  g of magnesium) and 2.62 g of cholesteryl methyl­
phenylphosphinate [(— )-(S)-I, see above] in benzene at reflux 
for 8 hr was carried out, and quenched with aqueous ammonium 
chloride. The organic phase was washed, dried, and evaporated 
to give 5.05 g of residue which was chromatographed on 50 g of 
silica gel. Impurities were eluted with 10% acetone-ether, the 
phosphine oxide with acetone to give 0.97 g (84%) of material, 
recrystallization of which from acetone-ether gave mp 135- 
135.2°, [a]kd +49.94° (c 1.64, methanol) [lit.6 mp 134-135°, 
[a]26D +50.9° (c 1-3, methanol), lit.11 mp 135°].

A’-(«-Phenylethyl) Methylphenylphosphinic Amides [( —)- 
(SS)-VI and (— )-(Sfl)-VI] .•—To a solution of 1.21 g (0.01 mol) of 
(— )-(>S)-Q!-phenylethylamine, [a]KD —40.1° (neat) ,8 in 5 ml of 
anhydrous ether under dry nitrogen was added 6.25 ml of a 1.6 
M  solution of n-butyllithium (0.01 mol) in hexane. A solution 
of 1.74 g (0.01 mol) of methylphenylphosphinic chloride10 in 10 
ml of ether was added to the mixture. The resulting mixture 
was stirred for 5 hr and shaken with water, and the organic phase 
was washed with water. The solid that separated (2.36 g) was 
collected, dissolved in dichloromethane, and chromatographed on 
50 g of silica gel. The separation of the diastereomeric amides 
was followed by tic on silica gel with 9 : 1  acetone-methanol as 
eluent and iodine as developer. Ten fractions (75 ml) were col­
lected of 4.5:1 acetone-ether eluent. Fraction 4 on evaporation 
gave crystalline material, [« ¡“ d —16.1° (c 1.58, chloroform), and 
fraction 5, [¡»¡“ d —16.2° (c 1.58-, chloroform), combined wt 0.23 
g. After recrystallization of this material from ether-pentane, it 
gave mp 117-119° [ ( - )-(Sff)-VI]. A n a l. Calcd for C 1SH18- 
NOP: C, 69.49; H, 7.00. Found: C, 69.68; H, 7.02.

Fractions 6-10 exhibited rotations that increased from an initial 
[aJ^D —62.6° to a maximum of —64.6° (c 1.96, chloroform),

(1 1 ) J. M e ise n h e im e r , J . C a sp e r , M .  H o rn in g , W  L a u te r , L .  L ic h t e n s t a d t ,
a n d  W . S a m u el, Justus Liebigs Ann. Chem., 449, 213  (1 9 2 6 ).
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combined wt 0.6 g. After recrystallization, this material [(— )- 
(SS)-VI] from ether-pentane gave mp 133-134°. A n a l . Found: 
C, 69.68; H, 6.93.

A-(a-Phenylethyl) Methylphenylphosphinic Amide [(—)- 
OSS)-VI] from Menthyl or Cholesteryl Methylphenylphosphinates
[(—)-(S)-II and ( —)-(S)-I].-—The procedure is illustrated as 
applied to the cholesteryl ester ( — )-(S)-I. To a solution (4.12 g 
or 34 mmol) of (—)-(S)-a-phenylethylamine, [a] 25n —40.1° 
(neat) ,3 in 20 ml of dry benzene was added 21.3 ml of a 1.6 M  
solution of n-butyllithium (34 mmol) in hexane with stirring un­
der dry nitrogen. The mixture was stirred at reflux for 1  hr. 
A solution of 0.92 g (1.7 mmol) of ( — )-(S)-I, [ a ] “ D  —81.4°, c 
4.53, chloroform (or 1.7 mmol of ( — )-(S)-II, [a] 25n —94°, c 1.45, 
benzene) in 2 0  ml of dry benzene was added with stirring, and 
the mixture was held at reflux for 5 hr. The reaction mixture 
was shaken with 1 0 % hydrochloric acid and dichloromethane. 
The organic layer was washed, dried, and evaporated to give 
0.97 g of residue which was chromatographed on 25 g of silica 
gel. The first 4 fractions (75 ml each) were eluted with 1 : 1  
ether-acetone, fractions 5-8 with pure acetone. The yellow oil 
from 5 and 6  was crystallized (nonfractionally) from ether- 
pentane to give 0.11 g (25%) of (— )-(iSS)-VI, [«]25d —63° (c 
1.55, chloroform), mp 132-133.5°. An identical yield, melting 
point, and rotation were obtained from (— )-(<S)-II. Examina­
tion of the crude amides from both preparations of ( — )-(<SiS)-VI 
with tic on silica gel plate, acetone-methanol, 9:1, showed the 
absence of other diastereomers. Control experiments with both 
diastereomers demonstrated that as little as 1 - 2 % could have 
been detected.

A’-Phenyl Methylphenylphosphinic Amide [(— )-(S)-lII].—  
Application of the above procedure to lithium anilide (10 mol ex­
cess) and either cholesteryl or menthyl methylphenylphosphinate 
[(—)-(iS)-I or ( — )-(/S)-II] gave ( — )-(<S)-III. The yield after 
chromatography and nonfractional crystallization of ( — )-(S)-III 
(acetone-pentane) from (—)-(S)-I was 35%, mp 161-163°, 
[«I^d —26.2° (c 1.33, methanol). The yield after chromatog- 
raphv and nonfractional crystallization (acetone-pentane) from 
(-M S )-II  was 38%, mp 161-163°, [«]kd -26 .1 ° (c 0.83, meth­
anol). The literature4 reported mp 164°, [a]kd —25.8° (c 0.76, 
methanol).

o-Dodecyloxybromobenzene.—A mixture of o-bromophenol 
(82.5 g), 250 ml of 95% ethanol, and 21 g of sodium hydroxide 
pellets was heated into solution, and 113.2 g of dodecyl bromide 
was added. After 24 hr at reflux, the product was isolated by 
extraction and distillation, wt 142 g (92%), bp 153° (0.14 mm).

A n a l. Calcd for CisIhsBrO: C, 63.34; H, 8.56. Found: C, 
63.47; H, 8.54.

o-Dodecyloxyphenylmethylphenylphosphine Oxide (VII).—  
The Grignard reagent of o-dodecyloxybromobenzene was pre­
pared by the “ entrainment method” 12 from 34.1 g of bromide 
and 2.6 g of magnesium in 500 ml of dry ether. To this stirred 
mixture under nitrogen was added dropwise 17.4 g of methyl­
phenylphosphinic chloride10 in 200 ml of dry ether. The result­
ing viscous mixture was shaken with dilute hydrochloric acid, and 
the organic phase was washed with water, dried, evaporated, and 
distilled to give 19.6 g (49%) of VII as a viscous and slowly crys­
tallizing oil, bp 188° (0.14 mm). A n a l . Calcd for CssH^ChP: 
C, 74.97; H, 9.31. Found: C, 75.01; H, 9.29.

Attempted Resolution by Glc.—- A 0.25 in. (i.d.) X 10 ft column 
was packed with a 1 0 % mixture by weight of diastereomerically 
pure cholesteryl methylphenylphosphinate [(—)-(S)-I] on Chro- 
mosorb W (80-100 mesh). About 15 g of mixture filled the 
column, which was cured in an oven at 170° for 90 min and at 
155° for 3 hr. A small sample of pure ( — )-(<S)-I was found not 
to change its rotation when held at 165° for 12 hr. The chro­
matographic experiments were carried out on a Perkin-Elmer 
vapor fractometer, Model 154, at a column temperature of 144° 
with helium as a carrier. On this column, the following race- 
mates had the indicated retention times, and the peaks were 
sharp: 2-octanol, 14 min; 2-phenylpropionitrile, 32 min; 3- 
methoxy-3-phenyl-2-butanone, 34 min; 2-methyl-l-phenyl-l- 
propanol, 28 min; 3-methoxy-2-methyl-3-phenyl-2-butanol, 44 
min. In experiments that involved o-dodecyloxyphenylmethyl- 
phenylphosphine oxide (VII), 5% by weight of VII on Chromo- 
sorb W was employed in the same type of column and in the same 
machine and carrier gas. At 85°, 1-butanol, 2-butanol, and 
ierf-butyl alcohol gave 6.3, 2.9, and 1.3 min retention times, re­
spectively. At 105°, 1-octanol and 2-octanol gave 14.7 and 4.7 
min retention time, respectively. At 87°, 1-butanol, 2-butanol, 
and 2-pentanol gave 2.7, 1.5, and 2.4 min retention times, re­
spectively.

Registry No.— (-)-(<S)-I, 20752-41-4; ( - ) - (S ) - I I .  
16934-93-3; (-)-(R)-II, 26963-82-6; (~)-(SR)-VI,
20752-44-7; ( - ) -(S S ) -V I , 20752-43-6; V II, 26910- 
10-1; o-dodecyloxybromobenzene, 26910-11-2.

( 1 2 )  D .  E .  P e a r s o n ,  D .  C o w a n ,  a n d  J .  D .  B e c k l e r ,  J . O rg . C h em .,  2 4 , 5 0 4  
( 1 9 5 9 ) .
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Carbon-14 Tracer Study of the Dehydrocyclization of n-Heptane

B urtron  H. D a v is* and  P aul B. V enuto

M o b il  R esearch  a n d  D eve lop m en t C o rpora tion , A p p l ie d  R esearch  a n d  D evelop m en t D iv is io n ,
P au lsboro , N e w  J e rsey  0 8 0 6 6

R eceived M a y  12 , 1 9 70

The 14C distribution in toluene from the dehydrocyclization of n-heptat.e-l-14C and -4-I4C, both over the 
same chromia on “nonacidic”  alumina preparation, is consistent with 80% or more of the aromatic being formed 
by direct six-carbon ring formation. Thus, chromia on “ nonacidic”  alumina can give results similar to other 
chromia and chromia-alumina. In general, a dehydrocyclization mechanism involving various size inter­
mediates is not necessary even for the “nonacidic”  catalyst.

The mechanism for the heterogeneous catalytic con­
version of paraffins to aromatics, dehydrocyclization, 
has been widely studied.1 Early workers, guided by 
aromatic product distributions and kinetics, sup­
ported a dehydrocyclization mechanism involving direct 
six-carbon ring formation. An early 14C tracer study2 
also supported this mechanism.

*  T o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d :  P o t o m a c  S t a t e  C o l l e g e ,
K e y s e r ,  W .  V a .  2 6 7 2 6 .

(1 )  F o r  a  r e v i e w  o f  t h e  l i t e r a t u r e ,  s e e  (a )  A .  H .  S t e i n e r  in  “ C a t a l y s i s , ”  
V o l .  4 ,  P .  H .  E m m e t t ,  E d . ,  R e i n h o l d ,  N e w  Y o r k ,  N .  Y . ,  1 9 5 7 ,  p  5 2 9 ;  ( b )
H .  H a n s c h ,  Chem . R ev .,  5 2 , 3 5 3  ( 1 9 5 3 ) ;  ( c )  H .  P i n e s  a n d  C .  T .  G o e t s c h e l ,  
J. O rg. C h em ., 3 0 , 3 5 3 0  ( 1 9 6 5 ) .

(2 )  R .  W .  W h e a t c r o f t ,  D i s s e r t a t i o n ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  1 9 4 9 .

Results of more recent I4C tracer studies3,4 were 
incompatible with this mechanism. To explain their 
14C distributions, Pines and Chen4 proposed that 
cyclization to both six- and seven-membered-ring inter­
mediates participate in the mechanism. The contribu­
tion of these intermediates varied with time on stream 
and catalyst. Such competition between various size 
ring intermediates would not allow the dehydrocycliza­
tion mechanism to have predictive value. On the other 
hand, Feighan and Davis3 found that «-heptane-4-14C

( 3 )  J .  J .  M i t c h e l l ,  J . A m e r . C h em . S o c .,  8 0 , 5 8 4 8  ( 1 9 5 8 ) .
(4 )  H .  P in e s  a n d  C .  T .  C h e n ,  J . O rg . C h em .,  2 6 , 1 0 5 7  ( 1 9 6 1 ) .
(5 )  J .  A .  F e ig h a n  a n d  B .  H .  D a v i s ,  J . C a ta l.,  4 , 5 9 4  ( 1 9 6 5 ) .
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over a similar chromia-alumina catalyst gave a product 
with a tracer distribution consistent with direct six- 
carbon ring formation.

Contradictory results from different laboratories 
often are a result of the difficulty in preparing repro­
ducible heterogeneous catalysts. We now report a 
study of the dehydrocyclization of both n-heptane-l-14C 
and -4 -14C over the same preparation of chromia on 
“ nonacidic” alumina in order to further clarify the 
mechanistic picture in this complex system.

Results and Discussion
The results for the dehydrocyclization of the two 

14C-labeled heptanes over the same chromia catalyst 
supported on “nonacidic” alumina at 500° are shown 
in Table I. The precentage of 14C label in the methyl

T a b l e  I
M ethyl A c t i v i t y  i n  T oluene from Dehydrocyclization of 

w-Heptane-1-14C a n d  ti-Heptane-4-14C
C o n v e r s i o n

S a m p le
T i m e  o n  

s t r e a m ,  m in

L i q u i d  t o  t o l u e n e ,  
c o l l e c t e d ,  m o l  %  in  

c c  l i q u i d  p r o d u c t

%  m e t h y l  
l a b e l  o f  
t o l u e n e

1 45
n-Heptane-1-14C 

0.4 49 43
2 97 1 . 0 41 39
3 137 0 . 8 37 40

1 45
?i-Heptane-4-14C

0.4 46 2 . 6

2 105 1 . 2 44 2 . 8

3 160 1 . 1 43 2.7
4 215 1 . 0 43 3.0

group of toluene is about 40%  for w-heptane-l-14C. 
The three samples collected at different time on stream 
show no variation in the label distribution. This is 
in contrast to the results of Pines and Chen4 who 
found that the methyl-labeled toluene increased in 
the samples collected at increasing time on stream.

The first liquid sample in the present n-heptane-l-14C 
run (0.4 ml, using 5 ml of catalyst) should correspond, 
at least qualitatively, to the first sample collected by 
Pines and Chen,4 since it was taken at an earlier time 
on stream. (The first sample of Pines and Chen4 
calculates to be about 0.7 ml for 5 ml of catalyst.) 
Therefore, the difference in the amount of methyl 
label for the first sample of toluene from n-heptane-l-14C 
for the present study and Pines and Chen4 cannot 
be attributed to catalyst changes with time on stream.

The methyl label for toluene obtained from n-hep- 
tane-4-14C is significantly higher than expected for 
only direct six-carbon ring formation (2.5- 3.0%  vs. 
predicted 0 .0% ). This methyl label is slightly greater 
than obtained by Feighan and Davis5 in their study 
using n-heptane-4-14C over chromia on “ nonacidic” 
alumina (1.0-1.6%  methyl label). Even so, the methyl 
activity is still much lower than would be expected 
for the nearly isotopic equivalency found by Pines 
and Chen4 (and perhaps Mitchell3).

Mitchell3 obtained toluene with about 25%  14C in 
the methyl position from the dehyd r ocy cliz at i on of 
n-heptane-l-14(7 over a chromia-alumina catalyst pro­
moted with potassium and cerium (“ nonacidic” cat­
alyst). He proposed three reaction pathways which 
could explain the low methyl-labeled toluene: (a) the

formation of a cvcloheptane intermediate, (b) the for­
mation of a bicycloheptene intermediate followed by 
opening of one ring to yield toluene, and (c) reversible 
isomerization between C5- and C6-ring structures.

Pines and Chen4 found the predicted 5 0%  methyl 
label in toluene from the dehydrocyclization of n-hep- 
tane-l-14C over unsupported chromia and 4 0%  methyl 
label in toluene using chromia supported on “ acidic”  
alumina. But dehydrocyclization using chromia sup­
ported on “ nonacidic” alumina initially yielded toluene 
with 17.5% (or less) 14C in the methyl position; at 
later times on stream the methyl 14C content has in­
creased to 32% . An adsorbed cycloheptane interme­
diate that was able to “ roll around” on the surface 
was proposed to give carbon equivalency at all posi­
tions; the adsorbed cycloheptane then underwent ring 
contraction to form a C6 ring. Pines and Goetschel10 
have obtained results for several reactants in addition 
to n-heptane that show that their chromia on “ non­
acidic” alumina gave much different results than either 
chromia or chromia on “acidic” alumina.

Feighan and Davis5 obtained results with n-heptane-
4 -14C which were in satisfactory agreement with C 6- 
ring formation. Contrary to Pines and Chen, a larger 
amount of isotope scrambling in the toluene was ob­
tained over unsupported chromia than over chromia 
supported on either “ acidic” or “ nonacidic” alumina. 
For all three catalysts, the toluene product was pre­
dominately labeled at the position predicted for direct 
C6-ring formation, the ring position meta to the methyl 
substituent.

The reason for the significant difference between 
results which support direct Cs-ring formation (this 
study, ref 2 and 5) and those in disagreement with 
this cyclization pathway3'4 is not apparent. It is 
possible that the amount or location of the potassium 
“ promotor” used to make the alumina “nonacidic” 
plays a more important role than previously suspected. 
Small differences in catalyst pretreatment may also 
cause large differences in the catalytic properties of 
potassium promoted catalysts. The amount of chromia 
on the support may be responsible for the different 
results.

This study cannot provide an answer to the mech­
anism responsib'e for the 14C label at positions other 
than those predicted by direct C6-ring formation. It 
is conceivable that this 14C scrambling could occur 
through a cycloheptane intermediate. However, it is 
also possible to explain the 14C scrambling by isomeriza­
tion to a methyl hexane carbon skeleton prior to or 
during cyclization.6

Only Feighan and Davis5 have determined the 14C 
ring distribution in toluene obtained from n-heptane 
dehydrocyclization. For n-heptane-4-14C, the 14C was

( 6 )  M e t h y l h e x a n e s  w e r e  n o t  p r e s e n t  in  t h e  l i q u i d  p r o d u c t  in  s i g n i f i c a n t  
q u a n t i t i e s .  T h e r e  a r e  m a n y  i s o m e r i z a t i o n  m e c h a n i s m s  t h a t  c o u l d  l e a d  t o  
m e t h y l h e x a n e s .  O n e  s u c h  p a t h w a y  i n v o l v e s  a n  o le f in  i n t e r m e d i a t e .  T h e

k '  h
h e p t a n e  ^  ^  h e p t e n e s -------->• m e t h y l h e x e n e s -------->■ m e t h y l h e x a n e s

t o l u e n e

a b s e n c e  o f  m e t h y l h e x a n e s  c a n  t h e n  b e  a c c o u n t e d  f o r  p r o v i d e d  k'a > k h  o r  
b y  p r e f e r e n t i a l  c o n v e r s i o n  o f  m e t h y l h e x a n e s .  O u r  u n p u b l i s h e d  r e s u lt s  
s h o w  t h a t  b o t h  h e p t a n e  a n d  m e t h y l h e x a n e s  a r e  c o n v e r t e d  a t  a b o u t  t h e  s a m e  
r a t e  w h e n  p a s s e d  o v e r  t h e  c a t a l y s t  u n d e r  s i m i l a r  c o n d i t i o n s .  I t  i s  k n o w n  
t h a t  o le f in s  a r e  a r o m a t i z e d  m o r e  r e a d i l y  t h a n  p a r a f f i n s ,1 b u t  l i t t l e  is  k n o w n  
a b o u t  t h e  r e l a t i v e  r a t e s  k a a n d  k h .
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about equally distributed in all positions except the 
ring position meta to the methyl group. If we assume a 
similar 14C distribution for the toluene obtained from 
n-heptane-4-14(7 in the present study (i.e., the ring 
positions, excluding the position meta to the methyl 
group, have the same activity as experimentally de­
termined for the methyl position), we calculate that 
about 80%  of the 14C is in the position meta to the 
methyl group. For toluene from «-heptane-l-14(7, the 
methyl label was about 40% , also about 80%  of that 
predicted by a direct C6-ring formation mechanism.

The results of this study with «-heptane-4-14C sub­
stantiate the earlier results of Feighan and Davis;5 
both support direct C6-ring formation. Our tracer re­
sults suggest that the same amount of direct C6-ring 
formation occurs over “nonacidic” chromia-alumina 
for «-heptane labeled either in the 1 or 4 position. More 
important, the results of the present study and those 
of Feighan and Davis5 support a heptane dehydro­
cyclization mechanism of direct C6-ring formation 
over a “ nonacidic” chromia-alumina catalyst as well 
as over other chromia catalysts.

Experimental Section
Catalyst.—The "nonacidic”  alumina was prepared by precipi­

tation from potassium aluminate with C02.7 The alumina was 
washed so that the potassium content was 0 . 1  wt %  (based on 
weight after 600° calcination). The alumina was impregnated 
with chromic acid; the final catalyst contained 10.6 wt % Cr 
(15.6 wt %  Cr20 3).

Hydrocarbons.—n-Heptane-4-l4C was prepared as shown in 
synthetic Scheme I .8

Sch em e  I
E t O H  P r M g B r

H C *0,H ------->  HC*0,C,H5 ---------->  C3H7C*HOHC3H7

H O A c  4 0 0 °
C3H7C*HOHC3H -------->- C3H7CHC3H7 — >

I
OAc

C3H7C*H=CHC 2H5

P t 0 2
C3H7C*H=CHC2H6 — s- C>H,C*HjChH7 

h 2

w-Heptane-l-14C was prepared as shown in synthetic Scheme II. 
Sodium formate was purchased from Tracerlab. Sodium n -  
heptanoate-l-14C was purchased from Nuclear-Chicago Corp.

Procedure.—The catalyst (5 ml, 4 g) was placed in an elec­
trically heated Vycor glass continuous-flow unit and reduction

(7 )  H .  P in e s  a n d  C .  T .  C h e n ,  J . A m e r . C h em . S o c .,  8 2 , 3 5 6 2  ( 1 9 6 0 ) .
( 8 )  R .  E .  M c M a h o n ,  I n d .  E n g . C h em .,  4 7 , 8 4 4  ( 1 9 5 5 ) .

Sch em e  II
L i A l H .  P B r a

C6H13C*02H ------->- C6H13C*II,OH — >  C6HI3C*H,Br
Mg H îO

C6H13C*H2Br — >  C6H13C*H2MgBr — >- C6H13C*H3

effected in  s i tu  in flowing hydrogen (4 ml/min) for 3 hr. The 
labeled reactant was introduced by a motor-driven syringe pump 
(LHSV 0.3). Runs were effected at 500° and 1  atm. A detailed 
description of the apparatus has been reported earlier.9

The liquid products were diluted to about 10-cc volume with 
a 50:50 volume mixture of unlabeled «-heptane-toluene. This 
mixture was separated on a silica gel column using isopropyl 
alcohol as eluting agent. The first 0.5 ml of the toluene fraction 
eluting from the cclumn was discarded.

The toluene was oxidized to benzoic acid using alkaline 
potassium permanganate. Details of the method are given in 
ref 5. The benzoic acid was burned to C02 by the van Slyke 
procedure and the C02, trapped in NaOH, was then collected as 
barium carbonate. The decarboxylation of benzoic acid was 
accomplished by heating at 260° in a CuO-quinoline mixture. 
Two, and for about half of the cuts three, combustions and de­
carboxylations were done on the benzoic acid. The percentages 
in the tables were calculated using an average of the BaC03 
counts. Representative activities for the determinations are 
given in Table II .

T a b l e  II
R e p r e se n t a t iv e  D a ta  Sh o w in g  t h e  R e p r o d u c ib il it y  of 

t h e  D e c a r b o x y l a t io n , B en zo ic  A cid  Ox id a t io n , and  
BaC03 C o u n t in g  P r o c e d u r e s

B a C O a
A c t i v i t y ,  

c o u n t s / ( m i n  1 0 0
s a m p l e “ m g  o f  B a C C h )

Sample 1, methyl carbon 1 16,719
(n-heptane-l-14C run) 2 14,193

3 14,178
Sample 1, benzoic acid carbons 1 4,733"

(n-heptane-l-14C run) 2 5,191
a Three portions of the benzoic acid (from toluene oxidation) 

were decarboxylated; two portions of the benzoic acid were 
oxidized. 6 The activity for BaC03 from the total benzoic acid 
sample is less than that from methyl decarboxylations because 
the 14C is diluted by six inactive carbons in the benzoic acid.

The 14C activity of the BaC03 samples was determined by 
liquid scintillation. The sample was suspended in the scintilla­
tion solution (5 g of PPO and 0.3 g of POPOP per liter of toluene 
containing 4 wt % Cab-o-Sil).

Registry N o .— «-Heptane-1-14C, 26960-94-1; «-hep­
tane-4-14C, 26960-95-2.

Acknowledgment.— We are grateful to Dr. H. Sherry 
and Air. C. Adams of Mobil Research and Develop­
ment Corporation for performing the 14C activity de­
termination.

( 9 )  B .  H .  D a v i s  a n c . P .  B .  V e n u t o ,  J . C a ta l., 15 , 3 6 3  ( 1 9 6 9 ) .
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Additions of Protonic Acids to 2,3-Dideuterionorbornene.1 
Evidence for the Existence of a Classical Norbornyl Cation

J. K. S t i l l e * 2 a n d  R. D. H u g h e s 3 4 5 6 7 8 

Department of Chemistry, University of Iowa, Iowa City, Iowa 5221,0 

Received May 4, 1970

The synthesis of 2,3-dideuterionorbornene (1) and the additions of the protonic acids, hydrogen chloride, hydro­
gen bromide, hydrogen fluoride, formic acid, phenol, and methanol, to it gave only exo-norbornyl adducts. The 
additions of hydrogen chloride and hydrogen bromide gave greater than 50% of product resulting from an exo- 
cis addition. In the additions of formic acid, methanol, and hydrogen fluoride, the amounts of products resulting 
from exo-cis addition and Wagner-Meerwein rearrangement were essentially equal. A mechanistic interpreta­
tion of the data is presented, in which a classical norbornyl cation is formed in the course of addition of hydrogen 
chloride and hydrogen bromide to norbornene.

The electrophilic additions of protonic acids to nor­
bornene usually proceed to give exo-substituted prod­
ucts,4-8 via a positively charged intermediate, the nor­
bornyl cation. Three different structures of the nor­
bornyl cation in solution, a nonclassical bridged ion
(2),9 a localized classical ion (3),10 11 and an edge-proton- 
ated nortricyclonium ion (4),11,12 have been suggested.

The deuterium labeled olefin, 2,3-dideuterionor­
bornene (1), was synthesized to facilitate the determina­
tion of the stereochemical courses of additions to this 
bicyclic system. Determination of the deuterium dis­
tribution in the product mixtures by analysis of the nmr 
spectra would be more accurate in the additions of pro­
tonic acids to 1 than in the additions of deuterionic acids 
to norbornene. The intermediate deuterium labeled 
norbornyl cation from the protonation of 1 suffers nu­
cleophilic capture to give deuterium-labeled products. 
Capture at C -2 should yield 5, the exo-cis addition prod­
uct.13 Capture at C -l would yield 6, resulting from a 
Wagner-Meerwein rearrangement of 3 or capture of 2 
or 4 at C -l, and capture of the much less favored 6,2- 
hydride shift intermediate12 would afford 7.

Results
Synthesis of 1.— Dideuterioacetylene, generated from 

calcium carbide and deuterium oxide, was passed

(1) Presented in part at the 159th National Meeting of the American 
Chemical Society, Houston, Texas, Feb 1970.

(2) To whom inquiries should be addressed: Department of Chemistry,
University of Iowa.

(3) Abstracted in part from the Ph.D. thesis of R. D. Hughes, University 
of Iowa, May 1970. National Defense Education Act Fellow, 1966-1969, 
Phillips Petroleum Fellow, 1969—1970.

(4) T. G. Traylor and A. W. Baker, T etrah ed ron  L e tt ., No. 19, 14 (1959).
(5) L. Schmerling, J. P. Luvisi, and R. W. Welch, J . A m e r . C h em . S o c ., 

78, 2819 (1956).
(6) H. A. Bruson and T. W. Riener, ib id .,  6 7 , 7 2 3  (1945).
(7) L. Schmerling, ib id ., 68 , 195 (1946).
(8) J. D. Roberts, E. R. Trumbull, Jr., W. Bennett, and R. Armstrong, 

t'6td., 72, 3116 (1950).
(9) S. Winstein, ib id ., 8 7 , 376 (1965).
(10) H. C. Brown and M. H. Rei, ib id ., 90, 6216 (1968).
(11) G. A. Olah, A. Commeyras, and C. Y. Lui, ib id ., 90, 3882 (1968).
(12) G. A. Olah and A. M. White, ib id ., 91, 3957 (1969).
(13) Exo attack on the trigonal C-2 in this system is generally accepted 

to be preferred over endo attack; see J. A. Berson, “ Molecular Rearrange­
ments,”  Part I, P. de Mayo, Ed., Interscience, New York, N. Y., 1963, pp
130-133.

directly into molecular bromine to yield sym-tetra- 
bromodideuterioethane (8). The debromination of 8 
with zinc afforded a mixture of cis- and <rans-l,2-di- 
bromo-l,2-dideuterioethylene (9).14 The Diels-Alder 
reaction of 9 and cyclopentadiene gave a mixture of 
cis- and /rans-5,6-dibromo-5,(>-dideuterionorbornene 
(10), which, when hydrogenated, yielded the corre­
sponding 2,3-dibromo-2,3-dideuterionorbornanes (11).14 
Debromination of 11 with magnesium afforded 1.1S 
Mass spectral analysis of 1 showed it to be 95% ck, 2 %  
di, and 3 %  da material. The signal at 5 5.93 ppm 
(vinyl hydrogen) was nearly absent in the nmr spectrum 
of 1.

Additions of H X  to 1.— The additions of compounds 
of general formula H X  (X  =  Cl, Br, F, OCHO, OCH3, 
OC6H5) to 1 gave products 5 -7 , the relative amounts of 
which were determined by analysis of the nmr spectrum 
of each product mixture. Corrections for the small 
amount of vinyl hydrogen present in 1 were incorpo­
rated to give the results summarized in Table I.

Deuterium chloride has been reported to add rapidly 
to norbornene at —78° in methylene chloride to yield 
60%  of product resulting from an exo-cis addition, 
35%  from a Wagner-Meerwein rearrangement, and 5 %

(14) N. A. Le Bel, P. D. Beirne, E. R. Karger, J. C. Powers, and P. M. 
Subramanian, J . A m e r . C h em . S o c ., 8 5 , 3199 (1963).

(15) L. Schmerling, J. P. Luvisi, and R. W. Welch, ib id ., 7 8 , 2819 (1956).
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T a b l e  I
P r o t o n i c  A c i d  A d d i t i o n s  t o  1

A c i d  ( H X ) T e m p , T i m e ,
P r o d u c t

c o m p o s i t i o n ,  % °
a n d  c a t a l y s t S o l v e n t ° C m in 6 6 7

HC1 CH2C12 -7 8 5 56 42 •- 2

HCl n-CsH,, -7 8 60 59 39 -- 2

HC1 (C2H5)20 27 190 65 27 8

HBr c h 2ci2 — 45 5.5 54 40 '~5
HBr h 2o 60 180 52 36 1 1
HOCtHs, BFj c h 2ci2 - 2 2 240 47 39 14
HF c h 2ci2 -7 8 5 2 2 24 54
HOCHO, BF3 c h 2ci2 - 2 2 60 47 46 7
h o c h 3, h + CHjOH Reflux 1290 38 42 2 0

“ Obtained from nmr spectra recorded with a Varian A-60 
spectrometer as 20-30% solutions in CDC13 or C6H6 with tetra- 
methylsilane as the internal standard. Product ratios were de­
termined from the mean average of five tracings of the integral 
and were corrected for deuterium content as determined by mass 
spectra. These values are correct within ±2% , with the ex­
ception of the values 2 and 5% for 7 which were obtained by 
difference through normalization to 1 0 0 % deuterium content.

from a 6,2-hydride shift.16 Under similar conditions in 
chloroform, the reaction proceeds to completion in 2 min 
with 55% of the product resulting from exo-cis addition 
and 45%  from a Wagner-Meerwein rearrangement.17 
The addition of hydrogen chloride to 1 was complete in 
5 min at —78° in methylene chloride with 5, 6, and 7 
(X  =  Cl) formed in the ratio of 56 :42 :2 , respectively. 
Contrary to an earlier report, we were not able to de­
tect a significant amount of 6,2-hydride shift product.18 
When the product mixture was placed back under the 
reaction conditions for an additional 50 min, the product 
ratio of 5 :6 :7  had only changed to 50 :47 :3 . Appar­
ently prolonged reaction times facilitated a small 
amount of solvolysis of the product chlorides and subse­
quently led to additional rearrangement. Less polar 
solvents such as pentane and ether were found to sup­
press rearrangement, and hence more 5 was found with 
these solvents. In all the additions of hydrogen chlo­
ride to 1, only ezo-norbornyl chloride was formed, to the 
exclusion of the endo isomer, as determined by vpc 
analysis.

The polar addition of anhydrous hydrogen bromide 
to 1 in methylene chloride at —45° was complete in 5.5 
min with 5, 6, 7 (X  =  Br) produced in a ratio of 54 :40 :5 , 
respectively. Deuteriobromic acid (48%) has been re­
ported to add to norbornene to give 46%  exo-cis addi­
tion and 51%  rearrangement.19 We carried out the ad­
dition of 48%  hydrobromic acid to 1 and found the ratio 
of 5 :6 :7  (X  =  Br) to be 52 :36 :11 , respectively. The 
products of these reactions undergo little or no change 
when subjected to the reaction conditions for prolonged 
times. X o  endo-norbornvl bromide was formed in any 
of the reactions, indicative of the absence of a radical 
reaction.19

The addition of hydrogen fluoride to norbornene was 
reported to yield exo-norbornyl fluoride in low yields.20 
The reaction of hydrogen fluoride and 1 at —78° for 
5 min in methylene chloride gave low yields of exo-

( 1 6 )  PL  C .  B r o w n  a n d  K .  T .  L iu ,  J . A m e r . C h em . S o c .,  8 9 , 3 9 0 0  ( 1 9 6 7 ) .
(1 7 )  J .  M .  B r o w n  a n d  M .  C .  M c l v o r ,  C h em . C o m m u n .,  2 3 8  ( 1 9 6 9 ) .
(1 8 )  J .  K .  S t i l le ,  F .  M .  S o n n e n b e r g ,  a n d  T .  H .  K i n s t l e ,  J . A m er . Chem . 

S o c .,  8 8 ,  4 9 2 2  ( 1 9 6 6 ) .  T h e  r e p o r t e d  r a t io s  o f  p r o d u c t s  r e s u l t i n g  f r o m  e x o -  
c i s  a d d i t i o n ,  W a g n e r - M e e r v e i n  r e a r r a n g e m e n t ,  a n d  6 ,2 - h y d r i d e  s h i f t  ( 5 0 :  
1 2 : 3 8 )  w e r e  in  e r r o r  d u e  t o  n m r  i n s t r u m e n t a l  e r r o r s  in  in t e g r a t i o n .

(1 9 )  H  K w a r t  a n d  J .  L .  N y c e ,  ibid., 86, 2 6 0 1  ( 1 9 6 4 ) .
(2 0 )  M .  H a n a c k  a n d  W .  K a i s e r ,  J u s tu s  L ieb ig s  A n n . C h em ., 6 5 7 ,  12  ( 1 9 6 2 ) . .

norbornyl fluoride; the major product from the reaction 
wras norbornene telomers. Analysis of the norbornyl 
fluoride product mixture showed a deuterium distribu­
tion of 22%  at C-2 and 24%  at C -l. This corresponds 
to a product mixture of 5, 6, and 7 (X  =  F) in a ratio 
of 22 :24 :54 , respectively.

The boron trifluoride etherate catalyzed addition of 
formic acid to 1 proceeds to completion within 1 hr at 
— 22° in methylene chloride. From careful integration 
of the appropriate signals in the nmr, it wras determined 
that equimolar amounts (46%) of 5 and 6 (X  =  OCHO) 
and only 7 %  of 7 were formed. The uncatalyzed reac­
tion required 48 hr at room temperature to proceed to 
completion with yields of 5, 6, 7 of 47, 42, and 11%, 
respectively. When an independently synthesized 
sample of endo,endo-2,3-dideuterio-e:ro-2-norbornyl for­
mate (13) wras placed in methylene chloride at —22° 
with formic acid and boron trifluoride, no rearrange­
ment to 6 (X  =  OCHO) occurred. Thus, the product 
formates from the addition reaction must be stable to 
solvolysis under the reaction conditions.

The condensation of phenol with camphene at 0° is 
reported to give only isobornyl phenyl ether, when cata­
lyzed with boron trifluoride etherate.21 Under similar 
conditions 1 formed predominately C-alkylated phenols 
14, presumably *he ortho and para isomers. The addi­
tion of phenol to 1 at —22° in methylene chloride with 
a boron trifluoride etherate catalyst was nearly com-

14 1 5

plete after 4 hr to yield the O-alkylated phenol 15 as the 
major product. The distribution of deuterium in the 
final product corresponded to a ratio of 47 :39 :14  for 5, 
6, and 7 (X  =  OC6H8), respectively.

eru/o-Trimethylenenorbomene has been reported to 
undergo a sulfuric acid catalyzed reaction with metha­
nol to give 15% of unrearranged addition product and 
85%  of product due to a Wagner-Meerwein rearrange­
ment.22 With deuteriomethanol the unrearranged ad­
dition product was determined to be the result of an 
exo-cis addition The sulfuric acid catalyzed addition 
of methanol to 1 in excess refluxing methanol yielded a 
product mixture in which 0.38 atoms of the deuterium 
were located at C -2, 0.42 atoms at C -l, and the remain­
der at the other positions. If one makes the reasonable 
assumption that no deuteride shifts have occurred,23 
this distribution of deuterium corresponds to a ratio of 
3 8 :42 :20  for 5, 6, and 7 (X  =  OCH=), respectively. 
Similar results were obtained when the reaction was

(2 1 )  W . F .  E r m a n ,  J. Amer. C h em . S o c .,  8 6 , 2 8 8 7  ( 1 9 6 4 ) .
(2 2 )  S .  J .  C r i s t o l ,  L .  K .  G a s t o n ,  a n d  D .  W .  J o h n s o n ,  T etrahedron  L ett.. 

1 8 5  ( 1 9 6 3 ) .
( 2 3 )  A  d e u t e r id e  s h i f t  c o u l d  o c c u r  o n l y  i f  t h e  c a t i o n  w a s  l o n g - l i v e d  e n o u g h  

f o r  t h e  u n f a v o r e d  3 ,2 - e m f o - h y d r i d e  s h i f t  t o  t a k e  p l a c e .  S e e  r e f  12 .
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carried out in methylene chloride with a fivefold excess 
of methanol. In all cases only exo products were 
formed.

Discussion
The preference of cis over trans addition of H X  to 

norbornene has been estimated to be at least 102: 1, but 
not more than 104: 1, based on the limits of detectability 
of endo products.24 X o  endo products were detected in 
any of the additions studied in this work. With hydro­
gen chloride and hydrogen bromide, exo-cis addition ac­
counted for the majority of the total product.

The amount of rearrangement which occurs in addi­
tions to norbornene has been attributed to the ability of 
the electrophilic portion of the addend to stabilize the 
intermediate cation.24 In the additions reported in 
this work the same stabilizing influence on the interme­
diate cation should be felt, regardless of the protonic re­
agent. Thus, the proportion of rearrangement in these 
additions must be governed by the difference in the nu­
cleophilic character of X  and the reaction conditions. 
In fact, the amount of rearrangement showed a depen­
dence on the nature of the nucleophile in the order HF2, 
CHsOH, OCHO ~  C6H5OH >  Br >C1. A  significant 
dependence of the degree of rearrangement on the sol­
vent (X  =  Cl, Br) or the reaction temperature for those 
cases tested (X  =  Br, OCHO) was not observed.

There are three possible intermediates which deserve 
consideration in the electrophilic additions to 1: the
classical norbornyl cation pair (16 and 17), the nonclas- 
sical norbornyl cation (18), and the nortricyclonium ion
(19) (see Scheme I ) .  Recent calculations suggest that 
under thermodynamically controlled conditions, 19 is 
more stable than either 16 or 17.25

To invoke 19 as an intermediate in the additions to 
1, it must be concluded that the hydride shift which 
equilibrates positions C -l, C -2, and C-6 is extremely 
slow in comparison to the rate of capture by the nucleo­
phile. This proton transfer would lead to the equiva­
lence of C -l, C-2, and C-6 and hence, there should be 
equal probability of capture by X  at these three sites. 
The amount of product formed via 19 in these additions 
could never, therefore, exceed that found for capture at 
C -6. Only when the protonic acid used was hydrogen 
fluoride was a significant amount of this product ob­
served. In all other additions, and especially with hy­
drogen chloride and bromide, 19 cannot be an impor­
tant intermediate in determining the product ratio.

The addition of deuterium chloride to nortricyclene 
most certainly forms a protonated nortricyclonium ion 
as the initial intermediate26'27 (Scheme II). This ion 
must rapidly and irreversibly leak to a classical or non- 
classical norbornyl cation as no deuterium was found at 
positions C -l or C-2 in the product mixture.17 In the 
additions reported in this work, the product from cap­
ture of the cationic center at C-6 may best be accounted 
for by means of a competitive transannular hydride 
shift on the classical or nonclassical ions.

It is necessary to explain the 10-15%  excess capture 
at C -2 over C -l in the addition of hydrogen chloride and 
hydrogen bromide and the 8%  excess in the addition of

( 2 4 )  T .  G .  T r a y l o r ,  A cco u n ts  C h em . R es . ,  2 , 1 5 2  ( 1 9 6 9 ) .
( 2 5 )  G .  K l o p m a n ,  J . A m e r . C h em . S o c .,  9 1 , 8 9  ( 1 9 6 9 ) .
( 2 6 )  C .  C .  L e e  a n d  L .  G r u b e r ,  ib id .,  9 0 , 3 7 7 5  ( 1 9 6 8 ) .
( 2 7 )  H .  F i s c h e r ,  H .  K o l l m a r ,  H .  O .  S m it h ,  a n d  K .  M i l l e r ,  T etrah ed ron  

L e tt .,  5 8 2 1  ( 1 9 6 8 ) .

S c h e m e  I

50%

phenol. In all other additions, the amount of capture 
at these two sites is essentially equal. Xeglecting the 
relatively small amounts of 6,2-hydride shift product 
observed (capture at C-6), several explanations may be 
offered. (1) Ion 16 is the initially formed intermedi­
ate and either (a) 85-90%  leaks irreversibly to 18 while 
the remainder undergoes capture by X  before rearrange­
ment, or (b) the excess attack at C-2 represents capture 
of 16 before it reaches equilibrium with 17, i.e., capture 
of the rapidly equilibrating classical ions in an unsym- 
metrical state (see Scheme I). (2) The reaction pro­
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ceeds by approximately 10-15%  molecular (concerted 
or nearly concerted) addition of H X  to 1 and about
85-90%  through either (a) ion 18 in which capture oc­
curs equally at C -l and C -2 by X , or through (b) ion 16 
which realizes complete equilibrium with 17 before cap­
ture by X .

Epoxidation, hydrogenation, and hydroboration, 
known concerted or molecular additions, add exo-cis to 
norbornene but add predominately endo-cis to 7,7- 
dimethylnorbornene.28 The presence of 7,7-dimethyl 
substituents on norbornene, while successfully blocking 
the exo side to known molecular additions, has little or 
no effect upon blocking the additions of deuterium 
chloride and other ionic reagents from the exo side. 
It has been argued that electrophilic additions of pro­
tonic acids to 1 probably do not involve molecular addi­
tion. In light of this, explanations 2a and 2b are not 
likely.

On the basis of the results reported herein, it is not 
possible to distinguish between explanation la  or lb. 
Either pathway would successfully account for the rela­
tive proportions of attack at C -l and C-2 by X . It 
would appear that only when X  is chloride, bromide, or 
phenoxide is the rate of capture competitive with the 
rearrangement of 16 to 17 or leakage of 16 to 18. It is 
important to point out that the results reported in 
Table I are not consistent with 18 as the sole product 
forming intermediate. Protonation must occur initially 
to give 16, for if direct protonation to form 18 occurred, 
then an equal amount of product due to capture at C -l  
and C-2 should always be observed.

Experimental Section29
2,3-Dideuterio-2,3-dibromonorbomene (11).—Hydrogenation 

of 83.2 g (0.328 mol) of 1014 in ethyl acetate over platinum oxide 
under 50 psi of hydrogen yielded, after distillation, 76.8 g (91%) 
of clear liquid, bp 55-90° (0.5-0.05 mm) [lit. 30 undeuterated, bp
59.5-70° (0.8 mm)].

Debromination of 11.15 Preparation of 1.—To 270 ml of an­
hydrous diethyl ether, 7.25 g (0.299 g-atom) of magnesium turn­
ings, and a small crystal of iodine was added with stirring 50.0 g 
(0.197 mol] of 11 in 55 ml of anhydrous diethyl ether at such a 
rate so as to maintain a gentle reflux. Once all the solution had 
been added, the pot and contents were heated at the reflux tem­
perature for an additional 2 hr. The reaction mixture was 
poured onto ice and extracted with ether. The ethereal extracts 
from this run, a second run using the same quantities, and a third 
run using one-half the quantities cited above were combined and 
dried. The ether was removed by distillation, and the residual 
liquid was distilled through a 30-cm zigzag column to afford 30.09 
g (64%) of 1, bp 93.5-94° (lit. 31 undeuterated bp 96°), which 
solidified in the receiver.

Vpc analysis with a 15% SE-30 on Chromosorb W (20 ft by 
V s  in.) column operated at 70° showed only norbornene was 
present. The signal at 5 5.92 (vinyl hydrogen) was absent in the 
nmr spectrum (CCh) of 1. Mass spectral analysis showed the 
sample to be composed of 95% d i , 2%, d ¡, and 3% do isomers.

Addition of Hydrogen Chloride to 1. Methylene Chloride 
Solvent.—To 4 ml of methylene chloride in the reaction flask of 
an automatic hydrochlorinator, 32 cooled to —78°, wras added 
0.486 g (0.005 mol) of 1  in 8  ml of methylene chloride. The re­

(2 8 )  H .  C .  B r o w n  a n d  J .  H .  K a w a k a m i ,  J . A m er . C h em . S o c .,  9 2 ,  2 0 1  
( 1 9 7 0 ) .

(2 9 )  X m r  s p e c t r a  w e r e  r e c o r d e d  w i t h  a  V a r í a n  A - 6 0  s p e c t r o m e t e r  (s e e  
T a b l e  I  f o o t n o t e ) .  V p c  a n a l y s e s  w e r e  p e r f o r m e d  w i t h  t h e  a p p r o p r i a t e  
c o l u m n  o n  a  V a r í a n  A s s o c i a t e s  M o d e l  1 5 2 0 - C  o r  M o d e l  2 0 0  g a s  c h r o m a t o ­
g r a p h .  M a s s  s p e c t r a  w e r e  o b t a i n e d  w i t h  a  H i t a c h i  R M U - 6  m a s s  s p e c ­
t r o m e t e r .

(3 0 )  N .  A .  L e B e l ,  ib id .,  8 2 ,  6 2 3  ( 1 9 6 0 ) .
(3 1 )  L . F .  F ie s e r  a n d  M .  F ie s e r ,  “ R e a g e n t s  f o r  O r g a n i c  S y n t h e s i s , ”  W i l e y ,  

N e w  Y o r k ,  N .  Y . ,  1 9 6 7 , p  7 5 7 .
(3 2 )  H .  C .  B r o w n  a n d  M .  H .  R e i ,  J .  O rg . C h em .,  3 1 ,  1 0 9 0  ( 1 9 6 6 ) .

action mixture was stirred vigorously under the atmosphere of 
anhydrous hydrogen chloride for 5 min. The stirring was then 
stopped and the reaction mixture poured immediately onto 
enough 7-10% scdium bicarbonate solution to neutralize all of 
the acid present and render the mixture weakly basic. The 
product was extracted with additional methylene chloride solu­
tion and the extracts were dried. Evaporation of the methylene 
chloride afforded 0.443 g (6 8 % ) of aro-norbornyl chloride.

Vpc analysis on a 5% Zonyl E-7 (40 ft by 1/ t  in.) column at 95° 
and a helium flow of 85 ml/min showed only exo-norbornyl chlo­
ride was present. This column was shown to separate exo- and 
endo-norbornyl chloride in an earlier experiment under similar 
conditions. From the nmr spectrum (C6H6) the amounts of 
exo-cis addition, Wagner-Meerwein rearrangement, and 6,2- 
hydride shift were determined. The relative integrals at 5 3.64 
(C-2 Id), 2.25 (C-l H), 2.06 (C-4 H), and 0.99-1.87 ppm (re­
mainder of H) were measured. Mass spectral analysis show'ed 
the material to be greater than 95% d i  isomer.

Pentane Solvent. 33—Dry hydrogen chloride gas was passed 
over a period of 1 hr through a solution of 0.908 g (0.0095 mol) of 
1  in 10 ml of dry pentane cooled to —78°. The mixture was 
then allowed to warm to room temperature and stand overnight. 
Distillation afforded 0.858 g (69%) of exo-norbornyl chloride, bp 
54-56° (18 mm) [lit. 34 undeuterated bp 75° (41 mm)]. The 
product was shown to be homogeneous by vpc analysis on the 
Zonyl E-7 column. Mass spectral analysis showed the material 
to be greater than 95% d2 isomer. From the nmr spectrum 
(C6Il6) the product ratios were determined (Table I).

Diethyl Ether Solvent.—The addition of hydrogen chloride to 
1  was carried out by passing dry' hydrogen chloride over a solu­
tion of 0.508 g (0.0052 mol) of 1 in 25 ml of dry diethyl ether for 
a period of 3 hr at room temperature. Removal of the solvent 
and excess reactants under reduced pressure and distillation of 
the residue afforded a small amount of clear liquid, bp 74-78° 
(40 mm) [lit.34 undeuterated bp 75° (41 mm)]. The nmr spec­
trum (CeH6) of the material was recorded and the product dis­
tribution was determined (Table I). Mass spectral analysis 
showed the material to be greater than 95% d2 isomer.

Addition of Hydrogen Bromide to 1.—To a flask attached to a 
reservoir containing anhydrous hydrogen bromide was added 5 
ml of methylene chloride. The mixture was cooled at —45° 
(chlorobenzene slush bath) with stirring. To the cooled solution 
was added 0.552 g (0.0575 mol) of 1 in 3 ml of methylene chloride. 
The reaction was allowed to proceed for 5 min; then the stirring 
was stopped and the contents of the reaction flask were poured 
onto 75 ml of 10% sodium bicarbonate solution. The product 
was extracted with additional methylene chloride and dried. 
Evaporation of the methylene chloride left a clear liquid which 
was shown by vpc to be pure exo-norbornyl bromide. From the 
relative integral values of the nmr spectrum (C6H6) at 5 3.70 
(C-2 H), 2.33 (C-l H), and 0.54-2.25 ppm (remainder of H), the 
product ratio was determined (Table I). A sample of the product 
was placed back under the reaction conditions for an additional 
75 min and then recovered and analyzed by nmr. No significant 
change in the spectrum or relative integral values was observed. 
Vpc analysis on the Zonyl E-7 column at 95° and a helium flow 
of 85 ml/min showed only exo product.

Addition of 48% Hydrobromic Acid to l .19—To 3.3 g (0.0196 
mol) of 48% hydrobromic acid was added 1 . 2 2  g (0.0127 mol) of 
1 , and the mixture was heated to 60° for 3 hr. The mixture was 
then cooled and the organic portion was separated. The aqueous 
layer was extracted with three portions of ether and the organic 
portions were combined. The organic phase was washed with 
wrater until neutral to litmus and was then dried. Distillation 
afforded 0.574 g (27%) of material, bp 68-70° (15 mm) [lit. 35 un­
deuterated bp 80° (28 mm)]. Vpc analysis with the Zonyl E-7 
column show’ed only exo isomer was present. From the nmr spec­
trum (C6H6) of the sample the product ratio was determined 
(Table I).

Addition of Hydrogen Fluoride to 1.—To a polyethylene con­
tainer cooled to —78° was added 1 0  ml of methylene chloride, 
and 1 ml of liquid hydrogen fluoride was condensed into it. A 
solution of 0.940 g (0.01 mol) of 1 in 5 ml of methylene chloride 
-was added. The reaction mixture was stirred vigorously for 5 
min at —78°, then quenched with enough 7-10% sodium bicar­
bonate solution to neutralize the excess acid present. The or-

(3 3 )  F .  M .  S o n n e n b e r g ,  P h . D .  T h e s i s ,  U n i v e r s i t y  o f  I o w a ,  1 9 6 6 , p  8 6 .
( 3 4 )  J .  D .  R o b e r t s  a n d  W .  B e n n e t t ,  J . A m e r .  C h em . S o c .,  7 6 , 4 6 2 3  ( 1 9 5 4 ) .
( 3 5 )  M .  J .  S .  D e w a r  a n d  R .  C .  F a h e y ,  ib id .,  8 5 , 2 2 4 5  ( 1 9 6 3 ) .



ganic portion was collected and dried. Evaporation of the sol­
vent and sublimation of the residue afforded 0.171 g (15%) of 
exo-norbornyl fluoride. Norbornene telomers (0.291 g) were 
also isolated. The exo-norbornyl fluoride obtained was further 
purified by preparative vpc on the 15% SE-30 column at 70° with 
a helium flow rate of 85 ml/min. The nmr spectrum of the 
purified material was virtually identical with that of an authentic 
sample of exo-norbornyl fluoride.20 The product ratio was deter­
mined from the nmr spectrum (CDCb) (Table I). The relative 
integrals at S 4.55 (C-2 H, / hf  = 56.5 Hz), 2.05-2.62 (C-l and 
C-4 H), and 0.67-2.05 (remainder of H) were measured. Mass 
spectral analysis showed the material to be greater than 95% d ,  
isomer.

Addition of Formic Acid to 1. Boron Trifluoride Catalyzed 
Addition.—To a solution of 2 ml (0.054 mol) of formic acid, 1 ml 
of boron trifluoride etherate, and 50 ml of methylene chloride at 
— 22° (tetrachloroethylene slush bath) was added 0.832 g 
(0.0087 mol) of 1 in 4 ml of methylene chloride. The reaction 
mixture was stirred at —2 2 ° for 60 min and then poured onto 
enough 7-10% sodium bicarbonate solution to neutralize all of 
the acid present. The organic portion was collected and dried; 
the solvent was removed to yield 0.818 g (6 6 %) of clear liquid. 
Vpc analysis with a 20% SE-30 (5 ft by l / t in.) column at 125° 
and a helium flow of 70 ml/min showed the product to be exo- 
norbornyl formate. A sample of a mixture of exo- and endo- 
norbornyl formates could be separated on this column under 
these conditions. The nmr spectrum (CDCU) of the formate 
product was recorded and the amounts of exo-cis addition, Wag- 
ner-Meerwein rearrangement, and 6,2-hydride shift were deter­
mined (Table I). The relative integrals at 5 7.96 (HCO2), 3.70 
(C-2 H), 2.14-2.47 (C-l and C-4 H), and 0.83-2.00 (remainder of 
H) were measured.

Uncatalyzed Addition.—To 4.12 g (0.089 mol) of formic acid at 
ambient temperature was added 0.681 g (0.007 mol) of 1. The 
reaction mixture was stirred for 48 hr and then poured onto dilute 
sodium bicarbonate solution. Work-up in the usual manner, 
followed by distillation, afforded 0.50 g (50%), bp 74-75° (20 
mm) [lit. 36 undeuterated bp 79-80° (25 mm)], of exo-norbornyl 
formate. The nmr spectrum (CDCI3) of the product was re­
corded and the product distribution was determined (Table I). 
Vpc analysis as described above showed only exo-formate was 
present.

endo,endo-2,3-Dideuterio-exo-2-norbomanol ( 1 2 ).—The hydro- 
boration of 1 was carried out exactly as described37 with 1.995 g 
(0.021 mol) of 1. After work-up and sublimation, 1.97 g (84%) 
of 1 2  was obtained. The nmr spectrum (CDCI3) was similar to 
that of exo-norbornanol, except the resonance at 8 3.75 ppm (hy­
drogen attached to carbon bearing the alcohol group) was nearly 
absent in the spectrum of 1 2 . The integral ratio of the spectrum 
of 1 2  was consistent with the presence of two atoms of deuterium 
per molecule.

e?ido,endo-2,3-Dideuterio-exo-2-norbomyl Formate (13).—A
mixture of 0.45 g (0.004 mol) of 12 and 3 ml of formic acid 
was stirred for 10 hr at room temperature. The reaction 
mixture was quenched with dilute sodium bicarbonate solution

(3 6 )  J .  D .  R o b e r t s ,  C .  C .  L e e ,  a n d  W .  H .  S a u n d e r s ,  J r . ,  J . A m e r .  C h em . 
S o c .,  7 6 ,  4 5 0 1  ( 1 9 5 4 ) .

( 3 7 )  G .  Z w e i f e l  a n d  H .  C .  B r o w n ,  ib id .,  8 3 ,  2 5 4 4  ( 1 9 6 1 ) .
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and then the product was isolated in the usual manner. Flash 
distillation afforded 0.355 g (60%) of material, bp >100° (20 
mm). The nmr spectrum of the product was identical with that 
of exo-norbornyl formate, except the signal at 5 4.70 ppm (hydro­
gen attached to the carbon bearing the formate group) was ab­
sent. The integral ratio was consistent with two atoms of deu­
terium per molecule.

A sample of this material was placed under the reaction condi­
tions described for the boron trifluoride etherate catalyzed addi­
tion of formic acid to 1  for a period of 62 min. The material was 
recovered and its nmr spectrum (CDC13) was essentially identical 
with that of 13, with no signal at 8 4.70 ppm.

Addition of Phenol to 1.—To 1.210 g (0.0126 mol) of 1, 1.246 g 
(0.0132 mol) of phenol, and 25 ml of methylene chloride, cooled 
to —22°, was added 0.25 ml of boron trifluoride etherate. After 
4 hr the mixture was quenched with 10% sodium hydroxide solu­
tion. The aqueous portion was extracted several times with 
methylene chloride and the extract was dried. Evaporation of 
the methylene chloride and distillation of the residual liquid af­
forded 0.891 g (41%) of material, bp 78-80° (0.3 mm). Vpc 
analysis on the 15% SE-30 column showed only one component. 
The nmr spectrum (CDCI3) of the product was consistent with 
that expected for exo-norbornyl phenoxide. The relative integ­
rals at 8 6.61-7.50 (OC6H6), 4.10 (C-2 H), 2.10-2.99 (C-l and C-4 
H), and 0.83-2.00 ppm (remainder of H) were measured and the 
product ratio was determined (Table I).

A n a l . Calcd for Ci3Hi4D20 : C, 82.06; H and D, 9.53. 
Found: C, 82.07; H and D, 9.60.

Addition of Methanol to 1.—To a mixture of 20 ml of methanol 
and 1.18 ml of sulfuric acid at the reflux temperature was added 
1.445 g (0.015 mol) of 1 in 3.6 ml of methanol. The mixture was 
heated at the reflux temperature for 21.5 hr and then poured onto 
enough sodium bicarbonate solution to neutralize the acid present. 
The product was extracted with ether, and distillation of the 
dried ether extracts afforded 1.033 g (56%), bp 84° (85 mm) [lit.38 
undeuterated bp 56-62° (30 mm)], of exo-norbornyl methoxide. 
Vpc analysis on a 20% SE-30 (5 ft by 1/ i in.) on Chromosorb W 
column at 125° with a helium flow rate of 60 ml/min showed only 
exo isomer was present. The exo and endo isomers could be 
separated by this column under these conditions. From the nmr 
spectrum (CDCI3) the product ratio was determined (Table I) by 
measurement of the relative integrals at 5 3.17 (C-2 H and OCH3), 
2.00-2.30 (C-l and C-4 H), and 0.75-1.80 ppm (remainder of 
H).

Registry N o .— 1,13317-75-4; 15,26854-01-3; hydro­
gen chloride, 7647-01-0; hydrogen bromide, 10035-10-6; 
hydrogen fluoride, 7664-39-3; formic acid, 64-18-6; 
phenol, 108-95-2; methanol, 67-56-1.
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The stereochemistry of the products from the methoxide ion and the triethylamine-catalvzed addition of meth­
anol to hexafluoro-2-butyne and to trifluoromethylacetylene have been determined. In all cases the addition is 
predominantly trans and is consistent with previously proposed mechanisms for nucleophilic additions to acti­
vated triple bonds. A small amount of irans-1,1,1,2,4,4,4-heptafluoro-2-butene was formed in the triethylamine- 
catalvzed addition to hexafluoro-2-butyne and a small amount of the geminal addition product of methanol to 
trifluoromethylacetylene was formed in the methoxide-catalyzed addition.

That the stereochemistry of nucleophilic additions to 
activated triple bonds is related to the nature of the ac­
tivating groups is illustrated by the fact that the terti­
ary amine catalyzed addition of methanol to ethyl pro- 
piolate is 68%  cis addition, whereas the similar addition 
of methanol to dimethyl acetylenedicarboxylate is 90%  
trans addition.2 Although the stereochemistry of nu­
cleophilic additions to various activated triple bonds has 
been reported,3-14 little attention has been directed to 
the stereochemical course of additions to trifluoromethyl 
activated triple bonds.15-21 The stereochemistry of 
these additions is of particular interest since in contrast 
to carbonyl, carboxylate, and cyanide activated triple 
bonds, the activation here should be largely inductive in 
nature. The sodium alkoxide catalyzed addition of al­
cohols to trifluoromethylacetylene and to hexafluoro-2-  
butyne has been studied,15,16 but there are no reports on 
the stereochemistry of the products.

We have found that the sodium methoxide catalyzed

CHjOH +  B — >  CH ,0" +  BH +
CHsO - +  R .O eCR.— >-

Ri Ri H
\  B H -  \  /c=c- —>- C=C
/  \  /  \

CHsO Rs CH30  R2
I, II

I, It, = H; R2 = CF3 
II, R, =  CF3; R2 = CF3

( 1 )  A u t h o r  t o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  d i r e c t e d .
(2 )  E .  W i n t e r f e l d t  a n d  H .  P r e u s s ,  C h em . B e r . ,  99, 4 5 0  ( 1 9 6 6 ) .
( 3 )  S .  I .  M i l l e r  a n d  C .  S h k a p e n k o ,  J . A m e r . C h em . S o c .,  7 7 , 5 0 3 8  ( 1 9 5 5 ) .
(4 )  W .  E .  T r u c e  a n d  J .  A .  S im m s ,  ib id .,  7 8 , 2 7 5 6  ( 1 9 5 6 ) .
(5 )  S .  I. M i l l e r ,  ib id .,  7 8 , 6 0 9 1  ( 1 9 5 6 ) .
(6 )  W .  E .  T r u c e ,  D .  L .  G o l d h a m e r ,  a n d  R .  B .  K r u s e ,  ib id .,  8 1 , 4 9 3 1  ( 1 9 5 9 ) .
(7 )  J. E .  D o l f i n i ,  J . O rg. C h em .,  3 0 , 1 2 9 8  ( 1 9 6 5 ) .
(8 )  \Y. E .  T r u c e  a n d  D .  G .  B r a d y ,  ib id .,  3 1 , 3 5 4 3  ( 1 9 6 6 ) .
(9 )  E .  W i n t e r f e l d t ,  A n g eic . C h e m .,I n t .  E d . E n g l.,  6 , 4 2 3  ( 1 9 6 7 ) .
(1 0 )  M .  N . G u d i ,  J .  G .  H i r i y a k k a n a v a r ,  a n d  M .  V .  G e o r g e ,  In d ia n  J .  

C h em ., 7 ,  9 7 1  ( 1 9 6 9 ) .
(1 1 )  G .  B a r b ié r i ,  B o ll. S c i .  F a c . C h im . I n d .  B o lo g n a ,  2 6 , 1 9 9  ( 1 9 6 8 ) ;  

C h em . A b str .,  7 0 , 1 1 0 5 3 r  ( 1 9 6 9 ) .
(1 2 )  E .  N. P r i l e z h a e v a ,  Y .  X .  P e t r o v ,  a n d  A .  X .  K h u d y a k o v a ,  Izv . A k a d .  

X a u k  S S S B . S er . K h im ,  5 , 1 0 9 7  ( 1 9 6 8 ) ;  C h em . A b str .,  6 9 , 7 6 5 5 6 f  ( 1 9 6 8 ) .
( 1 3 )  I .  I .  K a n d r o r ,  R .  G .  P e t r o v a ,  a n d  R .  K h .  F r e i d l i n a ,  I z v . A k a d . X a u k  

S S S B , S er . K h im ..  6 , 1 3 7 3  ( 1 9 6 8 ) ;  C h em . A b str .,  69 , 1 0 6 1 0 1 y  ( 1 9 6 8 ) .
(1 4 )  S  I .  M i l l e r  a n d  R .  T a n a k a  i n  “ S e l e c t i v e  O r g a n i c  T r a n s f o r m a t i o n s , ”  

V o l .  I I ,  B .  S .  T h y a g a r a j a n ,  E d . ,  W i l e y - I n t e r s c i e n c e ,  N e w  Y o r k ,  X .  Y . ,  
1 9 7 0 .

(1 5 )  R .  X .  H a s z e l d i n e ,  J . C h em . S o c .,  3 4 8 2  ( 1 9 5 2 ) .
(1 6 )  D .  W .  C h a n e y ,  U . S .  P a t e n t  2 ,5 2 2 ,5 6 6  ( 1 9 5 0 ) ;  C h em . A b str .,  4 5 , 

2 0 1 5 e  ( 1 9 5 1 ) .
(1 7 )  J F r e e a r  a n d  A .  E .  T i p p i n g ,  J .  C h em . S o c . C , 1 8 4 8  ( 1 9 6 9 ) .
(1 8 )  V .  R .  C u l le n  a n d  D .  S .  D a w s o n ,  C a n . J .  C h em ., 4 5 , 2 8 8 7  ( 1 9 6 7 ) .
(1 9 )  E. L . S t o g r y n  a n d  S .  J .  B r o is ,  J . A m er . C h em . S o c .,  89, 6 0 5  ( 1 9 6 7 ) .
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5 , 1 9 1 4  ( 1 9 6 9 ) ;  C h em . A b str ..  7 2 , 5 4 6 2 2 j  ( 1 9 7 0 ) .
(2 1 )  A .  I .  B o r i s o v a ,  A .  K h .  F i l i p p o v a ,  V .  K .  V o r o n o v ,  a n d  M .  F .  S h o s t a -  

k o v s k i i ,  Izv . A k a d . X a u k  S S S R , S er . K h im .,  11 , 2 4 9 8  ( 1 9 6 9 ) ;  C h em . A b str ., 
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addition of methanol to trifluoromethylacetylene (Ri =  
H ; R2 =  -C F 3) and both the sodium methoxide and the 
triethylamine catalyzed additions of methanol to hexa- 
fluoro-2-butyne (Ri =  R2 =  -C F 3) are predominantly 
trans additions (> 9 7 % ) yielding I and II, respectively. 
Triethylamine failed to catalyze the addition of metha­
nol to trifluoromethylacetylene, even at elevated tem­
perature, and no detectable addition to either hexa- 
fluoro-2-butyne or trifluoromethylacetylene took place 
in the absence of catalyst. The cis isomer (III) was not 
isomerized under the reaction conditions, indicating 
that the trans isomer obtained in the reaction is the 
kinetic product.

H CF3
\ /  c

c
/  \

o c h 3 c f 3
III

The stereochemistry of the reaction can be accounted 
for by assuming that it goes in accord with the mecha­
nism proposed by Truce4 and Miller5 to account for the 
invariably trans addition which is observed in nucleo­
philic additions of thiols to acetylenes. Truce proposed 
that the approach of the negatively charged anion to the 
triple bond pushes an electron pair to the opposite side 
of the reaction intermediate where it is protonated (pre­
sumably by either protonated base molecules or by 
molecules of the addend), accounting for the observed 
trans addition.

The reaction products were analyzed by gas-liquid 
chromatography. In addition to the trans isomer, 
small amounts of the cis isomer III and of the HF addi­
tion product IV were isolated from the triethylamine- 
catalyzed addition of methanol to hexafluoro-2-butyne. 
Cullen and Dawson15 also obtained IV from the reaction 
of hexafluoro-2-butyne, trimethylamine, and water in 
27%  yield. These authors proposed the reactions 
shown in Scheme I as one possible mechanism. Only 
the cis and trans isomers, II and III, were formed 
when sodium methoxide rather than triethylamine was 
the catalyst.

The /rans-l-methoxy-3,3,3-trifluoropropene (the re­
sult of cis addition) (V ) and the {/em-trifluoromethyl-

H OCH,
\  /

C

C
/  \  

c f 3 h
V

H H
\ /  c

c
/  \

c f 3 o c h 3 
VI
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S c h e m e  I

R3N: +  CF3C=CCF 3

r  c f 3 c f 3

\ \
C = C - —CF3 - >

/ /
r 3n + r 3n +

/
C = C = C  F -

\
F

F -  +  

H

CF3 F
\  /c=c=c
/  \

r 3n + f

F - +  CF3C=CCF 3

c f 3 c f 3
\  H +  \  /c=c- —► c=c
/  \  /  \

F CF3 F CF3

IV

T a b l e  I
Nmr D a t a  f o r  C o m p o u n d s  I, II, III, V, a n d  VI

J,
C o m p d G r o u p Shift, 5 H z

i c h 3o 3.70 (s)

o
K

?
V o II 4.58 (m), a quartet 

of doublets
8 . 2

7

II o A W
O o a

6 . 2 1  (d) 7

i i c h 3o 3.90 (s)

II o A a 5.66 (q) 8

h i c h 3o 3.66 (s)

II o A a 5.04 (q) 8

V c h 3o 3.56 (s)

o
a
^ V o II 4.88 (m), a quartet 

of doublets
6.3

13
- c < H- c < o c h 3

6.03 (m), a quartet 
of doublets

2

13

VI c h 3o 3.58 (s)

II a A a 4.28 (m), a quartet 1 . 8

II o A a

of doublets 3.5
4.72 (d) 3.5

J.
G r o u p S h i f t ,  p p m H z

o a V o II +58.0 (d) 8 . 2

H > ° = +57.8 (d) 8

n ^OCH 3

^ 0 < c f 3
+71.0 (s)

H > 0 - +  54.5 (m), a quartet 1 1

of doublets 8

_ C < C F 3
^ o c h 3 +68.9 (q) 1 1

c hr V o II + 60 .4  (m), a doublet 6.3
of doublets 2 . 0

o a V o II +73.5  (d) 1 . 8

methoxyethene (VI) were formed in small amounts (1.8 
and 1.5% , respectively) in the sodium methoxide cata­
lyzed addition to trifluoromethylacetylene. Assign­
ments of stereochemistry and of structure are based pri­
marily on nmr spectroscopy. The stereochemical as­
signments are based on ones made by Cullen and Daw­
son18 for the analogous compound V II. The nmr data 
are summarized in Table I.

CFS
\
/

H

/
C =C

\

c f 3

o
\
/

c f 3

c=c/

\

c f 3

H
VII

Experimental Section
All reactions were carried out by use of a vacuum line. The 

hexafluaro-2-butyne was obtained from Peninsular ChemResearch, 
Inc., Gainesville, Fla.

The proton nmr spectra were determined on a Varian HA-100 
spectrometer, using tetramethylsilane as an internal standard. 
The fluorine nmr spectra were determined on a Varian HA-100- 
MHz spectrometer, using CFCb as an internal standard. All

positive values given for F 19 nmr are upheld from CFCh. A 
Beckman IR5A was used to obtain infrared spectra. All infrared 
bands are given in reciprocal centimeters (cm-1). Gas chro­
matographic analysis was carried out using a Varian-Aerograph 
Model 90-P equipped with a 12-ft copper column (0.25 in.) packed 
with 10% QF-1 on 60-70 Chromosorb W. Mass spectra were 
obtained from a RMU-6 E Hitachi mass spectrometer.

Hexafluoro-2 -butyne, Methanol, and Triethylamine.—Hexa- 
fluoro-2-butyne (1.62 g, 10 mmol) and 10 mmol (0.32 g) of abso­
lute methanol were condensed into a 500-ml reaction vessel and 
allowed to come to room temperature. After 2 days, infrared 
showed no reaction had occurred. Triethylamine (0.101 g, 1 
mmol) was then condensed into the vessel. After 24 hr, a strong 
absorption at 1695 cm- 1  was found. A crude separation was 
accomplished by passing the volatile components through a —78° 
(acetone-Dry Ice) slush bath and a —196° (liquid nitrogen) bath. 
No unreacted butyne was found in either trap. Three compo­
nents were isolated by gas chromatography of the material which 
condensed in the —78° trap.

The first peak was identified as tra n s -1 , 1,1,2,4,4,4-heptafluoro- 
2-butene (IV): ir (vapor) 1722 (C =C ), 1404 (CF), 1309 (CF)
1272 (CF), 1220 (CF), 1192 (CF), 862 (C = C < H ), 735 (CF); 
mass spectrum (70 eV) m /e  (relative intensity) 182 (11), 163 (34), 
113 (100), 69 (25). This agreed closely with the data obtained 
by Cullen and Dawson. 18 The second peak was identified as 
trcms-1,1,1,4,4,4-hexafluoro-2-methoxv-2-butene (II): ir (vapor) 
2940 (CH), 1695 (C =C ), 1469 (CH,‘ ), 1399 (CH3), 1300 (CF),
1272 (CF), 1212 (CF), 1170 (CF), 1100 (CO), 8 6 6  (C = C < H );



mass spectrum (70 eV) m /e  (relative intensity) 194 (48), 175 (20), 
110 (19;, 91 (100), 69 (33). A n a l . Calcd for C5H4F60 : C, 
30.94; H, 2.08. Found: C, 30.62; H, 2.07. The third peak 
was identified as cis-l.l,l,4,4,4-hexafluoro-2-methoxy-2-butene 
(III): ir (vapor) 1680 (C =C ), 1466 (CH„), 1400 (CH3), 1320
(CF), 1269 (CF), 1181 (CF), 1125 (CO), 914 (C = C < H); mass 
spectrum (70 eV) m/e (rel intensity) 194 (48), 175 (14), 110 (19), 
91 (100), 69 (36).

Hexafluoro-2-butyne, Methanol, and Sodium Methoxide.—
Hexafluoro-2-butyne (1.30 g, 8  mmol) and 8  mmol (0.256 g) of 
absolute methanol were condensed into a 500-ml reaction vessel 
containing ca . 0.8 mmol (42.9 mg) of sodium methoxide and the 
resulting solution was allowed to stand (room temperature) for 1 0  
hr. The infrared showed a strong absorption at 1695 cm- 1  and 
showed that no butyne was present. The procedure described 
above was used to isolate the components from the reaction mix­
ture. Two major peaks accounting for 98.6% of the material 
present were collected by glc and identified as t r a m - 1 ,1 , 1 ,4 ,4 ,4 - 
hexafhioro-2-methoxy-2-butene (II), 97.8%, and cis-1,1,1,4,4,4- 
hexafluoro-2-methoxy-2-butene (III), 2 .2 %. No peak corre­
sponding to irares-l,l,l,2,4,4,4-heptafluoro-2-butene (IV) ap­
peared.

Attempted Isomerization of c i s - l ,  1 ,1 ,4,4,4,Hexafluoro-2-meth- 
oxy-2-butene (III) with Triethylamine.—cis-l,1,1,4,4,4-Hexa- 
fluoro-2-methoxy-2-butene (0.0305 g, 0.157 mmol) was sealed in 
an nmr tube with 0.015 mmol (0.0015 g) of triethylamine and 
0.75 mmol of tetramethylsilane. The nmr taken immediately 
after the sample tube had reached room temperature and the nmr 
taken after 3 days at room temperature were identical with the 
spectrum of the cis-vinyl ether (III). Then 0.015 mmol (4.8 X 
1 0 ~ 4 g) of absolute methanol was condensed into the nmr tube 
containing the cis compound and the triethylamine. After 3 
days, the nmr spectrum showed only the cis compound III pres­
ent.

Trifluoromethylacetylene, Methanol, and Triethylamine.—
Trifluoromethylacetylene (0.376 g, 4 mmol) and 4 mmol (0.128 
g) of absolute methanol were condensed into a 500-ml reaction 
vessel and allowed to come to room temperature. After 20 hr, 
infrared analysis showed no reaction. Triethylamine (0.04 g, 
0.4 mmol) was then condensed into the reaction vessel. After 7 
hr, no reaction could be detected, so another 0.4 mmol (0.04 g) of 
triethylamine was added. After 39 hr, the reaction mixture had 
turned brown, but no carbon-carbon double bond could be found 
in the ir. Unreacted CF3C =C H  (0.229 g, 2.44 mmol) was re­
covered from the reaction.

Trifluoromethylacetylene, Methanol, and Sodium Methox­
ide.—Trifluoromethylacetylene (0.780 g, 8.3 mmol) and 8  mmol

Fluorine-Containing Heterocyclic N itramines

(0.256 g) of absolute methanol were condensed into a 1-1. reaction 
vessel with 1.6 mmol (0.0534 g) of sodium methoxide and allowed 
to come to room temperature. After 3 hr, an absorbance at 1690 
cm“ 1 was observed in the ir. After 45 hr of reaction, the mixture 
was separated v ia  slush baths. The material from a —98° trap 
[CH3OH, N2(liquid)] was separated via. glc. Separation was 
carried out at room temperature. The material isolated from the 
liquid N2 trap was unreacted CF3C =CH  (44.5%). Three major 
peaks were collected by glc of the contents of the —98° trap. 
The first peak collected was identified as grem-trifluoromethyl-
methoxyethene (VI): ir (vapor) 2941 (CH3), 1667 (C =C<^j), 
1399 (C = C < ^ ), 1370 (CHS), 1277 (CO), 1205 (CF), 1177 (CF), 
1156 (CF), 843 (C = C < ^ ); mass spectrum (70 eV) m /e  (rel
intensity) 126 (100), 107 (8.5), 95 (20), 91 (17), 76 (14), 69 (35), 
57 (33), 43 (31), 42 (32). The second peak corresponded to 
tr a n s -l-met.hoxy-3,3,3-trifluoropropene (V): ir (vapor) 2933
(CH3), 1672 (H> C = C < H), 1454 (CH3), 1351 (H> C = C < H),
1242 (CF), 1178 (CF), 1123 (CF), 953 (H> C = C < H ); mass
spectrum (70 eV) m /e  (rel intensity) 126 (100), 1 1 1  (6 ), 107 (19), 
95 (42), 91 (33), 77 (34), 76 (18), 69 (38), 57 (18), 37.5 (0.5), 31 
(92). The third peak corresponded to cis-l-methoxy-3,3,3-tri-
fluoropropene (I): ir (vapor) 2933 (CH3), 1692 (^ > C = C < ^ ), 
1464 (CH3), 1280 (CF), 1203 (CF), 1148 (CF), 718(„> C = C < TT);
mass spectrum (70 eV) m /e  (rel intensity) 126 (100), 111 (9), 107 
(39), 95 (44), 91 (54), 77 (47), 76 (26), 69 (51), 59 (25), 51 (15),
37.5 (0.5), 31 (57). A n a l. Calcd for C4H5F30 : C, 38.11; H,
4.00. Found: C, 38.38; H,4.40.
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The Synthesis of Fluorine-Containing Heterocyclic Nitramines1

John  A. Y oung ,* Josef J. Schmidt-C olleru s , and John A. K rim m el2 
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R eceived  J u n e  25 , 1 9 7 0

Trifluoroacetaldehyde reacted readily with ammonia to give 2,4,6-tris(trJluoromethyl)hexahydro-s-triazine 
(Id), which on nitrosation gave the 1,3,5-trinitroso derivative le. 2,4,6-Trimethyl-l,3,5-trinitrosohexahydro-s- 
triazine (If) could not be converted to the trinitro compound; the fluorine-containing trinitroso compound 
underwent this conversion successfully, although a displacement rather than an oxidation reaction was indi­
cated. 2,2-Diaminohexafluoropropane condensed with formaldehyde and methylenedinitramine to give a 
mixture of 2,2-bis(trifluoromethyl)-5-nitrohexahydro-s-triazine (2b) and 2,2-bis(trifluoromethyl)-5,7-dinitro-
1,3,5,7-tetraazacyclooctane (3c). Several A-nitroso and A-nitro derivatives of these two ring systems were 
prepared.

Saturated cyclic polyamines with rings composed of 
alternating carbon and nitrogen atoms, as in Chart I, 
tend to be unstable. Solutions of formaldehyde and 
ammonia contain hexahydro-s-triazine ( la ) , but it can­
not be isolated from solution and probably is in equilib­

(1 )  P r e s e n t e d  in  p a r t  a t  t h e  T h i r d  I n t e r n a t i o n a l  F l u o r i n e  S y m p o s i u m ,  
E s t e s  P a r k ,  C o l o . ,  J u l y  2 4 - 2 8 ,  1 9 6 7 .  T h e  w o r k  w a s  s u p p o r t e d  b y  D e t a c h ­
m e n t  4 ,  E g l i n  F ie l d ,  U .  S .  A i r  F o r c e .

(2 )  R e s e a r c h  a n d  D e v e l o p m e n t  D e p a r t m e n t ,  W h i t t a k e r  C h e m i c a l  C o r p . ,  
S a n  D i e g o ,  C a l i f .

rium with open-chain forms and with ammonia and 
formaldehyde.3,4 Reported derivatives of la  always 
have been stabilized by structural features such as the 
condensed tricyclic system in hexamethylenetetramine, 
the electronegative groups in R D X  (1,3,5-trinitrohexa- 
hydro-s-triazine ( lb ), or the C-substituted alkyl groups 
in 2,4,6-trimethylhexahydro-s-triazine (lc) ; the cyclic

( 3 )  P .  D u d e n  a n d  M .  S c h a r f ,  J u s tu s  L ieb ig s  A n n .  C h em .,  28 8 , 2 1 8  ( 1 8 9 5 ) .
( 4 )  H .  H .  R i c h m o n d ,  G .  S .  M y e r s ,  a n d  G .  F .  W r i g h t ,  J . A m er . Chem . 

S o c .,  7 0 , 3 6 5 9  ( 1 9 4 8 ) .
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Chart I

f

H ^ l ' N i
r M x 'n >,

H R>

H N NX ^ R-
H H

la, R, = R2 = H 2a,R1 = N02;R2 = H;R3 =CH3

b,R1 = N02;R2 =  H b,R1 = H;R2 =CF3;R3 = N02

c,R ,=  H;R2 =CH3 c,R1 =NO;R2 =CF3;R3 =  NO;
d, Ri = H;R2 =  CF3

e, R1 =  NO;R2 =CF3

f ,  R1 = NO;R2 =  CH3

g, R, = NO;R2=H
h, R1 =  N02;R2 =  H

d,R1 = R3 = N02;R2 = CF3

i,R1 = N02;R2 = CF3
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3a, R, = R3= R4=N 0 2;R2 = H
b, Rj = N02; R, = H;R3 =  R4= CH3

c, R, = R3 =  H;R2 =  CF3;R4 =  N02

d, R, = NO; R, = CF3; R3 = H; R4 =  N02

e, R, =  Rj = NO; R3 =  CF3 ; R4 =  N02

f , R, = R4 =  N02; R, = CF3; R3 =  H

structure of 1c, “ aldehyde-ammonia,” has been ques­
tioned in the past but has been firmly established by 
more modern methods such as X-ray5'6 and infrared7 
spectroscopy. A  reaction product of chloral and am­
monia is also believed to be cyclic. The eight-mem- 
bered ring system of Chart I is known only in com­
pounds stabilized by nitration or nitrosation of the 
nitrogen atoms. Two possible routes leading to ana­
logs of R D X  and H M X  [1,3,5,7-tetranitro-l,3,5,7- 
tetraazacyclooctane (3a)] are (1) reaction of an 
aldehyde with an amine to give a cyclic, symmetrically 
substituted poly (secondary) amine, followed by N - 
nitration, and (2) condensation of a nitramine with an 
aldehyde and an amine to give a cyclic polyamine al­
ready partially stabilized by the nitramine function. 
This paper reports the synthesis of new compounds 
based on the hexahydro-s-triazine and 1,3,5,7-tetra- 
azacyclooctane ring systems which are obtained by 
these two routes.

Trifluoroacetaldehyde reacted readily with ammonia 
even at —50°. As is the case with hexafluoroacetone, 
the initial adduct subsequently loses the elements of 
water rather than of ammonia (spontaneously in the 
case of trifluoroacetaldehyde); however, where hexa­
fluoroacetone gives the monomeric imine, (CF3)2C—  
N H ,8 trifluoroacetaldehyde gave the trimer, 2,4,6-tris- 
(trifluoromethyl)hexahydro-s-triazine ( Id ). The com­
pound was a stable, easily subliming solid.

Treatment of Id  with dinitrogen tetroxide gave the

( 5 )  N .  F .  M o e r m a n ,  Z . K r is t . ,  9 8 ,  4 4 7  ( 1 9 3 8 ) .
(6 )  E .  W .  L u n d ,  A c ta  C h em . S ca n d .,  1 2 ,  1 7 6 8  ( 1 9 5 8 ) .
(7 )  A .  N o v a k ,  S p ed ro c h im . A c ta ,  1 6 ,  1 0 0 1  ( 1 9 6 0 ) .
(8 )  W .  J .  M i d d l e t o n  a n d  C .  G .  K r e s p a n ,  J . O rg. C h em .,  3 0 ,  1 3 9 8  ( 1 9 6 5 ) .

trinitroso compound, le , in 58%  yield; the corre­
sponding nonfluorinated compound, I f ,  was obtained 
only in a much lower yield (14%) under somewhat 
milder conditions by nitrosation of commercial “ alde­
hyde-ammonia.” The fluorinated X-nitroso com­
pound was the more stable of the two but did de­
compose at 25° over several days’ time.

Oxidation of the C-unsubstituted trinitroso com­
pound la  to R D X  is well established.4 In contrast, the 
C-methyl compound I f  failed under all conditions to 
give a product which could be characterized as the tri- 
nitramine lh ; however, the tris(trifluoromethyl)nitroso 
compound le  was successfully converted to the trinitra- 
mine l i  in 80%  yield by treatment with a mixture of 
100% nitric acid and trifluoroacetic anhydride. Al­
though this reaction is ostensibly an oxidation, it does 
not seem to be so in fact, as other oxidizing agents were 
without effect, even peroxytrifluoroacetic acid, which is 
a very powerful and specific reagent for the nitrosa- 
mine-nitramine oxidation. In such a highly acid 
medium, a displacement of the nitrosonium ion by the 
nitronium ion, in an electrophilic attack at the nitrogen 
atom, seems plausible. The fluorinated trinitramine 
was also prepared by direct nitration of the hexahydro- 
triazine Id , but the resulting material was less easily 
purified than that made from the nitroso precursor. 
When pure, the trinitramine l i  seemed to be indef­
initely stable.

Methylamine condenses with methylenedinitramine 
(M E D IN A ) and formaldehyde to give derivatives of 
the hexahydro-s-triazine9 and 1,3,5,7-tetraazacyclo- 
octane10 systems, specifically 2a and 3b. W e investi­
gated the condensation of alkylamines with M E D IN A  
and trifluoroacetaldehyde, and with trifluoroethylidene- 
dinitramine11 and formaldehyde, in anticipation that a 
fluorine-containing cyclic compound would be formed 
in which the X-alkyl group might be converted into a 
nitro group by oxidative nitration. However, in spite 
of extensive investigation of reaction conditions, no 
cyclic condensation products were obtained from either 
of these two systems. A  third possibility was the reac­
tion of a fluorinated gem-diamine with M E D IN A  and 
formaldehyde, and this route proved to be successful.

Two attempts to prepare a fluorinated gem-diamine 
containing a single trifluoromethyl group were unsuc­
cessful. The reduction of trifluoroacetamidine, CF3C =  
N H (N H 2), to l,l-diamino-2,2,2-trifluoroethane failed, 
and hydrolysis of CF3CH (NH CH O )2 to CF3C H (N H 2- 
HC1)2 gave only ammonia and unidentified flucrine- 
containing substances. The presence of a second tri­
fluoromethyl group, however, stabilizes the gem-diamine 
structure, and (CF3)2C (NH2)2 is accessible by the method 
of Krespan.8 By analogy with the reaction of meth­
ylamine, condensation of the fluorinated diamine with 
M E D IN A  and formaldehyde would be expected to 
produce 2,2-bis (trifluoromethyl) -5-nitrohexahydr o-s-
triazine (2b) and 2,2-bis(trifluoromethyl)-5,7-dinitro-
1,3,5,7-tetraazacyclooctane (3c). The condensation 
proceeded smoothly at 25°, and both of the anticipated 
products 2b and 3c were obtained. These were sep-

( 9 )  F .  C h a p m a n ,  P .  G .  O w s t o n ,  a n d  D .  W o o d c o c k ,  J .  C h em . S o c . ,  1 6 3 8  
( 1 9 4 9 ) .

(1 0 )  W .  J .  C h u t e ,  D .  C .  D o w n i n g ,  A .  F .  M c K a y ,  G .  S .  M y e r s ,  a n d  G .  F .  
W r i g h t ,  C a n . J .  R es . ,  S ect. B ,  2 7 ,  2 1 8  ( 1 9 4 9 ) .

( 1 1 )  J . A .  K r i m m e l ,  J .  J .  S c h m i d t - C o l l e r u s ,  J .  A .  Y o u n g ,  G .  E .  B o h n e r ,  
a n d  D .  N .  G r a y ,  J . O rg . C h em ., 3 6 ,  3 5 0  ( 1 9 7 1 ) .



arated from unidentified side products by fractional 
extraction with CF2C1CFC12 (Freon 113) and were 
identified by elemental analyses and infrared spectra.

Nitrosation of the hexahydrotriazine derivative 2b 
with dinitrogen tetroxide in acetic acid gave a 60%  
yield of a material whose ir spectrum indicated the ab­
sence of N -H  and the presence of N = 0  bonds, pre­
sumably the structure 2c. The material decomposed 
slowly at room temperature. Nitration of 2b gave a 
70%  yield of the stable trinitramine 2d.

The tetraazacyclooctane ring proved to be less tract­
able, and neither nitrosation nor nitration gave stable 
products capable of characterization. Nitrosation of 
the dinitramino compound 3c with sodium nitrite and 
hydrochloric acid, or with nitrosonium fluoroborate, 
was ineffective. The progressively stronger nitrosating 
systems of sodium nitrite in acetic anhydride12 and 
dinitrogen tetroxide with sodium acetate13 gave mate­
rials which seemed to be, respectively, a dinitromono- 
nitroso and a dinitrodinitroso compound, according to 
their ir spectra, as shown by 3d and 3e. Both com­
pounds decomposed slowly on standing, 3e being some­
what more stable than 3d. The nitrosoamine groups 
could not be oxidized to nitramine groups; 100%  nitric 
acid or hydrogen peroxide in acetic acid had no effect, 
hydrogen peroxide in trifluoroacetic acid led to decom­
position, and peroxytrifluoroacetic acid removed both 
nitroso groups, re-forming 3c.

Although the stability of cyclic nitramines increases 
with increasing symmetry, the reactivity of the two 
nitrogen atoms adjacent to the carbon bearing the tri- 
fluoromethyl groups is decreased by both steric and 
electronic effects, and attempts to obtain a fully nitrated 
compound with four nitramino groups were unsuc­
cessful, either via the nitrosamines described above or 
by direct nitration of 3c. Nitration of 3c with 100%  
nitric acid in trifluoroacetic anhydride gave a product in 
good yield whose infrared spectrum indicated that a 
third nitro group had been introduced (3 f) ; however, the 
material was quite unstable and could not be adequately 
purified. It precipitated during the nitration reaction, 
and attempts to circumvent this difficulty by reaction 
at higher temperatures or in an inert medium failed.

Experimental Section
Infrared absorptions are given, where applicable, for the N-H 

stretch and N -0  (asymmetric) stretch. The N = 0  (symmetric) 
stretch cannot be assigned unequivocally since it appears in the 
same general region as the C-F stretch. Spectra were taken as 
split mulls on a Beckman IR-8 .

1 ,3,5-Trinitroso-2,4,6-trimethylhexahydro-s-triazme (If).—A 
stirred solution of 40 g (0.22 mol) of technical acetaldehyde- 
ammonia (Eastman) in 175 ml of dry chloroform was cooled to 
— 2 0 ° and nitrogen oxide fumes were passed through for 2  hr. 
The nitrogen oxides, a mixture of N20 3 and N20 4, were generated 
by adding concentrated nitric acid to powdered arsenic sesquiox- 
ide and warming as needed to produce a steady gas flow. A 
precipitate formed as the reaction proceeded. The mixture was 
poured into water, the chloroform layer removed, and the aque­
ous layer extracted with additional chloroform. The chloroform 
layers were combined, washed with water, dried, and concen­
trated almost to dryness. The precipitate formed by addition 
of 20 ml of absolute ethanol was filtered and dried: weight 6.5 g 
(14% yield); mp (after recrystallization from absolute ethanol) 
163° (lit.14 161°); infrared NH, none, N = 0  (asymmetric) 1488 
cm-1.

( 1 2 )  E .  H .  W h i t e ,  J . A m e r . C h em . S o c .,  7 7 ,  6 0 0 8  ( 1 9 5 5 ) .
( 1 3 )  W .  M .  J o n e s  a n d  J . M .  D e n h a m ,  i b i d . ,  8 6 , 9 4 4  ( 1 9 6 4 ) .
( 1 4 )  M .  D e le p in e .  Bull. S o c . C h im . F t., 19, 1 5  ( 1 8 9 8 ) .
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A n a l . Calcd for C6H12N60 3: C, 33.3; H, 5.6; N, 38.9. 
Found; C, 34.0; H, 6.0; N, 39.4.

2,4,6-Tris (trifluorome thyl )hexahydro-s-triazine (Id) .— Anhy­
drous trifluoroacetaldehyde was made by dehydrating the com­
mercial hydrated form (Peninsular ChemResearch) with phos­
phorus pentoxide and polyphosphoric acid. The anhydrous al­
dehyde, 6 6  g (0 .6 8  mol), was added as a gas below the surface of a 
solution of liquid ammonia, 30 g (1.8 mol), in 140 ml of ether, 
stirred at —50°. After a short reflux (Dry Ice condenser), the 
mixture was warmed and the excess ammonia and solvent re­
moved by distillation, heating to a pot temperature of 70°. 
Benzene (200 ml) was added and the water present removed 
azeotropically. After removal of the benzene, the semicrystal­
line residue was filtered, dried, and purified by vacuum sublima­
tion at 40° and recrystallization from cyclohexane and petroleum 
ether: yield 24 g (36% of theory); mp 83-84°; infrared NH, 
3315, 3340 cm-1; N==0 none.

A n a l. Calcd for C6H6F9N3: C, 24.8; H, 2.1; F, 58.7; N, 
14.4; mol wt, 291. Found: C, 25.1; H, 2.3; F, 59.0; N, 
14.2; mol wt, 301 (ebullioscopic in benzene).

On standing for several days, the filtrate from the crude product 
developed more crystalline material. Each subsequent filtrate 
likewise crystallized in part, so that the eventual yield probably 
approaches 50% of theory.

l,3,5-Trinitroso-2,4,6-tris(trifluoromethyl)hexahydro-s-triazine
(le).—To a suspension of 24 g of powdered, freshly fused sodium 
acetate in 1 0 0  ml of glacial acetic acid, cooled to 1 0 °, was added 
20 g of liquid dinitrogen tetroxide. With stirring, 9.5 g (0.033 
mol) of 2,4,6-tris(trifluoromethyl)hexahydro-s-triazine was added 
in small portions during a period of 1 hr. After another 1.5 hr at
5-10°, the mixture was poured on ice. The precipitated product, 
after drying, was recrystallized from petroleum ether to give 4.7 
g, mp 45-46°. Additional material obtained from the mother 
liquors brought the yield to 58% of theory.

A n a l. Calcd for C6H3F9N60 3 : C, 19.1; H, 0.1; F, 45.2; N, 
22.2. Found: C, 18.4; H, 1.5; F, 42.3; N, 20.2.

Although these analytical data are not in good agreement with 
theory, the absence of N-H absorption in the infrared as well as 
the facile conversion of this compound to the trinitro derivative 
are good evidence that it is the desired trinitrosohexahydro-s- 
triazine.

l,3,5-Trinitro-2,4,6-tris(trifluoromethyl)hexahydro-s-triazine
(li).—To a nitrating mixture prepared by adding 80 g of absolute 
nitric acid to 80 g of trifluoroacetic anhydride below 10°, 7.5 g of 
le was added in small portions over 1 hr at 0-5°. The reaction 
was stirred while warming to room temperature (4 hr) and then 
was drowned in ice and water. The crude product was filtered, 
washed with cold water, dried in  vacuo , and recrystallized from 
cyclohexane to give 5.7 g (67%) of material: mp 117-118°; 
infrared NH, none, N = 0  (asymmetric) 1625 cm-1.

A n a l. Calcd for C6H3F9N60 6: C, 16.9; H, 0.7; F, 40.1; N, 
19.7. Found: C, 17.1; H, 0.8; F, 40.0; N, 19.5.

2,2-Bis(trifluoromethyl)-5-nitrohexahydro-s-triazine (2b) and
2,2-Bis (trifluoromethyl) - 5,7- dinitro -1,3,5,7 - tetraazocyclooctane 
(3c).'—In an open beaker, 65 g (0.48 mol) of MEDINA and 82 g 
(0.96 mol) of 35% formaldehyde were stirred at 10-15° for 0.5 
hr, and 87 g (0.48 mol) of 2 ,2 -diaminohexafluoropropane was 
then added during a period of 20 min. The mixture was stirred 
at 10-15° for 1  hr and then for several hours while warming to 
room temperature, until the two liquid phases which formed could 
no longer be intimately mixed because of solidification. The 
contained water was allowed to evaporate at room temperature 
and the residue was ground and dried in  vacuo for 16 hr at 25-30° 
and then extracted continuously with Freon 113. In the first 
stages of the extraction, before the appearance of crystals (1-3 hr, 
depending on the efficiency of the extraction), the extract con­
tained mainly 2b, which was considerably more soluble in Freon 
113 than 3c. Removal of any crystals formed, followed by slight 
concentration and chilling, gave 2b. Further extraction of the 
crude product with Freon 113 gave mainly 3c, which was only 
slightly soluble in Freon 113 at room temperature. Pure sam­
ples of the two compounds were obtained by repeated fractional 
extraction and/or recrystallization from Freon 113, using melting 
points and infrared spectra as criteria of purity. Ihe triazine 
derivative 2b melted at 8 8 ° and showed complex absorptions at 
3300-3400 (NH) ai d 1450-1510 cm“ 1 (NO); the tetraazacyclo­
octane derivative 3 : melted at 127—128° and showed sharp ab­
sorption bands at 3390 , 3360 (NH), and 1530 cm 1 (AO). Re­
action in the quantities cited gave 5 g of 2b and 31 g of 3c, repre­
senting conversions of 4 and 19%, respectively, based on 2,2-
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diaminohexafluoropropane, plus additional impure material. 
The extraction residue showed no infrared indication of NN02 or 
CF groups.

A n a l . Calcd for C5HJ16N,02 (2b): C, 22.4; H, 2.3; F, 
42.5; N, 20.9; mol wt, 268. Found: C, 22.6; H, 2.1; F, 
36.1; N, 21.0; mol wt, 275 (ebullioseopie in benzene). Calcd 
for CeHgFeNeCh (3c): C, 21.2; H, 2.4; F, 33.3; N, 24.6; mol 
wt, 342. Found: C, 21.1; H, 2.5; F, 28.5; N, 24.1; mol wt, 
351 (ebullioseopie in benzene).

Nitrosation of 2 b.—To a mixture of 5 g of dinitrogen tetroxide,
6.5 g of freshly fused sodium acetate, and 20 ml of acetic acid was 
added, in small portions, 1.5 g (0.006 mol) of 2b. After stirring 
for 1 hr at 10-20° and 0.5 hr at 20-25°, the mixture was poured 
on ice. The product was filtered, washed, dried, and recrystal­
lized from petroleum ether to give 1 . 1  g (60% yield) of alleged 2 c, 
mp 96-97°.

2,2-Bis(trifluoromethyI)-l,3,5-trmitrohexahydro-s-triazme
(2d).-—2b (4 g, 0.015 mol) was added in small portions to a stirred 
mixture of 7.3 g of 100% nitric acid and 24 g of trifluoroacetic 
anhydride during a period of 0.5 hr and stirred for an additional 
3 hr, all operations being carried out at 5-10°. The precipitated 
solid was filtered, washed, dried, and recrystallized to give 3.7 g 
of 2 d: mp 108°, or 70% of theory; infrared NH, none, NO 
(asymmetric) 1560, 1600,1620 cm-1.

A n a l. Calcd for C5H4F6N60 6: C, 16.8; H, 1.1; F, 31.8; N,
23.5. Found: C, 16.9; H, 1.1; F, 30.6; N, 22.7.

Attempted Nitrosation and Nitration of 3c.—To a stirred solu­
tion of 5 g (0.015 mol) of 3c in 25 ml of acetic acid and 75 ml of 
acetic anhydride was added slowly 20 g (0.35 mol) of sodium 
nitrite at 0-5°. After the mixture was stirred for 2 hr, it was 
poured into 250 ml of ice and water. The solid was fihered, 
washed, dried, and recrystallized from ethylene dichloride to give 
4.3 g of presumed 3d (79% yield): mp 156-157°; infrared 
NH, 3390, NO (asymmetric), 1525 (sh), 1535, 1560 cm-1.

Nitrosation of 3c as in the preparation of 2c gave a 76% yield 
of presumed 3e: mp 151°, infrared NH, none, NO (asymmetric)
1535, 1555 (sh), 1560, 1580 cm-1.

The compound 3c was nitrated as in the preparation of 2d. 
The crude product, obtained in approximately 75% yield, melted 
at 50-75°. Recrystallization of a small sample from benzene 
raised this figure to 120-123°, but attempted recrystallization of 
the main product resulted in progressive deterioration, as indi­
cated by a lowered melting point and the appearance of many new 
peaks in the infrared spectrum. The recrystallized product after 
standing 2 weeks at room temperature melted at 105-106°: in­
frared NH, 3350, NO 1530-1560,1600 cm-1.

Registry No.— Id, 26960-86-1; le , 26960-87-2; If, 
27074-73-3; li, 26960-88-3; 2b, 26960-89-4; 2c, 26960- 
90-7; 2d, 27006-03-7; 3c, 26960-91-8; 3d, 26960-92-9; 
3e, 26960-93-0.
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R eceived J u n e  25 , 1970

As part of an extensive program on fluorine-contain­
ing N-nitro and C-nitro compounds, the preparation 
of a partially fluorinated aliphatic dinitramine related 
to M ED IN A, CH2(N H N 02)2, was of interest. This 
paper describes the synthesis of trifluoromethyl-MED- 
INA, CF3C H (N H N 02)2, and its nonfluorinated analog, 
methyl-MEDINA, CH3C H (N H N 02)2.

M E D IN A  has best been made2, :i by condensing form- 
amide with an aldehyde to form an alkylidenebisam- 
ide, nitrating the bisamide to an alkylidenebis(A7-  
nitroamide), and hydrolyzing the nitramide to the free 
nitramine, as shown in Scheme I.

This general route was followed in the synthesis of 
trifluoromethvl-MEDINA and methyl-.MEDINA, but 
variations in properties due to the trifluoromethyl and 
methyl groups often necessitated considerable modifi­
cation of reaction conditions. Although the reactions 
of substituted aldehydes with acetamide and formamide 
have previously been studied by several workers,4-8

( 1 )  T h i s  w o r k  w a s  s u p p o r t e d  b y  D e t a c h m e n t  4 ,  E g l i n  F ie l d ,  U .  S .  A i r  
F o r c e .

( 2 )  C .  W .  S a u e r ,  U .  S .  P a t e n t  2 ,7 1 3 ,5 9 4  ( 1 9 5 5 ) .
( 3 )  C .  W .  S a u e r ,  U .  S .  P a t e n t  2 ,8 5 6 ,4 2 9  ( 1 9 5 8 ) .

Sch em e  I

RCHO +  R'CONHi — RCH(NHCOR')2
1

1 +  HN03-(CF3C0)20  — >- RCH[N(N02)C0R']2
2

2 +  H,0 — RCH(NHN02)2 +  R'COOH

neither of the bisformamides 1 (R =  CH3, CF3) has been 
reported, and no aldehyde other than formaldehyde has 
been successfully converted to a <?em-dinitramine.

Bis(formamido) methane, bis (acetamido) methane,
and bis (trifluoroacetamido) methane were made by the 
method of Sauer,2 3 utilizing a high temperature reaction 
of hexamethylenetetramine and the appropriate amide.
1.1- Bis (acetamido) ethane was prepared by the method 
of Noyes and Forman,9 but all published techniques for 
bisamide formation proved unsuccessful in the case of
1.1- bis(formamido)ethane. This compound was pre­
pared by a method similar to that used for bisurethans,10 
the aldehyde and amide being reacted in aqueous solu­
tion for brief periods at 25-40° in the presence of hy­
drochloric acid. l,l-Bis(formamido)-2,2,2-trifluoro- 
ethane and l,l-bis(acetamido)-2,2,2-trifluoroethane 
were made by sealed tube reactions at 130°, using an­
hydrous trifluoroacetaldehyde and the amide. A t­
tempts to prepare a bisamide from propionaldehyde 
were unsuccessful. A  sealed tube reaction of hexa-

( 4 )  G. P u l v e r m a c h e r ,  B er .,  2 5 ,  3 0 4  ( 1 8 9 2 ) .
( 5 )  V .  v o n  R i c h t e r ,  ib id .,  5 ,  4 7 7  ( 1 8 7 2 ) .
(6 )  A .  R e i c h ,  M o n a tsh . C h em .,  2 5 ,  9 3 3  ( 1 9 0 4 ) .
( 7 )  K .  Bulow, B e r .,  2 6 ,  1 9 7 3  ( 1 8 9 3 ) .
( 8 )  A .  R o t h ,  J u s tu s  L ieb ig s  A n n .  C h em .,  1 5 4 ,  7 2  ( 1 8 7 0 ) .
(9 )  W .  A .  N o y e s  a n d  D .  B .  F o r m a n ,  J . A m e r .  C h em . S o c .,  5 5 ,  3 4 9 3  ( 1 9 3 3 ) .
(1 0 )  W .  M .  K r a f t  a n d  R .  M .  H e r b s t ,  J . O rg . C h em .,  10 , 4 8 5  ( 1 9 4 5 ) .
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fluoroacetone and formamide gave only a 1:1 adduct 
which dissociated on heating and reverted to free amide 
and ketone.

M E D IN A  was prepared from bis(acetamido)methane 
following the procedure of Brian and Lamberton,11 but 
none of the other three bisacetamides 1 (R =  CH 3, 
CF3) R ' =  CH3; R =  CH 3, R ' =  CF3) could be nitrated 
using either a nitric acid-acetic anhydride or a nitric 
acid-trifluoroacetic anhydride system. Nitrosyl chlo­
ride and dinitrogen pentoxide, both reported to be ex­
cellent nitrating agents in anhydrous solvents,12 also 
failed to give the desired nitramides. Failure to ni­
trate 1, l-bis(acetamido) ethane has been reported previ­
ously.11 Sauer3 succeeded in obtaining good yields of 
bis(nitroformamides) by the use of 98%  nitric acid in 
either acetic or trifluoroacetic anhydride, and the latter 
technique was found to be satisfactory with only slight 
modification for nitration of both l,l-bis(formamido)- 
ethane and l,l-bis(formamido)-2,2,2-trifluoroethane. 
No nitramides were obtained when acetic anhydride was 
employed.

The three sets of compounds, bisformamides, bis- 
(n-nitroformamide)s, and dinitramines, constitute a 
series in which the character of the nitrogen atom is 
markedly influenced by the atom or group (R =  CH 3, 
H, CF3) attached to the central carbon atom. This 
influence was reflected to the greatest extent in the 
properties of the nitramides. Bis(A-nitroformamido)- 
methane was a fairly stable compound when pure and 
dry and presented no great difficulty either in isolation 
from the nitration step or in hydrolysis to the nitramine.
l,l-Bis(A-nitroformamido)ethane was quite insoluble 
in \va:er and fairly stable when dry but was very sensi­
tive to strong acids and decomposed rapidly when left 
in contact with formic acid. On the other hand, 1,1- 
bis (A-nitrof ormamido) -2,2,2-trifluoroethane appeared 
to be rather soluble in water and was unstable at room 
temperature, although it was much more resistant to 
decomposition by acids. Consequently, the desired 
hydrolysis to the substituted nitramines suffered from 
simultaneous decomposition of the nitramides, hydroly­
tic in one case and thermal in the other, resulting in 
lower and more erratic yields of methyl-M EDINA and 
trifluoromethyl-MEDINA than that of M E D IN A  it­
self.

Trifluoromethyl-MEDINA is strongly hydrogen 
bonded. For the N = 0  asymmetric stretch in infrared 
spectra taken on split mulls, M E D IN A  showed a singlet 
at 1530 cm-1 and methyl-MED IN A showed a main 
peak at 1581 with a shoulder at 1568 cm-1, while tri­
fluoromethyl-MEDINA showed a doublet at 1688 and 
1722 cm-1 which reverted to a singlet at 1621 cm -1 
when the spectrum was taken of a carbon tetrachlo­
ride solution. The N H  stretch of trifluoromethyl- 
M E D IN A  was a broad band at 2950-3250 cm-1 in the 
mull sample but a sharp singlet at 3380 cm-1 in the 
solution.

Experimental Section

l,l-Bis(formamido)-2,2,2 -trifluoroethane.-—In a high vacuum 
system, 25 g (0.26 mol) of anhydrous trifluoroacetaldehyde was 
transferred into a heavy-walled Pyrex tube containing 25 g (0.55 
mol) of formamide. The tube was sealed and heated at 1 2 0 ° for 
8  hr, cooled to —80°, broken, and reheated until the completely

( 1 1 )  R .  C .  B r ia n  a n d  A .  H .  L a m b e r t o n ,  J . C h em . S o c .,  1 6 3 3  ( 1 9 4 9 ) .
(1 2 )  C .  C .  P r i c e  a n d  C .  A .  S e a r s ,  J .  A m er . C h em . S o c .,  7 5 ,  3 2 7 6  ( 1 9 5 3 ) .

crystalline mass had melted. The contents were poured out and 
allowed to crystallize. After recrystallization from acetonitrile, 
the yield of material melting at 193° was 16.2 g or 74% of theory, 
assuming that 2  mol of aldehyde is necessary to form 1  mol of 
bisamide plus 1 mol of trifluoroacetaldehyde hydrate. Attempts 
to prepare trifluoroethylidenebisformamide from the aldehyde 
hydrate rather than the free aldehyde were completely unsuccess­
ful. Infrared absorptions (split mull, Beckman IR-8 ) showed 
NH, 3100, 3280, N==0 (asymmetric), none, C = 0  1690 cm-1.

A n a l . Calcd for C4HsF3N20 2 : C, 28.2; H, 3.0; F, 33.5; N,
16.5. Found: C, 28.4; H, 3.5; F, 34.6; N, 17.3.

1.1- Bis(acetamido)-2 ,2 ,2-trifluoroethane.-—Reaction of 11.5 
g (0 . 1 2  mol) of trifluoroacetaldehyde and 1 1 . 8  g (0 .2 0  mol) of 
acetamide for 15 hr at 140°, removal of excess amide by vacuum 
distillation, and crystallization of the solidified residue from ace­
tonitrile gave 4.1 g (34% of theory) of product: mp 265°; in­
frared NH, 3115, 3290, NO (asymmetric), none, CO 1678 cm-1.

A n a l . Calcd for C6H9F3N2O2 : C, 36.4, H, 4.6; N, 14.1. 
Found; C, 37.0; H, 4.8; N, 15.7.

1,1-Bis (A-nitrof ormamido )-2,2 ,2 -trifluoroethane.— 1 ,1-Bis- 
(formamido)-2,2,2-trifluoroethane (5 g, 0.03 mol) was dissolved 
in 20 g of trifluoroacetic anhydride and 17 g of 100% nitric acid 
was added slowly with stirring at 5°. After aging for 4 hr at 5 
±  3°, the reaction mixture was poured slowly with vigorous 
stirring into 100 g of finely crushed ice. The resulting white 
gummy solid was washed with ice water by decantation, trans­
ferred immediately to a small flask, and subjected to high vacuum 
(<  10 n )  while kept in an ice bath. After about 5 hr, the granular 
dry, white residue was recrystallized from methylene chloride to 
give 4.0 g of product. After standing 17 days in a refrigerator at 
5°, the material showed a change in melting point from an initial 
figure of 56° to 35-45°. Because of the instability of the material 
no elemental analysis was attempted. Infrared showed NH, 
none, N = 0  (asym) 1611, 1637, C = 0 , 1739, 1761 cm -1.

1, l-Dmitramino- 2,2,2-trifluoroethane (Trifluoromethyl-
MEDINA) .•—The crude gummy white solid obtained from nitra­
tion of 5 g (0.03 mol) of trifluoroethylidenebisformamide was left 
at room temperature for 1  week, and the partially crystalline 
residue evaporated under vacuum. After two recrystallizations 
from chloroform, 1 . 2  g of product, mp 81°, was obtained for an 
overall yield, based on bisamide, of 20%. Infrared showed NH, 
2950-3250, N=C> (asym) 1688, 1722, C = 0 , none.

A n a l . Calcd for C2H3F3N<0 4 ; C, 11.8; H, 1.5; F, 27.9; N,
27.5. Found: C, 11.9; H, 1.6; F, 25.3; N, 28.1.

1.1- Bis(formamido)ethane.— Formamide (60 g, 1.33 mol) was 
dissolved in 15 ml of water containing 1.5 ml of concentrated 
hydrochloric acid, and 30 g (0.68 mol) of monomeric acetaldehyde 
was added in one portion. The reaction mixture was allowed to 
stand for 3 hr, during which time the temperature rose to 41° and 
then subsided. After vacuum distillation, by which 25 g of 
formamide was recovered, the viscous residue was washed out of 
the flask with a hot solution of 2 0  ml of isopropyl alcohol and 60 
ml of acetonitrile. The crude product which separated on cooling 
was recrystallized by dissolving it in the minimum amount of 
boiling isopropyl alcohol, adding 3 vol of hot acetonitrile, and 
cooling. The yield of product, mp 119°, was 27 g or 62% based 
on unrecovered formamide.

A n a l. Calcd for CJRN2O2 : C, 41.4; H, 6.9; N, 24.1. 
Found: C, 41.5; H, 7.2; N, 24.3.

1.1- Bis (A-nitrof ormamido )ethane .■— 1,1-Bis (f ormamido )e thane 
(3 . 7  g, 0.03 mol) was added in several portions to a stirred mix­
ture of 18 g of 1 0 0 % nitric acid and 18 g of trifluoroacetic anhy­
dride at 10°. After aging for 2.5 hr, the reaction mixture was 
added slowly to 200 g of crushed ice, with rapid stirring. After 
about 5  min a finely divided, almost colorless solid appeared 
which was filtered and washed once with ice water. The yield of 
product so obtained averaged about 1.7 g (26% of theory), but 
yields as high as 60% were sometimes obtained using much larger 
quantities of trifluoroacetic anhydride. If necessary, the product 
was recrystallized from a mixture of ethylene dichloride, and 
ligroin: mp (then) 71°; infrared NH, none, N = 0  (asym) 1566, 
1600, C = 0 , 1732, 1740 cm"1.

1.1- Dinitraminoethane (Methyl-MEDINA).—To 2.0g (10 mol) 
of ethylidenebis(nitroformamide) ten drops of water was added 
with stirring and the resulting paste allowed to stand at room 
temperature. After 1 hr the mixture had completely liquefied 
and the temperature had risen to about 35°. After an additional 
hour the liquid was filtered, cooled in an ice bath, and filtered 
again to give 0.5 g (33%) of product, mp 115°. This hydrolysis 
gave very inconsistent results and the figure cited is the maximum
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yield obtained. Infrared showed NH, 3110-3220, N = 0  (asym), 
1568 (sh), 1581, C = 0 , none.

Registry N o.— 1,1 -Bis(formami(lo)-2,2,2-t riiluoro-
ethane, 26958-24-7; l,l-bis(acetamido)-2,2,2-trifluoro- 
ethane, 27039-91-4; l,l-bis(N-nitroformamido)-2,2,2- 
trifiuoroethane, 26958-25-8; l.l-dinitramino-2,2,2- 
trifluoroethane, 26958-26-9; l,l-bis(formamido)ethane, 
20602-52-2; l,l-bis(N-nitroformamido)ethane, 26958- 
28-1; 1,1-dinitraminoethane, 26958-29-2.

of 3 is very similar to the environment of the two 
methyls of 4. Although 5 appears pure by mass spec­
tral analysis, its nmr can only be explained as a mixture. 
No attempt has been made for an assignment of various 
isomer ratios of S to the nmr spectrum, since the struc­
ture is tentative.

The normal fragmentation pattern observed in mass 
spectra of bishomocubane compounds is cleavage to 
two five-carbon rings by the two routes illustrated be­
low.3

Reactions of
Dodecabromopentacyclo[5.3.0.02’6.03,9.04,8]decane 

with Sodium Methoxide

G. A. U n g e f u g ,  S. D. M c G r e g o r , a n d  C. W. R o b e r t s * 1

H yd roca rbon s a n d  M o n o m ers  R esea rch  L a b o ra to ry ,
T h e D o w  C h em ica l C o m p a n y , M id la n d , M ich ig a n  4 8 6 4 0

R eceived  D ecem ber 2 9 , 1 9 6 9

Hexabromocyclopentadiene (1) is dimerized by alu­
minum tribromide in refluxing bromine to give dodeca- 
bromopentacyclo[5.3.0.02’6.03,9.04i8]decane (2).2 Exam­
ination of molecular models leads to the prediction that 
2 would be very inert toward nucleophilic attack. The 
compound has a small cluster of carbon atoms at its 
center and a large protective outer armor of bromine 
atoms. Back-side attack at any carbon atom of 2 ap­
pears to be impossible. Nevertheless, bromocarbon 2 
reacts with sodium methoxide in tetrahydrofuran to 
give a series of cage compounds.

Kinetic control by slow addition of sodium methoxide 
and patient tic analysis revealed initial formation of a 
monomethoxy derivative 3, which was converted to a 
dimethoxy derivative 4. Most of the starting material 
2 and compound 3 disappeared before a third product 5 
appeared along with several open cage products which 
had double bond adsorption in their infrared spectra. 
Compound 4 was prepared in 70 -80%  yield by following 
the reaction by tic and quenching at a maximum con­
centration of 4.

The structures of 3, 4, and 5 are assigned on the basis 
of their nmr, mass spectra, and relative reaction rates.

Nmr spectra of mixtures of 3 and 4 exhibit two poorly 
resolved lines at 5 3.97 in DMSO-c4 with a separation of 
0.009 ppm. Thus the environment of the single methyl

( 1 )  T o  w h o m  i n q u i r i e s  s h o u l d  b e  a d d r e s s e d :  T e x t i l e  D e p a r t m e n t ,
C l e m s o n  U n i v e r s i t y ,  C l e m s o n ,  S .  C .  2 9 6 3 1 .

( 2 )  C .  W .  R o b e r t s  a n d  M .  B .  C h e n o w e t h ,  U .  S .  P a t e n t  3 ,2 1 2 ,9 7 3  ( 1 9 6 5 ) .
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The most intense ion in the mass spectrum of 4 is mfe 
407 from C5Br4OCH3+. An important feature is the 
lack of any Cs fragments from 4 with two OCH3 groups. 
Thus the methoxy groups must not be placed on the 
same five-carbon ring. Compounds 4a-d satisfy the 
mass spectrum and the symmetry requirement neces­
sary to give a single line nmr. An alternate structure 
is the dimethyl ketal 7, which is readily prepared from 
ketone 6, but 7 has ir, nmr, and mass spectra which are 
quite different from the spectra of 4.
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The structure of 3 is based primarily on its conversion 
to 4 and on its mass spectrum. Structure 4a is assigned 
to 4 on the basis of the reaction rate data. A  mono­
methoxy derivative is formed which reacts with meth­
oxide at about the same rate as bromocarbon 2. Fur­
ther reaction with methoxide is slower than formation of 
the first two products. If reaction occurs first at C-10 
the activity at C-5 would not be altered, and the prod­
uct would readily react at C-5 to form 4. After forma-

( 3 )  W .  L .  D i l l i n g  a n d  M .  L .  D i l l i n g ,  T etrah ed ron , 2 3 ,  1 2 2 5  ( 1 9 6 7 ) .
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tion of 4 all of the remaining carbons are quite different 
from C-5 and C-10. A  difference in rate would be ex­
pected and is observed.

If reaction occurs first at C -l, the second OCH3 might 
become attached to C -6, C-9, or C-4. If C -l and C-4 
are substituted, further reaction at C-6 or C-9 would be 
expected to give trimethoxy products just as fast as di- 
methoxy products are formed. This is not observed. 
Similar arguments can be developed against initial at­
tack at any carbon other than C-5 or C -10.

Compound 4 is most likely a mixture of cis and trans 
isomers. Separation of the two isomers by the isolation 
methods used and nmr resolution of the different 
methyls is unlikely. Conformation of the structures 
of 3 and 4 requires cleavage of the ethers to form ke­
tones. If the methoxyls are on the bridgehead carbons, 
alcohols will be formed. At this time a satisfactory 
cleavage procedure has not been found.

Compound 5 exhibits mass spectral peaks at m/e 407 
and 329 from fragments C6Br4OCH3 and C5HBr3OCH3. 
If the third reaction step had been introduction of a 
third OCH3, a peak at m /e 359 from C5Br3(OCH3)2 
would be expected, but it is not present in the mass 
spectrum. The hydrogen atom is presumably intro­
duced during aqueous work-up of the reaction. At­
tempts to separate the isomers of 5 by tic and recrystal­
lization were unsuccessful.

The mechanism of the displacement reaction is specu­
lative at this point. As discussed previously, back­
side attack on the bridgehead carbons is impossible and 
similar attack on the bridge carbons appears to be hin­
dered by the bromine atoms. Formation of a carbo- 
nium ion at the bridgehead carbons is unlikely since they 
cannot become planar, and formation of carbonium ions 
at bridge carbons has not been observed with perhalo- 
genated bishomocubyl compounds except under ex­
treme conditions.4 If the reaction occurs through a 
carbonium ion at C-5, dimethyl ketal 7 would be ex­
pected to form faster than 4. Ketal 7 is not a major 
product.6

Experimental Section

Infrared spectra were obtained with Beckman IR-9 and Perkin- 
Elmer 137 spectrometers. The mass spectra were obtained on a 
CEC-21-110B (Direct Probe) instrument. Nuclear magnetic 
resonance spectra were obtained on Varían A60 and HA100

( 4 )  G .  W .  G r i f f i n  a n d  A .  K .  P r i c e ,  J . O rg . C h em .,  29 , 3 1 9 2  ( 1 9 6 4 ) ;  W .  L .  
D i l l i n g ,  P h . D .  T h e s i s ,  P u r d u e  U n i v e r s i t y ,  1 9 6 2 .

( 5 )  A  p o s s i b l e  r e a c t i o n  o f  b r o m o c a r b o n  2 is  d i s p l a c e m e n t  o n  b r o m i n e  t o  
f o r m  a  c a r b a n i o n  8 . D r .  K .  S c h e r e r  ( p e r s o n a l  c o m m u n i c a t i o n )  h a s  p r o p o s e d  
t h e  f o l l o w i n g  m e c h a n i s m  t o  a c c o u n t  f o r  t h e  f o r m a t i o n  o f  3 a n d  4. T h i s  
m e c h a n i s m  i s  c o n s i s t e n t  w i t h  t h e  o b s e r v e d  r a t e  d a t a  a n d  t h e  e x p e c t e d  
c a r b a n i o n  s t a b i l i t i e s  b a s e d  o n  a n a l o g o u s  c h l o r o c a g e  c a r b a n i o n s .6 C o m p o u n d  
5  c o u l d  b e  f o r m e d  s i m i l a r l y  b y  p r o t o n a t i o n  o f  b r i d g e h e a d  c a r b a n i o n s .

X i -  Br +  Na+ "OCR, — Na+ +  BrOCH„

Br Br
2 8

\

/ ^ Bl' RBr / X j  Na+ - NaOCHj
\

/ X -  +  N a Br

OCR, OCH;i
3

(6 )  G . A . U n g e fu g , P h .D .  T h e s is , U n iv e r s it y  o f  C a lifo rn ia , B e rk e le y ,
C a li f . ,  1968.

spectrometers. Thin layer chromatogaphy (tic) plates were 
prepared from silica gel G containing 0.04% of Rhodamine 6G.

Hexabromocyclopentadiene ( 1 ) was prepared by the method of 
Straus7 or by a modification of West’s8 procedure. Recrystalliza­
tion from hexane or methanol yielded a product melting at
86.5-88°.

Dodecabromopentacyclo[5.3.0.02'6.039.04'8]decane (2 ).—The 
procedure previously described2 was modified as follows. Hexa­
bromocyclopentadiene (473 g, 0.88 mol), 2500 g (800 ml) of 
anhydrous bromine, and 105 g (0.39 mol) of aluminum bromide 
were mixed at 25° and heated at reflux under anhydrous condi­
tions for 72 hr. After decomposing the aluminum bromide with 
water, the bromine was steam distilled off. The granular residue 
was collected and washed with water and hexane to give 454 g 
(96%), mp 330-340° dec. Recrystallization with charcoal de- 
colorization from ethylene dibromide, toluene, or m-xylene gave 
440 g (93%) of 2 , mp 340° dec, mass spectrum P+ at m/e 1068 
(Br79).

5,10-Dimethoxydecabromopentacyclo [5.3.0.026.039.048] decane 
(4).—Bromocarbon 2 (19.7 g, 0.018 mol) was dissolved in 300 ml 
of tetrahydrofurar., and sodium methoxide (3 g, 0.055 mol) was 
added. The mixture was stirred at room temperature under 
nitrogen and followed by periodic tic analysis of the liquid phase. 
An additional 3 g of sodium methoxide was added after 17 hr. 
After 89 hr ice was added slowly until the base dissolved. Water 
was added dropwise with stirring at a rate which gave a granular 
precipitate. The product was collected by suction filtration, 
washed with water, and dried under vacuum at 65° (2 0  mm) to 
yield 15.7 g of 4 (84% crude) as an off-white solid. Tic analysis 
indicated a purity of 95% or better. Recrystallization from 
boiling toluene gave 12.5 g of white crystals which slowly de­
composed above 280° without melting: ir OCH3 at 2958, 2852, 
1446, and 1263 cm-1, no double bond absorption; nmr (DMSO- 
ds) single line 5 4.00; nmr (benzene-ds) single line S 3.74; mass 
spectrum P+ at m /e  972 with ten bromine atoms, most intense 
peak at m /e  407 from C6Br1OCH3+, no peaks from C3 fragments 
bearing two methcxy groups were observed.

A n a l. Calcd for Ci2H6Brio02: mol wt, 981.3; C, 14.69; H, 
0.62; Br, 81.44. Found: C, 15.0; H, 0.63; Br, 81.3.

5-Methoxyundecabromopentacyclo[5.3.0.02G.03'9.04'8] decane 
(3).—Following the procedure above, the reaction was stopped 
when a small amount of starting material 2  and a moderate 
amount of 3 were present. A sample of 3 was collected by tic 
for a mass spectrum: P+ at m /e  1020 with 11 bromine atoms 
(weak); P+ — Br at m /e  941 with ten bromines is strong (in­
sufficient material was collected for an infrared spectrum). An 
nmr spectrum of the product mixture from a similar run with 
only 2, 3, and 4 present had two poorly resolved lines at S 3.97 in 
DMSO-d6 with a separation of 0.009 ppm and a ratio of 1.4:1. 
The ir spectrum cf this mixture did not have double bond ad­
sorption.

Dimethoxynonabromopentacyclo[5.3.0.02'6.03'9.04 8] decane (5).
—Following the procedure above the reaction was stopped when 
2 , 3, and 4 had disappeared. The crude product was eluted from 
a silica gel column with hexane-benzene. The first fraction gave 
only one spot on tic. Recrystallization from hexane-chloroform 
gave white crystals which decomposed without melting above 
260°: nmr (CDC13) major 5 3.83 and 4.01, minor S 3.9, 4.0, and
4.5, ratios uncertain from overlap of signals; ir (KBr) OCH3 at 
2960, 2860, 1449, and 1280 cm-1, no double bond absorption; 
mass spectrum P+ at m /e  894 (weak), P+ — Br at 815 (strong), 
fragments at 407 and 392.

A n a l . Calcd for C12H7Br90 2: mol wt, 902.3; Br, 79.70.
Found: Br, 79.4.

5,5-Dimethoxydecabromopentacyclo [5.3.0.O2'6.03-9.04-8] decane 
(7 ) was prepared from the methyl hemiketal9 of ketone 6  in 
70-90% yields by reaction with diazomethane in ether4 or by re­
action with powdered sodium hydroxide and dimethyl sulfate 
in ether. Recrystallization from hexane-chloroform gave white 
crystals which decomposed above 260° without melting: ir
(OCH3) at 2949, 2841, 1459, 1443, 1435, and 1229 cm -1; nmr 
(CDC13) one line at 5 3.64.

A n a l . Calcd fcr C12H6Br10O2: mol wt, 981.3; C, 14.69; H, 
0.62; Br, 81.44. Found: C, 14.7; H, 0.53; Br, 81.2.

( 7 )  F .  S t r a u s ,  L .  K o l l e k ,  a n d  W .  H e y n ,  B e r . ,  63b, 1 8 6 8  ( 1 9 3 0 ) .
(8 )  P .  T .  K w i t o w s k i  a n d  R .  W e s t ,  J . A m e r .  C h em . S o c .,  8 8 ,  4 5 4 1  ( 1 9 6 6 ) ;  

90, 4 6 9 7  ( 1 9 6 8 ) .
(9 )  R .  G .  P e w s  a n d  C .  W .  R o b e r t s ,  J .  O rg . C h em .,  34, 2 0 2 9  ( 1 9 6 9 ) .
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CAUTION: Prolonged skin contact with ketone 6  and its
derivatives may be fatal.
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S c h e m e  I

Aroylations o f  2-Acetonylquinoline (3) 
to Produce /3-Diketones 4

/-------------------/3 - D i k e t o n e --------
A r N o .

R e a c t i o n  
p e r i o d ,  h r

Y i e l d ,

% M p ,  ° C

c 6h 5 4a 24 56 138-139 56

c 6h 4ci-p 4b 1 2 62 158-160'
3,4-C6H3(Cl)2 4c 4 64 186-188'
p-C6H,OCH3 4d 2 2 45 145-147'
3,4,5-C6H2(OCH3)3 4e 24 30 158-160'
° Satisfactory analytical data (±0.3 for C, H, N, and when 

present Cl) were found for all compounds: Ed. b Recrystallized 
from methanol. '  Recrystallized from 95% ethanol.

In connection with the synthesis of potential new 
antimalarial agents, a series of l-aryl-4-(2-quinolyl)-l,3- 
butanediones (4) were required as key intermediates. 
In spite of their seemingly simple array of functionality, 
/3-diketones of type 4 have not been reported. -More­
over, their preparation via standard Claisen condensa­
tions of a 2-quinolineacetic acid ester with substituted 
acetophenones appeared to hold little promise of suc­
cess, owing to the probability that the basic reagents 
commonly employed in such reactions would preferen­
tially abstract one of the highly acidic methylene hydro­
gens of the ester.

We now wish to describe a general method for the 
preparation of this new class of /3-diketones as exempli­
fied by the synthesis of five such compounds from read­
ily available starting materials (see Scheme I). The 
present sequence involved metalation of quinaldine (1) 
with n-butyllithium in tetrahydrofuran-hexane at room 
temperature to afford lithio derivative 2, which was 
then acylated with ethyl acetate to give 2-acetonyl- 
quinoline (3).3 Completion of the /3-dicarbonyl side 
chain was then accomplished by selective aroylation at 
the methyl position of 3 using the appropriate aromatic 
ester and excess sodium hydride in refluxing 1,2-di- 
methoxyethane as the condensing agent (see Table I). 
The rather unusual tendency for ketone 3 to undergo 
preferential aroylation at the less acidic methyl site may 
be due to the fact that the azomethine function imparts

*  T o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .
(1 )  ( a )  T h i s  is  C o n t r i b u t i o n  N o .  8 0 7  f r o m  t h e  A r m y  R e s e a r c h  P r o g r a m  o n  

M a l a r i a  a n d  w a s  s u p p o r t e d  b y  C o n t r a c t  N o .  D A - 4 9 - 1 9 3 - M D - 3 0 2 4  f r o m  t h e  
U .  S .  A r m y  R e s e a r c h  a n d  D e v e l o p m e n t  C o m m a n d ,  ( b )  P r e s e n t e d  b e f o r e  t h e  
M e d i c i n a l  C h e m i s t r y  D i v i s i o n  o f  t h e  A m e r i c a n  C h e m i c a l  S o c i e t y ,  N e w  Y o r k ,  
N .  Y . ,  S e p t  1 9 6 9 .

(2 )  A b s t r a c t e d  f r o m  t h e  P h . D .  D i s s e r t a t i o n  o f  T .  P .  M . ,  V i r g in i a  P o l y ­
t e c h n i c  I n s t i t u t e ,  O c t  1 9 6 9 .

( 3 )  T h i s  p r o c e d u r e  u t i l i z i n g  c o m m e r c i a l  n - b u t y l l i t h i u m  a n d  e t h y l  a c e t a t e  
f o r  t h e  s y n t h e s i s  o f  3 w a s  f o u n d  t o  b e  m u c h  m o r e  s a t i s f a c t o r y  t h a n  t h e  m e t h o d  
o f  M .  J .  W e i s s  a n d  C .  R .  H a u s e r  [ J .  A m e r . C h em . S o c .,  7 1 , 2 0 2 3  (1 9 4 9 )1 ,  in  
w h i c h  a l k a l i  a m i d e s  a n d  a c e t i c  a n h y d r i d e  a r e  e m p l o y e d  a s  t h e  m e t a l a t i n g  
a n d  a c y l a t i n g  a g e n t s ,  r e s p e c t i v e l y .  I t  a l s o  g i v e s  a  c o m p a r a b l e  y i e l d  a n d  is  
le s s  t e d i o u s  t h a n  t h e  p r o c e d u r e  o f  N .  N .  G o l d b e r g  a n d  R .  L e v i n e  [ib id .,  7 4 , 
5 2 1 7  ( 1 9 5 2 ) ] ,  w h i c h  i n v o l v e s  t h e  p r e p a r a t i o n  o f  p h e n y l l i t h i u m  a s  t h e  
m e t a l a t i n g  a g e n t .

to 3 chemical characteristics similar to those of a /3-dike­
tone. Consequently, these condensations may then 
proceed by one of the possible mechanistic pathways re­
cently proposed to account for the conversion of /3-dike­
tones to 1,3,5-triketones under similar reaction condi­
tions.4 Incidentally, alkali amides, which have also 
been used to effect terminal aroylations of /3-diketones,5 
were found to be much less satisfactory than sodium 
hydride for the conversion of 3 to 4a.

Structural assignments for new /3-diketones 4a-e  were 
confirmed by analyses (Table I), spectral data, and, in 
the case of 4a, independent synthesis from 2-chloro- 
quinoline and disodiobenzoylacetone (eq l ).6 The nmr

Na

NaCH,COCHCOC6H5
n h 3 ]

liquid 4a ( i )

spectra of 4a-e  (Table I I ) ,  which had multiple peaks in 
the vinyl proton region, were consistent with the pres­
ence of several enolic forms for each of these compounds 
in solution. Comparison of the integrated intensity of 
the methylene proton absorption to that of the aromatic 
resonance in the spectrum of 4a indicated the total enol 
content of this ketone to be approximately 7 5%  in 
CDC13.

In order to test the feasibility of utilizing the /3-dicar- 
bonyl function of the above ketones for the construction 
of a second heterocyclic moiety, we examined the cycli- 
zation of several of these compounds with hydrazine and 
urea. Treatment of /3-diketones 4a -c and 4e with the

( 4 )  S e e  M .  L .  M i l e s ,  T .  M .  H a r r i s ,  a n d  C .  R .  H a u s e r ,  J . O rg . C h em .,  3 0 , 
1 0 0 7  ( 1 9 6 5 ) .

(5 )  R .  J .  L i g h t  a n d  C .  R .  H a u s e r ,  ib id .,  2 5 ,  5 3 8  ( 1 9 6 0 ) .
(6 )  T h e  p o s s i b i l i t y  o f  u t i l i z i n g  1 ,3 - d ia lk a l i  s a l t s  o f  o t h e r  /3 - d i k e t o n e s  in  a  

o n e - s t e p  r o u t e  t o  q u i n o l y l  /3 - d i k e t o n e s  o f  t y p e  4 d i d  n o t  p a s s  u n n o t i c e d .  
H o w e v e r ,  n u m e r o u s  u n s u c c e s s f u l  a t t e m p t s  t o  i n c r e a s e  t h e  l o w  y i e l d  o f  4 a  
o b t a i n e d  in  t h e  a b o v e  r e a c t i o n  f o r c e d  u s  t o  a b a n d o n  t h is  a p p r o a c h .



T a b l e  II
N m r  D a t a  f o e  /3-Diketones 4 a n d  3-Quinaldylpyrazoles 5

' --------------------------------------------------------------------------------- T y p e s  o f  h y d r o g e n ,  5 v a l u e s  ( m u l t i p l i c i t i e s ) ---------------------------------------------------------------------------------- ,
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C o m p d A r H V i n y l M e t h y l e n e O t h e r

4a“ 7.9 (m) 6 .6 6  (s), 6.24 (s) 
5.72 (s), 5.44 (s)

4.38 (s), 4.36 (s) 16.76 (s),“ 14.76 (s)“

4b“ 7.87 (m) 6 .6 6  (s), 6.24 (s) 
5.78 (s), 5.48 (s)

4.3 (s), 4.44 (s) 16.76 (s),‘  14.82 (s) “

4c“ 7.49 (m) 6.45 (s), 6.21 (s) 
5.92 (s), 5.47 (s)

4.42 (s), 4.3 (s) 16.7 (s),“ 15.82 (s)‘

4dh 8.32 (m) 6 .6 8  (s), 6.08 (s) 
5.88 (s)

4.64 (s), 4.46 (s) 14.9 (s),“ 4.26 (s)*

4e6 8.34 (m) 6.95 (s), 6.2 (s) 
5.94 (s)

4.76 (s), 4.58 (s) 15.56 (s),“ 14.12 (s)“ 
4.3 (s),d 4.2 (s)*

5a1 8.23 (m) 4.72 (s) 13.88 (s),“ 7.0 (sY
5b6 7.67 (m) 4.3 (s) 13.16 (s),“ 6.44 (sY
5d6 7.42 (m) 4.3 (s) 12.8 (s),« 6.44 (Sy  

3.8 (s ) /  3.69 (s)*
“  CDCI3 was used 

Pyrazole CH.
as the nmr solvent. b DMSO-de was used as the nmr solvent. c Enolic NH or OH. d CH3O. • Pyrazole

former reagent in refluxing ethanol resulted in their 
smooth conversion to 3-quinaldylpyrazoles 5a-d, the

5a, Ar = C6H5

b, Ar = p-C6H,Cl
c, Ar = 3,4-C6H3(Cl)2

d, Ar = 3,4.5-C6H2(OCH3)3

analyses (Table III) and nmr spectra (Table II) of 

T a b l e  III“
Cyclizations o f  /3-Diketones 4 to 3-Quinaldylpykazoles 5

ß -
D i k e t o n e P y r a z o l e

Y i e l d ,

% M p ,  ° C R e c r y s t n  s o l v e n t

4a 5a 59 168.5-170 Acetone-heptane
4b 5b 90 175-179 Ethanol-water
4c 5c 59 166-168 Benzene
4e 5d 72 165-167 Benzene

“ Satisfactory analytical data (±0.25 for C, H, and N) were 
found for all compounds: Ed.

assigned pyridone structure 8,8 was isolated. This for­
mulation was based on the molecular formula, 
C23H20N2O5, derived from mass spectral analyses. In 
addition, the ir spectrum (KBr), which had principal 
bands at 3400 and 1650-1580 cm-1 , was also compatible 
with the assigned structure. The nmr spectrum of 8 
(CF3COOH) had singlets at 4.14 (9 H), 7.14 (1 H), and 
7.26 ppm (2 H), attributable to methoxy protons, the 
C-5 proton of pyridone ring, and the two equivalent pro­
tons of the trimethoxyphenyl residue, respectively. In 
addition, there was a multiple! centered at 8.16 (4 H), 
which was assigned to the benzenoid protons of the 
quinoline nucleus, and an AB group at 9.04 ppm (2 H), 
which was attributed to the C-3 and C-4 protons of the 
quinoline ring.

It is conceivable that transformation of /3-diketone 
4e into pyridone 8 by urea may involve initial formation 
of carbamoyl derivative 9, which then undergoes cycli- 
zation to afford 8 (eq 2). Although attempts to further 
define the course of this reaction by isolation of possible 
acyclic intermediates such as 9 were unsuccessful, car- 
bamoylation at an active methylene position by urea, or

which were in accord with the proposed structures. 
Acid-catalyzed cyclization of diketone 4a with urea af­
forded 6-quinaldylpyrimidinol 7, which was also pre­
pared independently, albeit in low yield, by allowing 2- 
chloroquinoline to react with dilithio derivative 67 (see 
Scheme II).

S c h e m e  II

6

In contrast to 4a, /3-diketone 4e was not transformed 
into the expected quinaldylpyrimidinol on treatment 
with urea. Instead a single product, to which we have

(7 ) J. F . W o lfe  a n d  T . P . M u r r a y , Chem. Commun., 3 3 6  (1 9 7 0 ).

9

( 8 )  F o r  c o n v e n i e n c e  w e  h a v e  c h o s e n  t h e  a b o v e  s t r u c t u r a l  r e p r e s e n t a t i o n ,  
a l t h o u g h  o t h e r  t a u t o m e r s  a r e  p o s s i b l e .  A n  i n t r a m o l e c u l a r l y  h y d r o g e n -  
b o n d e d  s t r u c t u r e  s u c h  a s  8 w o u l d  h a v e  t h e  c a r b o n y l  g r o u p  o f  t h e  p y r i d o n e  
r i n g  f i x e d  in  s u c h  a  p o s i t i o n  t o  c a u s e  d e s h i e l d i n g  o f  t h e  C - 3  h y d r o g e n  o f  t h e  
q u i n o l i n e  n u c le u s ,  t h e r e b y  a c c o u n t i n g  f o r  t h e  d o w n f i e l d  p o s i t i o n  o f  t h is  p r o t o n  
i n  t h e  n m r  s p e c t r u m  o f  8 .  T h e  a l t e r n a t i v e  2 - h y d r o x y - 4 ( l ) - p y r i d o n e  t a u ­
t o m e r  c o u l d  a s s u m e  a  s i m i l a r  h y d r o g e n - b o n d e d  c o n f i g u r a t i o n  w i t h  t h e  C - 4  
c a r b o n y l  f u n c t i o n  o f  t h e  p y r i d o n e  r i n g  e x e r t i n g  a  s i m i l a r  d e s h ie l d i n g  e f f e c t .
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a urea derivative, is not without precedent.9 However, 
reactions of this type appear to have been limited pre­
viously to /3-dicarbonyl compounds which are sterically 
prohibited from undergoing cyclization to form pyrimi­
dine or pyridone derivatives.90

Experimental Section10

Preparation of 2-Acetonylquinoline (3).—To a stirred solution 
of 14.32 g (0.10 mol) of quinaldine (1) in 100 ml of dry tetra- 
hydrofuran (THF) at 25° under nitrogen, was added 70 ml 
(0.11 mol) of a 1.6 M  solution of n-butyllithium in hexane. The 
resulting dark red solution of lithio derivative 2  was stirred for 
10 min before addition of 13.2 g (0.015 mol) of ethyl acetate as a 
50% v /v  solution in dry THF. After 1 hr the reaction mixture 
was quenched with 75 ml of water and the original organic layer 
combined with an ethereal extract ( 1 0 0  ml) of the aqueous layer. 
The extracts were dried (Na2S04), the solvent removed, and the 
resulting oil distilled to afford 8.2 g (44%) of 2-acetonylquinoline 
(3), bp 140-145° (4.0 mm) [lit. 3 bp 145-147° (2.5 mm)]. The 
distillate, which solidified on standing, was recrystallized from 
hexane to give the desired ketone as yellow needles, mp 73-75° 
(lit. 3 mp 76-77°).

Aroylations of 3 by Means of Sodium Hydride to Form /3- 
Diketones 4a-e.—The aroylation of 3 with methyl benzoate is 
described in detail. Other aroylations were conducted in a 
similar manner and the results of these reactions are summarized 
in Table I.

In a 2-1., three-necked flask equipped with a pressure-equalizing 
addition funnel, a mechanical stirrer, and a reflux condenser, 
connected at its upper end through a cold trap (Dry Ice-acetone) 
to a Precision Scientific wet-test meter filled with water, were 
placed 1000 ml of 1,2-dimethoxyethane (DME) and 2.6 mol of 
sodium hydride dispersion. A solution of methyl benzoate (54.4 
g, 0.4 mol) and 3 (46.4 g, 0.26 mol) in 250 ml of DME was 
placed in the addition funnel. The system was purged with dry 
nitrogen, then closed to the atmosphere. The solvent in the 
reaction flask was heated to reflux, and when thermal equilibrium 
had been established, an initial reading was taken on the gas 
meter. The solution of ester and ketone was then added over a 
period of 2 0  min, and the resulting suspension was refluxed until 
hydrogen evolution had ceased.11 The solvent was removed under 
reduced pressure, and the remaining pasty residue was cooled to 
0°. Addition of ether (250 ml) was followed by the cautious 
addition of 150 ml of water. The sodio salt of the product, which 
separated between the layers, was collected and stirred with 500 
ml of water, then acidified (pH 6 ) with dilute HC1. The resulting 
solid was collected by filtration, washed with 5% aqueous Na- 
HCO3, and crystallized from methanol to give 41.0 g of 1 -phenyl-
4- (2-quinolyl)-1,3-butanedione (4a).

The nmr spectra of /3-diketones 4a-c (Table II) were consistent 
with the assigned structures. Each of the ir spectra had several 
strong bands in the 1670-1550 cm- 1  region. The mass spectra of 
4a-d had molecular ion peaks at m /e  289, 324, 358, and 319, 
respectively.

Benzoylation of 3 by Means of Sodium Amide.—To a stirred 
solution of sodium amide, 12 prepared from 0.375 g-atom of sodium 
in 300 ml of anhydrous liquid ammonia, was added a solution of 
2.32 g (0.0125 mol) of 3 in 10 ml of dry ether. The resulting deep 
red solution was allowed to stir for 30 min before a solution of 
2.72 g (0.02 mol) of methyl benzoate in 10 ml of ether was added. 
After 1 hr the reaction mixture was neutralized with 10 g of solid 
NH4C1 and the ammonia was removed on a steam bath as an

( 9 )  F o r  e x a m p le s ,  s e e  ( a )  H .  C .  S c a r b o r o u g h ,  J . O rg . C h em .,  2 6 , 2 5 7 9  
( 1 9 6 1 ) ;  ( b )  H .  C .  S c a r b o r o u g h ,  ib id .,  2 6 , 3 7 1 7  ( 1 9 6 1 ) ;  ( c )  H .  C .  S c a r b o r o u g h  
a n d  W .  A .  G o u l d ,  ib id .,  2 6 , 3 7 2 0  ( 1 9 6 1 ) .

(1 0 )  I n f r a r e d  s p e c t r a  w e r e  t a k e n  o n  a  B e c k m a n  T R - 5 A  in f r a r e d  s p e c t r o ­
p h o t o m e t e r .  N m r  s p e c t r a  w e r e  d e t e r m i n e d  o n  a n  A - 6 0  s p e c t r o m e t e r  w i t h  
t e t r a m e t h y l s i l a n e  a s  in t e r n a l  s t a n d a r d .  M a s s  s p e c t r a  w e r e  o b t a i n e d  o n  a  
P e r k i n - E l m e r  H i t a c h i  R M U - 6 E  m a s s  s p e c t r o m e t e r  a t  5 0  e V .  T h e  s o d i u m  
h y d r i d e  u s e d  w a s  a n  a p p r o x i m a t e l y  5 0 %  d i s p e r s i o n  in  m in e r a l  o i l ,  o b t a i n e d  
f r o m  M e t a l  H y d r i d e s ,  I n c .  n - B u t y l l i t h i u m ,  a s  a  1 .6  M  s o l u t i o n  in  h e x a n e ,  
w a s  o b t a i n e d  f r o m  F o o t e  M i n e r a l  C o .  1 ,2 - D i m e t h o x y e t h a n e  a n d  t e t r a -  
h y d r o f u r a n  w e r e  d i s t i l l e d  f r o m  s o d i u m  r i b b o n  i m m e d i a t e l y  b e f o r e  u s e .

( 1 1 )  A  t o t a l  o f  3  m o l  e q u i v  o f  h y d r o g e n  w a s  e v o l v e d  in  t h i s  a n d  s u b s e q u e n t  
a r o y l a t i o n s  o f  k e t o n e  3.

( 1 2 )  C .  R .  H a u s e r ,  F .  W .  S w a m e r ,  a n d  J . T .  A d a m s ,  O rg. R ea ct.,  8 ,  1 2 2
( 1 9 5 4 ) .

equal volume of ether was added. Water (100 ml) was added, 
the resulting layers were separated, and the aqueous layer was 
extracted with two 100-ml portions of ether. The original ethereal 
layer and extracts were combined, dried (Na2S04), and concen­
trated to yield a red oil which slowly crystallized. Recrystalliza­
tion of this crude product from methanol afforded 0.5 g (14%) of 
/3-diketone 4a.

Independent Synthesis of 4a from 2-Chloroquinoline and Di- 
sodiobenzoylacetone.—To a stirred suspension of 0.025 mol of 
disodiobenzoylacetone13 in 300 ml of liquid ammonia was added
4.07 g (0.025 mol) of 2-chloroquinoline as a 20% w /v solution 
in dry ether. The reaction mixture was stirred for 2.5 hr, 
quenched with excess solid NH4C1, and processed as in the re­
action of 3 with methyl benzoate and sodium amide. The semi­
solid crude product thus obtained was crystallized from 95% 
ethanol to give 1.19 g (17%) of diketone 4a, mp 138-140°, which 
was identical in all respects with a sample of 4a prepared from 
ketone 3.

Cyclization of /3-Diketones 4a-c and 4e with Hydrazine to 
Form Pyrazoles 5a-d.—A 0.01-mol sample of the appropriate 
/3-diketone was treated with hydrazine [3.80 g (0.10 mol) of an 
85% aqueous solution] in 40 ml of refluxing ethanol for 2 hr. 
Removal of the ethanol under reduced pressure and re crystalliza­
tion of the resulting solid gave the respective pyrazole.

Yields and analytical data for these products are given in Table
III. Principle nmr absorptions for 5a, 5b, and 5d are listed in 
Table II. All pyrazoles had major ir bands at 3350-3300 (NH) 
and 1620-1550 cm-1. The mass spectrum of 5a had a molecular 
ion peak at m /e  285.

Cyclization of /3-Diketone 4a with Urea to Form 2-Hydroxy-4- 
phenyl-6-quinaldylpyrimidine (7).—To a hot, stirred solution of 
2.89 g (0.01 mol) of 4a in 75 ml of absolute ethanol were added 
urea (3.60 g, 0.06 mol) and concentrated HC1 (1 ml, 0.01 mol). 
After refluxing for 17 hr, the mixture was cooled and the resulting 
solid filtered, washed with ether, and recrystallized from 95% 
ethanol to give 1.81 g (59%) of 7: mp 265-267° (sealed tube); 
ir (KBr) 3400-3180, 1700-1640, and 1545 cm“ 1; nmr (CF3- 
C02H) S 9.08 (m, 12, aromatic) and 5.70 ppm (s, 2, CH2); 
mass spectrum, molecular ion peak at m /e  313, wdth abundant 
fragment peaks at m /e  128 and 77.

A n a l. Calcd for C20Hi6N3O: C, 76.65; H, 4.82; N, 13.41. 
Found: C, 76.77; H, 4.61; N, 13.55.

Independent Synthesis of 7 Using Dilithio Derivative 6.—To 
a stirred solution of 4.62 g (0.025 mol) of 2-hydroxy-4-methyl-6- 
phenylpyrimidine14 in 250 ml of dry THF at 0° under nitrogen 
was added dropwise, 35 ml (0.56 mol) of a 1.6 M  solution of n -  
butyllithium in hexane. The soluble, red pyrimidine dianion 6 
was stirred for 30 min, and 4.07 g (0.025 mol) of 2-chloroquino­
line, in 10 ml of dry THF was then added dropwise. The re­
action mixture was allowed to stir for 1.5 hr before being quenched 
with 100 ml of water. The THF-hexane was removed on a 
rotary evaporator and the resulting solution was acidified with 
10 ml of concentrated HC1. The precipitate which formed was 
filtered, washed with dilute aqueous NH4OH, dried, and re­
crystallized from 95% ethanol to give 0.6 g (7%) of 7, mp 263- 
265° (sealed tube). The ir spectrum of this product was identical 
with that of a sample of 7 prepared by urea cyclization of /3- 
diketone 4a.

Urea Cyclization of /3-Diketone 4e to Form Pyridone 8 .—To a
stirred solution of 3.79 g (0.01 mol) of 4e in absolute ethanol 
(80 ml) was added 1  ml of concentrated HC1 and 3.60 g 
(0.06 mol) of urea. The mixture was allowed to reflux for 48 hr 
before being cooled to precipitate the crude product, which was 
collected by filtration and crystallized from ethanol to afford 
3.0 g (75%) of 3-(2-quinolyl)-4-hydroxy-6-(3,4,5-trimethoxy- 
phenyl)-2 (l)-pyridone (8 ): mp 286-288° (sealed tube); mass
spectrum (50 eV), molecular ion peak at m /e  404.

A n a l. Calcd for C23H20N2O5: C, 68.25; H, 4.98; N, 6.94. 
Found: C, 68.53; H, 5.18; N, 6.71.

Several attempts to isolate possible acyclic intermediates by 
decreasing both reaction time and the molar quantity of urea 
afforded only unreacted /3-diketone 4e and pyridone 8 . 15

( 1 3 )  K .  G .  H a m p t o n ,  R .  J .  L ig h t ,  a n d  C .  R .  H a u s e r ,  J . O rg . C h em .,  3 0 , 
1 4 1 3  ( 1 9 6 5 ) .

(1 4 )  C .  R .  H a u s e r  a n d  R .  M .  M a n y i k ,  ib id .,  18 , 5 8 8  ( 1 9 5 3 ) .
(1 5 )  W e  w is h  t o  t h a n k  M r .  J .  C .  G r e e n e  f o r  c a r r y i n g  o u t  t h e s e  e x p e r i ­

m e n t s .
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Registry No.— 4a, 26958-30-5; 4b, 26958-31-6;
4c, 26958-32-7; 4d, 26958-33-8; 4e, 27039-92-5; 5a, 
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26958-36-1; 7,26958-37-2; 8,26958-38-3.
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F e l i x  E. G e i g e r ,  C h a r l e s  L .  T r i c h i l o ,

F r e d r i c k  L. M i n n , * 2 3 4 * a n d  N i c o l a e  F i l i p e s c u
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N A S A ,  G reenbelt, M a r y la n d  20 771
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The stability of pyridinyl radical cations has made 
them subject to intense investigations.3-8 Kosower 
and Cotter reported an interesting formation of di- 
methylviologen radical 1 from 4-cyanopyridinium meth- 
iodide and sodium dithionite, presumably via dimeriza­
tion of the neutral 4-cyanopyridinyl radical interme­
diate.6 We report here on the unusual formation of the 
same viologen radical from di(4-pyridyl) ketone mono- 
and dimethiodides (2 and 3) in aqueous hydroxide solu­
tion.

S c h e m e  I  

O

H O  0 7  
/ = \  \ / V

ch> - n£ ) v £ 7 < G  N— CH3 (4) 

1

CH3— n H ^ . N - C H ,  (7)

I3 8

3

When 1 M  NaOH solutions, thoroughly degassed by 
numerous freeze-thaw cycles, were mixed under vacuum 
with crystals of either 2 or 3, the resulting mixture turned 
deep blue immediately and remained so indefinitely 
(months). As the color developed, the near-uv-visible 
absorption showed a parallel increase in the two struc­
tured bands characteristic6 of 1, namely, in the visible 
at Xmax (e) 560 (7450), 602 (10,400), 660 (5500), and 730 
nm [16501./(mol cm)] and in the uv at 367 (12,300), 
384 (22,300), and 395 nm [34,200 l./(m ol cm)]. The 
blue solutions gave strong esr signals whose presence or 
absence paralleled that of the color. Examination of 
high-resolution esr spectra clearly indicated that the 
blue paramagnetic species formed from both 2 and 3 
was dimethylviologen cation radical.6’9’10 The experi­
mental splitting constants for 1 in water, which differ 
only slightly' from those in ethanol,9 are 1.33 and 1.59

( 1 )  T a k e n  in  p a r t  f r o m  w o r k  d o n e  b y  C .  L .  T .  i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  
P h . D .  r e q u i r e m e n t s  a t  T h e  G e o r g e  W a s h i n g t o n  U n i v e r s i t y .

( 2 )  T o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  d i r e c t e d  a t  T h e  G e o r g e  W a s h i n g ­
t o n  U n i v e r s i t y .

( 3 )  P .  B o r g e r  a n d  A .  S a n  P i e t r o ,  A r c h . B io ch em . B io p h y s . ,  12 0 , 2 7 9  ( 1 9 6 7 ) .
(4 )  P .  B o r g e r ,  C .  C .  B l a c k ,  a n d  A .  S a n  P i e t r o ,  B io c h e m is tr y , 6 , 8 0  ( 1 9 6 7 ) .
(6 )  O .  P .o g n e ,  B io ch em . P h a rm a co l . ,  1 6 , 1 8 5 3  ( 1 9 6 7 ) .
(6 )  E .  M .  K o s o w e r  a n d  J . L .  C o t t e r ,  J . A m e r . C h em . S o c .,  8 6 , 5 5 2 4  ( 1 9 6 4 ) .
(7 )  E .  M .  K o s o w e r  a n d  E .  J .  P o z i o m e k ,  ib id .,  8 6 , 5 5 1 5  ( 1 9 6 4 ) .
(8 )  E .  M .  K o s o w e r  a n d  I .  S c h w a g e r ,  ib id .,  86 ,  5 5 2 8  ( 1 9 6 4 ) .
(9 )  C .  S .  J o h n s o n  a n d  H .  S .  G u t o w rs k y ,  J. C h em . P h y s . ,  39, 5 8  ( 1 9 6 3 ) .
( 1 0 )  A .  H .  C o n v i n ,  R .  R .  A r e l l a n o ,  a n d  A .  B .  C h i v v i s ,  B io c h im . B io p h y s .

A cta , 16 2 , 5 3 3  ( 1 9 6 8 ) .

c h “ Nw ^ hO N~ CH3 {1)
+

0

—nO cc ^ - ch3 (8)
l ì

0
II

CH3— CHa (9)

1

CH~ NW ^ C N“ CH3 (1)

Oe for the ring protons, 3.99 Oe for the methyl hydro­
gens, and 4.25 Oe for the nitrogens; a spectrum simu­
lated by computer,11 with Lorentzian line shape and 
with a line width of 140 mOe, verified the constants. 
Radical 1 was generated in a similar manner in non- 
deaerated samples. Eventually, after months in open 
sample tubes or much more rapidly upon oxygenation, 
the blue alkaline solutions turned pale yellow or reddish 
brown, depending on concentration, and lost their para-

(1 1 ) M o d if ic a t io n s  t o  a  p r o g r a m  b y  A . I n z a g h i  a n d  L . M o n g in i , E u ro p e a n
A t o m ic  E n e r g y  C o m m is s io n -E u r a to m , R e p o r t  E U R -4 0 6 4 e .
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magnetism. Preparative scale solutions of either 2 or 3 
purposely decolorized with C 0 2-free oxygen produced 
copious amounts of carbon dioxide upon acidification. 
An approximate gravimetric evaluation indicated 30 
mol %  C 0 2 yield with respect to original dimethiodide. 
Furthermore, carbon monoxide was detected with the 
I2O5 test for both 2 and 3. The liberated iodine in the 
case of 3 was determined both colorimetrically and by 
titration to be about 12 mol % . These observations 
were useful in the formulation of a reaction mechanism. 
When the base concentration was lower than ~ 0 .1  
M, no blue color developed. On the other hand, when 
the base concentration was very high (~ 1 0  .If), the 
methiodides were no longer soluble and only a very 
weak blue color developed.

Unlike those of its methiodides, sodium hydroxide 
solutions of the parent dipyridyl ketone remained color­
less and diamagnetic under similar conditions.12

A  plausible mechanism for viologen radical formation 
from 3 is shown in Scheme I. Although the hydroxide 
ion could abstract protons from the methyl groups acti­
vated by the pyridinium nitrogens, it seems to attack 
preferentially the carbonyl group, followed by a 1,2 
“ push-pull” migration of a 4-pyridinium group to 
generate cation 5. One can easily visualize proton ab­
straction from 5 and subsequent facile decarboxylation 
of zwitterion 6 with formation of the powerful reducing 
agent10’13'14 A,A'-dimethyldihydro-4,4'-bipyridyl (7), 
which is rapidly oxidized by dimethiodide 3 to viologen 
radical 1. It is known that such molecules as 7, which 
have also been called “ alkali-metal analogs,” are capa­
ble of generating viologen radicals in reaction even with 
common solvents.13’14 We found that radical cation 8 
formed by metal reduction of 3 has a long lifetime in 
degassed acetonitrile.16 Apparently, however, in aque­
ous hydroxide it undergoes rapid decarbonylation via 
9 and 10, as shown in Scheme I, with ultimate formation 
of another viologen radical. It is conceivable that 
radical 8 leads reversibly to 9 with slow leakage over 
an energy barrier to 10. Presence of both carbon mon­
oxide and carbonate among products together with 
viologen-radical yields of roughly 50 mol % 16 tends to 
confirm the postulated mechanism. A  reaction path for 
viologen-radical formation from monomethiodide 2 
requires decarboxylation, decarbonylation, and either 
fission at the carbonyl site with subsequent coupling of

( 1 2 )  F .  L .  M i n n ,  C .  L .  T r i c h i l o ,  C .  R .  H u r t ,  a n d  N .  F i l ip e s c u ,  J . A m er .  
C h em . S o c .,  9 2 ,  3 6 0 0  ( 1 9 7 0 ) .  P r e p a r a t i o n  a n d  i d e n t i f i c a t i o n  o f  t h e  m e t h i o ­
d i d e s  2  a n d  3  w e r e  a l s o  g i v e n  in  t h is  a r t i c le .

( 1 3 )  JE. M ü l l e r  a n d  K .  A .  B r u h n ,  B e r .,  8 6 ,  1 1 2 2  ( 1 9 5 3 ) .
( 1 4 )  E .  W e i t z  a n d  A .  N e l k e n ,  J u s tu s  L ieb ig s  A n n .  C h em ., 4 2 5 ,  1 8 7  ( 1 9 2 1 ) .
( 1 5 )  N .  F i l i p e s c u ,  F .  E .  G e ig e r ,  C .  L .  T r i c h i l o ,  a n d  F .  L .  M i n n ,  J , P h y s .  

C h em .,  in  p r e s s .

( 1 6 )  T h e  c o n v e r s i o n  o f  t h e  m e t h i o d i d e s  t o  v i o l o g e n  r a d i c a l  w a s  e v a l u a t e d  
s p e c t r o s c o p i c a l l y  i n  d e g a s s e d  s a m p l e s  o f  k n o w n  c o n c e n t r a t i o n s  f r o m  m a x i ­
m u m  a b s o r b a n c e  a t  3 9 5  a n d  6 0 2  n m .

A-methylpyridine moieties or acquisition of a second 
methyl group at the nonmethylated nitrogen. This 
latter alternative can be visualized as showm in eq 1. 
However, this possibility should be considered cnly 
tentative, since further analytical work may be neces­
sary to substantiate such a mechanism.

Registry No.— 1, 26985-31-9; 2, 26988-47-6; 3, 
26988-48-7.
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A Stereoselective Synthesis o f  
trans-Iso bornyleyclohexano l

W a y n e  I .  F a n t a *  a n d  W i l l i a m  F .  E r m a n

T h e P ro cter  & G am ble C o m p a n y , M ia m i  V a lley  
L abo ra to ries , C in c in n a ti, O hio 1,5239

Received. J u ly  13 , 1 9 70

The long-recognized value of sandalwood oil as a per­
fume essential to the formulation of a variety of fine 
soap fragrances has prompted us to consider syntheses 
for other materials reputed to possess sandahvood- 
like odors. The curious discovery that a mixture of 
terpene cyclohexanols, formed by catalytic reduction 
of the condensation products of camphene and guiacol 
or camphene and phenol, provides a sandalwood odor 
first appeared about 20 years ago.1 Although there has 
been some use of this material in perfumery, it wras some 
years before Demole2 isolated and synthesized the one 
material responsible for the sandalwood-like odor, 
¿rans-3-(ea:o-5-isocamphyl)cyclohexanol. Meanwhile, 
Russian workers reported3 that the somewhat simpler 
system, frans-3-isobornylcyclohexanol (7), also pos­
sessed a “ strong sandalwood” odor.

The reported odor properties for trans isomer 7 seemed 
to mark it as a unique member in a family of similar 
compounds. Each of the 2- and 4-isobornylcyclohexa- 
nols, prepared by others,4 and 4-bornylcyclohexanol, 
prepared in these laboratories,5 were characterized as 
almost odorless. Furthermore, the as-3-isobornyl- 
cyclohexanol (8) was claimed to possess a cedar note. 
Because of what appeared to be very unique and strict 
structural requirements for the sandalwood odor, we 
wished to validate this observation through independent 
synthesis.

( 1 )  J .  R .  B y e r s ,  J r . ,  A m e r . P e r fu m er ,  4 9 ,  4 8 3  ( 1 9 4 7 ) ;  G e r m a n  P a t e n t  
8 3 4 ,5 9 3  ( 1 9 5 2 ) ;  C h em . A b str .,  4 7 ,  5 4 4 6 i  ( 1 9 5 3 ) .

(2 )  E .  D e m o l e ,  H elv . C h im . A cta ,  4 7 ,  3 1 9 ,  1 7 6 6  ( 1 9 6 4 ) .
(3 )  ( a )  L .  A .  K h e i f i t s  a n d  I .  S .  A u l ’ c h e n k o ,  “ S y n t h è s e  d e r  R e i c h s t o f f e a u s
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G .  I .  M o l d o v a n s k a y a ,  L .  A .  K h e i f i t s ,  A .  Y .  K o k h m a n s k i i ,  a n d  V .  N .  B e l o v ,  
Z h . O bshch. K h im .,  3 3 ,  3 3 9 2  ( 1 9 6 3 ) ;  C h em . A b str .,  6 0 ,  5 5 5 5 h ( 1 9 6 4 ) .

(5 )  W .  F .  E r m a n ,  u n p u b l i s h e d  o b s e r v a t i o n s .
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Synthetic schemes directed toward terpene cyclo- 
hexanols have been several in number.2-9 As those 
which allow the preparation of pure materials are par­
ticularly limited, it was our intent to develop a scheme 
(Scheme I) which possessed stereoselectivity. There 
are theoretically 16 diastereomers of the bicyclo [2.2.1 ]- 
hepty.cyclohexanol I. By starting with optically pure

d-camphor, it is possible by this procedure to isolate 
stereoselectively the two diastereomeric cyclohexanols 
7a and 7b. However, in our work we began with di­
camphor and obtained principally the four diastereo­
meric alcohols 7a-d.

OH

ÓH I
I

7c 7d

The required carbon framework was created through 
the interaction of camphor (1) and the Grignard of 
bromo ether 2. Alcohol 3, obtained in modest yield, 
was contaminated with several by-products including 
substantial amounts of benzyl phenyl ether. As the 
oily alcohol 3 resisted distillation, rigorous purification 
was not possible. Spectral data, however, corroborated 
assignment of structure 3 to the major product from 
the Grignard reaction.

Prior dehydration studies on model systems had re­
vealed that while boron trifluoride etherate was a satis­
factory catalyst for dehydrating 2 and 4 isomers,6,7 
it was not suitable for structure type 3. The 3-sub- 
stituted isomers were, in fact, prone to rearrangement 
under these conditions and afforded substantial amount 
of 1-arylcamphene 9. Thionyl chloride proved to be a 
useful substitute for boron trifluoride, and olefin 4 could 
be smoothly generated using this reagent. This mate-

(6 )  W .  F .  E r m a n  a n d  T .  J .  F l a u t t ,  J . O rg. C h em .,  2 7 , 1 5 2 6  ( 1 9 6 2 ) .
(7 )  W .  F .  E r m a n ,  J . A m e r . C h em . S o c .,  8 6 ,  2 8 8 7  ( 1 9 6 4 ) .
(8 )  I .  S .  A u l ’c h e n k o  a n d  L .  A .  K h e i f i t s ,  J . O rg. C h em . U S S R , 2 ,  2 0 1 5  

( 1 9 6 6 ) .
(9 )  L .  A .  K h e i f i t s ,  I .  S .  A u l ’ c h e n k o ,  a n d  G .  M .  S h c h e g o l e v a ,  ib id .,  2 , 

2 0 1 9  ( 1 9 6 6 ) .

S c h e m e  I

1 Br
2

8

rial could subsequently be fully saturated using fresh 
W -6 Raney nickel.10

The product mixture obtained on reduction was usu­
ally complex and could be only partially separated by 
careful column chromatography. In addition to 60- 
8 0%  of the expected alcohol mixture 5, several hydro­
carbons, aromatics, and carbonyl-containing materials 
were also isolated. The ratio of cis alcohol 8 to trans 
alcohol 7 varied between ca. 6 :4  and 7 :3 . While the 
various by-products described above could be minimized 
through slight experimental modifications, other alco­
holic impurities, believed to be bornyl mixture 10 (10- 
15% ), were carried through the remainder of the se­
quence.

Since chromatographic efforts to isolate the pure 
trans isomer from this mixture proved inefficient, we 
chose to examine an alternate, more selective synthetic 
route. The use of iridium compounds as reduction 
transfer catalysts has been reported to be a very ef­
fective method for generating high purity axial alcohols. 
Following published reports,11 we found a strong pref-

( 1 0 )  A .  A .  P a v l i c  a n d  H .  A d k i n s ,  J . A m e r .  C h em . S o c .,  68 , 1 4 7 1  ( 1 9 4 6 ) .
( 1 1 )  ( a )  Y .  M .  Y .  H a d d a d ,  H .  B .  H e n b e s t ,  J .  H u s b a n d s ,  a n d  T .  R .  B .

M i t c h e l l .  P r o c .  Chem.. S o c .,  3 6 1  ( 1 9 6 4 ) .  ( b )  W e  t h a n k  P r o f e s s o r  E l i e l  f o r

c o m m u n i c a t i n g  t h is  p r o c e d u r e  t o  u s  p r i o r  t o  i t s  p u b l i c a t i o n .
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erence for the formation of trans isomer 7 on reduction 
of ketone 6. Gas chromatographic examination 
demonstrated the presence of trans isomer 7 (80-90% ) 
mainly contaminated with a material tentatively iden­
tified as ¿rans-bornyl isomer 10 (axial OH). Further 
purification of alcohol 7 was possible through careful 
glpc. Less than 5 %  cis isomer 8 was detected in the 
reduction mixture.

The purest samples of cis- or /rans-isobornylcyclo- 
hexanol (7, 8) or of mixture 5 exhibited rather weak 
odors. Although trans isomer 7 possessed a sandalwood 
note, it did not compare well in intensity with trans-3- 
(ezo-5-isocamphyl) cyclohexanol.12

Experimental Section13

3-Benzyloxyphenylbomeol (3).-—The procedure of Erman and 
Flautt6 was employed. A solution of 17.6 g (0.07 mol) of 3- 
benzyloxy-l-bromobenzene (2 ) 14 in 16 ml of tetrahydrofuran 
(Fisher Certified) was added dropwise over 0.5 hr to 1.87 g 
(0.08 g-atom) of magnesium (20 mesh).13b The resulting mixture 
was refluxed for 2  hr, cooled slightly, and treated over 1  hr with 
a solution of 10.3 g (0.07 mol) of camphor in 16 ml of tetrahydro­
furan. The reaction was refluxed for 2  hr, cooled to 0-5°, and 
decomposed cautiously with 17 ml of a saturated aqueous 
solution of sodium sulfate over 15 min. The resulting ether 
layer was decanted and the residual salts -were washed well with 
several portions of ether. The combined organic layers were 
washed once with saturated aqueous sodium sulfate solution and 
dried (MgS04). Solvent removal afforded 31 g of oil which was 
subjected to distillation. Starting materials, predominantly 
camphor, were removed first, bp 90-110° (bath) (0.35 mm), 
followed by 5.7 g of benzyl phenyl ether, bp 85-95° (0.35 mm), 
mp 35.5-37.5°. Recrystallization (CHsOH) gave pure ether: 
mp 39-40°; ir (CC14) 6.31, 8 .1 2 , 9.75 M (lit. 15 mp 39-40°). 
Distillation up to 165° (0.5 mm) gave only a small amount of 
additional crude ether, mp 33-35°.

The residual 10 g (44%) of material could not be induced to 
crystallize and was used directly for the next reaction. The 
material exhibited spectral properties consistent with the ex­
pected product 3: ir (film) 2.81, 2.88, 3.26, 3.29, 6.21, 6.30, 
7.91, 10.3, 1 1 .6 , 12.7, 13.5, 14.3 n; nmr (CCh) r 2.50-3.40 
(complex, 2, aromatic), 5.02 (s, 2, OCH2), 8.80 (s, 3, Ci CH3), 
9.15, 9.18 (2 s, 6 , C7 CH3’s).

3-Benzyloxyphenylbornylene (4).—A solution of 4.6 g (0.014 
mol) of crude borneol 3 in 50 ml of anhydrous pyridine cooled to 
— 5 to —10° was treated over 5 min with 28 ml of a 1:1 mixture of 
thionyl chloride and anhydrous pyridine.13b The reaction was 
stirred at —5° for an additional 10 min and was poured into ca. 
100 ml of cold pentane. The pentane solution was treated cau­
tiously with ice chips and the resulting layers separated. Several

( 1 2 )  W e  w a n t  t o  t h a n k  D r .  E .  D e m o l e  f o r  a  s a m p l e  o f  t r a n s -3 -(e x o -5 -  
i s o c a m p h y l )  c y c l o h e x a n o l .

(1 3 )  (a )  T h e  p r e f i x  dl i s  o m i t t e d  f r o m  t h e  n a m e s  o f  r a c e m i c  s u b s t a n c e s ,  
( b )  T h e  a p p a r a t u s  d e s c r i b e d  b y  W .  S . J o h n s o n  a n d  W .  P .  S c h n e i d e r  [O rg. 
S y n .,  3 0 , 1 8  ( 1 9 5 0 ) ]  w a s  u s e d  t o  m a i n t a i n  a  n i t r o g e n  a t m o s p h e r e ,  ( c )  
I n f r a r e d  s p e c t r a  w e r e  d e t e r m i n e d  o n  a  P e r k i n - E l m e r  M o d e l  2 3 7  s p e c t r o ­
p h o t o m e t e r ;  n m r  s p e c t r a  w e r e  d e t e r m i n e d  w i t h  a  V a r i a n  M o d e l  H A - 1 0 0  
s p e c t r o m e t e r  b y  R .  R e a v i l l  a n d  a s s o c i a t e s  o f  t h e s e  la b o r a t o r i e s  [ c h e m i c a l  
s h i f t s  m e a s u r e d  r e l a t i v e  t o  t e t r a m e t h y l s i l a n e  ( 7  1 0 ) ] ;  g a s —l i q u i d  p a r t i t i o n  
c h r o m a t o g r a p h y  w a s  a c c o m p l i s h e d  w i t h  a n  A e r o g r a p h  M o d e l  2 0 2 B  u s i n g  a  
f l o w  r a t e  o f  1 0 0  c c / m i n  o n  5  f t  X  0 .2 5  i n .  c o l u m n s  p a c k e d  w i t h  2 0 %  F F A P  
o n  6 0 - 8 0  C h r o m o s o r b  P  o r  2 0 %  S E - 3 0  o n  6 0 - 8 0  C h r o m o s o r b  W  a t  t h e  t e m ­
p e r a t u r e  i n d i c a t e d  u n le s s  o t h e r w i s e  s p e c i f i e d ,  ( d )  M i c r o a n a l y s e s  w e r e  p e r ­
f o r m e d  b y  S p a n g  M i c r o a n a l y t i c a l  L a b o r a t o r y ,  A n n  A r b o r ,  M i c h .  (e )  
A n h y d r o u s  p y r i d i n e  w a s  o b t a i n e d  b y  d i s t i l l a t i o n  f r o m  b a r i u m  o x i d e ,  ( f )  
T h e  i s o l a t i o n  p r o c e d u r e  c o n s i s t e d  o f  t h o r o u g h  e x t r a c t i o n  w i t h  t h e  s p e c i f i e d  
s o l v e n t ,  w a s h in g  t h e  c o m b i n e d  e x t r a c t s  w i t h  b r i n e  s o l u t i o n ,  a n d  d r y i n g  o v e r  
a n h y d r o u s  m a g n e s iu m  s u l f a t e .  T h e  s o l v e n t  w a s  r e m o v e d  f r o m  t h e  f i l t e r e d  
e x t r a c t s  u n d e r  r e d u c e d  p r e s s u r e  o n  a  h o t  w a t e r  b a t h ,  ( g )  M e l t i n g  p o i n t s  a r e  
c o r r e c t e d .

( 1 4 )  B e n z y l o x y - l - b r o m o b e n z e n e  ( 2 ) ,  m p  5 5 —5 7 ° ,  w a s  p r e p a r e d  a c c o r d i n g  
t o  Y .  W u ,  W .  A .  G o u l d ,  W .  G .  L o b e c k ,  J r . ,  H .  R ,  R o t h ,  a n d  R .  F .  F e l d k a m p ,  
.7. Med. P h a rm . C h em .,  5 ,  7 5 2  ( 1 9 6 2 ) ,  in  q u a n t i t a t i v e  y i e l d .  P u r e  m a t e r ia l ,  
m p  5 8 —5 9 ° ,  c o u l d  b e  o b t a i n e d  in  9 0 %  y i e l d  b y  r e c r y s t a l l i z a t i o n  f r o m  
m e t h a n o l .

(1 5 )  E .  V o w i n k e l ,  C h em . B e r .,  9 9 , 1 4 7 9  ( 1 9 6 6 ) ;  C h em . A b str .,  6 S, 2 1 5 9 d
( 1 9 6 6 ) .

pentane extracts were combined and washed with two portions of 
3 % aqueous hydrochloric acid, followed by brine until neutral. 
The pentane extract was dried (MgS04) and the solvent removed. 
As distillation could not be effected [up to 170° (bath) (0.4 mm)], 
the crude was purified by passage through 150 ml of Florisil. 
Monitoring by infrared analysis indicated that 2.6 g (59%) of 
essentially pure bornylene 4 was eluted with hexane and 2% 
ether in hexane. Material purified by glpc (SE-30, 225°) ex­
hibited the following properties: ti2°-5d 1.5745; ir (film) 3.26, 
3.30, 6.18, 6.24, 6.33, 8.30, 9.52, 9.75, 12.8, 13.6, 14.3 ag nmr 
(CC1<) r 2.65-3.60 (complex, 9, aromatic), 4.19 (d, 1 , /  = 4 Hz, 
C=CH ), 5.11 (s, 2, OCH2), 7.75 (t, 1, J  =  3 Hz, C4 H), 9.00 
(s, 3, Ch CH3), 9.18, 9.25 (2  s, 6 , C7 CH3 ’s).

A n a l . Calcd for C23H260 : C, 86.74; H, 8.23. Found: C, 
86.75; H, 8.15.

Further elution (5% ether in hexane through 100% ether) 
afforded 1.1 g of additional, semicrystalline material. Repeated 
recrystallization from ethanol afforded 3,3'-dibenzyloxybiphenyl: 
mp 1 2 0 - 1 2 1 °; ir (CHC13) 3.26, 3.32, 6.23, 6.33, 9.71, 1 1 .6 , 
14.3 At; nmr (CDC13) r 2.2-3.17 (complex, 13, aromatic), 4.91 
(s, 4, OCH2); mass spectrum m /e  366.

A n a l . Calcd for C26H220 2: C, 85.21; H, 6.05. Found: C, 
85.25; H, 6.0.

cis-3-Isobornylcyclohexanol (8).—A solution of 3.5 g (0.01 mol) 
of bornylene 4 in 30 ml of absolute ethanol was hydrogenated for 
20 hr at 112° and 2400 psi of hydrogen over ca . 3 g (wet with 
ethanol) of freshly prepared Raney nickel catalyst. 10 The catalyst 
was removed by filtration and the solvent was removed at reduced 
pressure. A 1.51-g portion of the residual 1.95 g (83%) of oil was 
chromatographed on 150 g of Woelm neutral alumina (activity 
grade I). Fraction monitoring by infrared analysis indicated 
several hydrocarbons, aromatics, and carbonyl-containing ma­
terials eluted prior to the desired cyclohexancls. Several 2-5% 
ethyl acetate in ether fractions which contained predominantly 
trans isomer 7 and the cis isomer 8 were collected. Although the 
first fractions were enriched in 7 and the latter in isomer 8, 
the majority of the fractions were poorly resolved. Further 
elution afforded mixtures of cyclohexanols and incompletely re­
duced phenolic products.

In latter experiments we found it possible to obtain satisfactory 
purity by carrying out the reduction at 130° for 36 hr. The re­
sultant cyclohexanol mixture 5 was obtained in 70-80% yield by 
direct distillation at 115-130° (0.03 mm). The mixture usually 
contained 60-70% isomer 8 and 30-40% isomer 7 by gas 
chromatographic analysis. Further purification of the cis isomer 
8  by gas chromatography (FFAP, 200°) gave material exhibiting 
the following properties: n nd 1.5086 (lit. 3 n wo  1.5088); ir
(film) 3.00, 7.19, 9.52, 10.4 M; nmr (CDC13) r 6.55 (m, 1 , 
CHOH), 7.15 (s, 1, OH), 9.00-9.30 (complex, CH3’s). The
3,5-dinitrobenzoate derivative exhibited mp 152° (lit. 3 mp 
157-159°).

3-Isobomylcyclohexanone (6 ).—A solution of 4.24 g (0.02 mol) 
of cyclohexanol mixture 5 in 40 ml of acetone, cooled to 5°, was 
treated with 5 ml of Jones reagent16 over 15 min. The reaction 
was stirred an additional 5 min at 5°, and the excess oxidizing 
agent was decomposed by the dropwise addition of isopropyl 
alcohol. The mixture was poured into brine and the organic 
material was isolated with ether. The combined extracts were 
washed with saturated aqueous sodium bicarbonate and brine 
until neutral. Removal of the dried (MgS04) solvent afforded 
4.47 g of crude product which was distilled to afford 3.86 g (29%) 
of light yellow product, bp 103-115° (0.05 mm). Further puri­
fication by redistillation, bp 105° (0.05 mm), and gas chromatog­
raphy (SE-30, 200°) gave ketone 6 : ra25-6»  1.5033; ir (film) 5.81, 
7.19, 7.59, 8.11 nmr (CDC13) r 9.20 (CHS).

A n a l . Calcd for C16H260 : C, 81.99; H, 11.18. Found: C, 
82.1; H, 11.2.

The semicarbazone was recrystallized from ethanol as a micro­
crystalline powder, mp 219-220°.

A n a l . Calcd for Ci7H29N30 : C, 70.06; H, 10.03; N, 14.42. 
Found: C, 70.2; H, 10.2; N. 14.35.

irans-3-Isobomylcyclohexanol (7).—The procedure of Henbest 
et a/.,lla was employed. A solution of 0.52 g (2.2 mmol) of iso- 
bornylcyclohexanone 6 , 40 mg (0.12 mmol) of chloroiridic acid 
(Alpha), 0.55 ml of trimethyl phosphite, and 1.0 ml of water in 
7 ml of isopropyl alcohol was refluxed for 100 hr.13b Isolation 
(ether)131 afforded 0.7 g of crude product which was distilled to

( 1 6 )  K .  B o w d e n ,  I .  M .  H e i l b r o n ,  E .  R .  H .  J o n e s ,  a n d  B .  C .  L .  W e e d o n ,  
J . C h em . S o c .,  3 9  ( 1 9 4 6 ) .
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give O.o g (t95%) of colorless, viscous oil, bp 120-130° (bath) 
(0.1 mm). Gas chromatographic examination utilizing a 20 ft X 
'/8  in. column packed with 10% FFAP on Aeropak 30, 80-100, 
indicated less than 5% of the cis isomer 8. The major product 
impurity (~10-15% ) has been tentatively identified as bornyl 
isomer 10 (trans). The trans isomer 7 on further purification 
(FFAP, 200°) exhibited the following properties: n wd 1.5115 
(lit.1 2 3 4 5 6 n*>d 1.5112); ir (film) 2.98, 7.19, 10.3 y ;  nmr (CDCh) r
6.05 (m, 1, CHOH), 7.33 (s, 1, OH), 9.10-9.40 (complex, CH3’s).

Ana’ . Calcd for Ci6H2S0 : C, 81.29; H, 11.94. Found: C, 
81.4; H, 12.0.

The 3,5-dinitrobenzoate derivative after several crystallizations 
exhibited mp 101-103° (lit.3 107-108°). Iridium tetrachloridellb 
could be used in place of chloroiridic acid with comparable 
results.

Registry No.'— 4, 26988-38-5; 3,3'-dibenzyloxybi- 
phenyl, 26988-39-6; 6, 26988-40-9; 6 semicarbazone, 
24739-52-4; 7, 24739-41-1.
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5 ,6 -D ib ro m o a c e n a p h th [5 ,6 -c d ]-l,2 -o x a th io le
2 ,2-D ioxide. A  P o te n tia l S u lfene Precursor

S u s a n  T. W e i n t r a u b  a n d  B e n j a m i n  F. P l u m m e r *

C h em is try  D e p a r tm e n t, T r in i ty  U n ive rs ity ,
S a n  A n to n io , T ex a s  7 8 2 1 2

R eceived  A u g u s t  13 , 1 9 70

The evidence for a sulfene intermediate generated 
through photochemical processes is limited.1-4 We 
report the synthesis of 5,6-dibromoacenaphth [5,6- 
cd]-l,2-oxathiole 2,2-dioxide (1) and adduce evidence 
that implicates the ketosulfene intermediate (2) in 
photochemical reactions.

1 2 3 4, R
OCR,

5- 0  
6 , OH

Acenaphthene sultone (3),5,6 was treated with 4 
equiv of XBS, and the product was isolated in the usual 
manner.7 After recrystallization from acetonitrile, a

62%  yield of bright red needles of 1, mp >300°, was 
obtained. An ethereal solution of 1 when treated with 
excess pyrrolidine instantly produced an intense purple 
solution. Evaporation of the ether gave a purple solid 
that upon heating to 85° (1 mm) in an Abderhalden 
changed to a deep red solid. Preparative tic of the sub­
stance yielded compound 5, mp 180-181°. The rapid 
reaction of 1 with pyrrolidine compared to the slow reac­
tion of 3 with pyrrolidine8 suggests the existence of ring 
strain in the ground state of 1. The purple color is 
undoubtedly due to the formation of the anion of 5 be­
cause the color can be reversibly generated by repeated 
acid and base treatment of 5.9

A 200-mg sample of 1 was irradiated in 500 ml of ab­
solute methanol using the standard Hanovia 450-W  im­
mersion apparatus, Pyrex filter, and continuous nitrogen 
purge, and maintaining a temperature of 18-20°. A  
portion of the original reaction mixture was set aside in 
an opaque container. Periodic analysis of the irradia­
tion reaction by tic showed that compound 1 disap­
peared within 30 min. The control mixture main­
tained in the dark showed no change during the same 
interval. Removal of the methanol from the irradiated 
mixture by vacuum rotary evaporation produced 170 
mg of deep red 4 that after crystallizing from hexane 
had mp 107-108°.

A methanolic solution of 1 was allowed to stand un­
disturbed for 2 weeks in an opaque container. Vacuum 
rotary evaporation of this solution left a brown residue 
whose aqueous solution was acidic to Hydrion paper10 
and formed a precipitate upon treatment with BaCI» 
solution. Although the brown residue was not further 
characterized, its properties reflect those to be asso­
ciated with 6.

Reaction of 1 with methanolic sodium methoxide fol­
lowed by neutralization with acid produced a deep red 
compound whose physical and chemical properties 
were identical with those of compound 4. The Sx2 
ring-opening process of sultones is well documented.11,12 
Thus, this ground-state reaction verifies the structure 
of 4.

The differences between ground-state and excited- 
state solvolysis reactions of 1 are obvious. Although a 
variety of reactive species in the excited state can be 
envisioned, we currently favor the ketosulfene 2 as a 
reactive intermediate derived from an excited singlet- 
state process. Intermediate 2 is structurally analogous 
to the proposed diketene intermediates derived from the 
excited-state chemistry of pyracyloquinone.13,14

Additional corroborative evidence for our proposal 
is a comparison of the irradiation reaction of 1 with 
acrylonitrile tc the irradiation of 1,2-dibromoacenaph- 
thylene in acrylonitrile. Xo acrylonitrile polymer was 
found when 20 mg of 1 was irradiated in 5 ml of acrylo­
nitrile through Pyrex during an 8-hr interval. Under 
similar conditions 1,2-dibromoacenaphthylene causes

( 1 )  J .  F .  K i n g .  P .  d e  M a y o ,  E .  M o r k v e d ,  A .  B .  M .  A .  S a t t a r ,  a n d  A .  
S t o e s s e l ,  C a n . J .  C h em ., 4 1 , 1 0 0  ( 1 9 6 3 ) .

( 2 )  J .  F .  K i n g  a n d  T .  D u r s t ,  ib id ., 4 4 , 1 8 5 9  ( 1 9 6 6 ) .
(3 )  R .  J .  M u l d e r ,  A .  M .  v a n  L e u s e n ,  a n d  J .  S t r a t i n g ,  T etrah ed ron  L ett., 

3 0 5 7  ( 1 ^ 6 7 ) .
(4 )  J . L . C h a r l t o n  a n d  P .  d e  M a y o ,  C a n . J. C h em .,  4 6 , 5 5  ( 1 9 6 8 ) .
(5 )  T h e  r i g o r o u s  C h em ica l A b stra cts  n a m e  f o r  3 is  5 ,6 - d i h y d r o a c e n a p h t h -  

[ 5 , 6 - c d ] - l , 2 - o x a t h i o l e  2 ,2 - d i o x i d e .
( 6 )  M .  T .  B o g e r t  a n d  R .  B .  C o n c k l i n ,  C ollect. C zech . C h em . C o m m u n .,  5, 

1 8 7  ( 1 9 3 3 ) .
( 7 )  T h i s  p r o c e d u r e  is  s i m i l a r  t o  t h a t  f o r  t h e  s y n t h e s i s  o f  1 ,2 - d i b r o m o a c e ­

n a p h t h y l e n e :  B .  M .  T r o s t  a n d  D .  R .  B r i t e l l i ,  J . O rg. C h em ., 3 2 , 2 6 2 0  ( 1 9 6 7 ) .

(8 )  C o m p o u n d  3 w a s  q u a n t i t a t i v e l y  r e c o v e r e d  a f t e r  s t a n d i n g  f o r  1 h r  
a d m i x e d  w it h  a n  e t h e r e a l  s o l u t i o n  o f  e x c e s s  p y r r o l i d i n e .

(9 )  T h i s  r e s u lt  is  in  a c c o r d  w i t h  t h e  o b s e r v a t i o n s 1 m a d e  b y  d e  M a y o  a n d  
c o w o r k e r s  u p o n  s t r u c t u r a l l y  s i m i l a r  c o m p o u n d s .

( 1 0 )  U n d e r  s i m i l a r  c o n d i t i o n s  d e  M a y o  a n d  c o w o r k e r s 1 f o u n d  a c i d i c  

p r o d u c t s  r e s u l t i n g  f r o m  r e a c t i o n  o f  t h e i r  s u l t o n e s .
(1 1 )  A .  M u s t a f a ,  C h em . R ev .,  54 , 1 9 5  ( 1 9 5 4 ) .
( 1 2 )  O .  R .  Z a b o r s k y  a n d  E .  T .  K a i s e r ,  J . A m er . C h em . S o c .,  92 , 8 6 0  

( 1 9 7 0 ) .
( 1 3 )  B .  T r o s t ,  ib id .,  9 1 , 9 1 8  ( 1 9 6 9 ) .
(1 4 )  F .  M .  B e r in g e r ,  R .  E .  K .  W i n t e r ,  a n d  J .  A .  C a s t e l la n o ,  T etrahedron  

L e tt .,  6 1 8 3  ( 1 9 6 8 ) .
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extensive polymerization of acrylonitrile.15 If 1 forms 
an excited triplet state, its efficiency for initiating 
polymerization of acrylonitrile is extremely low.

Experimental Section

General.— Melting points were taken on a Fisher-Johns hot 
stage and are uncorrected. Ultraviolet and visible spectra were 
recorded on Beckman DU-2 and DBG spectrophotometers. 
Infrared spectra were determined on a Perkin-Elmer Model 337 
spectrophotometer. Nuclear magnetic resonance spectra were 
recorded on a Varian Model T-60 spectrometer in hertz (Hz) with 
reference to internal tetramethylsilane. Elemental analyses 
were determined by Galbraith Laboratories.

Sodium Acenaphthene-5-sulfonate.— To a mixture of 460 g 
(3.0 mol) of acenaphthene and 2 1. of methylene chloride in a 
three-necked flask, equipped with overhead stirrer, thermometer, 
and addition funnel was added dropwise with stirring and ice 
cooling 349.5 g (3.0 mol, 198 ml) of chlorosulfonic acid. The 
addition rate was adjusted to maintain the reaction temperature 
at 0 -5°. When the addition was complete, 500 ml of petroleum 
ether was added, the mixture was filtered, and the white pre­
cipitate was washed with 250 ml of petroleum ether. The white 
solid was dissolved in water, neutralized with solid sodium car­
bonate, and treated with 600 ml of saturated sodium chloride 
solution. The mixture was cooled in a refrigerator overnight and 
the resulting white solid was collected by vacuum filtration. 
The solid was washed with 250 ml of saturated sodium chloride 
solution and dried at 110° for 24 hr: yield 465 g (1.82 mol) 
(62% ); mp >300°;16 ir (KBr) 3000 (C -H ) (w), 2900 (m), S02 
1185 (s), aromatic C -H  1221 (m), 1110 (m), 1100 (m), 1052 (m), 
1028 (m), 835 cm-1 (m).

Sodium 6-Nitroacenaphthene-5-sulfonate.— To a suspension of 
465 g (1.82 mol) of pulverized sodium acenaphthene-5-sulfonate 
and 1 1. of glacial acetic acid, contained in a three-necked flask, 
fitted with overhead stirrer, thermometer, and addition funnel, 
was added dropwise, 240 ml of red fuming nitric acid, while 
maintaining the reaction temperature at 15-16°. After the 
addition was complete, some material remained suspended, and 
the mixture was stirred at 0-10° for 15 min. The mixture was 
poured onto 21. of crushed ice and filtered, and the filtrate treated 
with approximately 30 1. of saturated sodium chloride solution 
until precipitation was complete. The resulting yellow solid w'as 
filtered, dissolved in 500 ml of hot water, precipitated hot with 
excess saturated sodium chloride solution, and collected by 
vacuum filtration: yield 285 g (0.95 mol) (54% ); mp >300°;16 
ir (KBr) 2920 (C -H ) (w), S02 1200 (s), N 0 2 1510 (s), 1310 (s), 
1112 (aromatic C -H ) (w), 1040 (w), 1025 (w), 825 cm -1 (w).

6-Aminoacenaphthene-5-sulfonic Acid.-—A solution of 15 g 
(54 mmol) of sodium 6-nitroacenaphthene-5-sulfonate in 150 ml 
of water, contained in a 250-ml erlenmeyer flask, was treated with 
approximately 0.1 g of palladium on charcoal, and 2.5 g (66 
mmol) of powdered sodium borohydride was added portionwise, 
at room temperature, over a period of 1 hr. The mixture which 
was originally yellow turned dark brown and was filtered to 
remove the palladium/charcoal; the filtrate was acidified with 
concentrated hydrochloric acid. The light tan solid was recovered 
by suction filtration; yield 4.5 g (17 mmol) (31% ); mp >300°;16 
ir (KBr) 2930 (C -H ) (m), H3N 2630 (w), 1175 (S02) (s), 1115 
(aromatic C -H ) (w), 1055 (m), 1025 (m), 827 cm-1 (m).

Acenaphthene-5,6-sultone.— To a mixture of 10 ml of concen­
trated hydrochloric acid, 10 ml of ice, and 2.5 g (10 mmol) of 6- 
aminoacenaphthene-5-sulfonic acid, in a 125-ml erlenmeyer flask, 
was added dropwise, with stirring and ice cooling, a solution of 
0.69 g (10 mmol) of sodium nitrite in 10 ml of water. When the 
addition was complete, the mixture wras allowed to stand for 10 
min and was then filtered. The filtrate was treated with enough 
sulfamic acid to destroy the excess nitrous acid. The solution 
was heated to boiling until evolution of nitrogen ceased, and the 
crude sultone precipitated from the hot solution. After cooling, 
the white solid was recovered by vacuum filtration, washed with 
25 ml of water, and recrystallized from 5 ml of 95% ethanol: 
yield 0.07 g (0.3 mmol) (3% ); mp 176.0-176.5° (lit.6 mp 173°); 
ir (KBr) 3070 (C -H ) (w), 2920 (w), S02 1185 (s), 1208 (aromatic

(15) Private communication from Mr. Richard Hall of these laboratories. 
See also the report b y  B .  F .  Plummer, and R. A .  Hall, Chem. Commun., 
44 (1970).

(16) No physical constants were reported for this compound.6

C -H ) (m), 1092 (m), 1070 (w), 1035 (w), 834 cm - 1 (m); nmr 8 
(CDCL) 3.57 (s, 4, ArCH2), 7.02 (d, 1, J =  7.0 Hz), 7.35 (d, 1, 
J  =  7.0), 7.55 (d, 1, J =  7.8), 7.92 ppm (d, 1, J  =  7.8); uv 
(CH3OH) 320 nm (e 4500), 242 (27,000), 215 (19,500).

l,2-Dibromoacenaphthylene-5,6-sultone.— A solution of 0.3 g 
(1.29 mmol) of acenaphthene-5,6-sultone in 25 ml of carbon tetra­
chloride was heated to reflux for 15 min, and 0.92 g (5.2 mmol) of 
freshly recrystallized A-bromosuccinimide and approximately .50 
mg of dibenzoyl peroxide were added to the hot solution. The 
mixture was refluxed for 4.5 hr, cooled in an ice bath, and filtered. 
The solvent was removed from the filtrate by rotary evaporation. 
The residue was crystallized from 5 ml of chloroform, and re­
crystallized from 8 ml of acetonitrile; yield 9.31 g (0.81 mmol) 
(62% ); mp >300°; ir (KBr) 3050 (C -H ) (w), C = C  1630 (m), 
S02 1190 (s), 1222 (aromatic C -H ) (m), 1125 (m), 1040 (w), 
1010 (w), 832 cm-1 (m); nmr 8 (CDCL) 6.94 (d, 1, J =  7.8 Hz),
7.64 (d, 1, J  =  7.8) 7.78 (d, 1, J  =  7.0), 7.98 ppm (d, 1, J =  
7.0); uv (C6H i2) 450 nm (e 1140), 370 (8520), 363 (8470), 354 
(11,600), 347 (10,500), 335 (13,200), 235 (33,000). Anal. 
Calcd for C12H4Br2S03: C, 37.14; H, 1.04; Br, 41.19; S, 8.26. 
Found: C, 37.27; H, 1.01; Br, 41.31; S, 8.15.

Control Reaction. l,2-Dibromoacenaphthvlene-5,6-sultone in 
Moist Ether.— A solution of 5.48 mg (14 /¿mol) of 1,2-dibromo- 
acenaphthylene-5,6-sultone in 75 ml of moist ether was allowed 
to stand in the dark, and the progress of the reaction was followed 
through visible-ultraviolet spectroscopy. During a 2-day period, 
a peak at 338 nm slowly diminished in intensity while a peak at 
332 nm increased. At the same time, two sets of doublets, one 
at 384 and 370 nm, and the second at 364 and 354 nm, joined to 
form a lower intensity shoulder at 373 nm and a broad peak at 
360 nm. The very broad peak at 450 nm did not shift but its 
intensity increased in proportion to the other peaks.

Control Reaction. 1,2-Dibromoacenaphthylene in Moist 
Ether.— A solution of 4.8 mg (15 ^mol) of 1,2-dibromoace- 
naphthylene in 75 ml of moist ether was allowed to stand in 
the dark. The spectrum of the solution was periodically moni­
tored and during 2 weeks remained unchanged.

Control Reaction. l,2-Dibromoacenaphthylene-5,6-sultone in 
Methanol.— A solution of 10.46 mg (27 ¿»mol) of 1,2-dibromo- 
aeenaphthylene-5,6-sultone in 75 ml of methanol was allowed to 
stand in the dark, and the progress of the reaction was followed 
by visible-ultraviolet spectroscopy. During a 2-week interval 
the peak at 334 nm slowly disappeared, while a peak at slightly 
lower intensity appeared at 332 nm. A peak at 256 nm, during 
the same period, slowly shifted to 360 nm and gained in relative 
intensity. A slightly lower intensity peak at 370 nm initially 
grew in intensity while shifting to 375 nm. As the reaction pro­
ceeded, however, the relative intensity at 375 nm decreased. 
The broad, low intensity peak at 450 nm remained at the same 
position, but its relative intensit}' increased. The solvent was 
removed from the solution by rotary evaporation. The dark 
brown solid dissolved readily in 3 ml of water to form a solution 
whose resulting pH was approximately 2. Treatment of the 
aqueous solution with barium chloride immediately gave a 
precipitate.

Photolysis of 1,2 Dibromoacenaphthylene-5,6-sultone in 
Methanol.— A solution of 0.2 g (0.52 mmol) of 1,2-dibromo- 
aeenaphthylene-5,6-sultone in 500 ml of methanol was purged 
with dry nitrogen for 15 min and irradiated for 40 min in a 
quartz immersion apparatus, equipped with a magnetic stirrer 
and a Hanovia 450-W medium-pressure mercury lamp and fitted 
with a Pyrex filter. The progress of the reaction was followed by 
tic. The solvent was removed from the reaction mixture by 
rotary evaporation and the residue treated with 20 ml of chloro­
form. The chloroform solution was filtered, the filtrate rotary 
evaporated, and the bright red solid crystallized from hexane: 
yield 0.17 g (0.40 mmol) (77% ); mp 107.0-107.5°; ir(C C h)O H  
3290 (m), CH 2950) (w); ir (KBr) 1620 (C = C ) (m), S02 1165 
(s), ArH 1180 (m), 1105 (m), 1038 (m), 995 (w), 820 cm -1 (m); 
nmr 8 (CDCL) 3.82 (s, 3, OCH3), 7.09 (d, 1, J  =  8.0 Hz),
7.28 (s, 1, OH), 7.62 (d, 1, J  =  8.0), 7.70 (d, 1, J  =  8.0), 8.32 
ppm (d, 1, J  =  8.0); uv (C6H I2) 480 nm (« 1290), 373 (6750), 
367 (6560), 355 (S210), 335 (9750), 289 (56601, 247 (22,900), 207 
(13,800). Anal. Calcd for C13H 8Br,0<S: C, 37.17; H, 1.92; 
Br, 38.04; S, 7.63. Found: C .37 .31; 11,1.91; Br, 38.29; S, 
7.83.

Reaction of l,2-Dibromoacenaphthylene-5,6-sultone and So­
dium Methoxide.— A solution of 1.2 mg (52.8 /¿g-atoms) of 
sodium dissolved in 2 ml of dry methanol was added to a solution 
of 20.5 mg (52.8 Mmol) of l,2-dibromoacenaphthylene-5,6-
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sultone in 40 ml of dry methanol. The mixture, which turned 
dark blue, was stirred at room temperature for 15 min. Upon 
acidification with hydrogen chloride the solution turned, red. 
After removal of the solvent by rotary evaporation, the residue 
was chromatographed with ethyl acetate on Chrom AR-1000. A 
fraction moving with the solvent front was recovered as a dark 
red solid that had melting point, ir, and nmr identical with those 
of the red photoproduct (4) described above. A small second 
fraction which was difficult to elute was not characterized.

Reaction of l,2-Dibromoacenaphthylene-5,6-sultone and Pyr­
rolidine.— A solution of 75.8 mg (0.195 mmol) of 1,2-dibromo- 
acenaphthylene-5,6-sultone in 100 ml of dry ether was treated 
with 70 mg (0.975 mmol) of pyrrolidine at room temperature and 
the solution immediately turned a dark purple. The ether was 
removed from the solution by rotary evaporation. The residue 
was heated at 85° in vacuo for 4 hr and the solid chromatographed 
on Chrom AR-1000 using benzene to elute the bright red product: 
yield 72.4 mg (0.158 mmol) (81% ); mp 180-181°; ir (KBr) 
3190 (OH) (m), 2920 (CH) (w), 1620 (C = C ) (m), 1140 (S02-N ) 
(s), 1175 (ArH) (w), 1095 (w), 1060 (w), 1025 (w), 835 cm“ 1 
(w); nmr 5 (CDC13) 1.77 (m, 4, CH2), 3.25 (m, 4, NCH2), 6.98 
(d, 1 , J =  7.4 Hz), 7.52 (d, 1, .1 =  7.4), 7.65 (d, 1, J  =  7.4),
8.21 (d, 1, J  = 7.4), 10.73 ppm (s, 1, O -H ); uv (C,HIS) 470 nm 
(e 1320), 377 (7390), 359 (9040), 335 (9280), 289 (5910), 248 
(22,400), 208 (21,400). Anal. Calcd for C16H13NBr20 3S: C, 
41.85; If, 2.85; N, 3.05; Br, 34.81; S, 6.98. Found: C, 
42.00; H, 2.99; N, 2.93; Br, 34.80; S, 6.73.

Photolysis of l,2-Dibromoacenaphthylene-5,6-sultone in 
Acrylonitrile.— A solution of 20.0 mg (51.5 ^mol) of 1,2-dibromo- 
acenaphthylene-5,6-sultone in 5 ml of freshly distilled acrylo­
nitrile was irradiated in a Pyrex container for 8 hr, employing a 
Hanovia 450-W medium-pressure mercury lamp. A small amount 
of solid precipitated during the irradiation. Upon removal of 
the remaining acrylonitrile, a red crystalline material was 
recovered which had infrared absorptions identical with 1,2- 
dibromoacenaphthylene-5,6-sultone. A small amount of a 
dark oil was also obtained whose structure was not identified.

Control Reaction. Acenaphthene-5,6-sultone and Pyrrolidine 
in Ether.— To a solution of 20.0 mg (0.086 mmol) of aeenaph- 
thene-5,6-sultone in 100 ml of dry ether was added 0.5 ml (0.43 
g, 5.98 mmol) of pyrrolidine. Monitoring of the solution by tic 
indicated that no reaction occurred during a period of 1 hr.

(CN)5N 0 2_) with primary amines.2 The reaction of 
nitroprusside with ammonia and amines was, in fact, 
first studied by Hofmann and Manchot who also no­
ticed that a gas (presumably nitrogen) was evolved.3 
However, although 2 mol of amine is consumed for 
each mole of complex produced, no reports have ap­
peared on the organic products of this reaction.

2RNH2 +  Fe(CH)5N 0 2-  — >-
Fe(CN)5NH2R 3_ +  N2 +  organic products

We have found that the organic products (Table I)

T a b l e  I
P r o d u c t s  o f  R e a c t i o n  o f  N i t r o p r u s s i d e  w i t h  A m i n e s

Amine
Benzylamine

Products (yield, % )“
Benzyl alcohol (120)

Allylamine
Cyclohexylamine

2-Octylamine

1-Butylamine

Diethylamine

Allyl alcohol (38) 
Cyclohexanol (120), 

cyclohexene (9) 
2-Octanol (70), 1- 

and 2-octene (16) 
1-Butanol (42), 

2-butanol (8) 
M,N-Diethyl-A- 

nitrosamine (44)

Additional products 
(yield, %) (in air)6’0

Benzonitrile (20), 
benzaldehvde (trace) 

Acrylonitrile (trace) 
Cyclohexanone (3)

2-Octanone (10)

d

“ Yields are based on a stoichiometry of 2 amine: 1 nitro­
prusside; formation of some Fe(CN)5OH23_ in place of Fe(CN)5- 
NH2R 3_, however, may also occur; cf. yields for benzylamine and 
cyclohexylamine. 6 Yields of oxidized products varied with pH 
and with concentration of nitroprusside; average yields are 
reported. Yields of nitrosation products (in air) were ca. 10% 
lower than under nitrogen. e Infrared spectra of all product 
mixtures showed weak absorptions at ca. 1640 cm-1 (> C = N -) .  
d The expected oxidation product, n-butyraldehyde, reacts with 
nitroprusside; see ref 10.

Registry No.— 1, 26988-41-0; sodium acenaphthene-
o-sulfonate, 26988-42-1; sodium 6-nitroacenaphthene-
o-sulfonate, 26988-43-2; 6-aminoacenaphthene-5-sul- 
fonic acid, 26988-44-3; 1,2-dibromoacenaphthylene-
5,6-sultone with methanol, 26988-49-8; 1,2-dibromo- 
acenaphthylene-5,6-sultone with pyrrolidine, 26988-
50-1. '
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Reaction o f Nitroprusside with A m in es1

H e n r y  M a l t z , *  M a r i l y n  A .  G r a n t , 

a n d  M a r y  C. N a v a r o l i

Department of Chemistry, Boston College,
Chestnut Hill, Massachusetts 02167

Received August 6, 1970

In the course of our studies of pentacyanoferrates 
(Fe(CN)5X 3~), we came across a report which de­
scribed the preparation of aminepentacyanoferrates 
(Fe(CN)5N H 2R 3_) by reaction of nitroprusside (Fe-

(1) Taken from the M.S. Theses of M. A. G. and M. C .  N., Boston College,
1970.

are substances derived from N-nitrosamines, which 
indicates that nitroprusside functions as a nitrosating 
agent. Moreover, nitroprusside is unique in being a 
nitrosating (and deaminating) agent which is stable in 
alkaline aqueous solution. Thus, the deamination of 
benzylamine can be carried out at an initial pH as high as 
12.7. At higher pH’s, nitroprusside is destroyed, ac­
cording to4

Fe(CN)6N 0 2_ +  20H ~ — Fe(CN)5N 0 2‘ -  +  H20

Primary amines give deaminated products (alcohols 
and olefins), while a secondary amine gives the N- 
nitrosamine. Tertiary and aromatic amines are 
largely inert. The deaminations are of interest since 
they probably involve generation of diazonium and 
carbonium ions in alkaline solution.

Moss5 recently studied the reac+ions of diazonium 
ions (prepared from hydrolysis of diazotates) in alkaline 
solution. He found that the diazotates prepared from 
primary carbinamines gave predominantly diazoalkanes 
on hydrolysis, e.g.

mo
C4H 9N = N — O - — s- C4H9N = N + O H - — >- C 3H,CHN2 +  H20

We have not observed diazoalkanes with nitroprusside, 
probably because the hydroxide ion cc ncentration is

(2) D .  J. Kenney, J. P. Flynn, and J .  B .  Gallini, J. . norg. Nucl. Chem., 
20, 75 (1961).

(3) (a) K. A. Hofmann, Justus Liebigs Ann. Chem., 3 2, 1 (1900); (b) 
W. Manchot and P. Woringer, Ber., 46, 3514 (1913).

(4) J. H. Swinehart and P. A. Rock, Inorg. Chem., 6, 573 (,’ 966).
(5) R. A. Moss, J. Org. Chem., 31, 1082 (1966).
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still too low for proton abstraction from the diazonium 
ion.6

On the other hand, there is a qualitative parallel 
between the products of nitrous acid and nitroprusside 
deaminations. Thus, with nitrous acid, cyclohexyl- 
amine gave 68% cyclohexanol and 20% cyclohexene,7 
and 2-octylamine gave 20% 1- and 2-octene and 27%
2-octanol.8 There are differences in product ratios, 
however, which indicate that hydroxide ion is involved 
in the nitroprusside deamination. The higher ratio of
1- to 2-butanol with nitroprusside (5:1 vs. 2: l 9) is evi­
dence for an Sn2 attack of hydroxide ion on the 1- 
butyldiazonium ion. Alternatively, the possibility 
exists tha t all the products are formed directly from an 
amine-nitroprusside complex.

The first step in these nitrosations almost certainly 
involves addition of the amine to the coordinated nitric 
oxide.10

RNH2 +  Fe(CN)5N 0 2- ^  RNH2NOFe(CN)52-

The lower basicity of aromatic amines is consistent with 
their inertness to nitroprusside.

The resulting complex might react directly with a 
molecule of amine, with displacement of the A-nitros- 
amine.
RN H 2NOFe(CN)62-  +  RNH2— »-

1 RNHNO +  H + +  RNH-iFefCNh3-
RNHNO — >- R N = N  + :O H - — R+ — >  products

Another possibility involves loss of water from 1, 
leading to a diazonium ion complex which would then 
react with a molecule of amine.

-H zO  RNHj
RNH2NOFe(CN)s2- — >  R N = N —Fe(CN)52- — >

1
RNH2Fe(CN)53- +  R N = N +  — >  R+ — products

The intermediates apparently are too short-lived to be 
detected by conventional spectrophotometry.

When nitroprusside is allowed to react with amines 
in presence of air, small amounts of oxidized products 
are formed, together with the compounds listed above. 
These materials (Table I) are produced only in the 
presence of both nitroprusside and air, and their yields 
increase when the reactions are carried out under pure 
oxygen. Control experiments show that they are m i  
produced by reaction of the corresponding alcohols with 
nitroprusside. Autoxidation of an intermediate nitro- 
prusside-amine complex seems to be a reasonable path­
way for these oxidative deaminations.

Experimental Section11

Materials.— Allylamine, benzylamine, l-'butylamine, cyclo- 
hexylamine, diethylamine, and 2-octylamine were obtained from 
the usual commercial sources and were distilled prior to use. 
Sodium nitroprusside dihydrate (Fisher) was used without 
further purification.

(6) No carbon-deuterated benzyl alcohol was obtained from reaction of 
benzylamine with nitroprusside in D20, indicating that phenyldiazomethane 
is not an intermediate in the deamination.

(7) H. Söll in Houben-Weyl, ‘ ‘Methoden der Organischen Chemie,” 
4th ed, X I/2 , G. Thieme Verlag, Stuttgart, 1958, p 133 ff.

(8) R. A. Moss and S. M. Lane, J . A m e r . C h em . S o c ., 89, 5655 (1967).
(9) F. C. Whitmore and D. P. Langlois, ib id ., 54, 3441 (1932).
(10) C-Nitrosations of ketones with nitroprusside have been observed; 

c f. J. H. Swinehart, C oord . C h em . R ev ., 2, 387 (1967).
(11) Infrared spectra were determined with a Beckman IR-10 instrument. 

Vpc determinations were performed on a Varian Aerograph 1700 instrument; 
vpc peak areas were calibrated with standards.

Reaction of Nitroprusside with Amines.— The reaction of cyclo- 
hexylamine (under nitrogen) and benzylamine (under oxygen) 
with nitroprusside will be described in detail. Procedure and 
product identification were similar in all other cases.

A solution of sodium nitroprusside dihydrate (24.0 g, 0.084 
mol) in 90 ml of water was flushed with nitrogen and was added 
dropwise, under nitrogen, to a deaerated solution of cyclohexyl- 
amine (1.4 g, 0.014 mol) and sodium carbonate (0.75 g, 0.007 
mol) in 30 ml of water. An immediate, but slow, evolution of gas 
occurred. The reaction mixture was stirred for ca. 10 hr, during 
which a small amount of brown solid gradually precipitated. 
Potassium carbonate (ca. 20 g) was then added (to salt out 
organic materials) and the mixture extracted with five 40-ml 
portions of ether. The ethereal extract was dried (magnesium 
sulfate) and the ether taken off. There remained 0.9 g of a 
pale yellow oil, the infrared spectrum of which was identical with 
that of cyclohexanol. When the oil was submitted to vpc (135°, 
6 ft X 0.25 in., 20% Carbowax 20M on 80-100 Chromosorb P 
column, He pressure 18 psi), two peaks were observed. Reten­
tion times corresponded to cyclohexene (9% ) and cyclohexanol 
(120%), respectively.

A solution of sodium nitroprusside dihydrate (25.5 g, 0.086 
mol) in 100 ml of water was added dropwise to a solution of 
benzylamine (1.5 g, 0.014 mol) and sodium carbonate (1.5 g, 
0.014 mol) in 45 ml of water. The solution was stirred under 
oxygen for ca. 24 hr. Potassium carbonate (ca. 20 g) was then 
added and the mixture extracted with five 20-ml portions of 
ether. The ethereal extract was dried (magnesium sulfate) and 
the ether stripped off. There remained 1.1 g of an orange oil. 
When the oil was submitted to preparative vpc (125°, 20 ft X 
0.375 in., 30% SE-30 on 60-80 Chromosorb W  column, He pres­
sure 20 psi), two peaks were observed, the retention times and 
infrared spectra of which corresponded to benzonitrile (40%) and 
benzyl alcohol (116%), respectively.

Registry N o.—Nitroprusside, 1784-20-9; benzyl- 
amine, 100-46-9; allylamine, 107-11-9; cyclohexyl- 
amine, 108-91-8; 2-octylamine, 693-16-3; 1-butyl- 
amine, 109-73-9; diethylamine, 109-89-7.
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The reactions of perfluorocarbon halides (Cl, Br> 
or I) with Grignard reagents reported in the liter­
ature2-6 were mainly for the syntheses of fluorocarbon 
Grignard reagents. These alkyl or aryl exchange re­
actions were carried out at low temperatures (0 to 
— 70°), because of the thermal instability of the fluoro­
carbon Grignard reagents. The present investigation 
was a study of this reaction at higher temperatures 
(>25°).

(1) Address correspondence to author at 102 Maclean Circle, Princeton, 
N. J. 08540.

(2) R. N. Haszeldine, J. Chem. Soc., 3423 (1952).
(3) O. R. Pierce, A. F. Meiners, and E. T. McBee, J. Amer. Chem. Soc., 

75, 2516 (1953).
(4) R. J. DePasquale and C. Tamborski, J. Organometal. Chem., 13 , 273 

(1968).
(5) W. L. Respress and C. Tamborski, ibid., 11 , 619 (1968).
(6) R. J. DePasquale, ibid., 15 , 233 (1968).
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Haszeldine2 reported that the reflux of heptafluoro- 
propylmagnesium chloride in butyl ether gave mainly 
C3F7H (76%) and C3F6 (6%). The present study 
indicated that the addition of méthylmagnésium chlo­
ride to hot linear perfluoroalkyl iodides, CF3(CF2)reI 
( n  = 7, 9) gave essentially terminal olefins and some 
internal olefins. Small amounts of condensation prod­
ucts were also present as indicated by gas chroma- 
tography. The amount of 1-hydroperfluoroalkanes 
CF3(CF2}nH, if present, was small.

The reaction of CH3MgCl with I(CF2)4l  at 60° gave 
perfluorobutadiene as the major product. A small 
amount of perfluorobutene-1 was also present indicating 
that some fluorination of the iodo compound took 
place. When CF3CFC1CFC1CF3 was allowed to re­
act with Grignard reagent, 2-butenes were the major 
products, not the butadiene. In this case the de­
chlorination reaction was preferred. There was, how­
ever, some terminal olefin present as shown by the 
infrared analysis. A similar reaction was run with 
ICF2CF2I.7 The major product was tetrafluoroethyl- 
ene. The reaction of perfluoroheptyl bromide with 
méthylmagnésium chloride at 70° gave heptene-1 and 
heptenes-2.8

The formation of terminal olefins by the present 
method has not been reported previous^. Up to now 
terminal perfluoroalkenes (>C 3) were prepared by the 
pyrolysis9 of the sodium salts of the corresponding 
carboxylic acids. The lack of 1-hydroperfluoroalkanes 
among the major products in the present study may 
indicate the absence of a regular Grignard intermediate 
CF3(GF2)„CFATgX.10 Thus the formation of terminal 
olefins may be best explained by an E2 elimination 
mechanism.11 The internal olefins were the result of

CH3MgCl — -  “ CH3 +  +MgCl 

_/----------- h I T }  F (-*■
CH3 +  I— C— C— F — »- CHJ +  CF„=CFC6F,3 +  F"

F I
C6F „

isomerization12 of the terminal olefins by the fluoride 
ions present in the reaction media.

A similar dehalofluorination reaction of perfluoro­
alkyl halides reported in the literature13 was the exo­
thermic reaction of C3F7I with lithium at —74°, which 
gave essentially C3F6 and only a trace of C3F7H. No 
information concerning such reactions with a longer 
alkyl chain was described.

Experimental Section

Spectra.— The 19F nmr spectra were obtained with a 60-MHz 
Varian DP-60 spectrometer. The gas chromatographic data were 
obtained with a Nester-Faust “ Prepkro”  unit using a column 
(0.25 in. X 24 ft) packed with 30% SF-96 on Chromosorb P. 
Infrared spectra were run on a Beckman IR-2 spectrophotometer 
and also on a Perkin-Elmer Model 137 double-beam spectro­

(7) E. S. Lo, unpublished data.
(8) E S. Lo, J. D. Readio, and H. Iserson, J. Org. Ckem., 36, 2051 (1970).
(9) J. D. LaZerte, L. J. Hals, T. S. Reid, and G. H. Smith, J. Amer. Chem. 

S o c ., 7 6 , 4525 (1953).
(10) H. Gilman and R. G. Jones, ib id ., 65, 2037 (1943).
(11) E. S. Gould, “ Mechanism and Structure in Organic Chemistry,”  

Holt, Rinehart and Winston, New York, N. Y., 1962, p 478.
(12) D. J. Burton and F. E. Herkes, J. Org. Chem., 33, 1854 (1968), and 

the references cited therein.
(13) J. A. Beel, H. C. Clark, and D. Whyman, J. Chem. S o c ., 4423 (1962).

photometer. A Bendix time-of-flight mass spectrometer (Model 
12-101) was employed to record the mass spectra at 70 eV.

Materials.— Méthylmagnésium chloride in tetrahydrofuran 
(THF) (2.9 m ol/1.) was purchased from Fisher Scientific Co. 
Perfluoroalkyl iodides and diiodides were purchased from Thiokol 
Chemical Corp. These iodides were linear as shown by 19F nmr 
analysis. Perfluoroheptyl bromide and perfluoro-2,3-dichloro- 
butane were purchased from Peninsular ChemResearch Co.

Reaction of Perfluoroalkyl Iodides with Méthylmagnésium 
Chloride.— In a typical experiment a round-bottom flask was 
equipped with a stirrer, a thermometer, a dropping funnel, a dry 
nitrogen inlet, and a vapor trap connected to a condenser. The 
dropping funnel and the condenser were capped with Drierite 
tubes. Perfluoroalkyl iodides (109 g), containing C8Fi7I (85%) 
and C10F2J  (15%), were placed in the flask and heated to 60°. 
The heat was turned off before the addition of CH3MgCl (0.445 
mol) in THF (150 ml). The dropping rate of the Grignard 
reagent was such that the exotherm of the reaction maintained 
the solution temperature at 70-75°. The distillate (95 ml), 
collected in the vapor trap in 1 hr, was drained into an ice- 
cooled separatory funnel. Upon standing a colorless lower layer 
was separated, washed with water, dried (M gS04), and frac­
tionated. The fraction (52 g) boiling at 100-115° was further 
fractionated by gas chromatography at 105°. The major peaks 
were collected and identified by mass, infrared, and 19F nmr 
spectroscopy. The following perfluoro compounds were found: 
octene-1 (63%), frares-octene-2 (20%), decene-1 (8% ), three 
other decenes (5% ), and two unknown peaks (4% ).

The residue in the flask was a light brown, thick solution. 
Water (100 ml) was added to dissolve some of the inorganic 
salts and the mixture was then filtered. The filtrate separated into 
two layers. The upper aqueous layer gave a positive iodine test. 
The lower layer (23.5 g) was dried (M gS04). Infrared analysis 
indicated the presence of -C H , -C F = C F - [5.6 (w) and 5.8 n 
(m )], and -C F  groups. Gas chromatography showed that the 
major peak was that of the solvent . Numerous small peaks were 
those found in the distillate and the unreacted alkyl iodides. A 
few minor new peaks, at longer retention times, were also present 
indicating some higher molecular weight fractions.

Reaction of Perfluoroheptyl Bromide with Méthylmagnésium 
Chloride.— Perfluoroheptyl bromide (44.9 g, 0.1 mol) was heated 
to 65° in a flask equipped as described above. The heat was 
turned off before the addition of CH3MgCl (0.29 mol in 100 ml of 
TH F). During the 0.5-hr addition, the solution temperature 
was maintained at 68-70° by the exotherm of the reaction. 
Colorless distillate was collected in the vapor trap. It was 
drained into a separatory funnel and cooled by Dry Ice. The 
lower fluorocarbon layer (14.5 g) was analyzed by gas chromatog­
raphy and infrared. The following perfluoro components were 
identified: n-heptene-1 (50.2%), irans-heptene-28 (20.6%), cis- 
heptene-2« (6.7%), CH3Br (4.3%), and THF (6.9% ); other 
small peaks composed 12.3%. The residue in the flask was a 
dark liquid containing a substantial amount of inorganic salts. 
Infrared analysis indicated the presence of -CO H , -C H , and 
-C F = C F - (5.75 and 5.85 n). Gas chromatographic analysis 
indicated the presence of THF, unreacted CjFisBr, and some 
higher condensation products.

Reaction of Perfluoroalkylene Diiodides with Méthylmagné­
sium Chloride.— In this experiment, the equipment was slightly 
modified. A Dry Ice trap was connected to the top of the con­
denser. A sample of perfluoro telomer diiodide (100 g) containing 
the following diiodides, I(CF2)4I (47% ), I(CF2)6I (21%), and 
higher diiodides (32%), was heated to 50°. The heat was turned 
off before the addition of the Grignard reagent. Méthylmagné­
sium chloride (1.16 M  in 400 ml of TH F) was added rapidly 
(1.5 hr) to the diiodides. The colorless liquid (21.5 g) collected 
in the Dry Ice trap was fractionated by gas chromatography at 
0°. Five peaks were collected and identified by infrared as 
CF3CF2C F=C FM  (5.5% ), CF2= C F C F = C F 214 (45.5%), per- 
fluorocyclohexene (12.5%), CH3C1 (8.9% ), CH3I (11.9%), and 
four other small peaks (total 16.7%).

Reaction of Perfluoro-2,3-dichlorobutane with Méthylmagné­
sium Chloride.— Méthylmagnésium chloride (0.87 mol) in 300 
ml of THF was placed in a 1-1. flask. CF3CFC1CFC1CF3 (81 g) 
was added to the Grignard reagent with stirring. The exotherm 
of the reaction raised the solution temperature from 25 to 60 
during the 50-min addition period. The temperature dropped

(1 4 ) Id e n t i f ie d  b y  in fra re d  sp e c tr u m  a c c o r d in g  t o  R .  X .  H a szed in e , ibid.,
4 4 2 3  (1 9 5 2 ).
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almost immediately upon completion of the addition. Heat 
was applied to maintain the temperature at 60° for 0.5 hr. 
The lower fluorocarbon layer (50 g) collected in the Dry Ice trap 
showed a major peak and a few minor peaks in the gas chromato­
graphic analysis. Infrared analysis indicated the presence of 
terminal olefin (5.6 p, weak) and internal olefins (5.75 and 5.85 
p). The major component (80%) was identified as a mixture of 
cis- and frares-butene-2 (5.75 p).u

Registry No.— Perfluoroheptyl bromide, 375-88-2; 
perfluoro-2,3-dichlorobutane, 355-20-4; méthylmag­
nésium chloride, 676-58-4.

Acknowledgments.-— The author is indebted to Dr- 
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Krushnowski for laboratory assistance.
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As part of a synthetic project, we required a general 
route to substituted acroleins. The dithiane method 
seemed to hold considerable promise in this direction 
since 2-(hydroxvalkyl)dithianes are readily available 
from epoxides,1 and hydrolysis followed by dehydration 
should result in the desired products.

AR— HC— CH2 +  S S

liX h

1
OH

R—  CH— CH—  CHO

However, it became apparent that hydrolysis of I 
would pose difficulties. A  thorough search of the litera­
ture for experimental details revealed only one example 
of hydrolysis of a 2-substituted 1,3-dithiane to an alde­
hyde, 2-phenyl- 1,3-dithiane to benzaldehyde.2-3 Ac­
cordingly, we examined the hydrolysis of some simple
2-alkyl-l,3-dithianes under conditions which hydrolyze
2,2-dialkyl-l,3-dithianes to ketones. Disappointingly 
low yields (20-40% ) of heptanal were obtained from
2-n-hcxyl-l,8-dithiane using HgCl2 with HgO or C dC 03 
in refluxing aqueous methanol. Other published con­
ditionsla such as the A-bromosuccinimide method or the 
silver nitrate method were even less successful and 
initial experiments failed to produce any aldehyde (nmr

(1) (a) D. Seebach, Synthesis, 17 (1969); (b) D. Seebach, Angew. Chem., 
Int. Ed. Engl., 8, 639 (1969); E. J. Corey and D. Seebach, ibid., 4, 1075, 
1077 (1965).

(2) D. Seebach, B. W. Erickson, and G. Singh, J. Org. Chem., 31, 4303 
(1966).

(3) Hydrolysis of a 2-alkyl-l,3-dithiane (HgCh, yield unspecified) is men­
tioned briefly by J. A. Marshall and H. Roebke, Tetrahedron Lett., 1555 
(1970). Transacetalization of a 2-alkyl-l,3,5-trithiane to the methoxyacetal 
is also reported in ref 1 without experimental details.

analysis) from 2-isopropyl-l,3-dithiane. Poor mate­
rial balance was the rule in the various experiments, and 
in the mercuric chloride reactions, 30 -40%  of the start­
ing material was lost, presumably due to the formation 
of insoluble mercury derivatives.

After screening a number of potential reagents,4 we 
examined the combination of mercuric acetate and bo­
ron trifluoride etherate. Remarkably, a solution of this 
reagent in acetic acid effected the transacetalization of 
several 2-substituted 1,3-dithianes into the known 
acetaldiacetates (Table I) within a few minutes at room

T a b l e  I

RCH( OAc ) /
HgtQAc), 

BF:„ HOAc

H R

HgO-BF,
H O-TH F RCHO

Yield of
acetal­ Yield of

Entry- diacetate, aldehyde,
no. % E Registry no. %
1 766 C6H5- 5425-44-5 90«
2 73b C6H5C H = C H - 26958-41-8 86«
3 78« f-CaHr- 6007-25-6 78«
4 7l-CeHi3— 26958-42-9 60d
5 (C2HäO)2CHCHOAcCH2- 80«
6 CeHaOCOCsHnr- 26958-43-0 84«,/
“ E. Spath, Monatsh. Chem., 36, 29 (1915). 1 Yield of re­

crystallized product. c Yield of crude product, homogeneous 
by nmr. A Yield of pure aldehyde isolated by distillation. 
• Yield of aldehyde determined by glpc. 1 1-Benzoyloxycyelo- 
hexanecarboxaldehyde.

temperature. Under similar conditions, red mercuric 
oxide and boron trifluoride etherate in aqueous tetra- 
hvdrofuran hydrolyzed 1,3-dithianes to the correspond­
ing aldehydes5 in high yield. This method proved to be 
especially advantageous in the case of II, which was pre­
pared from the epoxide of acrolein diethyl acetal.6 The 
H gO-BF3 reagent afforded the aldehyde in 80%  yield, 
while HgCl2 served only to destroy starting material. 
In addition to demonstrating the mildness of our condi-

O s ^ s
(C A O )2C H H C -C H 2 I  ^

(C2H50 )2CHCH0AcCH—  c — s

H

HgO—BF,

11(90%)

(C2H50 )2CHCH0AcCH2CH0 (C2H50 )2CHCH=CHCH0 
111(80%) (77%)

DBU =  1,5-diazabicyclo [5.4.0) undec-5-ene

(4) Salts of Pb(III), Zn(II), and T1(I) were tried without success. Cop- 
per(II) acetate with BF« produced some aldehyde (25% in the case of 2-n- 
hexyl-l,3-dithiane), but 50% of the starting material could not be accounted 
for.

(5) Aldehydes were also isolated from the reaction of dithianes with 
Hg(OAc)2-B F 8 in dry ¿erf-butyl alcohol, presumably via fragmentation of 
the corresponding ferf-butyloxonium ion to aldehyde and isobutylene. 
Thus, cinnamaldehyde (78%) and cinnamaldehyde acetaldiacetate (13%) 
were produced from the corresponding dithiane, 2 mol of mercuric acetate, 
and 2 mol of boron trifluoride etherate in 200 mol of dry ferf-butyl alcohol.

(6) D. I. Weisblat, B. J. Magerlein, D. R. Myers, A. R. Hanze, E. I. 
Fairburn, and S. T. Rolfson, J. Amer. Chem. Soc., 75, 5893 (1953).
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tions, this example shows that substituted acroleins can 
be synthesized readily by the dithiane method.

We have encountered several limitations to the H gO - 
BF3 procedure. Thus, attempted hydrolysis of 2- 
benzoyl-l,3-dithiane to the a-ketoaldehyde afforded 
benzoic acid (73%) as the only isolable product. Also, 
the dithianes of enolizable ketones could not be hydro­
lyzed successfully by our method. Poor material bal­
ance was obtained, and yields of only 20 -30%  of the 
ketone could be isolated from cyclohexanone or cyclo- 
pentanone dithianes.7 However, 2,2-diphenyl-1,3-di- 
thiane was hydrolyzed readily to benzophenone (86% ).

Experimental Section

With the exception of II, the dithianes in Table I were pre­
pared according to ref 1 and literature cited therein. Com­
mençai red mercuric oxide and tetrahydrofuran were used di­
rectly unless otherwise specified. Boron trifluoride etherate was 
distilled at reduced pressure from calcium hydride before use.

General Procedure for Hydrolysis of 2-Substituted 1,3-Di- 
thianes.— Red mercuric oxide (2 molar equiv), 2 molar equiv 
of boron trifluoride etherate, and 15% aqueous tetrahydro­
furan (10 m l/g of dithiane) were stirred vigorously in a three-neck 
flask equipped with a dropping funnel and a nitrogen inlet tube. 
The dithiane (1 molar equiv) was dissolved in the minimum of 
tetrahydrofuran and was added via the dropping funnel in the 
course of 10-15 min under nitrogen. Stirring was maintained 
for 10-20 min after addition was complete. In the course of this 
time, the red mercuric oxide gradually dissolved and a white 
precipitate appeared. All hydrolyses were carried out at room 
temperature except for entry 6, Table I. The latter case re­
quired 30 min at reflux to complete the reaction. Ethyl ether 
(2 vol) was then added, the precipitated salts were filtered, 
and the ether was washed to pH 10 with saturated sodium 
carbonate and to neutrality with saturated sodium chloride. 
After drying over magnesium sulfate, the ether was evaporated 
under vacuum to yield crude aldehyde. Analysis by nmr indi­
cated complete consumption of starting material and formation 
of aldehyde (>90% pure) in the yields reported in Table I.

Acetaldiacetates. General Procedure.— The procedure de­
scribed for hydrolysis was used except that mercuric acetate was 
substituted for mercuric oxide and dry acetic acid was used as 
the solvent. A white precipitate appeared immediately upon 
addition of the dithiane. The same work-up method as before 
afforded crude acetaldiacetates free of starting material and 
homogeneous by nmr spectroscopy.

2-(2-Acetoxy-3,3-diethoxypropyl)-l,3-dithiane (II).— 2-Lithio- 
dithiane was prepared by the usual method1 from 8.03 g (0.067 
mol) of 1,3-dithiane in 75 ml of dry tetrahydrofuran at —50°. A 
solution of l,l-diethoxy-2,3-epoxypropane6 (9.78 g, 0.067 mol) 
in 10 ml of dry tetrahydrofuran was then added dropwise at such 
a rate that the temperature was maintained at —30°. After 
3 hr at — 35°, the reaction was allowed to warm to room tempera­
ture. The reaction mixture was diluted with an equal volume of 
ether, washed with saturated sodium chloride, dried over mag­
nesium sulfate, and evaporated under vacuum. Removal of 
residual solvent and unreacted dithiane was accomplished at 0.05 
mm, 12 hr at room temperature, to yield 17 g of crude alcohol.

The alcohol was dissolved in pyridine (25 ml) and acetic an­
hydride (18 ml) was added. After 18 hr at room temperature, 
the mixture was poured into ice water and extracted twice with 
ether (100 ml). The ether layer was washed with copper sulfate 
solution to remove pyridine, dried over magnesium sulfate, and 
evaporated under vacuum to afford the crude acetate. Molec­
ular distillation at 130° and 0.1 mm afforded 10-12 g of II as a 
colorless oil, pure by nmr analysis: (CDC13) S 5.15 (1 H, d t,
J  =  5, 7 Hz), 4.45 (1 H, d, J =  5 Hz), 4.04 (1 H, t, /  = 7 Hz), 
3.62 (4 H, m), 2.81 (4 H, m), 2.13 (4 H, m), 2.05 (3 H, s), 1.20 
(6 H, X,J =  7 Hz).

4,4-Diethoxy-2-butenal (III).— The distilled acetate II was 
hydrolyzed by the usual method (mercuric oxide-BF3). The * 73

(7) Tentative explanations for the poor recovery of starting material 
include acid-catalyzed mercuration of product ketone via the enol, and oxy- 
mercuration of possible thioenol ether intermediates. Some precedent 
exists for both reactions: A. Morton and H. Penner. J. Amer. Chem. Soc.,
73, 3300 (1951): W. H. Watanabe and L. E. Conlon, ibid., 79, 2828 (1957).

crude product, 3-acetoxy-4,4-diethoxybutanal, was homogenous 
by nmr: (CDCb) 5 9.72 (1 H, t, J =  2 Hz), 5.52 (1 H, m), 
4.55 (1 H, d, J =  4.5 Hz), 3.61 (4 H, m), 2.72 (2 H, m), 2.03 
(3 H, s), 1.18 (6 H, t, I  =  7 Hz). The crude 3-acetoxy-4,4-di- 
ethoxybutanal (6.42 g) was dissolved in chloroform (10 ml) and
1,5-diazabicyclo [5.4.0] undec-5-ene (5.35 g) (Aldrich) was 
added dropwise with cooling to keep the temperature below 30°. 
The reaction was stirred 0.25 hr after addition was complete and 
then was diluted with hexane, washed twice with water, and dried 
over magnesium sulfate. After evaporation of solvent, the 
crude product was distilled at 45-50° (0.15 mm) to yield 4,4- 
diethoxy-2-butenal (3.6 g, 77% ) as a colorless liquid. The nmr 
spectrum was in excellent agreement with that of known ma­
terial:8 (CDCh) 6 9.62(1 H, d, /  =  7 Hz), 6.7 (1 H, d d, J  = 
16, 3 Hz), 6.32 (1 H, d d, /  =  16, 7 Hz), 5.15 (1 H, d, /  =  3 
Hz), 3.60 (4 H, m), 1.22 (6 H, (t, /  =  7 Hz).

Registry N o.— II, 26958-39-4.

(8) Prepared according to the method of L. Yanovskaya, B. Rudenko. 
V. Kucherov, R. Stepanova, and G. Kogan, Izv. Akad. Nauk SSSR, 12 , 2189 
(1962).
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W e recently became interested in preparing 3,3-di- 
methyl-5-methoxycyclohexanone (1) by the base-cata­
lyzed addition of methanol to 5,5-dimethyl-2-cyclo- 
hexen-l-one utilizing a procedure described by Puetzer2 
for the preparation of 4-methoxy-2-butanone. Addi­
tion of 5,5-dimethyl-2-cyclohexen-l-one to anhydrous 
methanol containing a catalytic amount of sodium 
methoxide followed by neutralization with glacial acetic

0

acid resulted in the precipit ation of a colorless crystal­
line solid. The product obtained showed twin carbonyl 
peaks at 5.85 and 6.0 p (CHC13) in the infrared. The 
absence of the -0 C H 3 signal in the nmr definitely elim­
inated 1 as the structure. Elemental analysis and the 
m/e peak at 248 mass units pointed to a dimer of the 
starting material.

(1) Esso Agricultural Products Laboratory. To whom inquiries should
be addressed: Union Camp Corp., P.O. Box 412, Princeton, N. J. 08540.

(2) B. Puetzer, C. H. Nield, and R. H. Barry, J. Amer. Chem. Soc., 67 , 
832 (1945).
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The peak area ratios, chemical shift values, and spin- 
spin splittings in the 100-MHz nmr spectrum of the re­
action product were consistent with the dimer structure 
2. The triplet (J =  4.5 Hz) at 6.61 ppm was assigned 
to proton a of the dimer. In comparison, the chemical 
shift of the proton at this ring position in the starting 
material occurred at 6.78 ppm while the olefinic proton 
a to the carbonyl had a chemical shift of 5.87 ppm. 
From double irradiation at 6.61 Hz, protons b were iden­
tified as a doublet at 2.28 ppm. A  complex multiplet 
at 3.12 ppm, having a peak area equal to proton a, was 
assigned to methine proton c. Upon double irradiation 
at 3.12 Hz, protons d were assigned to a doublet (J =  
8.5 Hz) at 2.26 ppm and magnetically nonequivalent 
protons e were assigned to doublets (J =  7.0, J =  9.5 
Hz) at 1.58 and 1.57 ppm. The ring methylene protons 
between the carbonyl and yem-dimethyl groups were re­
corded as singlets at 2.10 ppm for the cyclohexanone 
ring and at 2.25 ppm for the cyclohexenone ring of the 
dimer. The methyl groups on the cyclohexanone ring 
were magnetically nonequivalent and occurred at 1.05 
and 0.95 ppm. The methyl groups on the cyclohexen­
one ring of the dimer were observed as a singlet at 1.00 
ppm.

Recently, House3 isolated a different dimer from the 
reaction of 5,5-dimethyl-2-cyclohexen-l-one with di- 
lithium tris(l-hexynyl)cuprate. He has assigned struc­
ture 3 to this compound. We are postulating that our

Alternatively, the dimer could arise by 1,4 addition 
of methoxide to the cyclohexenone, followed by dimeri­
zation, proton transfer, and ultimate loss of methoxide 
to yield the isolated product. Attempts to dimerize
2-cyclohexen-l-one in this manner were unsuccessful, 
only starting material or resinous products being ob­
tained.

However, in related work, we have found that methyl 
mercaptan and propyl mercaptan added normally and 
in high yield to the double bond of both 2-cyclohexen-
l-one and 5,5-dimethyl 2-cyclohexen-l-one in the pres­
ence of a basic catalyst (Triton B).

Presumably, the less basic character of the mercap- 
tide anion precluded proton abstraction at the activated 
4 position of the ring as depicted for the mechanism of 
eq 1.

Experimental Section

Boiling points are uncorrected; melting points are corrected. 
Infrared measurements were carried out with a Beckman IR-8 
spectrophotometer. Nmr studies were made with the Varian 
A-60 and Varian HA-100 instruments.

S,5-Dimethyl-2-cyclohexen-l-one.— The general procedure of 
Gannon and House3 4 was used to prepare this compound. A 
yield of 107 g (86%) was obtained from 1.0 mol of 3-ethoxy-5,5- 
dimethyl-2-cyclohexen-l-one after distillation through a 1'2-in. 
Vigreux column, bp 61-63° (15 mm).

Anal. Calcd for CgH120 :  C, 77.4; H, 9.7. Found: C, 
77.2; H, 9.7.

Dimerization of 5,5-Dimethyl-2-cyclohexen-l-one.-—To a solu­
tion of 6.2 g (0.05 mol) of 5,5-dimethyl-2-cyclohexen-l-one in 10 
ml of methanol was added 100 mg of sodium methoxide, and the 
resulting solution was stirred as the temperature slowly rose from 
25 to 35°. The reaction mixture sustained itself at 35° for sev­
eral hours after which stirring was continued for 3 days at room 
temperature. Neutralization of the solution with 0.5 ml of 
glacial acetic acid resulted in the precipitation of 1.2 g of a white 
solid, which was filtered and washed with water. The filtrate 
yielded an additional 2.9 g of product; the total yield of dimer 
was 4.1 g: mp 98-99°; ir (CHC13) 5.85 (C = 0 )  and 6.0 n (con­
jugated C = 0 ) ;  mass spectrum m/e 248.

Anal. Calcd for C16H240 2: C, 77.4; H, 9.7. Found: C, 
77.3; H, 10.1.

Registry N o.— 2, 10517-07-4; 5,5-dimethyl-2-cyclo- 
hexen-l-one, 4694-17-1.
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It ’s Interstellar...
It ’s Prebiological...lt’s 
CYANOACETYLENE (Propiolonitrile) 
—from Terra-Marine.

W e’ve brought it down to earth. In case you d idn ’t know, 
it's the most com plex molecule found in space. And a highly reactive 

electrophile, as illustrated above. Its origin is irte rs te lla r1 as 
well as preb io log lca l2 . . .  a tru ly  unique molecule tha t’s probably a 

reactive dienophile in D iels-A lder Synthesis. What makes 
it special to you? Find out. W rite fo r com plete inform ation today.

1. G. Ft. Wick, Science 170, 149 (1970). 2. R. A. Sanchez, J. P. Ferris & L. E. Orgel, Science 154, 784 (1966).

New horizons in biochemistry
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Telephone (714) 454-6602



M BUILDING BLOCK 
1,3-Dithiane

Corey, Seebach, Boekelheide and others have recently 
shown how  ingen iously  d ith ia n e  can be used in the fo rm a tio n  
o f cyclic ketones, cyclophanes, s ily l- and germ anyl-ketones 
and m any o ther hard-to -com e-by systems. For a recent re ­
v ie w , see D. Seebach, Synthesis, 17 (1969).

#15,787-2 1,3-Dithiane 25g .-$12.90 100g.-$39.00

HYDROXYL BLOCKER IN NUCLEOSIDES

O 2 N '^ O ^ O - C - C I  p -N itro p h e n y l ch lo ro fo rm ate
Reacts w ith  h yd ro xy l groups in nucleosides a t room tem pera tu re  to 

g ive tw o  useful types o f O -blocked deriva tives: com pounds w  th " iso la te d " 
h yd ro xy l groups are converted into the p -n itropheny l carbonate  esters; those 
w ith  ad jacen t c is-hydroxy groups are converted into cyclic carbonates.1

1. R. L. Letsinger and K. K. Ogilvie, J. Org. Chem., 32, 296 (1967).
#16,021-0 p-Nitrophenyl chloroformate lO g.-$12.00 50g. - $39.00

TETRAMETHYL-p-PHENYLENEDIAMINE
( C H 3 ) 2 N - © -  N(CH3 )2

O f im portance in the fie ld  o f e lectron-donor-acceptor 
ilexes1 and stable rad ica l-ca tions.2
. G. Briegleb, Elektronen-Donator-Acceptor-Komplex, Springer Verlag. (1961).
. A. R Forrester, J. M. Hay and R. H. Thomson, Organic Chemistry of Stable Free Radicals, Academic Press, (1968).
#  16,020-2 Tetramethyl-p-phenylenediamine

5g. -$4.75 25g .-$16.50 Â

■ .*

For our latest Catalog, write to

rich Chemical Company, Inc.
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