
AN A129 364 AEROSOL DIRECT 006 RNAION SYNT HESI OF0
PERFLUOROADAMANTANE THE PENULTMATE STEPU) TENNESSEE
UNI KNO60 ILLE DEPT 0F CHEMISTRY J ACOCK ET AL

UNCLASSIFE N5FB83T NOOF 4-7C08 FNN G / N

IEEE. momo



49

AKA

1i.-" 122

MAO UEAU O STNDAO-

4..

lii
MICROCOPY RESOLUTIOt4 TEST CHART

NATIONAL. BUREAU OF STAFIOARDS-]953-A

V
"11

"-a 4



i 'I

OFFICE OF NAVAL RESEARCH

Contract No. N00014-77-C-0685

Task No. NR 053-669

TECHNICAL REPORT No. 6

AEROSOL DIRECT FLUORINATION-SYNTHESIS OF PERFLUOROADAHANTANE

THE PENULTIMATE STEP

by

* iJames L. Adcock

and

Mark L. Robin

Department of Chemistry
University of Tennessee
Knoxville, Tennessee 37996-1600

February 25, 1983 D T !!

Prepared for Publication in the %f..

Journal of organic Chemistry JUN1 33

Reproduction in whole or in part is permitted for A
any purpose of the United States Government

This document has been approved for public release and sale;
.its distribution is unlimited.

83 04-19 018

_0 I '.



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE When Daa Entered)

REPORT DOCUMENTATION PAGE READ ISTRUCTIONSBE[FORE[ COMPLI.ENG FORM

I. REPORT NUMBER GOTACESO O. EXCIPI ENT*S CATALOG NUM8ER

4. .W - - -.... S. TYPE OF REPORT & PERIOD COVERED

Aerosol Direct Fluorination-Synthesis of Interim
Perfluoroadamantane The Penultimate Step 6. PERFORMING ORG. REPORT NUMBER

7. AUT.40R(a) 5. CONTRACT OR GRANT NUMBER(e)

James L. Adcock and Mark L. Robin

I N00014-77-C-0685
S. PERFORMING ORGANIZATION NAME AND ADDRESS tO. PROGRAM ELEMENT. PROJECT. TASK

Department of Chemistry AREA A WORK UNIT NUMBERS

University of Tennessee-Knoxville
Knoxville, TN 37996-1600 NR 053-669

I I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Office of Naval Research April 1983
Department of the Navy is. NUMBER OF PAGES

Arlington, VA 22217 17
14. MONITORING AGENCY NAME A AODRESS(it different from Controlling Office) IS. SECURITY CLASS. (oflhie hirep )

Unclassified
Is. OECL ASSI FICATION/DOWNGRADING

SCHEDULE

IS. DISTRIBUTION STATEMENT (of this Report)

Thts document has been approved for public release and sale; its distribution
is unlimited.

17. DISTRIBUTION STATEMENT (of the ablrect entered In Blek 20. If different Ifrom Report)

Il. SUPPLEMENTARY NOTES

1t. KEY WORDS (Cont.o. an reverse side if neceewr and Ienti by block lumber)

Aerosol, Direct Fluorination, Elemental Fluorine, Perfluoroadamantane

II RACY (Coftinue rowdeee old* It neeeeem mE ld*nt117*b blak membe)

The aerosol direct fluorination technique has been successfully employed to
convert adamantane to perfluoroadamantane in 28% overall yields based on in-
put. Although physical losses in the reactor reduced yields the major (74.4%)
product collected was perfluoroadamantane. Fragmentation and ring-opening
proved to be insignificant as was the proportion of 1-hydrylpentadecafluoro-
adamantane.

DO FOR 147 'ftTION OF I NovS 69is OBSOLE

S/N ~~1CCR V12L.@45@ CE l LASSIFICATION OF ThIS PAGE mn e ra"MSt

"POWy



'Io

Revised H 3-416

Aerosol Direct Fluorination-Synthesis of Perfluoroadamantane-

The Penultimate Step

by

J. L. Adcocke and M. L. Robin
Department of Chemistry
The University of Tennessee
Knoxville, TN 37996-1600

submitted

I to the

Journal of Organic

Chemistry

ABSTRACT

The aerosol direct fluorination technique has been successfully employed

to convert adamantane to perfluoroadamantane in 282 overall yields based on

Input. Although physical losses in the reactor reduced yields the major

(74.4%) product collected was perfluoroadanantane. Fragmentation and ring-
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Aerosol Direct Fluorination-Synthesis of Perfluoroadamantane-

The Penultimate Step

by

J. L. AdcockO and H. L. Robin
Department of Chemistry
The University of Tennessee
Knoxville, Tennessee 37996-1600

The aerosol direct fluorination method provides a continuous process for

the production of perfluorocarbons from hydrocarbons with efficient fluorine

utilization and minimal fragmentation.1 The application of this process to

alkanes, ethers, cycloalkanes, ketals and ketones has been demonstrated.1,
2

We report here the extension of the process to the synthesis of perfluoro-

adamantane via direct fluorination of adamantane, a feat not realized byiother direct fluorination methods, nor by indirect fluorination methods to
* any significant degree.

Due to the current interest in fluorocarbons as synthetic blood substi-
; 3

tutes, the fluorination of adamantane and substituted adamantane system has

been attempted. Moore and Driscoll, employing a CoF 3 method involving the

recycling of partially fluorinated materials through a reactor, have success-

fully produced perfluoro-l-uethyladamantane, perfluoro-1,3-dimethyladamantane

and perfluoro-1,3,5,7-tetramethyladamantane, from 1-trifluoromethyl-

adamantane, 1,3-bis(trifluoromethyl)adamantane and 1,3-bts(trifluoromethyl)-

5,7-dimethyladamantane, respectively. Lagow, et. al., reported the success-

ful direct fluorination of 1,3-difluoro-5,7-dimethyladamantane, 1,3-di-

methyl-5,7-bis(trifluoromethyl)-adanantane, and 1-adamantamine to theSI
perfluorinated analogs.

The direct fluorination of adamentane to the perfluoro product has

remained elusive however; whereas substituted adamantane systems have been

successfully perfluorinated, direct fluorination of edamamtan itself has

previously led only to the production of 1-hydrylpeutadecafluoroadamsntane In

1
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low yields. 7 The peaultimate substitution would not take place even in pure

fluorine under "vigorous" conditions. 5 At the present time the only other

method for the production of perfluoroadmantane, other than via the aerosol

direct fluorination methol presented here, appears in a recent patent appli-

cation; wherein adamantane in methylcyclohexane as contacted with a CoF3 bed

at 275* to produce 1-hydrylpentadecafluorodamantane and perfluoroadamantane

(no yields given).8

Results and Discussion

The major product collected from the aerosol direct fluorination of

adamantane was perfluoroadamantane; of the products collected, F-adamantane

comprised 74.4% of the total by weight. Based on input of adamantane, the

yield of F-Adamantane was 281. The aerosol system is dependent on the

generation of a particulate aerosol which is ideally crystalline, of uniform

size and with little tendency to aggregate. If the conditions for producing

the aerosol are ideal, percent yields based on throughputs and product per-

cent distributions will differ by only a few percent; as molecules deviate

from this ideality, the percent yields based on throughput fall due to

physical losses within the aerosol generator and initial reaction stage (see

Reference 1). Due to the relatively low volatility of adamantane these

losses are significant, resulting in significant amounts of unreacted adam-

tane settling throughout the reactor. The majority of material traversing

the reactor however is seen to be upwards of 701 perfluorinated, and it is

likely that modifications to allow higher carrier flows through the reactor

would result in a significant increase in the amounts of material reaching

the collection point. The difficulty of vacuum line transfers of the

perfluorinated material also leads to significant losses In material

isolated.

',rr4+ I lt~
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Previously fluorinations of adamantane and its substituted derivatives

have resulted in significant ring opening. Lagow et. al. have attributed

this tendency to the fact that : "As hydrogens are replaced by fluorine, the

remaining positions become increasingly acidic and the resultant tendency

toward carbanion formation may lead to carbon-carbon bond cleavage,

especially at the bridge head positions,"  This building up in positive

charge, reduction in electron density, or increased acidity is likely to be

the cause of the difficulty in obtaining perfluorination as well. The

reluctance of fluorine to attack cations, a phenomenon reported by Bartlett,

supports this conclusion.6 Morever, Moore and Driscoll report that for the

CoF3 fluorination of 1,3-dimethyladamantane, the major products are ring-

opened species. In an attempt to reduce this ring-opening, two bridgehead

fluorines were incorporated into the molecule prior to exhaustive fluorina-

tion over CoF3; however, fluorination of the resulting 1,3-difluoro-5,7-di-

methyladamantane over CoP3 again yielded primarily ring-opened species.

Lagow was able to successfully direct-fluorinate 1,3-difluoro-5,7-dimethyl-

adaaantane to the perfluoro compound, but again the majority of products

(70%) consisted of ring-opened species.5 The problem of ring-opening does

appear to be reduced somewhat by substitution of hydrogen and/or alkyl groups

on the adamantane structure by fluorine and/or perfluoroalkyl groups prior to

fluorination. Thus Lagow was able to produce F-1,3-dimethyladamantane (262)

and F-1,3,5,7-tetramethyladamantane (4.2%) from 1,3-4ifluoro-5,7-dimethyl-

adamantane and 1,3-dimethyl-5,7-bis(trifluoromethyl)adaantsne, respectively;

while Moore and Driscoll prepared F-i-methyladamantans (65Z), F-1,3-dimethyl-

adamantane (60Z), and F-1,3,5,7-tetranathyladasntane (102) from 1-(tri-

fluoromsthyl)damantane, 1,3-bis(trifluoromthyl)sdamaatawe, m 1.3-bs(tr-

fluoro..thyl)-5,7-disethyladamantaune respectively. 495
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In contrast to the above methods, aerosol fluorination of dasmantane

resulted in no significant amount of ring-opening% the major product was the

perfluorinated species, the remainder of materials being partially

fluorinated adamantanes, as evidenced by mass spectral analysis of a mixture

of the non-volatile products. These results indicate the potential value of

the direct aerosol method for the synthesis of perfluorinated materials

useful as potential blood substitutes. Also the lack of problems with

ring-opening suggests the possibility of the production of perfluorinated

alkyladamantanes directly from the hydrocarbon analogs.

Experimental

The basic aerosol fluorinator design and a basic description of the

process is presented elsewhere. A modified aerosol generator (Figure 1) was

adapted to a sublimator loaded with solid adamantane and heated to 150*C.

Workup of products, following removal of hydrogen fluoride, consisted of

vacuum line fractionation, infrared assay of fractions, gas chromatographic

separation of components using a 7 meter x 3/8" 13Z Fluorosilicone QF-1

(Analabs) stationary phase on 60-80 mesh, acid washed chromosorb P condi-

tioned at 225°C (12 hrs). Following gas chromatographic separation (Bendix

Model 2300, subamblent multi-controller) products were collected, transferred

to the vacuum line, assayed and characterized by vapor phase infrared spec-

trophotometry (PE 1330), electron Impact (70 eV) mass spectrometry (Hewlett-

Packard GC/lS, 5710A CC, 5980A MS, 593A Computer) and 1H and 19F nuclear

magnetic resonance (JEOL 7190q, omiprobe) in CDC1 3 with 11 CPC13 internal

standard. Ilemental Analyses were performed by Schvarzkopf Microanlytical

Laboratory, Woodside, N.Y.

Aerosol Florluation of Adamatane - Adamantane (Aldrich) 99+ was used

4 i
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as received. Adamantane (1.39g, 11.2 umoles) was loaded into the subli-

astor. The main helium carrier flow (Figure 1) was set at 600 cc/a. This

flow is directed through the nucleating particle, Na, furnace (A), the

liquid nitrogen heat exchanger (B) and enters one side of the aerosol genera-

tor (C) where it is mixed in the aerosol generator (C) with the hydrocarbon

carrier containing the adamantane vapor. The hydrocarbon carrier consists of

one upper, primary (150 cc/m) and two lower, secondary (20 cc/a) helium flows

entering into the sublimator (K) at the top (L) and bottom (M,N) of the

sublimator body (K) respectively. The reactor modules (E,F,G) were cooled to

-300C, -20C and ambient (-10*C) while the copper coil (I) preceding the

photochemical stage (J) was heated to 100C. Fluorine flows into the reactor

modules were 20 cc/m, 50 cc/m and zero respectively. The photochemical lamp

was ignited and the subliator was then heated to 150*C. After 7 hours the

reaction was stopped. Upon opening the reactor, 1.23 g of unreacted 4

adamantane was recovered (0.300, 2.2 moles reacted); 0.361 g of crude

product was collected, dissolved in perfluoropentane and separated on the

fluorosilicone QF-1 column (70, 15 min; 30"C/min to 180*) producing 0.259,

(742) of F-Adamantane, a 28% yield based on theoretical input. It should be

noted that significant quantities of unfluorinated adamantane were found

inside the reactor. Elemental analyses for COF16 require: ZC - 28.32%,

!F- 71.68%, %R - 0.0%, found: %C - 28.60%, Z! - 71.88Z, ZX - 0.0Z. The

fluorine-19 namr consists of a pentet of intensity 12 at -121.20 ppa and a

near symmetrical maltiplet of -13 prominent diminishing maxima of

intensity 4 at -223.53 ppa relative to internal CFC1 3 , a coupling constant of

6 hertz is a best fit. A reproduction of the 19F ms spectra and a complete

characterization; EZ-MS, TA (2 pages); are available as Supplementary

Material, ordering information is given on any current masthead page.

4fl gedgqnn.. This work was supported in part by the Office of Naval

Research whose support Is gratefully acknowledged.
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SUPPLEMENTAL MATERIAL

PAGE I

CHARACTERIZATION OF F-ADAMANTANE

*Infrared (cm'): 1295(s), 1280(vs), 960(s), 645(w), 595(w)

Mass Spectra [W1 (int.) Formulaj: 8

424(l)Cl0 F16, M40()CCgF1 5; 405(15)C10F15, H-F; 355(1)CqF13;

317(1)C9F1i; 305(2)C8F11 ; 286(2)CSFIO; 267(3)C8F9; 255(7)C719; 236(3) C7F8;

224(1)CGF8; 219(1)CtF 9; 217(3) C7F7; 206(7) 
13 CC5F7; 205(100)CrF7;

193(1)C5F7; 186(5)C6OF6; 174(1)CSF6; 162(2)C4F6; 1
55(9)C5F5;143(3)C.F5;

131C42)C3F5; 124(3)C4F4; 119(3)C 2F5; 117C3)C5F3; 112(2)(C3F4; 100(2)C2F4;

93(7) C3F3 ; 69(24)CF3

19nmr *CFCl3 - 0 .0ppm b rIntegral.

*--121.20 ppm, p 12

*--223,53 ppm, mult. 4 CF2-CF =6 Hz

Elemental Analysis' %C %F %H

Caic. for CI 0F 1 6,: 28.32 71.68 0.00

Found 28.60 71.88 0.00

aglectron Impact at 70 eV.

b5 ** figure 1.
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