UNCLASSIFIED

AD NUMBER
AD351275
CLASSIFICATION CHANGES
TO: UNCLASSI FI ED
FROM: CONFI DENTI AL

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Qperational Use; MAY 1964. O her
requests shall be referred to Chem cal Research
and Devel opnent Labs., Edgewood Arsenal, MD.

AUTHORITY

ARDEC/ ECBC | tr dtd 27 May 2009 ARDEC/ ECBC Itr
dtd 27 May 2009

THISPAGE ISUNCLASSIFIED




UNCLASSIFIED

AD NUMBER

AD351275

CLASSIFICATION CHANGES

TO

confidential

FROM

secret

AUTHORITY

31 May 1976 per Grp-3 document marking

THIS PAGE IS UNCLASSIFIED




- -

AD= 351275 J
SECURITY REMARKING REQUIREMENTS
DOD 5200.1=Re DEC 78
REVIEW ON 28 MAY 84



351275

cataLoced By DDC
as AD No.

Copy_-.. of ___Copies

—

SECRET
U. S. Army

Chemical Research and Davelopment Laboratories

Technical Report

~ CRDLR 3213

by
Brennie E. Hackley, Jr.
Chappelle C. Cochrane
Ethel B. Hackley

|

m_’l.'nb;')[b 1Y a;;JLE_

DDCiRA D
EDGEWOOD ARSENAL, MD
Group 3
Downgroded at 12 Year Intervals;
Not Auton:atically Declassified. J1360

CRDL-Pub-42-5-63
SECRET



Defense Daocumentation Center Availability Notice

Qualified requesters may obiain copies of this report from
Headgquarters, Defense Documentation Conter, Attn: TISIA=2,
Cameren Station, Alexandria, Virginia.




CRDLE 3213

SOME CHEMICAL REACTIONS OF BZ {(U)

by
Brenniz E. Hackiey, Jr.

Chsppeile C. Cochrane
Ethel & Hackley

Fhysaology Divizion

Reccmmending Approval

7D

p :".a 49?‘ .‘. _.!3‘»‘5-';‘
v Colonel, MC
Director of Medical Research

Agproved:

-2

[ /,'

5. D, SILVER
Technicat Director

{
{

U. 8. Army Edgewcod Arsenal
CHEMICAL RESEARCH AND GEVELOPMENT LABORATORIES
Edgewood Arsenal, Maryland




UNCLASSIFIED
(U FOREWORD

This work was conducted under Task $T08.03-016-i4, Bio-
chemical Action of Chemical Agents (U}, The experimental data are comtained
10 notebooke MN-1452, MN-1465, MN-1440, MN-1400.and MN. 1587 Tt.
work wae started in March 1981 and completed in April 1962,

Acknowledgiments

The authors wish to acknowledge the technical assistance of
Messre. David E. Remard, Clifford Shiblom, Kenneth E. Stine, aad
Robert L. Green.

Notices

This docoment contains information affacting the national defense
of the United States wihin the meaning of the Espionage Laws, Title i3,
U. 5. C.., sections 793 axd 794. The transmiasion ox the zavelrtion of its
contents in any manner to an unasthorized person is prohiltited by law.

Reproduction of tiis document in «hole or past is prohibited
except with the permisvion of the issuing office;: huwever. BDC is authorized
to reproduce the focament for U. S. Govesnmeantal parprses

Dﬁa&niuon

When this docurment has served ite purpose. DESTROY it 1n
acccrdance with AR 380-5 DO NOT return the document te U. 5. Army
Chemical Research ard Developmaent Laborziories.




CONFIDENTIAL

{Ch DIGEST

A fundarnental study of the chamistry of BZ was conducted lo
assist in probiems that may srise 1n detection, devontamsnalion, biochemiral
mechanism of 2ction, and metabolism. BZ redcts with {2} substitwied pheavi
i3ocyanates ta yisid 2, 4-oxasclidinediones, () nitniles to produce amades
{Ritter resction}. and (c) alkyl halides to give quaterniry ammoniy -~ salts
Analysis of BZ can be accomplished by quaterniration iv acetonitrile
separation of reactants, and assaying spectrally
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SOME: CHEMICAL REACTIONS OF BZ {(U)

{S} INTRODUCTION

tU} BZ is a conmpound that has beean type classified as an incapacitating
chemical agent To assast in the evaiuation of the brological properties of the
agent andprcblemns of manufacture, storage stability, detection, del mtami-
nalion. tucchemicatl mechanism of action, and metaboliem, a fundame, tal

<tudy of the chemistry of BZ has been niade.

31 In the chemical structuze of BZ there are three primary reactiv
snes: fa) the tertiary aleshs! (D) the estar linkage, and {¢) the quinuclidinyl
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nitrogen atom. A survey of the literature (open and classified) on benxilate
ésters Lontaining a tertiary mtrogen :n the B-position of the alechol

moietylo 2, 3,4 ghaws that most attention has been directed to reactions 3t the
tertiary nitrogen, i.e., quaternization and salt formation, while lsttle has been
done orn the direct reactions of the hydroxy! function A considerablis effort
has been expended in these Laborziories on the hydrolytic cleavage of BZ.

The purposc of this reseazch wae to study reactions of the teruary hydroxyt
group as well as reactions specific for benzilate eqters that invei e a bi
functiznal ar two centered attack on the alcohol and ester linkage. la addstron,
sume previously unrepurted qua ernazy salts were prepared as models to assist
1n the analysis and dentifization of BZ and its metabolic products

HH tS) PROCEDURES AND RESULTS.

A. {(5) 2,4 Oxazoildinediones.

{s) One of the clazsic modes of formation of 2, 4-oxazolidinediones
results from the react:;an of an a-hydraoxy esterand an isocyanate to form the




SECRET

corresponding urethane, which is subsequently cyclized by heat or alkaline
catalysta to the requistte oxazoliginedione. 3

0 0
il o i i
RCH-C—OR' -RUNCO, n“ca-c-on-—-—n—clm — C4
i | |
OR o NH-R" o N3_gn
N 7 \ /
il d
o o

{s) in the special case of benzilate esters, the oxazolhidinediones are
formed sphntanecusly, even at low temperatures,‘on reaction with a= ire-
cvanate. © This type of two-centered attack would be specific for benzilate
esters such as BZ. By judiciocus selection of the isacyanate, the N-gsubata-
tuted- 5, 5-diphenyl oxazolidinedione (obtained as a single product) could
possibly be analyzed by {luorescent, colorimetric, infrazed, orother physical

O W,
=\ o Anco, N\

@/ém @fé\zv'l"'

anzlytical means that would provide an unequivacal assay of the benpilate to
the total exclusion of sther metabolic fragments.

C—C=0

5. {U) General Procedure for the Preoparation of
Oxasolidinediones From BZ.

A maxture of ’ gm (0.003 molej of BZ, 0.003 mole of isocyanate,
and 10 ml of dry benzene was refluxed for 1 hr. The cooled benzene solution
was Niltered and the filtrate evapsrated to dryness under vacuum. The residue
crystallized from isopropyl alcochol afforded the uxazolidinedione
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2 (U} Results.
The oxagolidinediones prepared are listed 13 table ! They all
extubit characteriz.e infrared absorptzons in the regions of 5.5 {urethane)

and 5. Ip (amide).

B {8} R:tter Reaction Products

{s) Ratter et 217 reportzd the reaction of nitriles with alkenes or
tertiary alichols 1o form N teatkyl amides The presence of » tertiary
alcoho! group in BZ suggested the possible application of this reaction to BZ.

[ {U) General Proceduse for the Ratter Reaction.

A solution of | gm (0. 003 mole) of BZ and 9.004 mole of mtrile
1n 10 mi of glacial acetic arid was chitled 1n an ice bath and i5 o1 of con-
centrated sulfuric acid added dr?}wase at a rate such that the tempecature
was mainizined detween 5% 10 10°C. The reaction mixtvre wis stirred cold
for | hr and at room temperature for 2 hz  The solutinn was poured onto
crushed ice and nevtralissd with saturated porassium carbopate solution, then
extracted with rbloroform. The extract was dried over anhydrous potas¢ium
carbonate or sodium sulfate anc the solvent removad. The residue was
crystallized from benzene or benzene pctroleum ether (bp 1 10 60°G to
yvield the desired products

*

2 {S} Resulis

Table & lists the Ritter produzts prepared They are colorless,
crystailine solids with definite melting points and show no unusual character-
1stic absorptions upon nfrared analysis

e e e I
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2 (U) Results

The oxazolidinediones prepared are listed in table | They all
exhibit characteristic infrared absorptions i1n the regions of 5 5p (urethane)
and 5. u {amide).

B {83} Ritter Reaction Products

{s) Ritter et ai? raported the reaction of nitriles wath alaines or
tertiary alcohols 1o o form N -alky! amides The presence of a tertiary
alcohol group in BZ suggestrc the possible application of thrs reaction to BZ.

H (U} General Procedure for the Ritier Reaction.

A solution of | gm (0. G603 mole} of BZ and Q. 004 mole of mitrile
in 10 mi of giaciatl acetic acid was chilled :n an ice bath and 13 ml of con-
centrated suifuric acid adged dr?f'mse at a3 rate such that the te upareture
was mamiained between 3 to 10°C  The reaction mixture waa stirred cold
for | hr and at room temperature for 2 hr  The soluti~n was poured onto
crushed ice and neutralized with saturiied potassium carbonate solution, then
extracted with chioroform. The extract was dried over anhydrous potassium
carbonate or sodium sulfate and the solvent removed  The resicue was
crvstalizzed from benzene or benzene petroleum ether {bp 30 to 60 C) to
yield the desired products

Z {8} Results

Table 2 hists the Ritter producis prepared They are coloriess,
crystalline solids with definite meltsng points and show no unusual charucter-

1s%1¢ abscrptions upon inirared analys:s
</ \> ’
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wr Quaternary Ammonium Compounds.

{Ci Whan 2 tertsary base 13 quaternized with an alkylhalide, the
differences in solubility of the salt-like product and the starting materiais
should be sufficient to sllow speciral determination of the base. Several
substituted phenacyi bromide guaternaries of BZ were prepared

i {(C} Genera!l Procedure for Preparation of Quaternary
Salts.

A muxture of | gm {0. 003 mole} of BZ. 0.004 mole of the phenacyl
bromide, and 25 ml of chlorofcrm was allowed to stand at room tem:perature
for 1B hr. The soivent was removed under vacuum and the residuc was
crystallized from cthanol-ether, acetonitrile-ether or ethanol-1,2 dimethoxy-
ethane.

2. {8) Results.

These products, tymcal high-melting crystalline soiids, are
listed in table 3

2 (/ 7\ 0
\ ;:\ R-#-C-CHX P\/\ _/\
/ /o o ;
. '\2{

\—- —/Reg-C-Ci |

— —

D. {C) .bz Acatate,

As part of this overall program, the authors were interested in
preparing the acyiated derivatives of BZ. In thiz connection attempts were
madc to acetylate BZ with acetic anhydride and with acetyl chloride 10 pyri-
dine to no avail. The infrared spectrum of BZ indicates strong intramolec-
ular, ur intermolecuiar hydrogen bonding, which is absent in its aalts. The
nonreactivity observed with the ususi acetylating reagents may be due to this
bonding as well as to steric factors. Thus, treatment of the p-toluenzsul-
fonic acid sxit of BZ with isopropeny! acetate afforded the acetate quite
smoothly.
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TABLE }

PHENACY L BROMIDE QUATERNARY SAL1TS OF B8Z (C]

i Carbon Hydr. en
Alkyl hatice Melting -
point Calculated|Found{Calcuizicd Founs

AR ST - N PRIt ~2 s TR

°c % %

p-Phenylphenacyt bromide|214-215] 92 68 &8 | 68 @
p-Nitrophenacyl brom:des |190-1911 99 %9.9 58,3
p- Bromophenacy} bromude} 70-175] 90 56.6 56 6 |

# -Naphthacyl bromide 220-224] 93 67,7 l 67 5 L

-

A maixture of 2 gm {0 0039 mule) of the p-toluenesuifonic aczd malt
of BZ, mp 180° 15 182°C, 20 mi of 1sopropenyl acetate and a few crystals of
p-toluenesulionic ac1d was reiluxed; acetone was distilied off siowly over a
perind of 5 hr. The mixture was homogeneous at this tyime. The excess
1sopropenyl acetate was removed under vacuum and the residue made alkahine
with coid saturaied peizssium carbeonate solution. This was extracted with
ckloroferm, dried over anhvdroug scdiain sulfate, and the solvent removed
under reduced pressarye  The residue was refluxed with diethyl ether, filtered.
and cooled to roum temperature, it vielded 0 68 gm. 44 5%, of the acetate,
mp 121° 1o 123°C.

Calculated: C, 72.8;, H, & 6%
Found. €, 72.7 H, & 7

E. {{)} Spectrophotometric Determination of Smail Quantsizes of BZ

p-Bromophenacyl bromide reacts readily with BZ 1n acesomtrale
forming 2 guaternazy salt. Since quaternary saits have reiatively hugh solu-
tility inwaters, one may separate the product {from reactants and thus determane
the amoun! of terary amsne onygiraliy present. A piot of absorbancy veraus
concentration foifows Beer's law. Detailed procedures for the determination
of BZ 1n {a) acetomitr ‘e, (b) water, and {c) :n human whole blocd follow,
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Reagents: Recrystallized p-dromoohenacyl bromide. spectre-
Rgrade scesgnitrite, <hloraferm, GP, 6 1 M tristhydroxymethyllaminomethane
(tris) buffer (pl 8.5). cyclohexane, and BZ.

i {C} Determination of BZ in Acetonitrile.

(<) To 0.1 ml of 10" M solution of p-bromophenacyl hromide in
acetomitrile 1n a glass-stoppered bottle is added | to 40 ug of BZ dissolves

in 1 ml of acetonitrile. The sclution 12 mixed and heated in a 53(°9C wea: ¢
bath ifor 10 min After cocling the solution to room temperature 2 ml of

0.1 M KC! and 5 ml of cyciohexane are added and the mixture 1s mechanically
shaken for 5 min. A portion of the agueous phase is read spectropholo-
metrically at 265 mu and the adherence to Beer's law demonstrated (table 4,
figure 1),

w TABLE 4

DETERMINATICN OF RZ IN ACETONMITRILE

BRZ ‘ Absoroancy?

0

i
i

¢ Average of five determinatiuns

2. {C} Determination of BZ in Agqueous Solutions.

{C) To 2-m} aqueous solutions of BZ (5 tc 49 ugi are added 9.2 m!
of trie buffer (pH 8.5) and 3 ml of chloroform. The mixture 13 shaken
mechanically for 3 min and the aqueous layer removed. An aliquot of the
chiciroform layer is air evaporated and the residue dizsoived in 1 ml of
acetonitrile. The analysis is then made in the manner reported above (E. 1.}
{table 5, figure 2}.
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FIGURE |
DETERMIRATION OF BZ IN ACETONITRILE
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() TABLE 5

DETERMINATION OF BZ IN AQUEQOUS SOLUTIONS

Abscrbancy?

 ~4
=l w
ar‘

At = O
o
w N

iC.
12

% Average of five determinations.

[V~ TR~ RY O V)
covapree

3. {C} Determination of 3Z in Huaan Whole Blood.

{3 To ! mi of human whole hlood is added a l-ml aqueocus solution of
BZ. The mixture is diluted to 7 mi and thoroughly mixed. Cone msilliliter of

50% ZnSO,4 15 added, mixed, and followed by I miof 6.3 N Ba(OH)Z. Chlors-
form {10 ml) 1s addad and the mixture is shaken mechanically for 10 min. Iz

1s then transferred to & glass-stoppered centrifuge tube and spun at 2300 rpm
for 10 min. A 4-ml aliquot of the chjoroform {ayer is air evaporated and the
analysis performed in acetonitrile as above (latne &, ficare 3}

(v IABLE &

DETERMINATICN OF BZ IN WHOLE BLOOD

BZ Absorbancy®

g2

148

23¢

. 280
. 317
; . 358

10. . 478

& Average of four determirations.
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FIGURE 2
ARALYSIS OF BZ IN AQUEOUS SOLUTIONRS
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HI. (C) COWCLUSIONS.

A fundamenial study of the checnistry of BZ was conducted to
assist in problems that may arisc in detection, decontamination, biochem:cal
mechanism of action, 2ad metabolism. BZ reacts with {a} substituted phenyl
120cyanates to vield 2, 4-oxazxolidinediones, () nitriles to produce amides
{Ratter reaction), and (c) alkyl halides to give quaternary ammonsum -1its.
Analysis of BZ can be accomplished by quatermization in acetonitrile, :iepara-
tton of reactants, and assaving spectrally.
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