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INTRODUCTION

Abnormal nuclecphilic displacement reactions on the furan nucleus have
been noted previously, but have not been studied extensively. Displacement
is considered to be abnormal when the nucleophilic agent is found to be
bonded to a different atom in the product than the atom to which the dis-
placed group was bonded in the original molecule. The most common examples
of this attack are found in furfuryl derivatives, in which a group or atom
bonded in the alpha position resulis in & product with the nucleophiliq
group bonded to the five position of the furan nucleus.

U-Cﬁzx 4 T — !z-ﬂ\j-(m3
0 0

This work was instituted in an attempt to discover conditions which

favor abnormal displacement and to learn mors about the reaction mechanism

or mechanisms which are involved in such displacements,



HISTORICAL REVIEW

Rection schemes involving "abnormal® displacements by nucleophilic
agents on the furan nucleus have been postulated to explain many reactions
of furans, notably reaction involving opening of the furan ring, Since
these reactions have been adequately reviewed roccnt]y,l’z only a few
examples will be discussed here. The product formed by.tno acidic

hydrolysis of furan is the dialdehyde, succinaldehyde.
U &, =¢ o
o HOH H H
However, in the acidic hydrolysis of furfuryl alcohol, the kotMldehyd‘,
which analagously might be expected to form, is not isclated but instead
levulinic acid is obtained. In an attempt to explain the formation of
this compound, & reaction scheme in which & wmater molecule attacks

"abnormally® in the five position of the furén nucleus has been propoud‘.z

t +

T P e e S

J

42
H : _HOH ] 2 |
~ — ‘ —
HO \o/-cxg aoﬂ:;:u-cu3 QGHB HOOG COCH

1z, p, Nevitt, Thesis (M.S. in Chemistry), lowa State College. 1951.

2, P, Dunlop and F. N. Peters. "The Furans®™, Reinhold Publishing
Corporation, New York, N. Y. 1953.



The furfuryl carbonium ion may be actually pre-formed as shown above, or a
water molecule could attack the furfuryl alcohol in the five position and
simmltaneously displace another water molecule from the protonated furfuryl

alcohol, involving & transition state such as the one shown beslow,

HO-- -t - - 0
H o B

The best known and possibly the cnly authentic examples of abnormal
maclaophilic displacement in furans involve the reaction of a furan with
cyanide ion. The first of thess reactions noted was the reaction of 2=
furfuryl chloride with potassium cyanide to give 15 percent of the normal
nitrile, furfuryl cyanide, and 85 percent of the "abnormml® nitrile, 5~
nethyle2-cyanofuran .3 Other examples are the reaction of 3-furfuryl
ohlorids® and furfuryltrimethylammonium iodide> with cyanide ion to give
90 percent normal, 10 percent abnormal, and 85 percent normal, 15 percent
abnormil nitriles, respectively. These reactions can be explained by two
general mechanisms. The first, or so-called SNI mechanism, involves the
preliminary and rate determining ionigzation of the furfuryl cempound to
yield a furfuryl carbonium ion. This carbonium ion might be considered to

be an allylic jon having the usual contributing resonance structures which

(‘) M. M., Runde, E. %, Scott and J. R. Johnson, J. Am. Chem. S0C.,
52, 128k (1930). (b) E. W. Scott and J. R. Johnson, ibid., Sk, 25L9
(1932). (o) T. Reichstein, Ber., 63, 7h9 (1930).

hEo Sherman and E. D. mtutl, io A.!‘Q Chenm. mo, lg, 2195 (1950)-

SE. L. Eliel and P. E. Peckiam, J. Am. Chem. Soc., 72, 1209 (1950).



would entail a partial positive charge in the five position,

ﬂ:o—/U"CHax — Ucaa.; — @Ecuz $
e o s ol ol e

The allylic carbonium ion can then react with the cyanide ion to glve a

mixture of two products as is usual for ions of this type. The product
formed by coordination of the cyanide in the five position can then undergo
a proton shift to form the nitrile iﬁohtod.

The other reaction scheme would involve & combination of Snz and SN2.6
reactions. The normal nitriles could be formed by a second order displace~
ment of the chleride or trimethylammenium group by oyanide ion., The
abnormal product would be formed by & second order displacement, with
cyanide ion attacking in the five position and simultaneously displacing
the leaving ion. This nitrile could then rearrange as postulated before in
the 531 mechanism,.

A recent reaction, not involving cyanide ion, which might be inter-
preted as an "abnormel" displacement on the furan nucleus is the reaction
of mesitylmagnesium bromide with 2-mesitoylfuren! to form 1,5-dimesityl-
2,3-pentadion~2«~0l=l-one.

6Rn E. Kepner, W, G. Young and 3. Winstein, io A_Eo Cheme ;_Se__c_., _72-.’ 115
(19L9).

TR, C. Fuson and H, P. Wallingford, J. Am. Chem. Soc., 5, 5950 (1953).



Hol-gU 4+ MNesMgbr —— nea-g—gscu-cs:cm
J
H

In this reaction, 1,6 addition of the Grignard reagent takes precedence
over the more common 1,L addition to %, 8 unsaturated ketones. If the
four and five positions of the ring are blocked as in 2-benzofuryl
ket-onea,a 1,4 addition does take place. This reaction is another example
of preference for_ nucleophilic attacic in the five position over that in the
three position of the furan nucleus, although in this case reaction in the
five position is also aided by coordination of the Grignard reagent vd.tt;
the adjacent oxygen atom.

Since the occurrence and relative importance of abnormal nucleophiliec
reactions seem to vary both with the type of furan and the type of nucleo-
philic reagent employed, a study of the conditions favorable for abnormal
nucleophilic attack was instituted. This study involved two general
phases, an attempt to discover other examples of abnormal attack, and a
study of the kinetics of reaction of furfuryl chloride with various

nucleophilic reagents,

8(a) R. C. Fuson, E. W. Kaiser and S. B. Speck, J. Org. Chem., 6,
?hs (.’;9)41) (v) R. E. Lutz and W. C. Reveley, J. An. Chen. Soc.. 63 378



EXPERIMENTAL

Materials

Furfuryl alcohol. Furfuryl alcohol, furnished by the {uaker Oats Company,

was redistilled at reduced pressure using a8 nitrogen atmosphere shortly
before use.

p-Toluenesulfonyl chloride. p~Toluenesulfonyl chloride (Bastman Kodak,

white label) was distilled before use,
Calcium hydride. Calcium hydride was purchased from Metal Hydrides,
Sodium hydride, Sodium hydride was obtained from Metal Hydrides.

Silver nitrite. Mallinckrodt silver nitrite was used,

Acetone. Mallinckrodt "Amalytical Grade™ acetone was dried over Drierite
for at least ons week and distilled just before use.

Tetrebutylammonium hydroxide. This compound was prepared by the reaction

O

of tetrabutylammonium iodide (Eastman Kodak, white label) and silver oxide.

Lithium acetate. Lithium acetate was prepared by neutralizing lithium

hydroxide with acetlic acid. Most of the water was evaporated and the salt
dried for L8 hours at 110°. The lithium acetate was 99.98 percent pure as
shomn by titration with perchloric acid.

Furfuryl chlorids. Furfuryl chiorido was prepared according to the direc-

tions of Kimér.m The furfuryl chloride was distilled shortly vefore use
under reduced pressure from sodium carbonate into & flask containing sodium
carbonate, and diluted with dry ether.

9Do B. Paul and C, A, Kﬂu‘. .J_c é&o Chem, §_°_§n’ .63_’ 11h0 (19,30).
1°wo R. Kimer’ ‘\_"o é&o Cheme §29_0’ 5_0_, 1955 (1928)0



Rhodanine., This compound was Eastman Kodak, white label.
Sodium hydroxide. Carbonate-free solutions were prepared by adding a

saturated solution of sodium hydroxide to freshly boiled water. The solu~
tions were standardized with potassium acid phthalate using phenolphthalein

as indicator.

Hydrochloric acid. The sclutions were prepared by diluting c.p. hydro-
chloric acid with freshly boiled water. The solutions were standardized by
titration with standard sodium hydroxide.

Triethylamine. The solutions were prepared by adding freshly distilled

triethylamine (Eastman Kodak, white label) to 90 percent aqueous acetone
solution, The solutions were standardized by titration with hydrochlorie

aclid using bromphenol blue as indicator,
Reactions

The attempted eynthesis of o ~furfuryl tosylate. To & solution of 1k.7

grams (0.15 mole) of furfuryl alcohol in 100,0 milliliters of dry pyridine
at -10°%, was added gradvally, with stirring, 28.7 grams (0.15 mole) of
p-toluenssulfonyl chloride. After addition of the p-tolusnesulfonyl
chloride, which took approximately 30 mimutes, the mixture was allowed to
warn to 0° and stirring continued for 3 hours. About 30 minutes after the
addition of teosyl chloride a white precipitate appeared and the solution
became amber colored. The mixturs was then poured into ice water from

which a8 small amount of oil separated. The o0il could not be orystallised

from bengene, petroleum ether or dioxane. The above procedure was then

repeated except the mixture was not poured into ice water., Instead, the



white precipitate was filtered, A partially dried sample did not melt at
120° (m.p. p-toluenesulfonyl chloride, 69°, pyridine hydrochloride, 69°).
The compound which appeared to be hygroscopic was dried over phosphorous
pentoxide in a vacuum desicoator overnight., The material decomposed,
becoming dark and discolored. No accurate melting point could be talmn and
recrystallisation was not successful, Evaporation of the original pyridine
filtrate under reduced pressure gave a copious precipitate, originally
white, but which decomposed when drying was attempted, The above procedure
was essentially repeatsd except that only 0,15 mole of pyridine was used
and 100.0 milliliterz of dry benzene was used as solvent. Again the white
precipitate obtained decomposed on drying over phosphorous pentoxide or
parafiin, Recrystallisation was not successful,

In another attempted preparation of furfuryl tosylate, the calcium
salt of furfuryl alcohol was prepared by adding, with stirring, 1.96 grams
(0.02 mole) of furfuryl alcohol to 0,842 gram (0.02 mole) of calcium
hydride in 150.0 milliliters of dry ether., After addition of the alcohol,
the mixture was stirred for 3 hours. Then 2.0 grams (0.0l mole) of p-
toluenssulfonyl chloride was added in small portions, and the stirring
continued for 2 hours., The solid material was filtered, and the ether
removed under reduced pressure. After removal of the ether, the oil which
remained darkened and decomposed quickly. Again recrystallization was not
successful.

The sodium salt of furfuryl alcohol was prepared by the reaction of

furfuryl alcohol with equivalent quantitiss of sodium or sodium hydride in
ether. The reaction with sodium gave a pink colored product, but the

1



reaction with sodium hydride gave a white salt which appeared to be purer,
The ethereal suspension was then allowed to react with an equivalent amount
of p-tolusnesulfonyl chloride. The sodium chloride formsd was filtered and
the ether removed lsaving 8 white solid which decomposed as before,

The attempted synthesis of A -~furfuryl methosylate. The preparation was
attempted by adding p~methoxybensenesulfonyl chloride’t to the sodium salt
of furfuryl alocohol as desoribed previously with tosyl chloride. Attempted
isolation of a solid product gave the usual dark, gummy mixture. The
addition of a suspension of the sodium salt in ether to an equivalent
amount of p-methoxybensenesulfenyl chloride dissolved in ether gave the

same result,

The reaction of the 2,L~dinitrophenyl ether of furfuryl alcohol with

cyanide ion. A suspension of 2,0 grams of furfuryl 2,k-dinitrophenyl
other!? was shaken with 8.0 grams of potassium cyanide in 10.0 milliliters
of water at 70° for one hour. The solution becams dark brown, but most of
the ether appeared to be unaffected by this treatment. The solution was
then extracted with ether, the ether evaporated and 20.0 milliliters of 25
percent potassium hydroxide added to the residue. After heating for one
hour at 90°. the alkaline solution was extracted with ether and the aqueous
layer cocled to 10° and neutraliszed with hydrochloric acid. No precipitate
was formed. The procedure was repeated using 90 percent ethyl alcohol as

solvent with the same result. The period of reaction was varied up to 96

ul. S, lorgln and L. H. Gritcher, g_o A__Ec Chemo ggsog Z_OJ 375 (19&8)0
12y, Normant, Ann. Chim., 17, 335 (19L2).



10

hours with no result.

When the method was repeated using 90 percent aqueous scetone as
solvent, a deep purple color was formed when the potassium cyanide solution
was added to the acetone solution of the ether. The acetone solution was
kept at 35° for L8 hours. The water-insoluble ether appeared to have re-
acted at this time since no solid precipitated when water was added to the
solution. The acetone-water solution was then extracted with ether. The
ethereal extract was washed with water and dried over sodium sulfate.
Removal of the ether gave a dark brown oil with a sweet odor. Fifty milli-
liters of 25 percent methyl alcoholic potassium hydroxide was added to the
oll and the solution was refluxed for one hour. Water was added and the
mixture was extracted with sther. The aquacus extract was neutralised with
hydrochloric acid., A dark brown precipitate formed. The material darkened
between 200° and 2509, but did not melt at 310° (m.p. 2-furylacetic acid,
67.3%-67.5°, S-methylfuroic acid, 108°-109°).

Ihe resction of furfuryl p-nitrobensoate with cyanide ion. To 2.0 grams of

furfuryl p-nitrobensoatel3 dissolved in 75.0 milliliters of alcohol was
addsd 2.5 grams of potassium cyanide in 15.0 milliliters of water. The
solution was heated at 35° for L8 hours. Most of the alcohol was removed,
water was added and the solution was extracted with ether. Addition of
hydrochlorie acid to the aqueous exiract gave a white precipitate of p-
nitrobenszoic acid. On evaporation of the ether exiract a small amount of

yellow oil remained. However, attempted hydrolysis of this oil with msthyl

13k, D. Kleine and S. Freid, J. Am. Chem. Soc., 62, 3516 (15L0).



11
alcoholic potassium hydroxide gave no acid product.

The reaction of furfuryl p-nitrobensoate with ethoxide ion. Sodium sthoxide

was prepared by adding 0.8 gram of sodium to 100,0 milliliters of absolute
alcohol in a flask protected from moisture with & calcium chloride tube,
Eight grams of the p-nitrobenzoate of furfuryl alcohol were then added to
the flask and allowed to react for one hour. The alcohol was removed by
distillation, water added, and the mixtwre extracted with ether. Neutrali-
zation of the Aqueous extract gave a large amount of p-nitrobenszoic acid,
indicating that most of the ester was cleaved., Distillation of the ether
extract gave a small amount of liquid, b.p. 80° (25 ms.). This liquid
rescted slowly with sodium. Attempts to prepare adducts with meleic
anhydride were not successful. The material decomposed within 2l hours,

and other means of identification were not successful.

Kinetics of the reaction of furfuryl p-nitrobensoats and hydroxide ion.

Freshly distilled, commereial absolute alcohol was diluted with water to
give an 85,k percent by weight solution. The composition was determined by
density measurements. Enough anhydrous lithium perchlorate was added to
give an 0.0989 molar solution. Approximately 0.1 normal sodium hydraxide
solution was prepared by adding a saturated solution of sodium hydroxide to
part of the lithium perchlorate-alcohol-water solution. A weighed sample of
furfuryl p-nitrobensoate was dissolved in $0.0 milliliters of the reaction
solvent and allowed to equilibrate for 30 minutes in a thermostated water
bath, Ten milliliters of sodium hydroxide solution were pipetted into
excess standard hydrochloric acid and back-titrated with sedium hydroxide
using phenolphthalein as indicator.
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Temp. Conc. p-nitro= Cone, hydroxide Percent k, x 10°
' benzoate completion '
29.4° 0.00691 0.01097 92 9.08
20.9° 0.00995 0.01169 93 Le20
0.00523 0.01672 93 k.52

Reaction of furfuryl chloride with silver nitrite. To 7.7 grams (0.05 mole)

of silver nitrite in 50.0 milliliters of acetonitrile was added dropwise
0.05 mole of furfuryl chloride in 50,0 milliliters of acetonitrile. The
silver chloride formed was filtered. The very dark brown solution was
distilled to remove acetonitrile and recryatallisation of the residue
attempted without success, Lasic extraction of the residue also was not

successful, The reaction was not investigated extensively.

Attempted preparation of 3,lL~diphenylfurfuryl methosylate, 3,L-Diphenyl-2-

furyl carbinol was prepared by reduction of the methyl ester of 3,L-
diphenyl-2-furole acid:t with lithium aluminum hydride. The sodium salt of
the alcohol was prepared by the same procedure as with furfuryl alcohol and
reacted with p-msthoxybensenesulfonyl chloride.ll No pure solid product
could be isolated.

Preparation of 3,L~diphenyl=2-furfuryl bromide. To L.2 grams (0,017 mole)

of 3,L~diphenyl-2-furyl carbinol in 200,0 milliliters of dry ether was
added dropwise, with stirring, 13.5 grams (0.05 mole) of phosphorous tri-
bromide. After one howr 3.0 milliliters of water was added dropwise and
the ethereal solution washed quickly, first with 5.0 milliliters of 50

1“50 J. Backer and W, St”@n" Hec. Trav, Ghim., 29., ll23 (191#0)0
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percent potassium hydroxide solution, then with water, The solution was
dried over sodium sulfate and the ether distilled under reduced pressure,
leaving a light colored liquid. The liquid was dissolved in Skelly B and
the solution cooled to -40®. A white crystalline product was obtained
which was recrystallized several times in this mamner, m.p. 57°-589,
Impure samples decomposed quickly and even the pure samples showed signs

of decomposition after 72 hours in a vacuum desicoater,

Attempted preparation of 3,li~diphenyl-2-furylacetic acid. The acid

chloride (m.p. 157°-158°) of the acid was prepared using thionyl chloride.
To & solution of diazomethans (0,048 mole) in ether was added in smll
portions at 0°, 4.5 grams (0.016 mole) of the acid chloride. After addi-
tion was complete the mixture was allowed t.o come to room temperature and
stirring was continued for 12 hours. The ether was removed under reduced
pressure and the yellow solid remsaining recrystallized from bensene, m.p.

%.115°, Five grams (0.02 mole) of this compound was suspended in 75.0
milliliters of dioxane and added dropwise with stirring to & mixture of
5.0 grams of freshly prepared silver oxide and 5.0 grams of socdium thio-
sulfate in 300.0 milliliters of water at 60°-70°, The mixture was stirred
at this temperature for 5 hours, then the temperature was raised to 90° for
15 minutes. The solution was cooled, diluted with water, filtered and
acidified with hydrochloric acid giving & brown oily solid, m.p. 1259-150°.
Attenpts at purification by recrystallisation and by chromotegraphy using
an alumina column were not successful.

The preparation of 3,4-diphenyl-2-furylacetic acid was also attempted

using the furfuryl rhodanine compound as an intermediate. The acid



1k

chloride of 3,L-diphenyl-2-furoic acid was prepared as befors and a
Rosenmmd reduction carried out using toluene 28 solvent and palladium on
barium sulfate as catalyst, essentially according to the procedure of
Gnmnls to prepare Li-carbomethoxy-2-furfuraldehyde. The toluene was
removed under reduced pressure. The aldshyde was not purified because
decompoaition appeared to be taking place, but was dissolved in glacial
acetic acid and rhodanine and sodiun acetate added. The solution was re-
fluxed for 30 minutes, poured in water, the crystals filtered, washed with
water, alcohol and ether and recrystallized from acetone according to the
method of Julian and Sturgis}® The compound is a bright red and melts
with decomposition at 3089-309%, The rhodanine compound was hydrolysed
with 15 percent sodium hydroxide to 3«(3,L~diphenyle2-furyl )«2-thioketo-
propionic acid, m.p. 117°-118°, The thioketo acid was reaoted with
hydroxylamine according to method of Plucker and Amstutsl? to give 3-(3,L=
diphenyl=2-furyl )-2-oximinopropionic acid, m.p. 14L%-145°. The acid was
similtaneously decarboxylated and dehydrated by heating with acetic
anhydride. Steam distillation of the supposed nitrile was attempted but
extensive polymerization took place and only a small amount of the
mterial was distillable. This material was refluxed in 20 percent sodium
hydroxide for 12 hours and on acidification with hydrochloric acid, & omall
amount of acid was precipitated. However, the acid product could not be

, 3;5;1. Gilman, R. R. Burtsan and E. W. Swith, J. Am. Chem. Soc., 55, LO3
1933). T

161;,.

17;

L. Julian and B. K. Sturgis, J. Am. Chem. Soc., 57, 1126 (1935).

o Plucker and E. D. Amstuts, J. Am. Chem. Soc., 62, 1512 (1940).
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purified. The procedure wss repeated except that distillation was not
attempted. At thie point the solution was extracted with ether, the ether
removed and hydrolysis of the resulting oil attempted with 20 percent
sodium hydroxide, After 7 days of refluxing only a very small amount of
acid product was found and extensive decomposition had taken place, Re-

peating the process using alcoholic sodium hydroxide was not successful,

The attempted preparation and preparation of 3,lL-diphenyl-S-methylfuroic

acid. In an attempt to prepare the acid, the metalation of 3,L~diphenyl~-2-
furoic acid was attempted. The acld was dissolved in dry ether and an
sthereal solution of two equivalents of butyllithiusl® was added dropwise.
The reaction mixture was stirred for periods varying from one hour to
three days. An equivalent of methyl iodide was then added and the mixture
refluxed for periods varying up to three days. Upon working up the re-
dction mixture only unchanged acid was isolated and characterised, although
~Some non-acidic material, probably a ketone, was isclated. Upon carbona-
tion of the reaction mixture before the addition of methyl iodids, no
di-acid could be isolated, indicating that the original acid had not been
metalated.

An attempt to prepars the half-estsr or half-acid chloride of 3,4~
diphenyl=2,5-furandicarboxylic acid was made. Either of thess compounds
could be reduced with lithium aluminum hydride to the half-alcohol and

then to the hydrocarbon. One equivalent of diazcmethane was added dropwise

18, Gilmn, J. A. Bee, C. G. Erannen, M. ¥. Bullock, C. E. Dunn and
L. S. ¥iller, J. Am. Chem. Soc., 71, 1L99 (19L9).
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to an ethereal solution of the acid at 0°. The mixture was allowsd to
stand two hours at room temperature. When the ether was remcved only
unreacted di-acid and di-ester could be isolated. Esterification using
mothyl alcohol and dry hydrochloric acid with excess agthyl alcohol solvent
or bengene as solvent gave the sams products. Reaation of the di-acid with
one equivalent of thionyl chloride gave only the di-acid chloride and un=
reacted di-acid.

The methylation of 3,l~-diphenyl-2-furoic acid. To 5.0 grams of aluminum

chloride in 100.0 milliliters of carbon disulfide was added dropwise with
stirring, & carbon disulfide solution of 5.0 grams (0.018 mole) of methyl
3,~diphenyl-2-furoats. The reaction mixture was cooled in an ice bath
during addition. After addition was complete, the ice bath was removed and
the mixture allowed to stand 2; hours. The mixture was poured into cracked
ice and the aluminum hydroxide filtered. After removal of carbon disul-
fide, the solid product was sublimsd, ylelding a white solid, m.p. 121°-
122°, The infre-red spectrum of this compound was differsnt from that of

methyl 3,L-diphenyl-2~-furocate,

Einetics of the hydrolysis of furfuryl chloride. The reaction was carried

out in a 250,0 milliliter rubber-stoppered Erlensceya [lask. The rubber
atopper was fitted with inlet tubes for a glass stirrer and a microburet.
Forty=five milliliters of acetone and 5.0 milliliters of water wecre
pipetted into the flask and allowed to equilibrat. for 15 minutes in a
thermostated bath at 30.8°. One milliliter of an ethersal furfuryl
chloride solution and 5 drops of bromphenol blue indicator were added, the
stirrer started, and a small amount of standard triethylamine solution
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added. Zero time was taken when the indicator turned to its acid color.
Another small portion of triethylamine was added and the time to indicator
change was noted. No difference in rates under acid or basic conditions was
noted as shown by runs in which the solution was allowed to be acid most of
the tims axcept for a few seconds following the addition of triethylamine.
The reaction was followed to 90 percent completion. The initial concentra-
tion of furfuryl chloride was determined by adding 20.0 milliliters of
water to the reaction at thp completion of the measured run and titrating,
after two hours, with triethylamine. A sample kinetie run is given below:

(Furfuryl chloride) = 0.009859 mole/liter.

(Triethylamine) = 0.1116 N.

Time Mlliliters tri- k x 105

ethylamine added Sec.~1
0 0.000
21161 0.0L40 3.3k
L5810 0.086 3.2
7136 0.130 3.19
10130 0.182 3.45
1312311 0.230 3.22
1515811 0.274 3.31
181391 0.324 3.50
211301 0.37h 3.29
21231 0.42) 3.3k
271181 0.4 7k 3.38
30112 0.524 3.39
327 0.570 3.6
3512711 0.616 3.3k
L2 1.212 3.3
NG 246l 3439
3121301 L Lok 3.50
3501271+ 4706 3.18

TO“J. 8 0830

Average 3.0
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Kinetics of the reaction of furfuryl chloride with iodids ion. To a 90

percent aqueous acetone sclution was added various amounts of potassium
iodide and enough potassium chloride to almost saturate the solution.
Twenty=-five milliliter samples of this solution were pipetted into test
tubes. The tubss were stoppered and allowed to equilibrate at 30.8° in a
thermostated water bath. One milliliter of an ethereal sclution of fur-
furyl chloride was added to each tube. The time of half-addition was
taken &8 the zero time. The addition of furfuryl chloride caused potassium
chloride to precipitate. The tubes were removed at intervals, and the
contents filtered through a sixitorod glass Buchner funnel and washed with
dry acetone. The precipitated chloride was then dissolved in water and a
Volhard determination for chloride was made. The initial concentration of
furfuryl chloride was determined by analysis of a tube which was allowed to
react for L6 hours. A sample kinetic run is given below:
(Furfuryl chloride) = 0.030LL M. (Potassium chloride) = 00,0454 M.
(Potassium iodide) = 0.05061 M. (Silver nitrate) = 0.,0292 N.
(Potassium thiocyanate) = 0.0297 N.
Time  k, x 10°  Milliliters  Milliliters

AgN03 KCKS

?.; 2711 1.08 g.oo 1.528

12000 1.00 .00 0.0%0
229168 1.00 10.00 3.788
2814211 1.30 10.00 2.422
381361 1.12 10.00 1.340
L7128 1.10 10.00 0.78k
5611911 1.09 15.00 3.26}

Average 1.10
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Kinetics of the reaction of furfuryl chloride with hydroxide ion. Ten

mi1liliters of aqueous tetrabutylammonium hydroxide or potassium hydroxide
was added to 0.0 milliliters of dry acetone in a 250.0 milliliter glass-
stoppered Erlenmeyer flask., The uss of tetrebutylammonium hydroxide was
more satisfactory since larger soncentrations of hydroxide could be
obtained, The solution was eqnilibra'«d for 15 minutes at 30,8" ina
thermostated water baths. One milliliter of ethersal furfuryl §hlorido
solution was added. Ten milliliter samples were pipetted in 10.0 milli-
liters of Skelly B and the aqueous layer remvved. The Skelly B solution
was washed three times with 10.0 milliliter portions of ice water. The
combined filtrates were extracted with hydrochloric acid using phenole
phthalein as indicator. The initial concentration of furfuryl chloride
was determined by adding a sample to 50.0 milliliters of water and titrat-
ing the base remaining after 6 hours. A sample kinetic run is given below:

(Furfuryl ohloride) = 0,02127 mole/liter.

(Tetrabutylammonium hydroxide) = 0.02066 mole/liter.

(Hydrochlorie acid) = 0.0270 N.

Time  kp x 10>  Milliliters HCL
111021 L2 7.876
201461 1 5.5 7.263
311001 ! 8.2 6.720
431301 L.8 6.05L
5512311 40 560k
6615311 " 5.264
8215111 Leb 1928

Avmge hoé
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Kinetios of the reaction of furfuryl chloride with acetate ion. The same

general procedure as used for hydroxide ion was used, except that the
chloride content of the agueous extracts was determined by the Volhard
method. A sample kinetic run is given below.

(Furfuryl chloride) = 0.01302 mole/liter.

(Lithium acetate) = 0.03757 mole/liter,

Time ky x 10“ ¥illiliters ¥lliliters
0.028L6 X, Agho, 0.03219 N. KCN3
141531 6.46 5.00 3.264
291100 6.62 5.00 3.060
L6115 7.22 5.00 2.870
5951 7.55 5.00 2.652
711250 6.39 5.00 2.352
855101 6.52 5.00 2.386
Fimal 10.00 2.042

Average 6,76

Kinetics of the reaction of furfuryl ohloride with thiosulfate ion. Since

sodium thicsulfate is practically insoluble in 90 percent aqueous acetone,
tetrabutylammonium thiosulfate which is more soluble was prepared by the
reaction of tetrabutylammonium fluoride and calcium thiosulfate. The
calcium fluoride formed was filtered leaving an agueous acvlution of the
salt. However, the tetrabutylammenium ion forms a complex with iodine so
the thiosulfats concentration could not be detarmined by titration with
iodine. Tetrabutylammonium chloride, fluoride and hydroxide also form this
complex when iodine is added. The complex, origi.naliy yellow, darkens to a
reddish brown as more iodine is added. Competitive reactions were then
run using 50 percent and &l percent aqueous acetone solutions., Five milli-
liters of furfuryl chloride in acetone was added dropwise to 50.0 milli-

liters of agueous acetone of varying sodium thiosulfate concentration in a
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thermostated water bath at 30.8%°., After the solution bad reacted for two
hours, the thiosulfate remaining was determined by titration with iodine.
The original thiosulfate concentration was determined by titrating 50.0
milliliters of the stock acetone-thiosulfate solution with iodine. The
furfuryl chloride concentration was determined by hydrolysing a 5.0 milli-
liter sample and determining the amount of acld formed, A sample kinetic
run is given below:

(Iodine) = 0.0312 N.

(Sodium Hydroxide) = 0.0309 K.

#Milliliters MaQH Milliliters Ip Milliliters Iz
(Initinl) (Finsl)

Lko.20 76.96 38.76

{(Furfuryl chloride) = 0.001243 M.
(Thiosulfate), = 0.02401 M.
(Tmoamt‘)f 2 0.001209 M.

log §° = L.269,
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Table 1

Rate Constants for Reaction of Furfuryl Chloride with

Nucleophilic Reagents at 30,8%%

Solvent (Farfuryl  Mucleo-  (Nusleo- K™ log XX
ehl;x:idn) | phile phile) ko

90% acetone- 0,0266 I~ 0.0801 1.2 x 1072 3,25

water

. 0.0296 o 0.0506  1.08 x 1072 3,23

" 0.013L oH~ 0.0260 L.Ox10? 2,8

. 0.0080 Ol™ 0.0309 3.9 x 103 2,80

. 0,0207 g 0.0212 3.8x1073 2.7

" 0.0230 Odc™ 0.0376  6.86 x 107 2,05

" 0.0LLk oo™ 0.0lk6  6.72 x 1074 2,00

* representative sample of kinetic runs is listed.

*'kxs

”ﬁkes

[=T

were k = 2:300 1op Furfuryl chloride/,

Erfuryl chloridg7
andx = OH., I—, Ohe™.

0

&Y
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Table 1 (contimed)

Solvent (Furfuryl Nucleo~ (Nucleo- ky log .;kl‘.
chloride) phile phile) k,
M. M.
50% acetone- 0.0248 Sp03 0.0480 ---- ho27*
water
" 0.0134 S203 0.0148 - L.3k
6% acetone~ 0.0268 S0  0.0k20 === Lo
wmter
90% acetone= 0.00986 B,0 -- 30200 -
water
" 0.0123 H,0 -- 3h2x107% -
[5,07 2.303

Mog k5203"' = log
ko

FFurfuwyl ohloride]q - [5,0,/¢

10g 552975 .

520577
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DISCUSSION OF EXPERIMENTAL RESULTS

In the first phass of the study, an attempt was mide to discover other
examples of abnormal nuclecphilic displacement on the furan nucleus. The
reaction of furfuryl halides with ethoxide,’’ thiocsyanate,2 phenoxide,?
sodiomalonic ester,20 thicuresZ® and ammonis?> have been reported to yield
only normal products, However, the products were isoclated only in amounts
varying from 10 to 60. percent of the theoretical yield. The abnormsl
products miy well have been formed and not isolated, and so acscount for the
low ylelds. However, many other reactions of furans result in low ylelds.
The abnormal product resulting from the attack of cyanide ion on furfuryl

halides is more susceptible to the prototropic rearrangement necessary for

ﬂ:;jcuzm —CN, “\__0]"”’2“ + m-i—}cuz — uc[o—/uca;

the formation of a stable product and, therefore, the product is more

easily isolated than the products of reaction with other nucleophiles. The
strongly negative cyano group causes the hydrogen of the adjacent carbon to
be especially acidic. In the case of the other ions listed above, the

194, R. Kirner, J. Am. Chem, Seec., 50, 1955 (1928).

204, R. Kirner and G. H. Richter, J. Am. Chem. Soc., 51, 3131 (1929).

21y, Paul and R. Normant, Compt. rend., 20k, 1L82 (1937).

22, ¥. Sprague and T. B, Johnson, J. Am. Chem. So0s., 59, 2439 (1937).

23], E. zanetti and C. D. Beckmann, J. Am. Chem. Soc., 50, 2031
(1928). T
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hydrogen atom is not particularly activated by the adjacent group and this

e, — e
o 2 5 3

intermediate, if formed, would be likely to either polymerize or undergo
ring opening or other reaction and so not be isolated.  Since the nitro
group, like the cyano group, is also strongly negative, furfuryl chloride
was allowad to react with silver nitrite in the hope that a stable product
of subatitution in the five position could be isolated. However, no pure
product could be isolated and identified from the reaction. This reaction
was not investigated axtensively.

In another attempt to find reactions involving abnormal nucleophilioc
displacement, furfuryl derivatives other than the halides were prepared and
tested for mction with nucleophilic reagents. Often one of the aids to
facile nucleophilic ’di_uphcemnt is the formation of a stable, negative ion
by the group being displaced by the nucleophilic agent. According to this
principle, furfuryl 2,L~dinitrophenyl ether; with an inecipient substituted
phenoxy group, and furfmvl p-nitrobensoate, with an incipient acid group,
were prepared and allowed to react with potassium cyanide and sodium
ethoxide.

Purfuryl 2,L-dinitrophenyl ether gave no discernible resction with
potassium cyanide in aqueous or alcoholic solution. However, when aqueous
acetone was used as solvent, a deep purple color developed when potassium
cyanide was added to 2 solution of thoA ether. This color developed gradu-

ally over & period of approximately five minutes. The materials wers

allowed to react at tempsratures varying from rooa temperature to reflux
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and for periods varying from 30 minutes to three days. The originally
water~-insoluble ether was converted to a more soluble compound which was
not precipitated when water was added to the reaction solution. However,
no nitrile or acid could be isolated from the resction. The reaction
product which was isolated polymerized readily and may have been formed by
opening of the furan ring or reaction of the ether with acetone cyanohydrin
ion. Furfuryl 2,lL-dinitrophenyl gave no reaction with sodium ethoxide.
Similarly, furfuryl p-nitrobensoate gave no reastion with potassiua
cyanide in aqueous, aleoholic and aqueous-acetone solutions. However, when
the ester was reacted with sodium ethoxide in carefully dried ethyl
alcohol, p-nitrobensoic acid was isolated, indicating that abnormal
cleavage of the ester had taken place, since the products of normal inter-
change would have been furfuryl aleochol and ethyl p~-nitrobenzoate. The
other product of abnormal cleavage, furfuryl ethyl ether, could not be
isolated although a small amount of meterial having some ether-like
characteristics was isclated. The abnormal cleavage might take place by
means of a rate determining step involving ionization of the ester into a
furfuryl carbonium ion and p-nitrobensoate ion. Since such & reaction
would be first order in the ester, & study of the kinetics of the reaction
between the ester and hydroxide ion was made. Normal second order
kinetics, that is, first order in ester and first order in hydraxide ion,
were found. This result indiocated that the cleavage did not take place by
weans of a furfuryl carbonium ion. However, it did not resolve the problem
of whether abnorsal cleavage of the ester had actually taken place. Since

furfuryl ethyl ether was not isolated, the possibility still exists that
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the p-nitrobenzolc acid was formed by some other process other than ab-
normal cleavage. Although the alcohol was very carefully dried and the
reaction protected from the atmosphers with all precautions, water may
have been present and so explain the formmtion of the acid.

The second method of attack was to prepars solid furfuryl derivatives
which might be expscted to have very similar resction characteristics to
those of the furfuryl halides. Solid compounds are more easily purified
and tested for purity than liguids and hence are more suitable for kinetic
and other measursments, Henzenesulfonatses and substituted benzenesulfo-
nates are often solid, whereas, the corresponding halides are liquids.
These compounds rnact. very similarly to the corresponding halides. There~
fore, an attempt was made to prepiare the p~toluenesulfonate, p-msthoxy-
bensenesulfonate and p-bromobensenesulfonate of furfuryl aloohol. The
common method for synthesis of substituted benszenesulfonates, that is,
reaction at 0° of an alcohol with the substituted bensenesulfonyl chloride
eéither in pyridine or in bensene with an equivalent of pyridine present,
gave only & salt-like material which decomposed quickly on standing and
could not be purified further. This compound was probably the pyridinium
salt formed by the reaction of the furfuryl bensenesulfonate with pyridine.
Since bensyl tosylate is a much more reactive compound than bensyl
ohloride,zh and furfuryl chloride is a much more reactive compound than
benayl chloride, it was to be expected that furfuryl tosylate would be an
extremsly reactive compound. Therefore, it is not too surprising that the

th- K. Kochli and G. S. H‘mmd, .11. _A_.:_o Chem. ﬁ‘ﬁ_‘?_'l 12’ 3hh3 (1953)0
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tosylate could not be isolated under such conditions., In order to okrry
out the preparation without the presence of pyridine or other bass, the
sodium salt of furfuryl alcohol was prepared and allowed to react in ether
with the substituted bensenesulfonyl chlorides. The product of the
reaction decomposed quickly &nd attempts at purification were not success-
ful. Since it was apparent that the substituted benaenesulfonates of fur-
furyl alcohol were very reactive and unstable compounds, this method of
attack was abandoned.

The next procedure was an attempt to prepare substituted furfuryl
halides which, having a higher molecular weight, might be expected to be
solids. 4 solid bromide, 3,4~diphenyl-2-furfuryl bromide, was prepared.
This compound is relatively stable although it decomposes quickly if
impure, and even pure samples show signs of decomposition within 72 hours
in a vacuum desiccator. The compound was prepared by reducing methyl
3, ki~diphenyl~2-furcate with lithium aluminum hydride and treating the
resulting alcohol with phosphorous tribromids.

’ 4
Q]]::ﬁixb LIALH) , . CH,0H 3 . H,Br

Another sxample of abnormal reaction in supposedly absolute a&lcohol
was encountered in the preparation of methyl 3,L-diphenyl-2-furoate. This
compound was prepared in absolute methyl alcohol by the condensation of
bensyl and methyl diglycollate using sodium methoxids as catalyst.
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The principal product was the di-acid, with lesser amounts of the
mono-acid and mono-ester. No di-ester could be 1301&1;6‘1, mdicat.ing that
the di-ester, if formed, must have been cleaved by some means in the
supposedly wataer-free solvent. ‘

The reection of 3,L~diphenyl-2-furfuryl bromide with cyanide ion would
be expected to 'giva 3,li=diphenyl-2~furfuryl bromide and 3,L-diphenyl=5-
gyano-2-mathylfuran, Since thess compounds had not been prepared previous-

4 b & ¢
" _CN"
“ . ’ﬁ:a,_,nr —CN_, ﬂ . Ifcn?_cn + mﬂ:;lpan

ly, synthesis by indepsndent means of the nitriles or thej.r;aomspmding
acids was necessary.

In an attempted preparation of 3, h-diphenyl—?mthwl—-é-rnfoic acid,
3, i~diphenyle2-furoic acid was treated with imtyllithiun in the expectation
that five position of the furen nucleus would be metalated. The resulting
organolithium could then have been treated with methyl iodide to give 3,kLe
diphenyl~S5-methyl-2-furcic acid. However, the acid could not be metalated.
Another possible synihesis was through the intermediate of the half-eater
or balf-acid chloride of 3,L~diphenyl~2,5-dicarboxylic furan. These com~
pounds could then have been reduced with sodium borohydride to the half-
methylol derivative, since sodium borohydride does not reduce acid groups
but does reduce esters and acid chlorides.
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WaBH), , ¢
gox —— 7 H HoOH —— ' HOO CHy
0 0

The resulting methylol group could then have been reduced with phosphorous
trifodide or other reagents to the methyl group.  Howsver, attempts to pre-
pare the half-ester by reacting the acid with an equivalent of methyl
alecohol or diaaonbthaue gave only di-scid and di-ester. Similarly, when
the acid was allowed to react with an equivalent of thionyl chlorids, only
di-acid chloride and unreacted di-acid iaro isolated. |

The final attempt at synthesis of the required acid appeared to bs
succesaful., Methyl 3,L~diphenyl~2-furcate was treated with methyl chloride
using aluminum chloride as catalyst and carbon disulfide as solvent. The
compound isolated, although having & very similar infre-red spectrum to
that of methyl 3,li-diphenyl-2-furcate, differed in some important aspects.
The compound is probably 3,L-diphenyl-S-methyl-2-cyanofuran, but no further
structure proof was carried out.

The preparation of 3,L«diphenyle2«furfuroic aclid wes attempted by
means of the Arndt-Eistert reaction with 3,L-diphenyl-2-furoyl chloride.
The acid chloride was reacted with diasomsthane to yleld the diazo ketone.

] LB H,— [ jc
li ll-cocl N il iLoca N, _hex0 COOH
0 2 0 272 Hﬂ?ng% o E

However, cleavage &nd rearrangement of the diagzo ketone with silver oxids
. to the expected acid was not successful, possibly dus to the steric
hindrance of the benszene rings.
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In an attempt to prepare 3,i~diphenyl-2«furfuryl cyanide, the follow-

ing series of reactions was carried out:

WH;QE —w@m%

N NOH -
S R |

The aldehyde was prepared by a Rosenmund reduction of the corresponding
acid chloride. The synthesis, as outlined above, was apparently successful
up to the last step, since stable compounds having the expected properties
wers isolated from the intermediate reactions. However, when 3-(3,L-
diphenyl-2-furyl )-2-oximineproprioni.c acid was reacted with acetic anhy-
dride in order to carry out simultaneous decarboxylation and dehydration to
give the nitrile,an oily liquid resulted. This oil could not be distilled
or recrystallized without polymerization and decomposition taking place.
Basic hydrolysis of the supposed nitrile led to polymerization, and no
aclidic product could be isolated.

The reaction of 3,l~-diphenyl-2-furfuryl bromide with cyanide ion also
resulted in an oil which could not be purified or hydrolyzed to the acid.
This oil acted very similarly to the produot obtained above. Since so
much difficulty was encountered in the synthesis of these nitriles and
acids, an approach inveolving kinetic studies was instituted.
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The ncit phase was suggested by some work of Sninzs who has proposed
a method of rating the nucleophilic or electrophilic character of various
reagents. Swain lms expanded a general theory of nucleophilic displacement
which proposes that in displacement reactions by & nucleophilic agent, the
reaction is also alded by an slestrophilic reagent which helps to ®pull®
off the leaving group as the nucleophilic agent tends to "push® out this

group. Since changes in the electrophilic character of reagents would

n—---\{-"-x-----:r

changs the activation energy &nd hence the rate of reaction, Swain has

proposed the following four parameter equation, whers n and e are numbers
k
log k. = b8 4+ eos!
-]

characteristic of the nucleophilicity and elsotrophilicity of the reagent,
and 8 and 8' are characteristic of the particular molecule being attacked.
The paremeter 8 way be considered as a msasure of the selestivity or the
ability of the substrate to discriminate among nucleophilic reagents. X
and k, are rate constants for reaction of the substrate with water and with
the reagent being studied. The values of n and ¢ are thus defined as belng
zero for water. In carrying out his work, Swain used aqueous or partly
agqueous solutions in which water was always the sirongest electrophilic

reagent present. With e equal to zero, therefore, log lk‘i = ns. As &
0

25¢, G, Swain and C. B. Scott, J. Am. Chem. Soc., 75, Ll (1953).
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standard substrate he selected methyl bromide, and set 8 equal to one for
this aubstnf.e at 25°, using pure water as solvent. Values of n were
caloulated from the rates of hydrolysis and reaction with other reagents
of methyl bromide. Then using these s values as secondary standards, n
valuss for reagents which had not, or could not, be reacted with methyl
chloride were determined., In this way, n viluea for ten nucleophiles and
nine substrates were determined. Since most of the values used were taken
from the previous literature, the solvents used varied frem water to
various acetone-water and dioxane~water mixtures, The temperatures used
varied from 0° to 60°. However, these variations did not seriously affect
the n values as the mean value of the probable error of n values is only
0418 in & range of 6,36 in n values. This means that £ or k can be esti-
mated with a probable error of a factor of 1.5. °

There were outstanding exceptions to this general agresment in the
case of the resction of hydroxide ion with B ~propriolactone and with the
mustard cation., Swain has proposed that hydroxide ion is unusually re-

gztglﬁ azc/—%lgcxzcazcl
active with (3 -propriolactone as compared with reaction with other sub~
strates because hydraxide ion attacks the lactons ring at the carbonyl
carbon while other nucleophilic reagents, both above and below hydroxide

ion in n values, attack the alkyl carbon. In attack by nucleophilie

reagents, the transition state usually proposed is
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When & nucleophile attacks a carbonyl group, & transition state such as
I----g-----x

is likely. The negative charge produced is more dispersed and there is
less repulsion betwsen the negatively charged entering group and the negs-
tive charge developed in the molecule, Polarisable ions may distribute
their charge so that this repulsion is lessened, but a non~polarisable ion
such as hydroxide cannot distribute its charge. Swain reassons that when
hydroxids reacts with & molec¢ule which can distribute charge, it appears to
bs especially reactive as comparsd with the reaction of polarizable ions,
which already being able to distribute their charge, are not aided so much
by oharge di-tribution in the molecule being attacked. Attack by & nucleo-
- phile in the five position of the furen nmucleus might be considered amalo~
gous to tt};lc;k at a carbonyl since the charge can be distributed in the
ring. Thersfore, hydroxide ion, if attacking in the five position, would
be expected to show abnormal reactivity. However, by determining the rates
of reaction of furfuryl chloride with water, acetate, hydroxide, iodide and
thiosulfate ions and applying the Swain treatment to the results, no ab-
normally reactive ion was noted and a straight line plot was obtained by
Plotting log %0 against n. A further discussion of the reason that ~abmr--
malities would be detected by such a treatment now follows.

For the reaction of fwrfuryl chloride with nucleophilic agents, three
modes of reaction are possibles; namely, reaction all in position five,
reaction a1l in the alpha position and reaction partly at both positions,
Although the postulated abnormal product has never been isolated, the
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hydrolysis and reaction of furfuryl chloride with hydroxide ion is known to
give the normi product, furfuryl alcohol:_ Therefore, attack must not have
besn entirely at the five position and the ﬂrtf. punaibili’o& is excluded.
In order to decide between the last two possibilities, & closer

analysis of the Swain pqut.ion is required. If resaction takes place at -
both the alpha and fﬁe positions, k“-'- k,+ kg, where k is ths overall
rate constant and k and kg are the rate constants for reaction at those
positions, If 1t is mssumed that n and e are truly characteristic of the

particular species and are invariant,

logf... = 8 n ¢ 8'ye and 1og§§. R asn + a'se.
ko ko
Tam,  Zx= o Tt NN Koo g e
ko
o
and k4 EE = of«n ¢ 8'«e 4 oB5n + sige,
ko

Therefore, log X« + K5 = 155 (o5«B + 8'<8 4 85 4 8'gey

or, since in aqueous solvent ¢ = o,

1ogk°( :o ks = log (e® %™ 4 ¢%5n),

A plot of log %c against n normally would not be expected to give a straight
line plot. However, by proper cloice of 8 and 8g asuch a plot might be

possidble. Let 8. =~ asg,
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Then, log K « k: K5 = 10g (63D 4 ¢%8xD)

log [*< D1 4 eP4nla-llyz

log kx + kg - log ¢®4B 4 1og (1 + % n(a—l))
logko\ + ks = s,n + 1°g (1 $ .'a\n(ﬂ—l)). (I)

This expression can give a straight line plot if the second term is either
very small or approximately constant; that is, if a is either very small or

approximately equal to one. If & is close to ®ero, then sg> ) s and
reaction takes place only at one position which is contrary to the experi-
mentsl results. If a is approximately one, then reaction at the two
positions is approximately equal. This occurrence cannot be excluded on
the basis of experimental results presently available. Since the overall
yields of reaction of furfuryl chloride with nucleophilic reagents are low
and only the normal product was isolated in vma’o cases, the posaible rela-
tive percentages of the two products can only be guessed.

In order to exclude the last possibility of obtaining a straight line
‘ plot, the assumptions made in order to obtain equation I were reexamined.
In order to odbtain equation I in this form, the assumption was made that n
is invariant and is dependent only on the character of the nucleophile.
For the general case of two nucleophiles, A and B, which react at two
different positions, the Swain equation for the four possible reactions
would be
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A
log 9 = nym; log ¥ = ngey
ko
b 8 -
log "2 = mso log = ngdo.
K K

Whare k; refers to the rate constant for reaction of nucleophile A at
reaction center one, n, is the n valus for the nucleophils, and 5 is the 8
value for reaction at reaction center one, with similar symbols used for

the other reactions, Then

A
log &1 = 8;(n, - BB)

W]

log = 8y(n, - ng).

R

In order for n, and ng to be characteristic of the nuclsophiles,
(ny - ng) must always be either positive or negative., No data are avail-
able for the relative rates of two nucleophiles reacting at two sites on
the sameé molacule, However, data are available for displacement reactions
by hydroxide ion and iodide ion on 2,lg~dm:l.trochlorobemon026 and methyl

chloride27 in which 1t was found that for the first compound SOH_ . 1
k-

and for the second compound ko~ < 1., In the first case, aince 8 valuss,
kp~

26(a) A, K. Macbeth and J. R. Price, J. Chem. Soc., 982 (1937).
(b) C. M. Bennett and I. H. Vernon, ibid., 1783 (1938).

2Tg, A. Moelwyn-Hughes, Proc. Roy. Sos., 16k, 295 (1938).
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by definition, ars always positive ngy- is greater than 51"’ while in the
second case ny,~ is smeller than nr-. Theraefore, & straight line plot
could not be obtained using equation I since one of the fundamental postu-
lates leading to this possibility is violated; that is, the invariance of n
values.

The displacemsnts on methyl chloride and 2,li-dinitrochlorobensens,
although both involving displacement of the same group by the same nucleo~
phile, differ in the type of bonding for the carbon at the reaction center,
The reaction center in methyl chloride may be considered to be *saturated®

and in such cases the transition state for attack at the center involves

N

in which the C~X bond is partly formed, the C-Y bond partly broken and the

the configurationZ®

bond distances are longer than normal covalent bonds. In attack at

*unsaturated® centers such as in 2,li-dinitrochlorobensene, however, ths

transition state is probably closer to

\c e X
e \Y

in which the new bond is nearly cmlmt;” In the first case, the polar-
i2ability of the nucleophilic agent is more important than in the second

casae since the bond distance in the transition state is shorter in the

second case., Polarizable ions, such as iodide, thiosulfate and thiocyanate,

28g, D. Hughes, Trens. Faraday Sos., 37, 603 (19L1).

29E, D. Hughes ard C. K. Ingold, J. Chem. Sec., 608 (1941).
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although less basic than ions with lower n values, have high n values
becauge of the importance of polarisability of the nucleophile in displace-
ments at saturated positions, which were used by Swain in determining n
values, |

The five position of furfuryl chloride is an unsaturated center, and
is probably intermediate in character batween the centers of methyl chloride
and 2,3-dinitrochlorcbenzene. In the transition state, the C~Cl bond should

be approaching normal covalent distance.

uUm,cz«——v HJ -cnzcl
X N0 o~

In this case, if hydroxide were to attack in the five position, it should

appear to be abnormelly reactive as in the miogoua case with § ~proprio-
lactone. Since hydroxids did not show abnormal reactivity, it is unlikely
that reaction in the five position takes place in this reaction, Since
acetate ion iz also a non-polarisable or slightly polarisable ion, re-
action by acetate ion in the five position is also unlikely.



Lo
SUMMARY

Attempts at finding abnormal nucleophilic displacement resctions other
than the previously reported reactions of furfuryl halides with cyanide ion
were not successful. A study of the kinetics of the reaction of furfuryl
p-nitrobensoate and hydroxide ion showed second order kinetics, indicating
that cleavage of the ester did not take place by means of an intermediate
carbonium ion. After several unsucceseful attempts to prepare solid fur-
furyl derivatives, which would be expected to have properties similar to
furfuryl halides, such a solid compound, 3,L-diphenyl-2-furfuryl bromide,
was prepared, Synthesis of the nitriles or of the corresponding acids
which would be expected to be formed by reaction of this bromide with
eyahido icn was partly succesaful, 3,L-Diphenyl-S-methyl-2~furoic acid
was preparad, although 3 complete structure proof was not made., A study of
the kinetics of the reactions of furfuryl chlorids with water, lodide,
thiosulfate, acetate, and hydroxide ions showed no abnormal reactivity for
the slightly polariszable acetate or hydroxide ions. This result indicates

that these ions do not attack furfuryl chloride in the five position of

the furan nucleus.
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