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ADSTRACT

Fifteen aromatic rlvorine compounds were prepared for
fungicldal secrger-iug tests since 1 September 1652. The syniheses
and propertles of these compounds and intermediates are describved
in detall except in cases of known or borrowed derivatives. Ten
of the test samples are new to the sclentific literature. Classes
represented are fluorinated benzolc aclds, phenols, anisoles,
toluenes, biphencls, biphenyl sulfide, and benzyl derivatives.

A search was made for colorless and thermally steable

funglceides in the biphenyl and biphnenyl sulfide ciasses, Three
solid fluorinated hydroxybiphenyls, slso called birhenols, were

synthesized with 2,2'-dihydroxy-5,5~difluorobiphenyl =zhowing the

most promise, When a sulfur iinkage was introduced into the latter

to give a biphenyl sulfide, funglicidal potency was increased so

that £4-95 parta per million prevented growth of four test fungl.
Cotton thread impregnated with the sulfur campound

showed no discoloration or loss in tensile strength, and when

treated with 100U ppm solutlon was completely protected. Likewlse,

2-fluoro-6-nitrophenol, & potent fungicide, and the difluorcbtiphenols

did not appear to change the tensile strength of the thread.
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ADCTDANT [ Nanttd)

Twelve compourds were prepared on a fairly large laboratory scale for the
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INTRODUCTION

The synthesis of some fluorinated quinones by Finger
et all/ in 1949 at the Illinols State Geological Survey led to
the discovery of their fungicidal properties by Tehong/ of the
Illin~is State Natural History Survey. Air Force materigi pro-
tection sclentists, desiring to include orgsnic fluorides in
their search for new funglcides, initiated a fungicidal scrsen-
ing program with Dr. L. R. Tehon in March 1950, and a chemical

rosearch program with the Geological Survey in July 1951.

®
'x

Thirty-five compounds werae covered in th irst chomi-
cal reportQ{ of which the nitrophonol and dinitro types showed
the most promise. The most sensational digcovery was 1-fluoro-3-
bromo-4,6-dinitrobenzene which inhiblts the growth of A. niger
at 0,8 parts per million.
This final chemlical reseasrch report covers the period
from 1 September 1952 to the end of the contract, 30 April 1954,
Fifteen caompounds were synthesized for the screening progran,
and some large-scale lsboratory preparations were studied,
Complete informstion on the fungicidal investigation

program 1s found in the Tehon repnﬁts§4 and any fungicidal data

appearing in the chemiczal studies come fraom this source.
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SECTION I
FLUORINE COMPOUNDS STUDIED#

A. Benzolc Aclds

Two fluorinated benzolc acids were prepared, namely the
2,4-difluoreo and 2,4,5-trifiuoro compounds. They wers conveniently

obtained by oxidation of the apprropriete fliioroacetophenones.

F COCHy COOH
7 \F P 2,4-Difluoro-
I - ! — I benzoic Acid,
N S a ) M.p. 183-184°
NS N \\v/
F F
I III
F COCHg COOH
P 44’\\p F
i) “ ——— 2,4,5-Trifluoro-
Fiy F benzolc Acid
M.p. 97-28°
P F F
LI Iv

These acids are white solids, slightly water sciuble,

soluble in alkali, acetone, alcohol, insoluble in petroleum ether,

and sublime upon heating.

It i1s known that monofluorobenzolc and the chlorobenzolc

acids have mild astringent and sntiseptic properties; thus it was

#Temperature reported in °C.
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thought that polylluorobenzoirc acids may exhibit similar proper-
tlies. Complete growth inhibition of A. niger and C. globosum
for the difluoro acid occurred st about 350 and 525 ppm, respec-
tively, whereas the irifluoro acid was 480 and 700 ppm. These
potenciss are not cutstanding, and it might also be concluded

thet inereassd flucrias content iz of very littls significance.
7 &

B. Phenols and Nltropnsnols

Five phenols were studied, three of the 2-halo-4-fluoro,

and two of ‘he fluoronitro types.

The 2-halo-4-fluoro types were studied because 2,4-d1-
halophenols§/ are raported to have better phenol coefficlents
than the monohalophenols; and dissimilar halogens increase funugil-
cldal potency in dihalodinitrobenzenesélg/. With the synthesis of
a key intermedis‘e, 2-amino-4-fluoroanisoles (V), other rssearch
made available 2-bromo~4¢-fluorophenol (IX) and 2-chloro-4-fluoro-
phenol (X) as new campounds, and 2,4-difluorophenol (XI). The
scheme of synthesis and pertinent physical data are given. The

bromo compound may be obtained more conveoniently by vromination

of 4-fluorophenol in aqueous solution with a near 80% yleld.

(&)
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OCH OCHg

7 WNH 7 X
T/A\B e > ; X = Br (VI), €1 (VII), F (VIII)
\/ .\\\
F F
v |
> v v
OH OH OH
. ar ,/’\ﬁp
\ \ N
T F F
M.p. 42-43° 23° (F.p.) 22,4°
B.D. 89° (1 mm.) 88° (4 mm.) 52° (19 mm.)
Ix b4 xI

Growth inhibition for A. niger in parts per million was
about 140 of Br-F, 400 of Cl-F, and 400 of F-F as compared ito 600
for 4-fluorophenol. This shows some advantage in multiple and
dissimilar Lalogsens.
<74
The nitrophenols studied since the last report are

indicated in the scheme of preparation, and both are lmown

OCH4 OH
v -l - B
@F OgN @F ﬁ i)lugi'fgg‘?ni.'l:rophenol
___—___) ° 3 N
X1l
OH OH
2N o} N(/ﬁ\‘
] ; = " 3-Fluoro-4,6-dinitrophenol
9.80°
\AF N AF M.p. 79-80
NOg
XIII
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compounds. They sere yeilow s0llds, gulite insoiubie in weier bui
soluble in alkall, and are readily soluble In the usual orgsnic
solvents.

Growth inhibition for A. niger weas 11.5 ppm for XII and
130 ppm for XIII, thus reaffirming previous observations of potency
exaltation of nitro groups. On the other hend, 2-nitro-4-chlioro-
phenol at 10-30 ppmy is 8lsc guite effective as a fungicide.

Cotton parachute webbing impregnated with XII showed a

vallow color and no apparsnt change In tensile strength.y

Ce ¥Xltroanisoles

Conversicn of a phenol to an anisole or mathyl ether
derivative causas a decided decrease inm fungicidal potency. This
waz agein clearly demanstrated with 2,4-dir1uc¢:-o-6-n1trophenol§/
when it was converisd to ithe gniscle (XV). The phenol prevsnts

i. niger growth at S0 ppm, wheress the anisclie permites some growth

at 60C ppa.
= OCHs
Cak i NSRS Oak i 2,4-Diflucro-S-nitroanisole
ko«o 3«)’313 5°
F

xv
Preparation of ths nitroanisole was rsadily accomplished

by the nitration of 2,4{-diflucroaniscle in a 44% yield.
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De Nitrotolnenss

-

Since 3-fluoro~4,6-dinitrotoluene (XVIII)QJE/ shows
excellent fungicidal prop .tie=, it appeared worth-while to study
the poten~y of two isomeric precursors, 3-fluoro-4-nitrotolueae
(XVII) and 3-fluoro-6-nitrotoluena (XVI)., These compounds are
available from the nitration of 3-flucrotoluene and it is interest-
ing to nots that boitn mononltro compounds will yieid the same di-

nitrc derivative. They are yellow =0lids axcept the dinitro com-

pourid 1s almost coiorles

(V1]

CHg (Hg CHg CHg
7 0N/ 7 OgN
--=-9 s | and end o
NF F F
XVI1 NOg NOg
XVII XVIII
M.p. 27-28° 53° 78-79°
Potency (ppm) 1000 400 S.9

The concentrations required to inhibit growth of A. niger

ars indicated below the formuliae in parts per million as potensy.

E. ERiphenols

The biphenols or hydroxybiphenyls and their chlorinated
derivatives are kmown to have bactericidal propertios§{ and some
of thase compounds are available under various trade names. Since
fluorinated biphenols hed not been investigated as possible fungl-
¢ides, and since ii was possible that they may bo colorless, heat-

stable compounds suitable for incorporation into plasties, some

preliminary studies were underteken.

WADC TR 54-148 6
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Thre=s fluorinated blphenols were prevared - 2. 21 31
hydroxy-5,5'~difluorobiphenyl (XXI}, 3,3'-difluoro-4,4'-dihy-
droxybiphenyl (XXIV) and 2,2'-dihydroxy-3,3',5,5'-tetrafluoro-
biphenyl (XXVII)., The scheme of synthesis involved an Ullmanng/
courling reaction on the appropriate 1odofluorcanisoles to the

bianisoles followed by an aluminum chloride ether cleavage to

ths biphenols.

OCHg OCHsy OCHg OH OH
AN\ 1 N7 N7\
I " . | ! n — i l I l
N NN YN
F F F ¥
XIX XX XXI
M.p. 138-139°
A
’/F 7 7 v /,
O - 00..— .00
X, CHa O\ N\~ OCHg HO\\\ A\ ~ OH
I F F :
M.p. 189°
XX1I XXIII XXTV
OCHg OCHs OCH, H H
F I P 7 \F F 7 \F
— [ JTLT —
N N N
F F F F 1
M.p. 173°
Xxv XXVI XXVII

These compounds are odorless, white sollds, falriy
high melting, slightiy soluble in hot water and petroleum ether,
WADC TR 54-148 7




modorately soluble in ethanol, and soluble in alkali.

Growth inhibition of A. nigzer was obiained at 140, 200
and 230 ppm for XXI, XXIV, and XXVII, respectively., These bi-
phenols are more potent than the simple fluorophenols, XXI shows
the most promise and on the basis of the tetrafluoro (XXVII)
campound multipie fluorine substitution is of no advantage.

Impregnation of cotton thread by the difluorobiphenols

4/
did not appesar to affect thetensile strength™ .

F. Biphenyl Sulfide

Sulfur and a number of 1ts compounds are among the
oldest industrial fungicides known. Within recent years a great
deal of attention 1s being directed to organic sulfur compoundSZ/
such as dithiocarbamates, thiuram disulfides, mercaptobenzothia-
zoles and others. It is interesting to note that 2,2'-dihydroxy-
3,3!',5,5'=tetrachlorobiphenyl sulfideg/, nown in the trade es
Actamer (Monsanto) and Lorothiodol (Hilton Davis Chemical Co.),
are reported as having bactericidal and fungicidal propertles.

In view of the fungicldal ectivity of the fluorinated
biphenols, it was speculasted that a sulfur linkage vetwssn the
phenyl groups would give ncreased potency. For a test case,
2,2%-dihydroxy~-5,5'~difluorocbiphenyi sulfide (XXVIII) was syn-
thesized from 4-fluorcphenol and sulfur dichloride. The compound

is & white s0lid with = mild cresol-like odor, soluble in the

WADC TR 54-148 8




on

OH HO
J = Ly
»—3g >
N\
F M.p. 119°
XXVIII
usual organic solvents and alkali, insoluble in water, and fairly
soluble in high boiling petroleum ether.
Fungicidal potoncr‘/ was inoreased by the intrcduction
of the sulfur linkage as indicated in the concentrations reaquired

to stop growth of four test fungl.

CH HOD OH RO
O\
L L ><X >
C. globosum 24 p 37 p
H. verrucaria 26.5 - 110 "
X. Terreus 72 " 80 "
K. nIger 96 * ié0 *

Cotton thread impregnated with the sulfur campouna showed
no 2iacoloration or loss in tensile strength, and when tresated with

& 1000 ppm solution was completely protected against fungus dmagoé'/,

G. Benzyl Derivatives

9
A sample of 2,4,6-trifluorobenzyl chlorido"/ (XXIX)

possessed only very mild fungistatic poteney.
The introduction of a =-CHgqOH group in the aramatic nucleus

increeses solubility, end in the form of ealicyl alcohol (saligenin)

WADC TR 54-146 9




a mild antiseptic is obtained. It was speculatsd that perhsps a

fluorinated salicyl alcohol may offer some possibillities as a

fungicide.

This compound at 600 ppm showed only 25% reduced growth

CHq OH
HO(Z
----- ’ m Mopo 61-630

2<-Hydroxy~3,5-difluorcbenzyl aleohol

of A. niger, but complete inhibltion of C. globosum. It is in-

teresting to note that the parent compound 1s a bstter fungicide

than the benzyl derivative.

SECTION II
EXPERIMENTAL PROCEDURES

2,4=Difluorocacetophenons (I).--The usual Friedel-Crafts

acylation procedure was modified in that an excess of the aryl

halide was used to serve both as a reactant and sclvent.

To a well-stirred mixture of 114 g. of 1,3-difluoroben-

zanelg/and 80 g. snhydrous aluminum chloride, 48 cc. of acetlc

anhydride was added slowly and the resulting mixture refluxed for

one hour.

After pouring over 1ce, steam distillation removed the

acetophenone and the unreacted difluorobenzene. A yleld of 32 g.

(41%) of crude difluorcacstophenone was obtailned and a vacuum

distillation gave pure 2,4-difluoroacetophenone, f.p. ca. +9°,

b.p. 89°, n8° 1.4881.

WADC TR 54-148 10




Allai . Caicde. ior CgligigUs C, ©l.0%; H, 3@87; ¥, 24.54.

Found: C, 61.47; H, 3.76; F, 24.47,

2,4,5-Triflucroacetoohenone (II}.-~This compound was cb-

tained by the above procedure, except thst 1,2,4-trif1uorobenzenell/
was the aryl hallde.

The yleld of the acetophsnone was 45%. A vacuum distil-
lation gave pure 2,4,S-triflucrocacetophenons, f.p. ca. 7°, b.r.
99-101° (20 mm.), n§° 1.4718.

Anal. Calecd., for CgHyFgO: C, 55.18; H, 2.89; F, 32.74,

Found: €, 55.12; H, 2,94; F, 32.58.

2,4~Difluorcbenzoic Acid {III).~--A mixture of 4,2 z. of

2,4-difluorocacetophenone, 8 g. of potassium permanganete, 160 ml,
water, 32 mi, of 10# sodium anydroxide solution was refluxed 5 hours.
More permanganate solution was added during the refluxing to complete
the oxidation. After removal of the manganese dioxide by filtration,
acidification of the filtrate gave the crude difluorobenzoic acid as
a white precipitate, yield 3.7 g. (85%). Recrystallization from
water followed by sublimation gave pure 2,4-difluorobenzole acid,
m,p. 183-184°, It is interesting to note that a mixed melting
poirt (181-182°) with 4-fluorobenzoic acid (m.p. 182-184°) shows
no significant depression.

Anal. Calcd. for C,H Fgq0g: C, 53.18; H, 2.55; F, 24.04.
Found: C, 53.32; H, 2.44; F, 24.01.

WADC TR 54-148 11




2,4.5-Trifluorobenzoic Acid (IV).--This acid was prepsred

from 2,4,5-trifluorcacetophenone by the oxidation procsedure previ-
ously described.

Recrystallization of the crude acid from carbon tetra-
chloride followed by sublimation gave rfurs 2,4,5-trifluorcbenzoic
acid, m.p., 97-98°,

Anal. Celcd. for C,HgF305: C, 47.74; H, 1.72., Found:

C, 47.77; H, 1.67,

2-amino-4-fluorocanisole (V) .~-To a mixturse of 123 g, of

iron filings and one liter of ammonium chloride solution (0.78 N)
witk stirring, 122.5 g. of liquified 2-n1tro-4-flucroanis“lelg/
was added slowly. After completion of the reduction, the amine
was removed by steam distillation as a heavy oil. Crude yleld was
92 g. Vacuum distillation gave purs 2-amino-4-fluoroaniscle, f.p.
ca, 3%, b.pe 117° (20 mm.).

Anal. Calcd. for C,HgFNO: C, 59.56; H, 5.71; N, 9.92.
Found: €, 59.55; H, 5.53; N, 9.84.

The acetyl derivative after recrystallization from sthanol
fcllowed by sublimation was cbtained as white plates, m.p. 101-102°,

Anal., Celed. for CHy0FNOge: N, 7.65. Found: N, 7.60.

5.Bromo-4-fluoroaniscls (VI).--A Sandmeyer-cuprous bramide

reaction on 2-emino-4-flucroanisole (V) gave an 89% yleld of steam-
distilled cruds product. Vacuum distillation gave pure 2-bromo-4-

0 .
fluoroanisole, f.p. ca. -27°, b.p. 76° (5 rm.}, nﬁ 1.5447.
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Anal. Caled. for C,HgBrFO: 6, 41.,00; H, 2.95; Br, 38.98;

F, 9.27. Found: C, 41.19; H, 2.83; Br, 39.29; F, 9.07,

2-Chloro-4-fluoroanisole (VII).--This compound was obtained

from V by a Sandmeyer-cuprous chloride synthesis in an 83% crude yleld.
The pure compound 1s a hsavy colorless oil, b.p. ca. =-17°,
b.p. 67° (5 mm.), ng® 1.5173.
Anal. Calcd., for C.HgClFO: C, 52.35; H, 3.77; Cl, 22.08;

®, 11.83. Found: C, 52.55; H, 3.75; C1, 2L.87; F, 12.12.

2,4-Diflucroanisole (VIII).--Schiemann®® preported the

synthesis of this compound from 2-fluoro-4-aminoanisole.

For this study 1t was prepared from V by the Schiemann
14
transformation-—/ in an overall yleld of about 50%. Date on the

pure compound are f.p. =-15.5°, b.p. 151°, n%O 1.4705.

2-Bromo-4-fluorophenol (IX) .--This compound was borrowed

initially from other research and had been obtalned fras VI by

ether cleavagelé/ reactions. A more convenlent method 13 the

direct bromination of 4-fluorophenol.

16/
To a well-stirred suspension of 112 g. of 4-fluorophenol
in 500 ml, of water at 20°, 150 g. of liquid bromine was added drop-
wise over a period of two hours. The heavy oll layer was treated
with dilute sodium carbonate soclution to &lkalinity, and steam

distilled. After separation and drylng of the oily distillate,

wADC TR 54-148 13
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vacuum distillation gave a main fraction, b.p. 9¢° (2.5 mm.), whiech
soljdified on cooling tc pale yell)ow needles, m.p. 40-42°, yileld
151 g. or 79%. The melting point of an analytically pure sample 1is
42-43°,

16
2=Chloro=-4-fluorophenol (X)“/.nnThis is a new compound,

f.p. ca. 23°, b.p. 88° (4 mm.}, and was lcaned to thie project.

2;4-Pifluorophencl (XI).--The procedure used by Schiemannlé/ |

]

ror preparin in t_\__pg‘i_l_n_d a3 used. An gluminum chloride ether
cleavage of VIII gave an 84% yleld of the crude phenol. Data on

the pure campound are m.p. 22.4°, b.p. 52° (19 mm.) or 74¢ (50 mm.).

2-Fluoro-6=nitrophenol (XII).--This compound was prapsared

from 2-f1uoroan1301652/ as described inthe literature bty Niemsnn
et allg/. The pure material, which was obtalned by recrystalliza-
tion from aqueous ethanol, formed yellow needles, m.p. 91-92°, yleld

44%.

19
3=-Fluorc-4,6-dinitrophencl (XII;I.--Hodgson'—/ obtalned

this szmpcund by the nitration of 3-fluorophenol, and recrystal-

lization fram aqueous ethancl gave a white soiild, m.p. 79-80°.

2,4-Difluoro=6-nitroanisols (XV).--This campound had

been prepared previously by the methylation of 2,4-difluoro-6-

nitrophencl?? in another stvav®/. An improved method described

WADC TR 54-148 14




OF was de¢veiovped invoiving the direet anitravion of Z2,4-difluoro-

To a solution of 75 g. (0.5 mole) of 2,4-d1rluoroaniaolol§/
in 80 ml. of acetic anhydride with stirring, a mixture of 47 g.
(0.75 mole) of 100% nitric and 42 ml. of acetic acids was added
slowly in 50 minutes, and the reaction temperature controlled at
35-40°with a water bath. Stirring was continued for six hours ai
38-45°., After pouring over 1ce, the crude nitro layer was made
alkaline with sodium carbonate solution, and steam distilled. The
dried, steam dlstilled product on vacuum fractionation gave 41 g.
or 44% ylald of pure 2,4-~difluoro-6-nitroanisole, b.p. 66-67°

{3 mm.). A small amount of un wnidentified by-product was obtainsd,

3-Fluoro-{5 or 4)-nitrotoluene (XVI and XVII) .~-These

campounds were obtalined by Schiamanngl/ by the nitration of 3S-
fluorctoluene with fuming nitric scid, The 6-nitro caupound is
obtained in the largest amount, Melting points of XVI and XVII

are 27-28° and 53°, respectively.

3=Flucro-4,6-dinitrotoluene (XVIII).--This canpound was

reportedé/ previously and was obtained in a 95% ylsld by a mixed
21/

acid nitration of 3-fluorotoluene s, MePo 78=78°,

2-Todo-4-fluoroanisole (XXIX).--This compound was pre-

pared from 2-amino-4-fluoroanisols (V) in a 78% yleld of orude
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steam distilled proauct by the usual Sandmeyer reacition. vacuum
distillatjon gave pure 2-iodo-4-fluorosanisole, f.p. ca. =-21°,

b.p. 92° (3 mm.), ng0 1.5924.
Anal. Caled. for C,HgFIO: C, 33.36; H, 2.40; F, 7.54;

I, 50.36. Found: C, 33.41l; H, 2.41; F, 7.68; 1, 50.69.

b

2;2'«-Dimethoxy~5,5"'-fluorobiphenvyl (XX).--An Ullmann

coupling reactiong/ was performed on the preceding anisole to give

the desired blaniscle.

1 T4
ne Vllmann coupll

The general procedure {for t
was to heat by an oll bath squal weights of the 1odcfluoroanisole
and copper bronze in a large test icve equipped with an air con-
denser. Rsaction temperaturés end heating time varied with the
compound in question, and occasionally more copper was added during

the reaction period. Extraction of the reaction mass in a Soxhlet

with acetone removed the crude biphenyl.

A 70% crude yleld was obtained from the coupling of 2-
jodo-4~-fluoroanisole at 190-210° for 2 1/2 hours. HRecrystalliza-
tion from ethanoi gave w:ite needles, m.p. 121-121.5°,

Anal. Calcd. for Ci4HiaFeOg: C, 67.19; H, 4.84; F, 15.19.

Found: C, 67.25; H, 4.63; F, 14.97.

2,2'-Dihydroxy-5,5'-difluorobiphenyl (XXI).--This campound

2z/ s
waes prepared by an aluminum chloride split—é’ of Tié corresponding

etliar.
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A mixture of 9.3 g. of 2,2'~dimethoxy~5.5"=d1flvnora.
biphenyl, 30 g. of anhydrous aluminum chloride and 80 ml. of
benzene wae refluxed overnight. The reaction mixiure was poursed
over 1ce, steam was blown through the mixture to remove the ben-
zgene, and after the residue had cooled, the crude product was
recovered by filitration. Dilute sodium hydroxide solution was '
added to the crude material and the resulting mixture extracted
with ether. Aclidification of the alkaline extrsct reprecipitated
the biphenol, yield 6.3 g. (76%). Recrystallization from ethylene

dichloride gave pure 2.2'-dlhydroxy-5,5'-diflucrobipheryl as hard,
white crystals, m.p. 138-139°,

Anel. Calcd. for CygHeFqOg: €, 64.27; H, 3.63; F, 17.10.
Found: C, 65.06; H, 3.35; F, 17.38.

2-Fluoro=4-iodoanisole (XXII).-~-An 83% crude yield of

this campound was obtained from 2-fluoro-4-aminoanisolegg/ by a
Sandmeyer reaction. Recrystallization from ethanol followed by
vacuum sublimation gave the pure compound, m.p. 33.5-34°,

Anal. Caled. for C,HgFIO: C, 33.36; H, 2.40; F, 7.54;

I, 50.36. Found: C, 33.48; H, 2.30; P, 6.87, 7.40; I, 51.51, 51.01,

3,3'-Difluoro-4,4'~dimethoxybiphenyl (XXIII).--By the

general procedure under XX, the preceding aniscle was coupled by
heating at 190-210° for about four hours, and a 70% yileld of crude
biphenyl was obtained. A recrystallization from a benzene-ethanol

mixture gave the pure biphenyl as white platelets, m.p. 153-154°.
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E Za-o C&lcd. fOI' CIQHj_’F.o.S c, 67.19; H’ 4084; F,
15.19., Found: ¢, 67.08; H, 4.63; F, 15.00.

3,3'=Difluoro=4,4'-dihydroxybiphenyl (XXIV).--By the

procedure indicated under XXI, 3,3'~difluoro-4,4'-dimethoxybi-
pheniyl was split with aluminum chloride to the corresponding bi-
phenol in a 92% crude yleld. The crude product was rscrystal-
1ized fram an ethanol-ethylene dichloride mixture to the pure
biphenol, m.p. 18C.5-189°.

Anal. Calcd. for CygHgFz0q: C, 64.87; H, 3.63; F,

17.10. Found: C, 64.92; H, 3.62; F, 17.04.

2-Iodo=4,6-difluocroanisole (XXV).--An amine hydrosulfate

slurry was prepsared by the slow addition of 2-amino-4,6-difliuoro-
anisoleg/ with stirring to 34 ml. of concentrated sulfuric acid in
150 ml. of water at 60°., Diazctization was effected at 0~5° by
adding a solution of 15.2 g. of sodium nitrite in 50 ml. of water,
and at the end sulfamic acld was added to destroy excess nitrous
gcld. The dilazonium solution was poured slowly inte a stirred
solution of 40 g. of potassium iodide in 60 ml. of water, and the

temperature held at 5-10° during ths evolutlion of nitrogen. Sodium

thiosulfate solution was added to remove the 1odine, and the mixture

was steam distilled. The crude product, 49 g., wagvacuum distillisd
and a yleld of 43 g. or 80% of pure lodo compound was cbtalnsd as a

heavy oll, b.p. 60-61° (3 mz.), nf° 1.54933.
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Anal. Calcd. for C7H5FQIO: (“3 31.13; H, 1087; P', 14007;

I, 47.00. Found: C, 51.31; H, 1.81; F, 14.28; I, 46.72.

2,27-Dimethoxy~-3,3',5,5'-tetraflucrobiphenyl (XXVI).~-A

mixture of 27 g, of 2-iodo~-4,6-difluoroanisole and 35 g. of copper
bronze powder was heated at 210° (bath temperature) for three hours.
The reaction mass was pulverized, extracted with acetone, and the
acetone extract poured into water, whersupon an oll separated and
solidified on cooling. Yield of crude product, 12.7 g. or 89%.
Recrystallization from aqueous ethanol and a final sublimation
gave the pure biphenyl, m.p. 49.5~50°,

Anal. Cslicd. for Ci4 HioF,Oq: C, 58.75; H, 3.52; F, 26.55.

Found: C, 58.54; H, 3.38; F, 26.35.

2,2'-Dihydroxy=-3,3',5,5'-tetrafluorobiphenyl (XXVII).-=A

mixture of 9 g. of the preceding biphenyl, 26.6 g. of anhydrous
aluminum chloride, and 100 ml, of dry benzene was refluxasd for five
and one-half hours. After pouring the reaction mixture over ice,
the benzene was removed by steam distillation, and after chilling
the crude solid produet was removed by filtration. An ethsr ex-
traction of the aqusous layer campleted the recovery. The crude
product was dissolved in 10% sodium hydroxide solution, alkeli-
insoluble material was removed by ether extraction, and acidifica-
tion with dilute hydrochioric acid precipitated the crude biphenyl

as a white solid, yield 7 g. or 86%. Recrystalliization from a
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benzene-petrolsum ethor (low boiiing) mixture gave the pure campound

5'.

&8 & WAilé POWOAT, DmePe 47

8l. Calcd. for CyaHeF,Oa: G, 55.82; H, 2.34; F, 20.44.

Found: €, §5.57; 7, 2.20; F, 20.31,

2,2'-Dihydroxy-5,5'~=difluorobiphenyl Sulfide {(ZAXVIII).--

This campound is new and was prepared by the Dunning £8/ procedure
for campounds of this type.

Sulfur dichloride was freshly prepared by passing chlorine
into sulfur monochloride at -15° until the thseoretical amcunt of

chlorins

To 124 g. of 4-f1uorophen0112/ dissolved in one 1liter of
anhydrous carbon disulfide, 102 g. of freshly prepared sulfur di-
chloride was added in four hours with stirring at room temperature.
Hydrogen chloride gas was evolved. The mixture was heated at re-
fluxing temperature overnight. After pouring over ice, about 68 g.
of erunda product as an crange precipitate was otteined, and the
filtrate gave & dark reeidue after removal of the carbon disulfide
by ateam, The residue upon pouring into ice gave 38 g. more of
produet, thus resulting in a crude yield of 106 g. or 41%. Re-
crystallization fram ethylene dichioride gave white needles, and
vacuum sublimation gave the pure sompound, m.p. 119°.

Anal. Caled. for CigHeFe0gS: C, 56,.68; H, 3.17; F, 14.95;
8, 12.61, Found: C, 56.82; H, 3.38; F, 15.10; S. 12.41.
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2,4,6-Trirfluorobenzyl Chloride (XYIX).--This compound

iz noew and was borrowed from another projectzf.

It 1s a colorless liquid with a slight pungent odor,

nZ° 1.47088, b.p. 157°.

2-Hydroxy-3,5-difluorobenzyl Alcohol (XXX).--A mixture

of 20 g. of 2,4-d1f1uorophenoll§/, 40 ml, of 37% agqueous formal-
dehvde and 10 ml. of 40% sodium hydroxide solution was refluxed
gently for two hours. The reaction mixture was diluted by pour-
ing into 200 ml. of water. With stirring in an ice bath, the
d mixture was acidified with concentrated hydrochlorie
acid, and the crude product precipitated as smudgy needles,
yleld 20.8 g« or 91%. This procedure was adopted from the wo! £
of Lederergé/and ManassegﬁLQZ/. Recrystallization from m-fluoro-
benzotrifluoride followed by sublimation gave white crystals,
m.p. 61-63°.

Anal. Caled. for C,HeFg0gqt C, 52.50; H, 3.78; F, 23.73.
Found: C, 52.74; H, 3.60; F, 23.50.

The structure of this campound has not been proved

definitely, but all evidence pcints to the ascribed formula.

SRCTION III
SUMMARY
The synthesis and properties of 15 aromatic fliuorine

[TEm er

compounds prepared for the fungicidel screening program

described. Eight are represertatives of types not studied
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previously - namely, fluorinated benzoic acids, biphenols, biphenyl
sulfides and benzyl derivatives. The remaindsr may be classified
as halogenated phenols, nitrophenols, nitroanisolss, and nitro-
tolusnes. This brings to about 50 the number of campounds studied
in the search for new fungicides applicable to the orevention of
mildew or fungus rot damage.

Increased fluorine substitution in the benzoic acids does
not bring about any unusuai potencies. The benzyl chloride and
benzyl elcokol specimens showed up very poorly in the screening
tests.

An outstanding cass of potency exaltation by a nitro
group was discovered with 2-fliuoro-6-nitrophenonl which arrests
the growth of A. niger at 11.5 ppm. The parent, 2-fluorophenol,
has very poor funglstatic properties. This may be a unique
structural condition as a second nitro group or fluorine atom
decreases the potency. With the 2-(F,Cl,Br)-4-fluorophenols, a
bronine atom appears to be about three times as effective as
fluorins in the 2-position, and thus gives further support to
potency boosting by dissimiler halogens.

The potency ol I-fluoro-4,6-dinitrotoluene to A. niger
18 250 times the 6-nitro and 100 times the 4-nitro precursors,
thus showing the effect of the second nitro group.

Two difiuorobiphenols and a tetrafiuorobiphenol arrested

the growth of A. niger in the rsasnge of 140-230 ppm. The tetra-

fluore camuvound showed the iowast potancy. A sulfur linkage was
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introduced between the phenyl groups of one biphenol, and the
growth inhlibitlon concentration range on four test fungi was
changed froam 37-140 ppme to 24-95 ppm. The biphenols and the

snlfideas may offer scwe possibllities as colorless,

heat-stable fungicildes.
Impregnation of cotton parachute webblng thread by

2ef1lnsro=-6=-nitrophenocl, the difluorobiphencls, and the biphenyl

sulfide did not appear to change the tensile strength of the

thread.
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APPENDIX II

COMPOUNDS DELIVERED TO MATERIALS LABORATORY

(Twelve ocompounds - 1900 g.)

i-Fluoro~3-methyl=4{,6=dinitrobenzene
l=-Fluoro=3=chloro=4,6-dinitrobenzene
i-Fluoro-3=btromo-4,6-dinitrcbenzene
1,3-Difluoro=-4,6-dinitrobenzene
2,4-Dinitroflucrobenzene
4-Fluoro=2,&-dinitrophenol
2-Nitro-4-fluorophenol
2-Bromo=4=-flucrophenol
2,2'-Dihydroxy=-5,5'~-difluorobiphenyl
" " n
3,3'=Difluoro-4,4'-dihydroxybiphenyl

1 ” n

(9,/30/53) #
(9/30/53) #
(9/30/53) #
(1/7/54)#
(1/7/54)#
{12/16/53) #
{2/15/54) #
(3/2/54)
(3/27/53)
(3/2/54)
(4/23/53)
(3/2/54)

2,2'-Dihydroxy-3,3',5,6'=tetrafluorobiphenyl (3/19/54)

2.2'-Dihydroxy-5,5'~difluorobiphenyl Sulfide

#New campound,

WADC TR
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#Described in Tech. Rept: Ho. 52-214.

(12/11/53)
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ACETOPHENCNES

2,4-Difluorcacascbhenone ----------- i
2,4,5-Trifluoroacetsphenone

BENZOIC ACIDS

#2,4-Difluorobenzolc Acid
#2,4,5-Tifluorobenzolic Aeld

ANISOLES

2-Amino-4~fluoroenisole
2-Iodo-4=fluorocanizole

2-Bromo-4-fluoroafiisois
2-Chloro-4=fluorofnisole

COMPTTic iNDEX
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2-Fluoro-d4-iodoanls80le ~-ccc-cccr:- i cacccmcccccccccaaaa

2.4-Diflucroanisole -
2,4-Difluoro-S-nitroanisoie

PHENOLS

#2~-Bromo-4-fluorophenol
#2-Chloro~4=-fluorophenol
2,4=-Difluorophenoct

NITROPHAENOLS

2-Fluoro-6-nitropnenol
3-Fluoro-4,6-n:!trophenol

NITROTOLUENES

e e TN @ e @ e o men =

A e e o

ey e e ® oo -

e e me e e .o

R R A L R X

e me-m -z e

LA R X P R N N X )

o an v En s o on D -

-irm et en s G e e e e

3-Fluoro-4-nitroteluens --------=--w--o----oo-o--oooooo

3- 7 -6~

3~ "  .4,6-dinitrotoluene

B en e s @ s wn s -

BIANISOLES (Biphenyls)
2,2'-Dimethoxy-5,%5"'-diflucrobiphenyl --=--ccccmcococon-
3,3'-Dif luoro-4,4’-dimethoxybiphenyl
2,2'-D1muthoxy-3,5',5,5'-tetrafluorobiphenyl ----------

BIPHENCLS (Biphenyls) .
&2,2'-Diéydgoxyms,ﬁ'-difluorobipheny;

#3,3'-Difluoro-4

,4!=dihydroxybiphenyl

e e eaoao oo oy oo

LR P R R RV X X

- —— - " -y e -

e e e v e Il En wm v man > -

*2’2v.Dihydpoxy_s,é'5,5’-tetrarluorobiphenyl -----------

BIPHENYL SULFIDE

§g’2i-Dihydroxy-s,é'-difluorobiphenyl Sulfide ---=----=---

BENZYL DERIVATIVES

#2,4,6-Trifluorobenzyl Chloride

2

#2-Hydroxy-3,5~d

#New compounds (10) tested ss funglcides In this report

WADC TR 54-148
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Because of our limited supply, you are requested to return this ceopy WHEN IT 5AS SERV
YOUR PURPOSE so that it may be made availabie to other requesters. Your coc pex anon
will be appreciated.

{
NOTICE: WHEN GOVERNMENT CR OTHER DRAWINGS, SPECIFICATIONS CR C1'H:R DAT A ’
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELLY RELAT: D
GOVERNMENT PRCCUREMENT OPERATION, THE U. S. GOVERNMENT THEREE Y INCURY
NO RESPONSIBILITY, NOR ANY CBLI ATION WHATSOEVER; AND THE FACT T!!AT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE ‘
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDEL BY
i IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OIt Al<Y \U'YHEX
PEKSON OR CORPORATION, OR CONVEYING ANY RIGHTS OF PERMISSION TO MANUFACTUT 1,
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELAT!:Z: THERTTO
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