AL/OE-TR-1994-0067

ROCHESTER, NY 14601

[0 906066

January 1994

a QSAR EVALUATION OF HALON 1301
CF Br) AND CF 1
M (CF,Br) 3
S
T
R W. T. Brashear
0 MANTECH ENVIRONMENTAL TECHNOLOGY, INC.
N P.O. BOX 31009
G DAYTON, OH 45437-0009
L D. A. Reid
A 3
B HEALTH DESIGNS INC.
o 183 EAST MAIN STREET
R
A
T
O

R INTERIM REPORT FOR THE PERIOD SEPTEMBER THROUGH NOVEMBER 1993

<

Approved for public release; distribution is unlimited

AIR FORCE MATERIEL COMMAND _I
—=WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433-7901 =2




NOTICES

When US Government drawings, specifications or other data are used for any purpose other than
a definitely related Government procurement operation, the Government thereby incurs no
responsibility nor any obligation whatsoever, and the fact that the Government may have
formulated, furnished, or in any way supplied the said drawings, specifications, or other data is
not to be regarded by implication or otherwise, as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to manufacture, use, or sell any
patented invention that may in any way be related thereto.

Please do not request copies of this report from the Armstrong Laboratory. Additional copies
may be purchased from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government agencies and their contractors registered with the Defense Technical
Information Center should direct requests for copies of this report to:

Defense Technical Information. Center
Cameron Station
Alexandria, Virginia 22314

DISCLAIMER
This Technical Report is published as received and has not
been edited by the Technical Editing Staff of the Armstrong
Laboratory. '

TECHNICAL REVIEW AND APPROVAL

AL/OE-TR-1994-0067

The experiments reported herein were conducted according to the “Guide for the Care and Use of
Laboratory Animals,” Institute of Laboratory Animal Resources, National Research Council.

This report has been reviewed by the Office of Public Affairs (PA) and is releasable to the
National Technical Information Service (NTIS). At NTIS, it will be available to the general
public, including foreign nations.

This technical report has been reviewed and is approved for publication.

FOR THE COMMANDER

% - Wlu_,
Y A. CHILDRESS, Lt Col, USAF, BSC
Director, Toxicology Division

Armstrong Laboratory




REPORT DOCUMENTATION PAGE o e 0158

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information including
suggestions for reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1. AGENCY USE ONLY (Leave Blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
January 1994 Interim Report - September-November 1993
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

QSAR Evaluation of Halon 1301 (CF3Br) and CFsl
Contract F33615-90-C-0532

6. AUTHOR(S) PE  62202F
PR 6302
. TA 630200
W.T. Brashear and D.A. Reid WU 63020002
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
ManTech Environmental Technology, Inc. REPORT NUMBER
Toxic Hazards Research Unit
P.O. Box 31009
Dayton, OH 45437-0009
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING;MONITORING
Armstrong Laboratory, Occupational and Environmental Health Directorate AGENCY REPORT NUMBER

Toxicology Division, Human Systems Center
Air Force Materiel Command
Wright-Patterson AFB OH 45433-7400

AL/OE-TR-1994-0067

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)

The chemical compound CFsl is a replacement candidate for the in-flight fire extinguishing Halon 1301 (CF;Br). One concern
in choosing a suitable replacement for CF;Br is the toxicity of the replacement candidate. Since toxicological data comparing CF;Br
and CF;] are not available, this comparison was done using a computer model for toxic endpoints. Quantitative Structure Activity
Relationship (QSAR) was performed to compare the toxicity of CF;Br and CF;1. These two chemicals were evaluated for rodent
carcinogenicity and mouse inhalation LCs,. The comparisons were made using the TOPKAT computer program (Health Designs
Inc., Rochester, NY). TOPKAT is a QSAR database program that can predict a variety of toxicological endpoints. The predictive
capability of the TOPKAT program can be used to statistically estimate the toxicity of chemical compounds. The results of the
QSAR evaluation of CF3;Br and CF;l show that the toxicity of these compounds is not significantly different for either rodent
carcinogenicity or mouse inhalation LCs.

14. SUBJECT TERMS 15. NUMBEFR OF PAGES
CF;Br CFil 21
Halon 1301 {juantitative Structure Activity Relationship
16. PRICE CODE
17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39-18
298-102




THIS PAGE INTENTIONALLY LEFT BLANK

i




PREFACE

This report describes the quantitative structure-activity relationship (QSAR) evaluation of
bromotrifluoromethane (Halon 1301, CF,Br) and iodotrifluoromethane (CF,I), which was conducted by
Health Designs Inc. under a subcontract to the Toxic Hazards Research Unit (THRU), ManTech
Environmental Technology, Inc. The THRU is located‘ at Wright-Patterson Air Force Base, Ohio. This
work was performed under Department of the Air Force Contract No. F33615-90-C-0532 (Study No.
F24). Lt Col James N. McDougal and Lt Col Terry A. Childress, respectively, served as Contract
Technical Monitor for the Toxicology Division, Occupational and Environmental Health Directorate,
Armstrong Laboratory. This document serves as an interim report on replacement chemicals for Halon
1301. The research described herein began in September 1993 and was completed in November 1993.
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TOPKAT Toxicity Estimation Report for

ManTech Environmental Technology, Inc.

10 November, 1993
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TOPKATToxIcIt); Estimation Report
or
ManTech Environmental Technology, Inc.

10 November 1993
Background

The TOPKAT program predicts toxicity of a submitted chemical structure based
on diligently-developed statistically significant and robust Quantitative Structure-Activity
Relationship (QSAR) equations. The QSAR equations in the TOPKAT program are
either linear multiple regression equations (for continuous toxicity metrics such as LD,
LC,, EC,, MTD, LOAEL, etgj or two-group linear discriminant functions ('%or
dichbtomaus toxicity metrics such as mutagenicity, carcinogenicity, teratogenicity,
biodegradability, etc.‘}i The regression models in the TOPKAT program produce toxicity
estimates in weight/weight or weight/volume units, whereas the discriminant models
output the probability (between 0 and 1) that the submitted structure be associated with
a positive endpoint value. _

Each model in the TOPKAT program is associated with a respective data base
and is developed from exPerimental toxicity data and numerical descriptors of
molecular structures of single organic compounds in the data base. For each model,
there is a set each of significant and non-significant structure descriptors. The descrip-
tors in the former set are related to the chosen toxicity metric and influence the
estimate, whereas, those in the latter set, like the significant descriptors, are important
in determining if the submitted structure is within the structure space spanned by the
data base compounds.

TOPKAT always outputs an estimate of the chosen toxicity metric. However,
whether the predicted value is meaningful or not can only be answered by (1)
ascertaining how well the submitted structure fits within the structure space spanned by
the data base compounds, and (2) finding compounds in the model data base which
support the predicted value. The TOPKAT program provides functions "COVER" and
*SEARCH?" to do so.

The "COVER" function determines the overlap of the structural features common
to the submitted structure and the training set compounds. When the salient structural
attributes of the submitted structure are shared by the data base compounds, the
structure is said to have adequate coverage and a "moderate" confidence can be
assigned. As the overlap between the structural features in the submitted structure and
the modeling set decreases, an estimate tends to be less reliable.

The "SEARCH?" function helps gain additional confidence in the prediction and
allows display of targeted compounds from the modeling set. In the data base
associated with the chosen model, if one finds compounds with those structural features
which are present in the submitted structure and they bear similarity to the submitted
structure and their experimental and estimated toxicity are in concordance with that
predicted for the submitted structure, the confidence in the prediction is enhansad.

MND;
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TOPKAT Toxicity Estimation Report

ManTech Environm:aor:tal Technology, Inc.
10 November 1993
Chemical ID: MET-1
Estimate of Rodent Carcinogenicity Estimate:  0.000 (non-carcinogenic)

A. SUBSTRUCTURAL COVERAGE:

There is only one major structural feature in this molecule, a methyl-trifiuoro-
iodine fragment. gince this feature describes the entire structure, there are few
structure-activity relationships available for study. One might consider fragments of this
feature such as a trifluoro methyl group bound to some atom other than iodine, or iodo-
halo-methanes, for example.

The estimate of carcinogenicity for this structure is produced from the equation’s
constant, i.e., there are no other features common to the input structure and the
descriptors in the equation. A check of the descriptors which did not enter the equation
for statistical reasons, but are represented in database compounds indicates that there
are several halo-methanes.

B. SUPPORT COMPOUND

Although there are no trifluorc methanes in this module’s database there are
several examples of halo-methanes. One of these, shown with the estimate report,
contains a fluorine atom and is a correctly classified non-carcinogen. A compound
structurally similar to this monofluoro-methane, carbon tetrachloride, is a correctl
classified carcinogen. Another database compound, lodoform, is also presented wit
the estimate report and it too is a correctly classified non-carcinogen and a compound
structurally similar to this trilodo-methane, chloroform, is a correctly classified
carcinogen. Therefore, there is some evidence that the presence of a fluorine or iodine
atom in place of a chlorine in a halo-methane molecule "detoxifies” the endpoint and the
TOPKAT program is sensitive to distinguishing this phenomenon.

C. SUMMARY

The database contains several halo-methane compounds and there is some
evidence that the presence of a fluorine or iodine atom in place of a chlorine in a halo-
methane molecule produces a non-carcinogenic result; however, since this evidence is
not statistically significant, i.e, there was not sufficient data to model this observation,
and since there are no trifluoro-halomethanes in this database, low confidence has
been assigned to the estimate.

183 East Main Street, Rochester, NY 14604 o USA e 716-546-1464 ¢ TWX: 9102403037 ¢ FAX: 716-546-3411




TOPKAT

(C) 1986-1990 HDI v2.37e 10-27-93 16:54:33 Page

ID: MET-1 MF: C-F3-I

ESTIMATE FOR POSITIVE ENDPOINT = 0.000

Carcinogenesis Model ( Version 2.0 )

Cross Product

Constant Term -23.101

-23.101
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TOPKAT (C) 1986-1990 HDI v2.37G 10-28-93 10:30:11 Page 2

Structures Retrieved From Search of Database
For Carcinogenesis Model ( Version 2.0 )

NAME: TRICHLOROFLUOROMETHANE 1ID: 75-69-4 ACTUAL: NEG USED: Yes
REF: TABLE 7 /RPT 106 NCI/NTP PRED: 0.002 NEG

Structure Number 1

NAME: CARBON TETRACHLORIDE 1ID: 56-23-5 ACTUAL: POS USED: Yes
REF: TABLE 1 IARC PRED: 1.000 POS

% _a
oS

a

Structure Number 2
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TOPKAT (C) 1986-1990 HDI v2.37G 10-28-93 10:30:11 Page 3

NAME: IODOFORM 1ID: 75-47-8 ACTUAL: NEG USED: Yes
REF: TABLE 7 /RPT 110 NCI/NTP PRED: 0.000 NEG

Structure Number 3

NAME: CHLOROFORM ID: 67-66-3 ACTUAL: POS USED: Yes
REF: TABLE 1 /RPT N/A NCI/NTP PRED: 1.000 POS

Structure Number 4
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TOPKATToxlclt;; Estimation Report
or
ManTech Environmental Technology, Inc.

10 November 1993
Chemical ID: MET-1
Estimate of Mouse Inhalation LC,, Estimate: ~ 209.1 gm/m®

A. SUBSTRUCTURAL COVERAGE;

There is only one major structural feature in this molecule, a methyl-trifluoro-
iodine fragment. Since this feature describes the entire structure, there are few
structure-activity relationships available for study. One might consider fragments of this
feature such as a trifluoro methyl group bound to some atom other than iodine, or iodo-
halo-methanes, for example. A warning was generated by the TOPKAT program for the
estimate of mouse inhalation LC,, regarding the presence of only two compounds
containing an iodine atom, i.e., the presence of this atom is statistically non-significant
for modeling structure activity relationships in this endpoint.

As seen in the cross-products table, the estimate of mouse inhalation LC,, for
this structure is produced from two topological features. These describe the shapé and
branchedness of the structure. There are several halo-methanes in this database and
although none has a trifluoro-halo fragment these topological descriptors are sensitive
to the connections of different halogen atoms.

B. SUPPORT COMPOUND

Although there are no trifluoro-methanes in this database, it is the topological
features which are important for estimating the endpoint in this model. Two tetrahalo-
methanes from this module’s database are presented with the estimate report. They
are all non-toxic and their LC,  values are estimated within a factor of two, indicating
good model performance for this class of chemicals. Both of these compounds are
chloro-fluoro-methanes, while the input structure is an iodo-fluoro-methane. This
structural difference is picked-up by the topological descriptors and is reflected in the
estimates of mouse inhalation LC,, for these molecules.

One of the two iodine-containing compounds is also presented with the estimate
report. Although it is a more fluorinated compound, it does bear some structural
similarity to the input structure and its actual and estimated mouse inhalation LC,,
values are in range with the estimate for the input structure.

C. SUMMARY

The estimate is based on topological descriptors, and the input structure is
topologically related to three database compounds, whose estimated mouse inhalation
LC,, values are within experimental error of their assayed value. Because of this, and
the'good model performance on the other fluorinated compound which bears some
structural similarity to the input structure, a moderate level of confidence has been
assigned to this estimate.

MND;
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TOPKAT (C) 1986-1990 HDI v2.37e 10-27-93 16:55:09 Page 4

ID: MET-1 MF: C-F3-1

Est of Lc50 ( 2.00 Hr) = 209.1 gm/m3 or 2.5 pph

Overall Mouse Inhalation Lc50 Model

Cross Product

Constant Term 0.000
Atom Specific Kappa Index Order 1 0.449
Difference Cluster MCI Order 3 -0.934
-0.485
Est. of Log(l/Mole Fraction*Minutes) = -0.485
9

MHD;
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TOPKAT (C) 1986-1990 HDI v2.37G 11-05-93 15:09:57 Page S

Structures Retrieved From Search of Database
For Overall Mouse Inhalation LcS50 Model

NAME: DICHLORODIFLUOROMETHANE ID: 75-71-8 ACTUAL: -1.36 76 pph 30M
USED: Yes REF: EJTXAZ 9,385,76 PRED: -0.426 481.9 gm/m3 8.9 pph
ID2: PA8200000

Structure Number 1

NAME: TRICHLOROFLUOROMETHANE ID: 75-69-4 ACTUAL: -.477 10 pph 30M
USED: Yes REF: EJTXAZ 9,385,76 PRED: 0.150 135.7 gm/m3 2.4 pph
ID2: PB6125000 ‘

Structure Number 2

10
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TOPKAT (C) 1986-1990 HDI v2.37G 11-05-93 15:09:57 Page 6

NAME: HEPTAFLUORO-1-IODO-PROPANE ID: 754-34-7
ACTUAL: -.588 404 gm/m3 2H USED: Yes REF: 85GMAT -,76,82
PRED: -0.225 171.8 gm/m3 1.4 pph 1ID2: TZ3930000

Structure Number 3

11
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TOPKAT ToxIclty Estimation Report
ManTech Envlronmg:’tal Technology, Inc.
| 10 November 1993
Chemical ID: MET-2

Estimate of Rodent Carcinogenicity Estimate:  0.000 (non-carcinogenic)
A. SUBSTRUCTURAL COVERAGE;

There is only one major structural feature in this molecule, a methyl-trifluoro-
bromine fragment. Since this feature describes the entire structure, there are few
structure-activity relationships available for study. One might consider fragments of this
feature such as a trifluoro methyl group bound tc some atom other than bromine, or
bromo-halo-methanes, for example.

The estimate of carcinogenicity for this structure is produced from the equation’s
constant, i.e., there are no other features common to the input structure and the
descriptors in the equation. A check of the descriptors which did not enter the equation
for statistical reasons, but are represented in database compounds indicates that there
are several halo-methanes.

B. SUPPORT COMPOUNDS

Although there are no trifluoro methanes in this module’s database there are
several examples of halo-methanes. One of these, shown with the estimate report,
contains a fluorine atom and is a correctly classified non-carcinogen. A compound
structurally similar to this monofluoro-methane, carbon tetrachloride, is a correctly
classified carcinogen; therefore, there is some evidence that the presence of a fluorine
atom in place of a chlorine in a tetrahalo-methane molecule "detoxifies" the endpoint
and the TOPKAT program is sensitive to distinguishing this phenomenon.

However, there are only two bromo-methanes, both of which were set aside
during the development of this model for statistical reasons, i.e., the model does not
perform well on predicting their carcinogenicity endpoints. This suggests that the model
n;1ay r_'not| p?rform well on estimating carcinogenicity for input structures of a similar
chemical class.

C. SUMMARY

The database contains several halo-methane compounds and there is some
evidence that the presence of a fluorine or iodine atom in place of a chlorine in a halo-
methane molecule is associated with non-carcinogenicity; however, since this evidence
is not statistically significant, i.e., there were not sufficient data to model this
observation, and since there are no trifluoro-halomethanes in this database, and the
model does not perform well on Fredicting the carcinogenicity of the two bromo-
methanes in this database, low contidence has been assigned to the estimate.

12
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TOPKAT (C) 1986-1990 HDI v2.37e 10-27-93 16:57:01 Page

ID: MET-2 MF: C-Br-F3

ESTIMATE FOR POSITIVE ENDPOINT =

0.000

Carcinogenesis Model ( Version

Constant Term

2.0)
Cross Product
-23.101
-23.101

13
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TOPKAT (C) 1986-1990 HDI v2.37G 10-28-93 10:30:11 Page 8

Structures Retrieved From Search of Database
For Carcinogenesis Model ( Version 2.0 )

NAME: TRICHLOROFLUOROMETHANE ID: 75-69-4 ACTUAL: NEG USED: Yes
REF: TABLE 7 /RPT 106 NCI/NTP PRED: 0.002 NEG

Structure Number 1

NAME: CARBON TETRACHLORIDE ID: 56-23-5 ACTUAL: POS USED: Yes
REF: TABLE 1 IARC PRED: 1.000 POS

Structure Number 2

14
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TOPKAT (C) 1986-1990 HDI v2.37G 10-28-93 10:30:11 Page 9

NAME: CHLORODIBROMOMETHANE ID: 124-48-1 ACTUAL: POS
USED: No, Statistical Outlier REF: TABLE 5 /RPT 282 NCI/NTP

Structure Number 3

NAME: BROMODICHLOROMETHANE 1ID: 75-27-4 ACTUAL: POS
USED: No, Statistical Outlier REF: TABLE 1 /RPT 321 NCI/NTP

Structure Number 4

15

183 East Main Sireet, Rochester, NY 14604 e USA e 716-546-1464 o TWX: 9102403037 » FAX: 716-546-3411




TOPKAT Toxilcity Estimation Report

ManTech Envlronmg::tal Technology, Inc.
10 November 1993
Chemical ID: MET-2
Estimate of Mouse Inhalation LC,, Estimate:  201.1 gm/m?®

A. SUBSTR AL COVERAGE:

There is only one major structural feature in this molecule, a methyl-trifluoro-
bromine fragment. Since this feature describes the entire structure, there are few
structure-activity relationships available for study. One might consider fragments of this
feature such as a trifluoro methyl group bound to some atom other than bromine, or
bromo-halo-methanes, for example.

As seen in the cross-products table, the estimate of mouse inhalation LC,, for
this structure is produced from two topological features. These describe the shape and
branchedness of the structure. There are several halo-methanes in this database and
although none has a trifluoro-halo fragment these topological descriptors are sensitive
to the connections of different halogen atoms.

B. SUPPORT COMPOUNDS

Although there are no trifluoro-methanes in this database, it is the topological
features which are important for estimating the endpoint in this model. Two tetrahalo-
methanes from this module’s database are presented with the estimate report. They
are all non-toxic and their LC,, values are estimated within a factor of two, indicating
good model performance for this class of chemicals. Both of these compounds are
chloro-fluoro-methanes, while the input structure is a bromo-fluoro-methane. This
structural difference is picked-up by the topological descriptors and is reflected in the
estimates of mouse inhalation LC, tor these molecules.

There is only one database compound consisting of a bromo-methane. It is also
presented with the estimate report and is correctly predicted to be relatively non-toxic.
This compound is not as topologically similar to the input structure as the two
aforementioned database compounds, since it is a monohalo-methane; however, in
support of a similar response to the endpoint given a bromine atom versus a chlorine
atom, chloromethane is presented with the estimate report. This compound is
topologically similar to bromomethane and the experimental and predicted mouse
inhalation LG,/ values for these two monohalo-methanes are comparable.

C. SUMMARY

The estimate is based on topological descriptors, and the input structure is
togologically related to two database compounds, whose estimated mouse inhalation
LC,, values are within experimental error of their assayed values. Because of this, and
since there is some evidence that bromo-methanes and chloro-methanes behave
similarly and are well predicted by the TOPKAT program, a moderate level of
confidence has been assigned to this estimate.

16
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TOPKAT (C) 1986-1990 HDI v2.37e 10-27-93 16:57:38 Page 10

ID: MET-2 MF: C-Br-F3

Est of Lc50 ( 2.00 Hr) = 201.1 gm/m3 or 3.2 pph

Overall Mouse Inhalation Lc50 Model

Cross Product

Constant Term 0.000
Atom Specific Kappa Index Order 1 0.430
Difference Cluster MCI Order 3 -1.014
-0.584
Est. of Log(l/Mole Fraction*Minutes) = -0.584
17
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TOPKAT (C) 1986-1990 HDI v2.37G 11-05-93 15:09:57 Page 11

Structures Retrieved From Search of Database
For Overall Mouse Inhalation Lc50 Model

NAME: DICHLORODIFLUOROMETHANE ID: 75-71-8 ACTUAL: -1.36 76 pph 30M
USED: Yes REF: EJTXAZ 9,385,76 PRED: -0.426 481.9 gm/m3 8.9 pph
ID2: PA8200000

\ _u
7\

Structure Number 1

NAME: TRICHLOROFLUOROMETHANE 1ID: 75-69-4 ACTUAL: -.477 10 pph 30M
USED: Yes REF: EJTXAZ 9,385,76 PRED: 0.150 135.7 gm/m3 2.4 pph
ID2: PB6125000

Structure Number 2

18
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TOPKAT (C) 1986-1990 HDI v2.37G  11-05-93 15:09:57 Page 12

NAME: BROMOMETHANE ID: 74-83-9 ACTUAL: 1.323 1.54 gm/m3 2H
USED: Yes REF: 85GMAT -,81,82 PRED: 0.226 19.3 gm/m3 4951.7 ppm
ID2: PA4900000

HL—Br

Structure Number 3

NAME: CHLOROMETHANE ID: 74-87-3 ACTUAL: -.121 3146 ppm 7H
USED: Yes REF: NIHBAZ 191,1,49 PRED: 0.207 3.1 gm/m3 1479.1 ppm
ID2: PA6300000

HL—C

Structure Number 4
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