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In last annual technical report, reductive defluorination of
perfluoro(dicyclohexylether) was carried out with sodium
benzophenone and the two perfluoro(cyclohexyl) groups were
interestingly fused to form perfluorb(bezofuran); What about
other perfluoro(dicyclohexyl) compounds ? Will they form fused
products or other interesting compounds after the reductive

defluorination ?

OO e

Perfluoro(dicyclohexyl) was prepared in 91%jyie1d_by liquig-
phase direct fluorination of dicyclohexyl. Reductive
defluorination of the perfluorinated compound produced a nonfused

product, perfluoro(diphenyl), other than a fused product.
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Perfluoro(dicyclohexyl) ketone was prepared in 82% yield by
liquid-phase direct fluorination of dicyclohexyl ketone.
Reductive defluorination of the perfluorinated ketone is under

investigation.
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Since we successfully obtained a fused perfluoro(benzofuran)
from perfluoro(dicyclohexyl ether), reductive defluorination of
the perfluorinated ethers containing three perfluoro(cyclohexyl)
groups would be interesting. The three isomers of o-, m-, and p-
perfluoro(dicyclohexanoxyl cyclohexane) were prepared by liquid-
phase direct fluorination of o-, m-, and p- diphenoxyl benzene.
After several run of liquid-phase direct fluorination, enough
amount of o-perfluoro(dicyclohexanoxyl cyclohexane) was collected
to carry out the following reductive defluorination. The
reductive defluorination was carried out from -70 to 70 °C for 2
days, but the ortho-ether, howeve;, kept unreacted. One of the
reasons for that is perhaps steric hindrance. Reductive
defluorination of the meta- and para- ethers are under

investigation.




mmmmmmm




Ndd 081+ 0yl — ObL— OFA 001 —

— d ] l _ ! 1 | _ i | ] _ 1 L J| \L B N

v

NO3/Ndd £00S "¢ =

NO/7ZH €6 "8ZS! 3vos
og— =(0)1
0°¢g¢ =tld
€02 =Vd

00°¢ =N3
6/16€L "6€C =4S

Ll "960G9L— =40
NO NOILYINQON a8
rZsv80°1L9¢ =z4
NO HIMOJ HOIH L

23sn 0L =1q- :
23sn ot = 9y
ol = MQ
0°0000S —/+ = MS
S = IV
S1I8 ZL = dav
€ ="11v €aq
NO ¥311I4 Hiryomy3lling
NO D8V
¥ = NO 0d0
J3SN $8 €9l = |V
89/2Z¢ = 3IZIS
yOL = ¥N 1A
23S 00°1 =6Q
235N 00°8 =Zd

IININDIS 3SING—3INO

0¢— ‘6lL4 ‘€7040 '€10A0 ‘ONNM
POUVNL L g +00 ° c¢zZ¢s




N

“*

I/
020°07]

1
-

¥86° 17
Y
]
»0°€ 7
]
]

39°S7

1
‘um - PJ
]
TNy

w

SaAT" 1]
STE" T

S3C° 17
SAL" 1T
]
Si6° m
]

SIT° T

A
nnn.uw
sEr-z]
s¥9°2"

4

sA8°T"

~
658 838 LGB 958 SGB 9S8 €58 58 TS8 058 6)8 8y L}8 98 S)8 Y8 €6 Zye TIPE oOfu &¢8 oCe LE8 98 SEB ¥EO  EED _
RN LR R
-
L86°598 | 6L6°EVE
T16°LS8 [
. . . 6¢°cc8 |for
L €86°618 co6 98 L0 1L N 686°6E8S 196° vt ﬁ
LEG"TSB . 0ET" 208 996°8E9 mﬂ
z06° 158
916" [
157558 196° 059 0z
P06°5E8
€56°LE f ST
896° 968
: Foe
£33
s
LzZ1 Y8 oy
Sy
. Am v 1€ T 8T §°¢ 0CECOPE°9E8 €°T- 6°'T- 0°00T ZpTZvE°9E8 4
+ vxv I O0 1§ O WEG eewH ‘OTwD RmAA  SGe VU seem 0%
e 00y 00Z 0°08 o't 0°'00T 056°9€8 Fgs
o€ O 0 0 00T~ 0°0 096°9¢8
PIe, L f 09
PPO Puw uUsajz Yo 1UOY or IXER WoIeOXe 0N V
{T/ouwanqosgiixel oTVI g3
- T3q RUONISBeTI TSL90990101IL TGEZ6LL1dg ebwaToA +1ID X-6V3
(J°2°600°06°0°0°'460°0°6’€’5)aud (C'T)OHS 0Z 8T1USPI 990000V TISTTL vop
TPPL IR TR IR T 1] BOTATEOdmOD YeICWRTY {
gL
. 0
5]
06
Fc6
0]
Zve'oce _ koot
{ 1/ouvanqosyiIxey oYY
20 WeoR! =6¥TL ZGLE0998ILT zSEZELiYdq wHeaYeA +ID X-QAVS
*{ hd 2 0 R & QUIOp T, wth AR

DS

[ 4




Ndd O0O8lLl-— OLL— 091-— 0glL— ov1L— 0¢i— 0cl— Ot 1L—
_ I A | _ | O | _ N ;r;_ L 11 _ [ I T _ (R I | [b»_ i _r;_«;x 1
A\\f\k’
NO/Ndd 8000°¢ ~ = \ 3
NO/ZH SZ "65C1 37voS
oc~- =(J)L
9°¢c2 =8d
Z°6¥¢ =Vd
00°¢ =A3
6L16CL "6€€ =4S
¥9°90181~ =40 t
NO NOILlVINGON 08
yZS¥80 " 19¢ =g
NO ¥IMOd 1I9IH L -
23sn 0l =30
23sn o4 = 9y
ot = MQ
0°0000S —/+ = MS
4 = IY
siig'et = Jav'
€ =°)1Y ad
NQO Y3114 Hiuom2311n8
NO 28V
4 = NO Qd0
JISN ¥8°€91t . a Jy
89.2€ = 1ZIS
goz = VYN
23S 00°1 =60
23sn 00°'9 =2d
30N3NO3S 35S Nd-3INO
[ 3 (] 4
0¢— ‘614 ‘¢17040 €7100d0 Oi
TB6A0ONY C grn 00 00




2/ 'Lg8 958 . $58
10" : . v T ()
030°0 _—4 1] T ___:__ ______ J__
rav-z 29€° 150 s
% (3 . Fot
»aP°9 ] 294
$39°8° ¥$6°958 T4
S3T 1] €44
G4ETT]  O€
A1 Fse
3L 1] [0y
$36° 1] . Sy
. 0]
SIT° 2] Fos
ST ] : . 6£6°5S8 s
529°2] W ze ¢ 8T O0°'¢t €ELYE6°SSE L0~ 970~ P ST ZVESEE S5O 09
] ¢ 4 O N®E O 94@ 9evH ‘DT RIdA wQW WUy  ®eVH s
43872 s9
e ¢ oor 00Z 0°08 0°z 0°00t 000° 958 t
c30 € ] 0 0 (i} o 0°01- 0°1 006° 650 For
ce] sy TwyY §
s3z°€ PPO PUV ueaz yjod iuol ov X Wo3wO0Ie3eN SL
£T/ANVINGOBY t IXOL OTTd
sar-e FUON: 66T 9TALE0BOTDIL PPC699TiTdE ebuaton +1D 3-aV2 Foe
. T (L'2°\00°0F‘0°0°4§0°0°S’E‘S)id (S‘TIOHE € Y:3uUepI PPOOOONVTIOTTL
ST9°EY  yeeI-uvL-TZ  e3va soy3yscdmoy YejueweTd " S8
nna.n@ . o F06
ST ¢ [s6
b
SaE" " Lye'vse %001

£1/ANNINAOST 2 IXeL YT
FION: #6¥Ta 9T8L8080Y:DIT P¥E699T:1da eSuayon +ID I-AVZ
'0°0’350°0°'G’'¢F’ ! _1:3uepI p ) a3

— 22 119D QEI0¢ IGIEZ: ~12:ibo




I'idcl
NO/Ndd 8000°y | =
NO/ZH Sz °65€t  37VIS
- 0z-, =(3)1L
0°6¢ =ad
0292 =Vd
00°1L =N3

6L16€L "6€C =4S

6¢ "Z10G1—~ =40
NO NOILVINQON 08
$Z5$80 "1 9¢ =24
NO d¥MOd HOIH L

23sn ot =30
23sn ot = oy
01 = MO
000005 —/+ = MS
z = IV
s118 21 = JQvY
Y =11V 8Q
NO ¥3LII3 HiIHOMY3ILLNG
MO Jav
» = NO GdO
J3sm »8°€91 = |y
89L2¢ = 32IS
Y01 = VN
23s 004 =50
23sn 00°8 =zd

JONINQ3S 3SINd-3INO

O -

OL L 091L-— OG- Oobvl— O¢L— OclL-— Ol t— (
it e b e b v v vy b b e IR I B A R
$%($:¢

6L4 ‘€1040 ‘€710Q0 'ONI

POGNV IS0

arn 00 - 00<«




8 - 9¢e SE9 113} €8
u\uuo.a it y A i L _ama i A .::_:m -1 w . .__::_m _: _ ’
M L T ] I _ v
S
-uo.n@ 056°5€8 q
ot
3z ]
: »L6°v€EB 186°2€8 |y
sat 1]
u L6°8€8 : . Foz
sav 1] ' Zv6°LES
996°098 sz
$I8° 1]
"ot
§92°27
1434
$35° 2] s
. oy
$26°2] . : V
SIE" € , ﬁn.
1 ! 8
o
639 °¢] . -
] . . [
S40°¥ ] _ . .nm
SAC" P ] _. . 02
] ! [
1€ 2 8T ¢°¢ DEEOY6°9E8  €°9 €°S  0°001 $90S€6°9€E®
SAL" Y] ﬁ& ...\)\V [$9
+ a 0 | ) x4q weBR °OT®D Had oW vy sewvy oL
SaT"§” .
s : € 2 00r 00Z 0°08 0‘'s 0°001 000° LES {
car : o 0 0 0 0°01- o't 006 °9¢8 FoL
, seqywyl
s28°¢ O PPO puw ueag y3og iuor oy IXBH WOJWOXGJON ﬁeo
, : £T/3NVINGAOSIIXOL oTVa |
4 : WYON:®bwT ] 9ETLOSPTTIOIL 060€L0:TIdE obwaToa +1D @-€V¥2 |¢p
s41°97 - (L°3°300°08°0°0°%T10°0’'S’E'SI M (6°T)ONE 9 C:3IUSPI PETOOOVTiIeTITA
62591 . PECT-NVL-TZ : °3eq voy3yeodwod TejueweTq 906
$36°9 7] _ s wma
mua.pw SE6 ' 9€8 ot

£1/INCLNBOST : 3XOL o}
sRiON: €BeTI 9ETLESPTTIOIL 880€L0:1dE sbuaron +ID -0
spent .S rar-xl s : 0

L
E



Synthesis of perfluoro(hexamethylcyclohexane-1,3,5-trione)
was reported in last report. Now we want to show its unusual
solid state conformation. The molecule is unusually flattened, as
can be seen from the sum of the six ring torsion angles 31 + 18 +
14 + 32 + 18 + 12 = 125 °. By contrast, the sum of the ring
torsional angles in cyclohexane and hexamethylcyclohexane-1,3,5-
trione are 336 and 192 °, respectively. In comparison with boat
conformation of hexamethylcyclohexane-1,3,5-trione, conformation
of the perfluorinated analogue is a twisted boat in order to
avoid the three axial trifluoromethyl groups, coming much too

close and creating a serious strain.
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Tig.1. Molecular structure of €pFFO; (1).;

Selected bond lengths (&):C(2)-0(2) 1.188(5), C(4)-0(4) 1.179(5),
C(6)-0(6) 1.178(5); bond angles (°): C(2)-C(1)-C(6) 115.7(4), C(2)-
C(3)-C(4) 115.8(4), C(6)-C(5)-C(4) 116.0(4); torsion angles (°):
C(6)-C(1)-C(2)-C(3) -30.8(6), C(1)-C(2)-C(3)-C(4) 17.9(6), C(2)-
C(3)-C(4)-C(5) 14.4(6), C(3)-C(4)-C(5)-C(6) -32.3(6), C(4)-C(5)-
C(6)-C(1) 18.3(6), C(2)-C(1)-C(6)-C(5) 11.8(5).
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Other homologs of diphenyl ether such as 1,3-, and 1,4- diphenoxy benzene have also
been perfluorinated for subsequent reductive defluorination.
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We have done considerable work on defluorination of cyclohexyl
substituted fluorine compounds. This work is now becoming more and more
successful and has been aided very considerably by the publication of a full
manuscript by Dr. Guido Pez on methods using sodium benzophenone (J. Org.
Chem. 1992, 57, 2856-2860). Yet removing extra fluorines remains one of the
problems that we are in the process of solving. There are a series of sodium
substituted defluorination reagents. One of the mildest is sodium
phenylthiolate by Professor David McNicol of Glasgow. The synthesis of
perfluoro biscyclohexyl ether was accomplished in 83% yield.
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The F NMR Spectrum of Biscyclohexyl Ether
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sodium benzophenone

N - (™ 1®
THF, -70°C to 20°C

19 NMR Spectrum of the Defluorinated Product

This is a very interesting case. Two extra fluorine were removed and we
obtained the very interesting perfluoro furan compound shown above. We are
now think we have been successful in applying it to a four-membered perfluoro
cyclohexyl ether (page 7) (degree of polymerization four) and we shall see if
we get the furan structure on that one as well. If successful it should
produce an oligomer containing three furan units.

2



Preparation of Perfluorinated Salicylic Acid
By first synthesizing in 60% yield the perfluoro aromatic precursor, namely 1-

hydrotetrafluorophenol, we then synthesized 2,3,4,5-tetrafluoro-6-hydroxybenzoic acid

by the following procedure:

og 1. Buli/TBF,-70°C OB
2. co, ~10°C
S L2 o
3. HC1

This step resulted in perfluorinated salicylic acid in 90% yield. Esters of salicylic acid

are currently the most widely used lubrication antifriction additives to motor oils. We
are now experimenting with making substituted hydrocarbon ester tails with one

chlorine to make the product more soluble in polyalphaolefins and petroleum oils.
The 1°F NMR Spectrum of Perfluoro Salicylic Acid

S060 . 002 MJB 22JUL93
JNG, DB-ACETONE, CFCL3 , | 0oH

QNE-PULSE SEQUENCE

P2=  8.00 USEC
0Sa ™ 1.00 SEC
NA = 3400

SIZL = 32763

AT - 163. 34 MSEC
QPO ON » 4

ABC ON

SUTTERWORTH FILTER ON

S 0B ATT.= 3

ADC « 8 OITS

Al = "

SW = +/- 50000.0

DW = 10

fC = 10 USEC

Of= 10 USEC

Of a ~17818.69
= 339.23n17¢

Eva 3. 00
[ L 1).8
PBe -1.0

SCALE 5000 00 MZ/cM
- 14.717% ppu/ou




Very unusual perfluoro polyketone structures have been prepared by Dr. Kuangsen
Sung. In particular, Dr. Sung has prepared a perfluorinated ketone from a

hydrocarbon starting material in 72% yield.

B0 1,/ me P
cs CcH, . cF, CFy
oc NaF, Freon 113 CFy
ce, 3 CFy CrF,

We have also obtained the crystal structure of this unusual new fluorocarbon material.
CF,

The ’F NMR Spectrum of the Perfluorinated Ketone
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We think the zeolitic solid state structure of this very interesting
perfluoro polyketone is most unusual and there may be interesting chemistry
associated with the pockets of such a material.

‘ o/ CF3/°
Zeolitic Structure of CF, - Cr,
3

CF, CF,




A number of other perfluoro organometallic compounds have been prepared
for their conversion to perfluoro aromatic analogs.

O-~O~0O~0O
e

+/- C.1. Fragment _m/e

: P-F 1115
This structure is very interesting for under P - CFy 853
certain circumstances we hope to get the P-OCF, = 837
furan structure and with other reagents we P - CF,OCF 575
hope to get the perfluorinated phenyl material. p ‘F ‘I‘-‘ 559
The perfluorinated cyclohexyl analog is already - OCF1OCF 1,
in hand.
G
o O
l - |
CH CF,
. plchia E—C—CE—0-CF
O—CHz—(lJ-CHz—O . CGEH -0-C 5 ' =CE= A
S, e
© o
|
CGF11
+/- C.]1. Fragment _m/e
Parent minus F 1381
P - CF,, 1119
P - 0C‘F" 1103
P = CF}'O'CQF" 1053
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CH,
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+/- C.1. Fragment m/e
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P - CF, 1131
P - OC.F;, 1115



Mr. Han-Chao Wei of our research program has fluorinated this
interesting crown ether polymer. We are very interested in exploring the
defluorination process to see if we obtain the defluorinated material as
indicated in the proposed structure.

N O 0 CHa|
o,

F2Me
NaF/CCl4

A )

F FF F
F F

iCFi CF2
O CFz CF3

F

yd

\

n

F
FFFF

P | defluorination process

*

FF

oC 007

(proposed structure)

\

He(cm3/min.) F2(cm3/min.)  Time(hr.)

50 0 0.5
50 2 24
25 2 24
10 3 24

3 3 24

0 3 24
25 0 0.5
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Elemental analyses of the Perfluoro-crown ether-polymer

Found Calculated

Carbon — 24.38%  24.92%

24.34%
Fluorine — 64.68% 65.11%
64.59% -
Oxygen — -— 9.97%

*Elemental analyses were done by Schwarzkopf Microanalytical Laboratory
in New York : -
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