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To determine if a causal relationship existed between the occasional incidenc
of agranulocytosis in subjects receiving dapsone (DDS) and the amount of sulfone
contaminants in DDS tablets, we compared the l evels of these compounds and DDS in
seve ral lots of tablets returned from overseas with the levels in the same lots
that had been stored in U.S. depots.

Spectrophotometric , thin—layer chromatographic (TLC~ and high—pressure liquid
chromatographic (HPIC ) procedures were used to determine DDS and sulfone contami -
nants both in DDS tablets and in  DDS standards . Contaminants were identified
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20. Abstract  (Continued )
by comparison of their mass fragmentation patterns (MFP ) with those of authentic
samples of four isomeric diaminodiphenyl sulfones and 14 derivatives.

Six diphenyl sulfone (DS ) contaminants were identified as 4—amino—4 ’-chloro—DS

(I), 4—amino—DS (Ii), 2,4’—diamino—DS (III), 4—amino—4 ’—tnethylamino—DS (Iv), 3,4’—
dlamino-DS (v), and 4-amino—4 ’-hydroxy-DS (VI). The highest total sulf one contami-
nation found in any tablet lot was 2.21g. Four lots of tablets selected for poten-
tial clinical use were found to conform to U.S.P. specifications . However, they
also contained the contaminants listed above. The sum of I, II , I I I , and VI was l.
to 1.9% of the total sulfones present in addition to trace quantities of IV and V.

Photodecomposition studies of DDS in organic solvents revealed that the rate 0:
disappearance depended on concentration, solvent, and the method of analysis. The
high rate of loss in ethylene dichloride resul ted from the effect of (a) products
from the irradiation of the solvent and (b) direct photodecomposition of DDS. Pre-
irradiation of ethanol or water did not cause decomposition of DDS. Photodecompo—
sition rates of DDS in ethanol and ethanolic extracts of DDS tablets were the same.
No relationship was found between the storage history of tablets and the rate of
photodecomposition . Saturation of ethanol with 02 or N2 had no significant influ-
ence on the photodecomposition rate of DDS. HPLC of irradiated ethanolic solutions
of DDS revealed a major peak, identified as 2—amino-4’—nitro—DS by its chromato-
graphic properties and MFP. It accounted for 25 to 50% of the DDS lost during ir-
radiation . In water, the photodecomposition rate of DDS was ten times faster than
that in ethanol . Two peaks were found by HPLC ; the major one was identified by its
MFP as 4—amino-4’— (2—phenylhydrazino)—DS. The minor peak exhibited the same parent
ion and was considered to be an isomer. Rates of disappearance (Tfl of DDS in
water were essentially the same for analytic DDS or aqueous or ethanolic extracts
of tablets. They ranged from 0.23 to 0.58 hr (10 ..g/ml ), 1.6 to 2.5 hr (100 i.Lg/ml ),
and 3.2 to 4.6 hr (170 J.g/ml). Shorter T~ values were obtained in aqueous solution~
purged with N2, suggesting that removal of o2 resulted in more rapid photodecompo-
sition . No autocatalytic decomposition of DDS was observed in aqueous solutions of
DDS or aqueous extracts of DDS tablets that had been irradiated for sufficient time
to cause a 5O_7O~ loss of DDS and that were subsequently stored at 4° or 37° for up
to 35 days.

The absolute light intensities of the ultraviolet lamps used for photolysis
studies were determined with the chemical actinometer, potassium ferrioxalate.
Studies with this light—sensitive compound showed that the intensity of lig ht in
the sample chamber of the fluorometer was 7.91 x 1016 quanta cm 2 mm —’. When thin
layers of DDS or tablet extracts  were prepared on glass slides f rom ethanolic solu-
tions or slurries and irradiated with light (254 mm) of th i s  in tens i ty,  5 and 50 p.g
disappeared at rates of 3.2 and 0 .5% hr ’, respect ively.  However , when t h i n  layers
of 5 ~g of analy t ic  DDS were prepared f rom water and irradiated, the disappearance
rate decreased to a significantly lower value of 0. 7% hr ’.

One photolysis product from irradiating solid DDS was identified by TiC, HPLC,
diborane reduction, and i ts  MFP as 4 -amino—4 ’ -formamido-DS . This compound ác-
counted for 0 .8— 1.3% of the unrecovered DDS in 50 ~g irradiated fo r  16—64 h r ;  l ayer
deposited from aqueous or ethanolic solutions yielded the same results. The MFP
of a second product before and after trimethylsilylation suggested that it was the
formamide derivative of DDS (4—N112 ’.-4’—ureido—DS).
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To determine if a causal relationship existed between the occa-
sional incidence of agranulocytosis in subjects receiving dapsone (DDS~
and the amount of sulfone contaminants in DDS tablets , we compared the
levels of these compounds and DDS in several lots of tablets returned
from overseas with the levels in the same lots that had been stored in
U.S. depots.

Spectrophotometric , thin—layer chromatogra phic (TLC~ and hi gh—
pressure l i qu id  chromatographic  (HPLC~ procedures were used to deter-
mine DDS and sul fone con taminan t s  both in DDS t ab l e t s  and in DDS
standards . Contaminants were identified by comparison of their mass
fragmentation patterns (MFP ) with those of authentic samples of four
isomeric diaminodiphenyl sulfones and 14 d e r i v a t i v e s .

Six dipheny l sulfone (DS ) contaminants were identified as 4—
amino—4 ’—chloro—DS (I), 4—amino—DS (II~~, 2,4’—diamino—DS (iii), 4—
amino—4 ’—methylamino—DS (IV) , 3,4’—diamino—DS (‘h , and 4—amino—4 ’—
hydroxv—DS (Vi ’). The highest total sulfone contamination found in
any tablet lot was 2 .2~~. Four lots of tablets selected for potential
clinical use were found to conform to 1~.S.P. specifications . However,
they also contained the contaminants listed above . The sum of I, II ,
I I I , and VI was 1.1 to 1.9~ of the total suliones present in addition
to t race quantities of IV and V.

Photodecomposition studic~ of DDS in organic solvents revealed
that the rate of disappea rance depended on concentration , solvent , and
the method of analysis . The high rate of loss in ethylene dichloride
resulted from the effect of (a’) products from the irradiat ion of the
solvent and (b’) direct photodecomposition of DDS . Preirradiation of
ethanol or water did not cause decomposition of DDS . Photodecompo—
sition rates of 1)DS in ethanol and ethanolic extracts of DDS tablets
were the same . No relationship was found between the storage history
of tablets and the rate of photodecomposition . Saturation of ethanol
with O~ or N., had no significant influence (In the photodecomposition
rate of DDS . IIPIC of irradiated ethanolic solutions of DDS revealed
a major peak, identified as 2—am ino—4’—nitro—DS by its chromato—
graphic properties and MFP. It accounted f o r  25 to 5O~ of the DDS lost
during irradiation , in water, the photodecomposit ion rate of DDS was
ten t imes f a s t e r  t han  tha t in e thano l . Two peaks were found by HPLC ; —

~~~~

the  major  one was i d e n t i f i e d  by its MFP a~ 4—amino—1 ’_ (2_phenylhy_
drazino)—DS . The minor  peak ex h ib i  ted  the same parent  ion and was ‘ , - Ii V

considered (( 1  be an isomer.  R a t e s  ot’ disappearance (T~~ of ODS in 
,

w a t e r  were e s s e n t i a l ly  the same fo r  a n a l y t i c  DDS or aqueous oi.
e t ha nol i c  cxt  rac t s  of t able t s . They  ranged f rom 0 .23 to 0 .58 h r
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(10 ~g’ml ), 1.6 to 2 .5 h r (100 ~ig /ml ) , and 3. 2 to -1 .6 hi’ (170 ~ g /rnl ’) .
Shor ter  T~ values  were obtained in aqueous solut ions purged w i t h  N 2 ,
suggesting that removal of 02 resul ted in more rapid photodecompo—
sition . No autocatal ytic decomposition of DDS was observed in aqueous
solutions of DDS or aqueous extracts of DDS tablets that had been ir—
radiated for sufficient time to cause a 50—70~ loss of DDS and tha t
were subsequently stored at 40 or 370 for up to 35 days.

The absolute lig ht intensities of the ul traviolet lamps used for
photolvsis studies were determined with the chemical actinoneter,
potassium lerrioxalate. Studies with this light—sensitive compound
showed that. the intensity of light in the sample chamber of the fluor—
ometer was 7.91 X 1 0 i G  quanta cm 2 min ’. When thin layers of UDS or
tablet extracts were prepared on glass slides from ethanolic solutions
or slurries and irradiated with light (254 nm’) of this intensity, 5
and 50 ~.g disappeared at rates of 3.2 and 0.5~

’ hr ’, respectivel y.
However, when thin layers of 5 ~g of analytic DDS were prepared from
water and irradiated , the disappearance rate decreased to a signifi-
cantl y lower value of 0.7-~ hr~~ .

One photolysis product from irradiating solid DDS was identified
b TLC, HPLC , diborane reduction , and its MFP as 4-amino—4’—formamido-
DS. This compound accounted for 0.8—l.3~ of the unrecovered DDS in
50 ~g irradiated for 16—64 hr; layers deposited from aqueous or
ethanolic solutions yielded the same results. The MFP of a second
produc t before and after t rimethvlsil ylation suggested that it was
the forutamide derivative of DDS (1—N 1I 2—1’—ureido—DS).

H

rn --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~.—-- .-~~~~---



- -~ 
.- -..—,..-‘ .-- . . .  --- -~~-~~~-=~ ~~~~~~‘:‘~ -~~~~~~~~~~

- ‘ —-- - — - -.- --- ‘ - - - - - - -—-
~~~~~~ ---~~~~~~~~ ~~~~~~~ ~~~~~~~~ -~~~-- .-~.

—---- -- 

-

CONTENTS

DDS FORM 1473 3

SUMMARY 7

INTRODUCTION AND BACKGROUND 11

MATERIALS AND METHODS 13

Preparation and Use of the Chemical Actinometer Potassium
Ferrioxalate 13

Mass Fragmentation Patterns of Diphenyl Sulfones 19

RESULTS 27

Studies on the Possible Autocatalytic Decomposition of DDS
in Water 27

Tests on the Stability of DDS in Pre—I rradiated Water . . . . 2f)
Studies on the Ultraviolet Irradiation of Solid DDS 32
Isolation and Identification of Photolysis Products 41

REFERE NCES 45

DISTRIBUTION LIST 47

TABLES

Num ber Pa ge

1 Degradation of the Actinometer K3Fe(C2O4)3 by
Ultraviolet Light 16

2 Degradation of the Actinoineter K3Fe(C 2O4)3 by
Visible Light 18

3 Major Fragments Found by Mass Spectrometry of Isomeric
Diaminodiphenyl Sulfones 22

4 Fragmentation Patterns of Substituted 4,4’—Diamino—
diphenyl Sulfones 23

5 Fragmentation Patterns of S u b s t i t u t e d  Diph enyl  Su lfones  24

9 

-.~~~~~~ -- ‘--- .--- -- ~~~ -- ~~~~~~~~~~~ -- .  ~~~~~~~~~~~ ‘ - -~~~~- - ~~~ - - ~~~~~~~-- -~~~~~ - - . -



TABLES (cont inued )

Number Page

6 St-ability of DDS in Water at 40 Following Irradiation 28

7 S t a b i l i ty  of DDS in W a t e r  at  370 Fo l lowing  I r r a d i a t i o n  30

8 Effect of Pre—I rradiation of Water and Storage on the
Stability of DDS Solutions 31

9 Recovery of Analytic DDS from Glass Slides Before and
After Irradiation (Application from Ethanolic Solution ’) 33

10 Recovery of Tablet DDS from Glass Slides Before and
After Ultraviolet Irradiation 36

11 Recovery of Anal ytic DDS from Glass Slides Before and
After I rradiation (Application from Aqueous Solution ’) 39

FIGURES

Number

1 Absorpt ion Spectrum of Potassium Ferr ioxala te  in
0 .1 N H., S04 15

2 Mass Fragmenta t ion  Pat tern  of Diaminodiphenyl Sulfones 20

3 E f f e c t of U l t r a v i o l e t  I r r ad i a t i on  of 5 ~ g and 50 ~~ DDS
on Glass Slides 34

.1 Effect of Ultraviolet i rradiation of 5 ~g and 50 ~g DDS
from Lot 111CC on Glass Slides 37

5 Effect of Ultraviolet Irradiation of 5 tig and 50 ~g DDS
from Lot 590CD on Glass Slides 38

6 Effect of Ultraviolet Irradiation on Solid DDS Applied
to Glass Slides by Evaporation of Aqueous Solutions , , .11)

10



I NTRODUCTION AND BACKGROUND

I
The purpose of these studies was to determine the contents of

dapsone (4;4’—diaminodipheny l sulfone , PBS) and closel y related t race
chemical contaminants in pha rmaceu t ica l  p repara t ions  of liDS employed
previousl y for prophylaxis against malaria . The rx~ed for such in-
formation was based on the possibilit y that some contaminant in the
DDS prepara t ions used for mass prophylaxis of m ilitar y personnel in
V i e t n a m  may have been responsible for the development of agranulo—
cytosis in a numbe r of sub j ec t s , w i t h  f a t a l  outcome in e igh t  persons~ ,,,~

As pointed out in greater deta il prcviouslv~ othe r antimalarial
drugs or drug combinations used earlier have never produced agranulo—
cv to s i s . Also , inadvertent ret reatment with DDS in Japan of a patient
who had recovered f rom an episode of DDS—induced agrinulocvtosis in
Vietnam did not again cause this effect. This observation would seem
to rule out an i d i o s y n c r a t i c  response to DDS . ‘l’he ag r a n u l o cv t os i s  in
this patient could have been due to some contaminan t unique to the
DDS used in Vietnam that resulte from the intense heat and hig h
humidity characteristic of the tropical climate there .

Other cases of DDS—induced reversible agranulocvtosis have been
reported in Vietnam 3’4 and in other parts of the world~ Thus , this
toxic side effect of DDS therapy is not exclusive to Vietnam , althoug h
no cases with fatal consequences have been reported elsewhe re.

Our interest in the problem of measuring trace contaminants in
DDS p repa ra t ions  began when we learned t h a t  chemis t s  a t  SRi had shown
that a pha rmaceutical preparation of l)DS con ta ined  sina i 1 amounts of
several sulfone derivatives closel y related to  DDS~ We obtained
analytical samples of t hese d e r i v a t i v e s  and established procedures
for their qualitative (let ect ion and quantitative measurement . These
methods were applied to DDS p r e p a r a t i o n s  used by us as standards and
t o pha nnaceut ical  prepa ra t ions used by our cli nical col 1 abora tors for
t reatment of leprosy p a t i e n t s  t h r o u g hou t the  world~

The sulfone contaminants found by the SR I chem i s t s  in one lot of
commercial DDS ( S t e r l i n g  Wi n th rop  Research I n s t i t u t e , Lot 8L—2223 ~ we re
identified as t —amino—4 ’ —chlorodiphenvl sulfone (I ‘I , 4—aminodiphcnv l
su l fone  ( i i  ‘1 , and 2 , - I ’  —dia minod i phenyl  sulfone (III ‘) . i n  four pharma-
ceutical and two commercial preparations of DDS , we did not de t e c t
C (Impound I ‘~ Relative t o the amount of DDS, we found in t he commercial
prepa rat ions 0 .70 to 2 .7 ‘

~ of Compound II and ~ 0 .05 t o 3 .3 ‘~ of C ompound
I II ; and in the pIta rmaceut i cal prepa r a t i o n s . 0 .27 t o  1) , ) - ~

‘ of ( olt ipound
II and 0.16 to 0.Hft~ of Compound III.

La tet’, we exam i ned t W I )  add it i onal DDS prepa i’a t ions . ‘t h e  f i i’s t • an
Imperial C h e m i c a l  I ndus t ri es pha rmaceut i cal  preparation being used by

11 r ’
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a clini cal (‘01 laborator , Dr. D . El izondo of San Jose , ( o S t  a Rica ,
ielded 0. t 5 ’

~ of Comp ound ii and t).t)4 3 of Compound I I I  but ‘- - 0 ,02~~ of
Compound 1 . [‘hose results essentiall y agreed wi t h l e v e l s  (If these
mat e n a  is found earl iei. in anothe r samp le from this manufac t urer t hat

was obta ined from Dr. L. lev~~, USPIIS Hospital , San Francisco~

The second sample was a pharmaceutical p repa ra t ion  (Pa rke—Davi s ,
Lot No. GFJ751 , Septembe r 1966) kindly supplied to us b y D r .  R.  S.
Rozman , WRAIR. ‘(‘his materia L was found to contain Compound I to the
extent of 0.27 ~ relative to DDS content (96 ’t of theory ’). It also con—
a m e d  I . t)~ of Compound I I  and 0.39 ‘~ of Compound III

Also, we subsequently learned that Lofberg a t WRA IR 8 had q u a l i t a —
tivelv identified ‘I —amino—4 ’ —hydroxydiphenyl sulfone (Compound V I’) in
add it ion to Compounds I , I I  , and Il I in some tablet prepa rat ions of
DDS . However, no quant itative data were available. Our application of
Lofberg ’ s t h i n — l a y e r  chromatographic  (TLC procedure to the two DDS
preparations described above yielded weak ultraviolet (UV’)—absorbing
spo t s a t R f 0.39. An authentic sample of Compound VI prepared at SRI
f o r e a r l i e r  s tu d i e s 9 e x h i b i t e d  an R 1 of 0 .33 . Wi thou t  f u r t h e r  s tud ies ,
we could not be certain that Com pound Vi was present in the prepara-
tions we examined , but Lofberg ’s finding of t h i s compound i n six dif-
ferent lots (same manufacturer’?) is strong evidence tha t his observa-
tions are valid. In addition , he also found the same contaminants in
DDS before admixture with fillers and compaction into tablets . These
observat ions indica te  t h a t  t h e  impurities are in the manufactured DDS
and are not introduced by the excipients or in the  process of preparing
the table ts .

Our major emphasis in this work has been on comparative qualitative
and q u a n t i t a t i ve  analy ses  of samples of the same lots of DDS tablets
that have been retunle(l from overseas and that were stored in U .S.
depots. B these comparisons, we examined the possibility that the
ag r a n ulocv to s i s  observed overseas was a t t r i b u t a b l e  to c o n t a m i n a n t s
un ique to those sam ples of DDS t a b l e t s .

Fol lowing the  above i n v e s t i g a t i o n s, we examined the effects of
I V  irradiation on analytic DDS and DDS from tablets in various solvents
and in tim e solid s t a t e  to determine the rates of photodecomposition of
DDS and t he products produced t he ref rots .

‘l’his I inal report covers in detail only the  woi’k of the thi i’d con—
m’act year. Results obtained in t lie firs t two years have been reported

previous1y~ °, ~

The primary means of identifying contaminants i n anal v tic BPS and
in  DDS t a b l e t s  was ma~~ spec t roscopy . This technique was also used to
ide n t i ~ v compounds found in I)DS samples subjected to tV i rrad ia t ion in
he s~~l (I s t a t e  ot ’ if l  i’t hanol i c or aqueous sol ut ions . An e x t e n s i ve

i i bra rv o F i i ; , i  ss t’ ragmen tat ion pat t em s  was accumulated during t he
proj i ’m’  I , and a i4 (’(’ t ~ Oil has been i uc 1 uded that gives a mie t a ii ed suinma r
ot  the t e st i l  I s .

12
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MATERIALS AND METH ODS

Preparation and Use of the Chemical Actinometer P o t a s s i um  F e rn i o x a l a t e

To evaluate the stability of tile UV mercury lamp (General Electric ,
N o .  G4T4 1’) used in our photolysis studies , we had periodicall y measured
the fluorescence of a standard solution of quinine su1fate~ ’ Because
these determinations did not give a measure of the light intensity at
254 nm, which is tile major emission wavelength of t h i s  lamp,  we de-
termined the absolute intensity by using the chemical actinome ter,
potassium ferrioxalate [K 3FC(C204’)3i . Several chemical actinomneters
are available to measure the intensity of lig ht , but potassium fermi—
oxala te, as described by Parker’2 and Hatcha rd and Parker~

3 is simple
to use and has yielded results comparable to data obtained with the
standard themmopile—galvanometer system .

Potassium ferrioxalate is light—sensitive . When irradiated with
light varying in wavelength from 200 to 500 nm , it degrades according
to the following equation :

21,Fe(C204 ’)3 j
3 + liv -* 2 Fe(C204) + 311C 204j

2 + 2 CO2 . (1)

The ferrous ions formed (‘an be readil y determined colonimetricallv lw
measuring the absorption of the complex they form with 1 ,10—phenanthro —
line . Then the percentage of degradation (If the actinometer can be
calculated by reference to a standard curve for ferrous ions prepa red
from ferrous sulfate. Over the 200— to 500—nm range of wavelengths ,
the quantum efficiency falls from 1.25 at 254 nm to approximately 0.9
at 500 mm . Thus, for each quantum of li ght absorbed by the actinometem
at 254 nm, 1.25 ferrous ions are formed , whereas only 0.9 ions are
formed per quantum at 500 mm . To summarize , the following factors
make potassium i’crrioxalate a reliable general —purpose chemical acti—
nometer ’2 ’’3 : the sli ght decrease in quantum efficiency over the
wide wavelength range, the minimal  influence of small temperature
changes on the quantum efficiency , the constant rate of degradat ion
throughout the range of 0.02 to 72’~ decomposition , the f o rm a t i o n  (If
reaction products tha t do not significantly absorb the incident li ght .
and the sensitivity of tile ferrous ion determinat ion .

To prepare the ferrous sulfa te calibration curve , we mixed 1.5 ml
of 0.5 to 3.0 X iO~~ M ferrous sulfate in 0.1 N H2S04 with 0.5 ml of a
solution that was 1.8 N with regard to sod ium acetate and 1.1 N with
regard to H2S04 and contained 1.0 mg of l,lO—phenanthroline per mil l i—
liter. The color was allowed to develop for 30 m m  at rooms tempera—
lure , and the absorbance of each solution was determined at 510 mm .
To utilize the full range of the spectrophotometer (3.0 absorbance
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unitS • We i’edtit’e~1 t ime vol titiie 01- terrous simi fate f r o m  3 , I )  ml (as de —
sci’ m bed by flat m liii i’d and 1~i i’kC’ 1’~ ~ I I )  1 .5 ml , as des c ri bed above . The
i -a I i  bra t ion cu i’ve was nonl incas.  a hove 1 .0 a hsorbancv uni t s if 3 .0 ml
of f c r m ’o i m s  sul t a t e  were  used , whereas  it was linea r over t he  en t i r e
absoi’bance range i f  1 .5 iii were  used . The s e n s i t i v i ty  of t h i s  m o d i f i e d
rue t hod s as 0.006 0.001 (sn ’) abs orllaflce t h u  t s per flanohllol e 01 ic rrous
sulfate , w ith a c o e f f i c i e n t  of v a r i a t i o n  of 2 . 1

Wi’ prepa red t h e  pot assiuni  f e rr i o x a l  a te by t h e  met hod di s c  ri bed by
Pam,ker~~

i Because this actinomimetor is light—sensitive , all the s t e p s
for its preparation and crystallization were carried out in a }1h1 )tI )—

~ i ’aphic da rk room under  a s a f e l i g h t  ( W i ’ at t e n  S m i l e s  613). Alter three
c ry s t al l i z at  ions f ront w a t e r , green c r y s t a l s  of p o t a s s i u m  i er r i o x a l a te
were o b t a i n e d  t ~a t decomposed over  a range oi’ 23i) t o  240 0 ( 1 i t  era t ure
decomposit ion temperature , 23O 0’)1~

1 Tile produc t , dissolved in 0.1 N
H9S04, exhibited the tV—visible spectrum shown as the solid line in
Fig ure 1. The bi ’oken l in e  in F igure  1 is the spectrum of t h i s  C o r n —

- 
1 pound reported b~’ Pa rker~ 

2 As shown , the  spec t r a  arc essent f a l l  y
- 

- ident  ica l  f ron 200 to -I 5(1 nm .-n
We stud ied the effect of UV i rradiation of the actinorneter tinder

var ious  illumina t ion conditions . We prepared the  a ct i n o m e t e r  s o l u t i on
by dissolving time K 3Fe (C,04 ’), in 0.1 N H 2 S0 4 to make a f i n a l  s o l u t i o n
that was 6.78 X 1t)~~ ~l (tile solution was prepared in the darkroom and
stored in glass bottles in the dark , Aliquots of 4 ml were irradi-
ated in ii) x 75—mm quartz tubes situated 3.5 cm from an unfiltered

- 
- 4—watt low—pressure mercury lamp ~General Electric , No . G-IT 1 1’) in t h e

Turner Model lit) iluororneter. This lamp emits 95~ of its energy at
254 mu . At various times , the quantity of ferrous ions formed was
determined in 1.5 nil of the irradiated sample liv the procedure
described above for the ferrous sulfate standard curve. We a l lowed
the ferrous—phenanthroline color to develop in the  dark to  prevent
further degradation of the actinometer. To correct for the degrada-
tion caused by stray li ght during tile processing of the samples , we
determined the ferrous ion content of unirradiated samples subjected
to the same handling procedures and subtracted tile value from the
experimental samples .

Table 1 presents the t o t a l  nanomnoles of ferrous ions formed , the
rate of their formation , the percentage of degradation of the acti —
nomneter , and the rate of its degradation . Trials 1 and 2 were per-
formed on different days and after the lamp had been on for 40 t w i n .
The rate of formation of ferrous ions during the 20—twin i rradiation
period was 30.4 and 28 .5 n~ioles twi n ’, respectively : the rate of
degradation of the actinom€ter was 0.112 and 0.105-’: ni in ’ , respec—
lively , for Trials 1 and 2. The stability of the lamp when it was
operated cont inuousl v F o’ s,’ve m’a I hours is shown by tile results in
‘r r i a 1 3 . After 2t; hr of con 1 i nu ous opera t ion, t he rate of f orma t ion
of ferrous tons was 2~ , 1) rmmoles tw in  —m , and the rate of degradat lOfl  of
t h e  act j n o , i l et er  was 0 . 11) 7 : min~~ these values are nearly identical
1 )  I hose ol it  .m t i l ed when  I lie l imp W as  opera ted tom’ short pen ods . I n  t h e

i i
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f i r s t  three  t r i a l s, the aper ture  of illumination between the , sample

and the lamp was 9 .6  mm 2 . This  area was increased to 301 mm 2 in
Trial 4, and the irradiation times were one—tenth those of the first
three trials. The rate of formation of ferrous ions increased ap-
proximately 17—fold , to 496 nmoles twin ~~ j

, with a similar increase in
the rate of degradation of the actinometer to 1.83% twin

_i . This lat—
ter aperture setting is the one that we have used for all our irradia-
tion studies on DDS, both when it was in solution and in the solid
s ta te,  In all four t rials, the linearity of the rate of the photo—
is-tic reaction was shown by the fact that the correlation coefficients
of the linear regressions of time versus nanomoles formed or percentage
of degradation were equal to or greater than 0.9998, In addition , the
coefficients of variation for all rates were equal to or less than
2.9~~.

¶ Table 2 shows the effect of visible light on the actinometer solu—
tion . We obtained these results by exposing 6.5 ml of the actinometer
solution in a quartz tube (10 x 75 mm) on a benc h top in a laboratory
illuminated by 24 40-w fluorescent lamps (Sylvania , No. F4 OCW) . The m i n i m u m
distance from the plane of the fluorescent lamps to the sample was 156 cm.
Under these conditions , the rate of ferrous ion formation (34.4 nmoies min ’

~~)
and the rate of actinometer degradation (O.l44~ min’~~) were very similar
to the results  obtained f rom the f i r s t  three t r i a l s  (Table i ) ,  The rela-
tivel y large surface area of the quartz tube exposed to the visible irra-
diation and the combined wattage of the lamps probably account for the
similar photol ysis rates.

The i n t e n s i ty  of the incident l i g h t  in terms of quanta  per u n i t  of
time is quantitated frc-m the equation :

N p  (2 ~

~Fe t (l_lO _€ LA~ L)

where Np is the number of ions of product formed during time (t~ in min-
utes ; 

~Fe 
is the auantum efficiency of the actinometer at the wavelength

used ; and (l_lo ~~~C~~J~’) is the fraction of the  inc ident  l i g h t  absorbed liv
the actinometer. In this term , € is the molar absorptivitv of the acti—
nometer at the  wavelength  used ; LAI is its molar concentration ; and £ is
the light path in centimeters .

The published valuet 5for 
~Fe 

of potassium ferrioxalate at 254 mm is
1.25. The value for e at 254 mu determined experimentally was 3407 ~Fig—
ure 1); [A was 6.78 X lO s, and £ was LO cm . Using these values , t h e

exponential term 1o cLi~J~ equals 10 23
, yielding a value of l_ i0_ 23 or 1 ,

for the fraction of light absorbed . As stated previously , potassium fer—
rioxalate absorbs essentially l00~ of the incident light . Thus , if Np is
expressed as the number of ferrous ions formed per minute , the denomina—
ton of Eq, (2) equals 1.25 ,
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Table 2

DEGRADATIO!’ OF THE ACTINOMETER K3Fe(C204)3 BY VISIBLE LIGHT

Irradiation Time (min)a
Parameter Mean ± SE

10 20 30

Nanomoles Fe (II) 360 651 1041 —

formed

Nanomoles Fe ( I I )  36.0 32.6 34.7 34. 4 ± 0.99
formed/m m

Percent degradation 1.50 2.71 4.34 —

Percent degradation/mm 0.150 0.136 0.145 0.144 ± 0.0040

a
Approximately 6.5 ml of 6 X 10’~ M K 3Fe(C204)3 was exposed in a quartz
tube (10 X75 mm ) on a bench in a laboratory that was illuminated with
24 40-watt fluorescent lamps (Sylvania No. F4OCW).
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In Trial 1 of Table 1, the rate of formation of ferrous ions was
30.4 nmoles min ’. Using Avogadro ’s constant ol 6.02 x 10 23 molecules
per mole , ~‘e calculate that 1 ,83 X 10~~ ferrous ions were formed per
minute. I~ then equals 1.83 x 1016 divided liv 1 .25, or 1.46 X 10~~
quanta min ’. The area of exposure was 9.6 mm 2

, or 0.096 cm 2 , yielding
1 .52 X 10~ ’~ quanta cm

2 min t .

In Trial -1 of Table 1, the aperture area was increased approximately
30—fold to 301 mm 2

, or 3.01 cm
2 , and the rate of forma t ion of ferrous ions

was 496 nmoles min ’. Using  the same calculations as above, we obtai n
2.98 X l0~~ ferrous ions formed per mm , 2.38 X 10~~ quan ta min ’, and
7.91 X 1016 quanta cm 2 min t . These results in (licate that at the larger
ape r tu re  the  I~~ was a pprox imate 1~ - one—ha l f  that obtained using the small
aperture . This probably resulted f rom t he va ry i ng  i n t e n s i t i e s  of l i g ht
that struck the sample when the larger aperture was used . Parker’2 found ,
by means of a traversing micro slit , that variations from the mean ir ’en—
sity f or a 35 X45 mm aperture ranged from abou t 1.5 times the mean at the
center to about 0.5 times the mean at t h e  edge of the aperture . Parker re-
ported that the mean intensity of time l25—W mercury lamp situated 18 cm
from the actinometer solution was 2.4 X lO i7  quanta cm 2 min t . Numerous
fac to rs  con t r ibu te  to this parameter; nevertheless, under standard cond i-
tions, the ferrioxalate actinometer can serve as a useful standard to cal—
ibrate light sources throughout the ran ge of 200 to 500 nm.

Mass Fragmentation Patterns of Dipheny l Sulfones

During th i s  project , numerous mass spectra were ob ta ined  of known
diaminodipheny l sulfones and of several compounds isolated from pharma-
ceutical preparations of DDS before and after they had been subjected
to UV irradiation. The identity of many of these compounds was con-
firmed by comparing their mass spectra with the fragmentation pattern
of the authentic compounds . We have included most of this information
in this section . All spectra were obtained under the direction of Dr .
D. Thomas, Senior Mass Spectroscopist , SRI , using an LKB 9000 (iC 4tS
equipped w i t h  a DEC Model PDP— 12 computer .

The fragmentation pattern for diaminodiphenyl sulfones is shown
in Figure  2 . I t  i s also a general pattern that is common to  diphenyl
su1fones~

6 The most probable structures of the fragments are shown , but
in some cases onl y the  m c  of the f r a gm en t is i n d i c a t e d . As shown in
Figure  2 , the  s ul fo n e  paren t  ion rear ranges  t o  the ami n o d i p h e ny l  s u l—
f i n a t e  ester (A) followed by cleavage of the S~~~ es ter  bond to y i e l d  an
a m i n o p h e n y l s u l f o x y  ion ( G )  and the  aminophenvloxy ion (1I ’

~. in the pa rent
su l f o n e  ion , t h e  oxygen in  t h e  e s t e r  bond m a y  m i g r a t e  t oward e i t h e r  phenv i
group and t h e r e f o r e, in a s y m m e t r i c  d i ph e ny l  su l fones , two  d i f f e r e n t
pheny l s ul f o x y  and two d i f f e r e n t  p h e ny l o xy  f ra g m e n t s  can be produced .
For o r t h o — su b s t i t u t e d  d i p h e n y l s u l fon e s , t h e  r e l a t i v e  abundance m i f

fragments B, D, li and I is cons iderab l y g r e a t e r  t han  fo r  o t h e r isomers .
To form B, the parent ion can lose 1120 and B can then lose SO to f o r m  E .
Fragment I) can be derived f rom the paren t ion liv t he  loss of 11S02 and I
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can t hen form by a further loss of 90 mass units. Other fragments com-
mon to all diaminodip henyl sulfones are C , F, and J , which arise from
the loss of SO2, C6H4N}12, and either NH 2 or 0 from fragment  II ( m e
108). The last  f ragment  t h a t  was common to all  the  d iaminodip heny l
sulfones , but is not simown in Figu re 2, was one with a m/e of 65, w h i c h
is probably the HS02’~

’ ion .

The relative abundance of the above fragments found in time mass
spectra of four i somenic  diaminodiphenyl sulfones is summarized in
Table 3. In all cases , the relative abundance of t he  f r a gments  is ex-
pressed as a percentage of the  parent ion. The effect of ortho—
substitution is readil y apparent from time fragmentation pattern of
2,4’—DDS . Fragments B, D, E, and I occur with much greater relative
abundance than do these fragments from the other isomers . This ortho—
effect follows a similar pattern previously described for isomeric
methy lated diphenyl sulfones~~

’3 Although the  m e of each f r a g m e n t  i s
the same for all isomers, each one exhibits i t s  own f ra gmenta t ion  pa t-
tern that is quite distinct from th a i of other isomers .

Numerous derivatives of 4,4’—DDS were also included in the mass
spectral studies. ‘rime fragmentation patterns of the acetamido,
formamido , monomethyl, and phenylhydrazino derivatives are summarized in
Table 4 ,  Wherever possibl e, the l e t t e r  des ignat ions  of Figure  2 were
used to i d e n t i fy  f r agmen t s .  Timus , t ime f r agment  R 1R 2 B (Column 5 ’) would
be the parent ion (Column i) less w a t e r  and R ,R 2C (Column 6 ’) would be
the pa rent ion less SO ,. E xcept fo r  time pheny lhy dr a z m o  and the meth y l —
amino compounds , time relative abundance of fragments resulting from
the lo ss of 1120, SO2, HSO2, and H, SO,. was vet’ low or not measurab le .
For the d i subs t i tu ted  acetamido and form amido compounds , i n t e n s e  peaks
were observed that corresponded to time respect ive m on o s u b s t i t u t e d  co in—
pounds . In all compounds, there was an abundant fragment t h a t  repre-
sented the substituted amimmophenvl sulfoxv ion (R 2 G ) , but  i t  was most
prominent fo r  time p imenylh y drazino, t h e  d i f o rm a m ido , and t ime m e t h y l—
amino  compound . These same three compounds c o ntr i b u t e d  t ime most t o  t ime
sub s t i t u t e d  aminopheny loxy  ion (R ,i 1 ’) .  That  the  a c e ty l  and iorm y i g roups
are l ab i le  is shown liv the abundant  f r a g m e n t s  ( R 2 ’) t ima t corresponded t o
t ime a c e t y l  and fo rmyl  ions . Th i s  was also acCOlili)aflied by a pi’or iflent
f r a gme n t  (A ’) t ha t  corresponded to t h e  parent  iolm of 1)DS . T h i s  l at  t e l -
f ragment  occurred to a mu c im sma l l  c-n ext  ent  f o r  t h e  p h c ny l i mv d r a i ,  no and
met h y lamino compounds . The r emainde r  of t ime f r a g m m m e n t a t  ion pat  t e r n  ion
each compound was s imi I an  to t ima I fom’ DDS , b u t  each compound cx l i i i ,  i ted
i t s  own unique relative abundance pa t  t e rn.

The last group o I di  phenyl soil  one coiim poum mc i s s t u d i e d  were subs t i t  ~l I —

ed in the  4 — p o s i t i o n  w i t h  Ni L , or NIICOCII3 and ~n t h e  -1’  —pos i t  ion \c i  t i m
NO , , Cl , or II • ‘fall e 5 summa ni zes t h e  mass I ra gmuen t a t  i oim pa t  t e m s  ot
these compounds . N one of time compounds l o s t  an s’ groups  bonded ( i i  nec t I v
to the  phenvl  r i n g , l int  t he  a c et  v i g roup (R 1 of t h e  acet ani t do compound
was ci caved . ‘l’he loss of ~~~ 2 0cc- u m’red t 0 an a pprec I ah i  e ex t e n t  f rom
t he ‘I — am i n o — I  ‘ — chi o ro  and f rom I he -1 —a nt i  no comup otii m d . 0mm ! v I he -I —ant i  no
compound ex imi  hi ted any a p p r e c i a b l e  I os S ( i f  11502 or II .,S0 . I n all 
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compounds, including 4—acetarnido—4’—nitrodiphenvl sulfone after loss of
the acety l group, one—half of the molecule was iden t i ca l  to DDS , and
thus all compounds exhibited the characteristic f r a g m e n t s  represent ing
the aminopheny lsulfoxy and arniiiophenylox~’ ions . The respect ive  niti -o-
or ch iorophenylsu l foxy  or oxy ions were not detected . The final fragment
common to all the sulfones was one of m e  65 (K~ , which probabl y
represents the HSO2

+ ion.

C o n f i r m a t i o n  of the i d e n t i ty  of 4 — arn ino —4 ’ — hv d roxy di phe ny l  sul fone
was performed after this compound had been trimethylsil ylated to yield
a d i sub s t i t u t e d  de r iva t ive  wherein the proton on the  hydroxyl group and
one proton on the amino group were replaced with a trimethvlsilvl
group. Fragmentation patterns were obtained following gas chromatog-
raphy but were determined using a low electron beam energy of about
12 electon volts. As a result, only the paren t ion (rn/c 393~ was ob-
served , with a small amount of the monosilyl derivative (rn/c 32l~~.
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RESULTS

Studies on the Possible Autocatal ytic Decomposition of DDS in Water

Previouslv~~ we observed that DDS was decomposed by CV irradiation
of the compound dissolved in various solvents. The rate of decompo—
sition of DDS , expressed as the h a l f — t i m e  of disappearance (Tfl , de-
pended on the solvent employed. Thus, T~ values for DDS at 100 ~g/ml
were 1.6 h r  in e th v l c n c  d ieh lo r i d e , 6. 4 h r in e th yl  ac et a t e, -1 .5 hr  in
ethanol , and 1.6 hr in w a t e r .  The rate of decompos i t ion  of DDS was
also concentra t ion—dependent , bei ng more rapid at lower concent ra t ioo -C s .

To examine the  p o s s i b i l i t y  t ha t  DDS decomposition , once started ,
may proceed autocatalytically, we performed further studies on aqueous
solutions of DDS. To ensure that the water employed was completely free
of traces of organic matter , we redistilled previously deionized and
distilled water from an alkaline potassium permanganate solution. The
water was stored in low—alkali glass bottles .

Concentrations of DDS of 10 , 100 , and 170 ~ g — r n 1  wate r were prepared
from DDS tab le ts  of Lots 111 CC and 590 CD that had been triturated in
water .  A pproximatel y 2 ml of these solutions and the same concentrations
of the DDS standard were irradiated , as previousl y described~~’ in the
Turner f luorometer  for  0 .4 , 2 , and 4 h r , r e s p e c t i v e ly .  These i r radia-
t ion times had been found previously to cause decomposition of approxi—
mately 50% of the s ta r t ing  concent ra t ions  of t h e  DDS standard in w a t e r .
Following irradiation , samples were split and stored in the dark at
4° or 37°. Solutions containing initial concentrations of 100 and 170

~_c- g /ml were sampled at various times during storage by t a k i n g  10— and
5— ~,cc1 aliq uots , respect ively .  A f t e r  diluting the aliquots to 1.0 ml
wi th  e thyl  acetate, we measured the DDS content by hi gh—pressure liquid
chromatography (HPLC ) on a sil ica gel column. * The amount of DDS in
each stored solution containing a concentration of 10 ~g/ml before ir-
radiation was determined after evaporating a 25-~ l aliquot to dryness
under a stream of n i t rogen  on a wa te r  bath (48 0). The r~ sidue was
dissolved in 250 — 1 of eth yl ace ta te, and a 100—k-- l a l i q u ~~t was sub-
jected to HPLC . Identical concentrations of nonirradiated samples
stored under the same conditions served as controls.

The results of storage at 40 are shown in Table 6. I m m e d i a t e l y
after irradiation and before storage, the recovery oi DDS ranged f rom
30.7~ in the  DDS standard at 10 I—g -m l  to 56.34 in Lot il l  CC at 170 -g m l .

‘)
~LiChrosorb SI—60, 5 1— m, 3.2 X 250 mm column (Altex Scientific , I n c . )
using eth y l acetate as the developing solvent .
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The samp les we re stored up to 35 days  and the  per cen t  rec ’~- & - r  - , I  DDS
on t h e  va r ious day s was used t o  c a l c u l a te  a T~ u s i n g  nonl i near  X’ e g r - S —
sion a n a l y s i s . Of a l l  t h e  s a m p l e s , o n l y  the DDS s t a n d a r d  a t  a c - I n c - e n —

t r a t i on  of 10 ~g ml demonstrated a significantly progl-essive loss of
DDS , w i t h  an appa r e n t  T~ of 43 .6 d ay s  - These  r e s u l t s  do n ot i n d i c a t e
t h a t  i i-radiated soiut ions of DDS den ye- b f ront t ab i et. s uncle 1-go auto—
ca t a ly t i c  decomposit i on  a t  4° .

Table 7 summar izes  the  r e s i t i  t s  o b t a i n e d  f rom s an t p l e s  s tored  a t  37 ’
Onl y the  sol u t i o n  of t h e  DDS s t a n d a r d  and  t h a t  0 1  DDS fr o r~ Lo t  3 9 1)  CD
at an i n i t i a l  c o n c e n t r a t i o n  0! i t )  ~-g  IL! demon st  rate d f u r t h e r  d-. coti p t i —
s i tio n , w i t h  s t a t i s t i c a l ly  s i g n i f i c a n t  1’~ v a l u e s  of 17 .6 and -10 .5 d ay s ,
respect ively - Some samples  S t I l l e d  a)  c - l i  her -1 ” or 37 ° ~~~ ot c d  appa r en t
increases in DDS concent r a t  ion ( lur i n g  t he pro ! onged 51 0) I-age 1) I 1 1  od - bu t
these wex -c p robab ly  ~Iue t o  si J.t e v a p o r a t i v e  c h a n g e s  t h a t  ~ cc ui ’ re i I  i n
t h e  smal l  volumes of t h e  saiLpies . Titus , t h e  (les t  r u c t  ice e l  l e i - t  o f  t V
i m ach at  ion on aqueous  sol U t  1-  ‘~s I I I  DDS scented to  occur oni v d u r i ng  t he
t ime ( I f  actual e xp o s u r e . L,i t t i t -  SI - g u i  I icant  a u t o c a t aiv i  Ic decoti p o s i l  ion
of DDS was observ e-c! in -~a ii ~ i l o - s  s t o r ed a t  e i t he r  -l ~ l (  37~

T e s t s  on the Stability ol 1)DS in P i - e— 1  i -r ad i a t ed  1’ate r

D u r i n g p r e v i o u s  i t - r a d i al  ion s t u c l i c - s of UDS in  e t l C \  h u t  d i c t i l o r C C ~(-~
we f o und t h a t  p i t - — i  I - r a d i a t i ng t h e  so lven t  f o r  on 1~ l ) .3 h r  i i  ~‘u 1t  d i n
essent j a i l  ~~a r ap id  and c o m p l e te  loss of l l uo rc - sco -n cc -  I i  i t le --  ~h c - ’ ~ t h i s
pre— iri-aclia t eth ~olvc-uit WItS used to prepare  d i l u t e  S01u 1 1,0 5  1’) -~ l n il I I I
DDS . Thc loss of f luorescence , 111 t h o u g h  n o t  t i ( ’ ( t - )~~.i r i  l v  a ~ t - ’~~’ I 0 C c  i n —
dicato i- of chemical c l i - st r u c  I ion because of the pI l ’~~~1 h i !  i t  v i  i 1 i i L i~ — —

cent q u e n c h i n g , ias  yen fled as a loss of DUS by h P I A  - H t u ~ - I 1 - 1

irradiation of et h y len e  d i c hior i de  formed pr oduc t  S I lt~t i I ) .  ‘ 4  p ~~ t 11 jIlts -

ste- have ex autt i ned t i le  p o s s i bl e  occuni’c ne-c C ’ t h t i - ~ i- I h - t  I 1 I~ -I ,i ’ I .
Il at &- r was  p r e —i rr a d i at e d  f o r  0.3 to 16 hr i n  ( I C C -  1 0 1 - I C C  F t 1 t I I t~~It . i  I t  F an d
t h e n used t o  make solutions of DDS by d i l u t i n g  ( 1 .2 1L1 I I  ~ t o~’k I I L I C I I ’ I I I I S

s ’ l u t  i ons (100 ~g ml of the  DDS st andard  and o f 1~DS t a k ~i t - t s  ( 1 ‘ t ~~~ 111
CC and 59)) CD w i t h  1. 8 ml of t h e  p r e_ i r r a d i a ,  ed tva t  c m .  I -- i-b i t t  ely
a f t e i -  m I x i n g ,  25 ,—1 of each aqu e o u s  samp le I -oas v a p I i ~ L t  i - I l  t o  (h i ’ \ C t t  5 5  , IS

previously described - l’he res idue  was d i s s o l v e d  in  250 — 1 I c i  l v i
a c e t a t e , of w h i c h  10)) ~ 1 was  sub j e c t e d  to JIPI C - I h ic -  r c - n l a  inder of  l a t h
a q u e o u s  s a u np i C was t hen St  ored in I he 1 aborat 0 Fl C i t  room t empe i-at ore
under an th i  en t  cou ch i t  ions  - I I i g i l t  and t cmpc-ra  loi re . The concent  r a t  ion
of DDS in  t t -  sanip ics wa s  d t ’ t  ct’nui ned -at  ~‘a i- i ons t i n-es  over  a pe niLi c i  ol
35 days .

‘r ite resoil t s obt aiticci l i e  summar i z ed  in Tab! e S . I n cont ras I t I C

r e s u l t s  u s i n g  pre— i m a d  l i t  cmi e t i ty l en c  ci i d -  ion  d& - • we f o u n d  no j iii t i a I
loss of D1)S or  any p r ogr e s s i ve  l o s s  of OIlS upon st I) r age  , r ega rd l e s s  ol
the  I eng t ii of ~ t inc t he w a t e r  W I )  S p r c — i  rrad  i , t I  ed .  R a t e s  ~‘1 ch a ng e  we Fe
ca l c ul at  ( - ( I  t i n -  I ng  n ou t i  t O C C I l’ t’ C ’~~ r’ S 51O f l . t ’ I i l  I t W I I  s a m p les I ron l o t  111
CC t h a t  wi Ft m i  x e - I l  W i  I i i  w a t e r  I h a t  had been pr& ’ — I i~ rad i a t  ed 0 • 5 and 1 hr
showed s t a ’  ~~ t i c . t l 1 ~ s i g i l i l i c a nt  ‘I’~ v a i t u - s  of ~h S and 115 day s ,
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i-espectivel . Thus , in  c o n t r a s t  to the very short T~ of 0• -l hr  when
LIDS was irradiated in water at the Sante  concent ration , we observed that
p r e— i r i - a d i a t i ~tn of water did  not cause an i m m e d i a t e  loss III LIDS or
ann- consistent pi-ogressive loss on storage.

Studies on the Ultraviolet I rradiation of Solid DDS

To examine the effects of CV irradiation on solid LIDS, we de-
signed a system in w h i c h  LIDS, deposited on glass rectang les (9 X 13 nun )
cut fruit 0.25—mm thick microscope slides, was exposed to CV irradiation
in the Turner fluoronteter. A 50—t--l aliquot of ethanol containing 5 or
50 ~g of analytic DDS was allowed to air—dry on these glass rectang les .
An adaptor was fabricated that allowed two such rectang les to be held
perpendicular to the li ght path and 3.5 cm front the fluoronteter lamp.
The entire area of each slide was exposed . Recoveries of DDS were
i n i t i a l ly  d e t e r m i n e d  by eluting each slide with -1 .5 nil of e t hy l  a c e —
t a t e  at 50° and a n a l y z i n g  each elu a t e  by HPLC~

7 h owever , subsequent
- 

- clutions with methanol demonstrated tha t ethyl acetatc ’ did not r e c o ver
all of the DDS remaining after irradiation~

8 All recoveries repot-ted
h e re -  were determined bn’ eluting each s l i de  w i t h  2 nil of  nt e t h a n o l a t
Soil f or  15 nm and analyzing each eluate by our chroniatographic- —

f lu o r ou n et r j c HPLC mcthod~~

‘l’ab le  9 shows the  mean ( o  S E )  recover ies  of anal ~‘t i e  1)1)5 1 F I l C h

uriirradjated and irradiated slides. Unirradia ted s1icic~ containing 1)DS
st o ie d  f o r  t h e  sante l e n g t h)  of t i m e  served as c’ont rols , -and thc -  i’ c ’ e I ’V ( I’

i c - n -  f r o nt t h e s e  slides were used to co r rec t  the r ec o v er ic- s  I I I  I r i - a di  a t  cci
sl ides , When 5 —g of DDS was irradiated , the ui tean  r e c o v e r \  ~i t  -l hr c , t i

w h e n  51) ~g was i r r a d i a t e d  lot -  the sante l en g t h  I I I  I j u t e , 93~’ t i a s
recovered • The x-ecove rn  of LIDS 1 ron noni i-maci ia t ed  51 1( 1( 5 mi i t iged  1 Fl Ill
a low of 82~ to a hi ghi of 1 02 ’~ - No appa i-cult rd at i outsht i p was obc-w- r v i-ch
bet ~ cciii t lie pe i’centage of recovei-~- of uni  i ra(l 1 I i  t e d  1)1)5 a 0( 1 t iii’ 1 i-h g (It
of t lIne  LIDS r ema ined  on the sl ide -

‘I’ha t I he recove ri of anal v L i e  LIDS ihec’ r i - a n -c d  W i  I Ii t l ie I c  lIn t ii of

the li’s-adiation time i s  shown c l e a r l y  iui Figure 3 , -i ~)lot t l u g  I I I  l iii-
1 nd i vi d u a l  co rn -c ted pence-nt ages ( i f  r e(-ovc - i-n f FOflI w hi  i e h i  we ic- g -uIe r a t  (‘ci
t lie C i t , ’ an s  s u  ‘fabl e 9 - Li neat- leg 1-ess j o l t  anal vs 1,5 waS USi ’(h t o  l i i  c i i  i ll t i

t he s lop es  I)  I t Ii~ r(-t,I r e S H  Ion  lines. When 5 5g lIDS was i i r a i l  I a  t i -t i , F i t t -

51 O pe oh I he 1-eg mess ion ii tie- i mci i cmi t ed t hat t lie 1IISIt 01 1)1)5 t )ictir red
at CI rate I I I  3 - 2~’ It r . ’ Si I I I  ji: i r anal ys is Ill l iii - do t .i w hut o So ~.g 1)1)5 ii as

11 rach i a u - t i  s howe-cl I hat 1)1)5 di n-li ~~pea mcm l a t II  I’ll I e ol on! v I) - 5-~ hir

Tt l I C O U S U l I  tIn - d l 1 i (~ I I ) !  (‘V i 1 ’ i a( l l at 1 ( 1 1 1  1)11 1)1)5 I ltl)let S , Sa(II j II  es
f ront Lots Ill Ct; and 59(1 Cl) Were 1151 (1 llI ’I - I C I S (  tab! c-Is t F ( ) TCI  F ha-si- 1015
‘ St OI -C CI  a t I ’ n a c v , ( - A )  W I - i _ I -  p r c v i o ( i s l\  t ’v a l u a t e d  I l l ’  t h a i r 5 1 ( 1 1 1 1 1 1 )  V I’’

U t  I t’lti(hili t 11( 1)  (111(1 I I  - I’ iII I O  ‘) ( ‘ lL  1) 11 vs i s~ ~ S l i i u ’ i ’ i t - s  wc- I I  - j ( F i ’~~~O red I ’ , I u i  —

I ora l_ i ng C I  labl t l i i  01)50 1 I I I  - ethanol _ ‘th e y wi t-i’ I h i l t  n - L I l t  1 ( 1 ( 1 [‘(I 1 ,1-
11 bou t  2 l i i i ii a n d  5(1 ~ I a! i (1 (10tH ( l i n t  zi i it l ug  5 (II’ 54) g o h  1)1)5 we Fe
P ’ lICe(l I I I  g i ,I t 4 S  SI 1 (hiS OS ( l e n - c  r ibcd  above - 1 FraIl I l l )  (‘(1 ((15(1 11(11) 1 r i’l L ( h  L I I I  i-il
i-il ides wi- ~( I - h u  ted wi t hi Iu i c t  hano i - and I he lIDS c olt t (9) t (if C(Ii hi i, ( I n t l  e -can -
I l l - I d’  ~ T II 1 fl ( i - ( l  I i l , 1IPIA -

:i 2
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Table 9

RECOVERY OF ANALYTIC DDS FROM GLASS SLIDES
BE FORE AND AFTE R IRRADIA TION

(App l i ca t ion  from E t h a n o l i c  8 1 . ) a

Irradiation Percent Recovery t’ 
_____________

Time (hr)b Unirradiated I r radia ted  Correc ted  

- - - — — - - — —  5 ~g i r radia ted

2 85 ± 1.9 ( 7 )  53 2 .6  ( 8 )  63 3.1
4 82 ± 2 .5 (8 )  -12 ± 2 .7 (8 ’- 52 3 ,6
6 101 ± 7 .8 (7 ) 47 a 3 .4  ( 8 )  45 a 3, 8
7 9 5 ± 4 .0 ( 2 )  3 6 a 1 • 5  ‘2~ 38a2 .0

-~ 8 84 ± 0.5 ( 2 )  46 a 0 .0 ( 2 )  55 a O •0  

50 ~~ i rradia t ed

4 92 a 3 .6  ( 6 )  84 a 2 .7 ( 7 )  93 5. 0
7 102 a 0.4 (5) 93 a 09 (4) 91 a 0.9

16 93 ± 3.3 (11) 89 ± 3.9 ( l2 ~ 88 a 2.4
24 91 2 .6 (4) 74 a 0•5 (4) 81 ± 0 .6

aDDS was added in 50 t,il of ethanol to glass slides 9 miii X 13 inn and
allowed to air—dry . DDS was recovered before and after irradiation
by heating the slide for  15 mm in 2 ml of methanol at 50° .

bslides were irradiated 3.5 cm from the unfiltered 4—watt mercury
lamp (GE No. G4T4/l) of the Turner fluoronieter .

ClJnirradiated slides were stored in the dark during each irradiation
period and the percent recovery from these slides was used to calcu-
late a corrected percent recovery for irradiated slides. The recover-
ies are means ± SE of the number of slides indicated in parentheses .
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Table 10 shows the mean (± SE) recoveries of t ab le t  LIDS f ront  unir-
radiated and i r r ad ia ted  s l ides .  Whe n 5 -.g of DDS was i r r a d i a t e d , the
rate of loss of DDS by linear regression anal ysis was 3.2 and 2.6~

’
hr t for Lots 111 CC and 590 CD, respectivel y. The 95~ confidence
limits for the degradation rates of t h e se tw o samples we re 2 .3 to -1 .l~
hr~~ and 2.0 to 3.2~ hr~~, respectively , indicating that the rate of
degradation of DDS in the two lots was not different . Also , these
rates were not significantl y different from the degradation rate ob-
tained for 5 ~-~g of anal ytic DDS .

The lower portion of Table 10 shows the results when 50 ~~ of
DDS from the same t able t s  was i r rad ia ted . The rate  of loss for  both
lots was 0 .5% h r~~~, a value that was not different from the rate of
degradation of 50 ~-g of analytic DDS . In all cases, unirradiated slides
containing DDS, which were stored for the same amount of t ime, served
as cont rols. Mean recovery of DDS from the control slides was 96~
(range, 86 to 102%). Only small differences were noted among the re-
coveries from the different lots or front slides to which different
quantities of DDS had been applied .

Fi gures 4 and 5 show the l inear  r e l a t ionsh ips  between t h e  cor-
rected recovery of DDS and the irradiation time for 5 and 5(1 t—g 01 LIDS
f rom Lots 111 CC and 590 CD, respectivel y. In all cases, the linear
correlation coefficients indicated that the slopes 01 the regression
lines were significantl y different front zero.

All of th e above studies were perfornted on LIDS depos i ted  on the
glass slides f rom an e thanolic  so lu t ion  oi s l u r ry . I t  is possible that

trace amounts of ethanol , which may have remained on the slide aftet-
evaporat ion, a f f e c t e d  the rate of des t ruct ion of the  DDS . To investi-

gate this possibility , 5 ~g of analytic DDS in 
51) ~-l of distilled water

was air—dried on 9 x 13—mm glass slides. The slides were then desiccated
in vacuo over a mixture of activated silica gel (Centra l Scientific Co .,
mndicating ,6—1 6 mesh) and anhydrous CaSO4 (W. A. Hammond Dnierite Com-
pany , indicating ,8 mesh) for 24 hr prior to being stored or i r r a d i a te d .
The irradiations and the d e t e r m i n a t i o n  of the  recoveries of LIDS were
performed as described above .

Table 11 shows the mean (± SE) recoveries from unirradiated and
i r rad ia ted  s l ides  of a n a l y t i c  DDS applied f ronu an aqueous s o l u t i o n .
Figure 6 shows the linear relationship between the cor rec ted  ni-c ’ t ivc r v
of DDS and the irradiation time . The rate of loss of LIDS determined
by l inear  regression anal y s i s  wa s 0 .7w hir~~ . Thi s is more than four
times slower and significantly different (1’ < 0.t)l) from t h e  rate of
3.2~ hr~~ determined above for 5 — g  of analytic LIDS applied front an
ethanolic solution . The former rate was measured approximately six
months after the latter rate. To determine whether a long—term decline
in the output of the mercury lamp used Ion the irradiations was
responsible for this diffi- rc’nt”e in rat c- of loss , the quantum flux of
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FIGURE 4 EFFECT OF ULTRAVIOLET IRRAD IATION OF 5 pg (SOLID CIRCLES ) AND
50 pg DDS (OPEN CIRCLES ) F ROM LOT 111CC ON GLASS SLIDES
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FIGURE 5 EFFECT OF ULTRAVIOLET IRRA DIATION OF 5 pg (SOLID CIRCLES ) AND 50 pg
DDS (OPEN CIRCLES ) FROM LOT 590CD ON GLASS SLIDES
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Table 11

RECOVERY OF ANALYTIC DDS FROM GLASS SLIDE S BEFORE AND AFTE R IRRAD I ATION
(Application from Aqueous SOlUt~ Ofl )a

Irradiation Percent RecoveryC

Ti me ( h r~~ Unir radia ted  I r radia ted  Corrected

2 97 ± 0.8 (8) 91 ± 1,4 (7) 94 1.2 (7)

4 96 ± 1.4 (8) 85 ± L7 (7) 89 ± 1.7 (7)

15.5 103 ± 0.8 (4) 84 + 2.1 (4) 81 ± 2.0 (4)

16 100 ~ 0.4 (4) 84 ± 0,8 (3) 85 ± 0.8 (3)

aFive ~ g of DDS in 50 ~ l of water was applied to 9 x 13—mm g1as~-
slides . The slides were air—dried and desiccated for 24 hr. DDS
was recovered by heat ing the slide for  15 un in in 2 ml of methanol
at 50° .

b
Slides were irradiated 3.5 cm from the unfiltered 4—watt mercury lamp
(GE No. G4T4,1) of the Turner fluoronueter.

CLj nirradiated slides were stored in the dark during each irradiation
period and the percent recovery f rom these s l i des was used to calculate
a corrected percent recovery for  i r radiated s l ides .  The recovc ’r i , s are
means ± SE of the number of tria 1 s in parentheses .
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t he Turner 11 - i’~ - - e t  e r  w as  ru de  t e i mi  ileci us lug t h e  C he’ii- 1 ( a !  aC I 1i( I l l’ t ( 1  .

potass lull) I l~ I’VI oxal ate, dc-se- i-i bed above - A va l u . -’ ol 8.03 x lo l ~ qu an I a
cni~~ mii i  —i was obta m e d  - T h i s  is almost ideu l. ica l  t o  I he- ~‘ai tiC ol

7.91 x 11)16 q u a n t a  c i ~~~
2 n i in ~~ d e t et r n i i n ed  a t  t h e  t inte t h a t t he- r a te  o f

loss of solid ana l v t  Ic liDS app lied f rom ethanol was measured. T i t u s ,
t h e  s l o w e r  r a t e  0 F loss ut liDS app l i c-mi f ront an aqueous SO1 u t  1 (1 iS 11 ( 7

expla ined  by a less  i n t e n s e  source  ol i r ra d i at  ton . ‘I’he di I [e’r&-ncu ap-
peal-s to be i-elated to the different solvents used to d € - p o s i t  t h e  1)I)S
on the glass slides .

i s o l a t i o n  and I dent i l i c at  lou  ol  Photol s is  Pi ’ocj uct s

To prepare sufficient quantities iii photolvsis products for
purification and identifi catio n , we employed a commercial photochemical
reactol.* to irradiate large amounts ol DDS . The absolute lig h t  i nten-
sity of this reactor was evaluated USing the chemical actinometer .
K3Fe(C204)3,as previousl y described . A 4—nil aliquot of the- ~c-~~inott~—
eter solution was irradiated in a quartz tube (10 X 75 mm ) tha t was
completely wrapped with aluminum foil. An oblong window (5.5 X 33 mm ,
1.84 cm2) was cut in the  foil to provide a small al- i-a  f o r  i l l u m i n a t i o n
so t ha t t he  eva l u a t i on of this reactox- would be similar to our previous
tests on the Turner f lu o rom e t er .  S e p a r a t e  a l i q u o t s  of t h e  a c t i n o n i—
eter solution were u -radiated for 0.5, 1 .0, 1.5 , and 2 .0 nu n .  The

mean rate (~ 
SE) of formation of ferrous ions was 527 27 . 5 nmoles

ntin~~ and the rate of degradation of the actinometer was calculated to
be 1.69 ± 0.089~L min ’. This rate was constant dui-ing the 2—m m p e ri o d
and exhibited a linear regi-ession coefficient of 0.9984 [p < 0 .005 ’ .
From these resul Is , t ile- absol u t e  11 g u t  j u t  ensi t. v was  cal ( -u l a t ed  to  be
2.84 X 10~

’
~ q u a n t a  niin ’ , or 1 , 54 x i0 ’’

~ q u a n t a  cm ’ iti i n~~ , which is
almost identical to the light m t  ci isi  t y  c a l c u l at e d  above f or  samp les
of this act m ono Icr expose-ti in  t h e  Tu rne r  f i  uoron iet  c- i’ W i  th I he apel’t U
set at lX.

To i r r a d i a te  l a r ge  (luarit ities of 1)I)S in t h e  dr y stat e - , We’ CV : i p —

ora ted 17 nil of a b s o lu t e  e hanol c o n t a i n i n g  16 tug of a n a ly t i c  l)DS on a
glass plate (21) X 20 e-n ’

~. F - co O~ t ill -c p l a t e s  we re t h e n  p l aced  ( b a c k
to back ) in  a ye i t i cal  ~x s  1 t ion in t he react or and i r r a d I a te d  I - - r 2-I
h r .  A t h i r d  pl a t e  of t u e  I)I)S served as a e ( I nt  rol and ~ as Wrapped w l b
foil and St ore’d in  t he- dim i-k a t  room t cnipe r a t  ui’ e- f o r  2 -I  I l l -  - E a cli p 1 a t  m-
was el uted b~- subnie’rg i ng 1 1 fo s’ 15 III in ill it 51111 1 i i  1W p~li1 - F - C t  ha nol
maintained at 5)1 - \ I tc- r t he- ilil i i  a I c lu t io n , cacti p l a t e  w a s  i - i i i sed

— wit h fresh tile t h anoI  and 1 11€- combined ci tu.  t u  and w as  I i  were d i i  u t e d  t o
a final vol time o [25’) tu l  w i t  Ii t i e - t hano l  - A l iquot s ‘‘1 each p1~st e el ua t .-

were diluted 1 : 101) W i  t li e t h~ l a cet  a t  c and a n al  v -/ e c !  b r  1)1)5 by em s’
fluoronie t ri c HPLC m e t  hod - Rec -ov ~ II i - s  o f  I)1)S 1 1 .0711 t b i ri ’ad mat c- ri p1 a t  ci-
were 70 and 7~l-~ ; s- eco~ e- r f rom t he (Li i i  r r a d i al  ed p 1 at e was 0~

) 
~‘ -

* Ra onet Pho t oc l sem i ca l  R e ’ ~ict o i- , The  S i - a t  i t e m  N . 1- - - l i t  s’ a~- i o 1e- t Cc ’ . ,
N iddle t own , CT - The c v i  in d r i c -a i i i-rad I a I ion c l i a i n t u e - r  (38 cm hi ph \
25.5 ens diameter was ill tint I na It ’d t)\ 16 IIIC l i  ti~~V 1 . t t f l } ) S  ( ~ o . R P R —2 5 3 7 - t
arranged around it 5 1’ i l a - l I m  1 c - t ’ e i ~ - t -  -

Ii
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To isolate photolysis products, we concentrated the combined
methanolic eluate of the irradiated plates under vacuum . The tot al
concentrate was streaked on silica gel p l at e s~ -c l ut ch w - r c  t hen c l eve l—
oped w i t h  e t h y l  a ce t at e .  Under  I V  l i g ht (23-I n s t u ) .  Iluorescent bands
at Rf 0.11 and 0 .30 were observed in addition t o  l)DS ‘R~ t) .5t)’). The
two lower bands were ve t-v faint or not seen at a l l  when  t he e lua te of
the control plate was subjected to TIC . Tb: baud exhibiting an R1 of
0.30 was scraped off and the silica was ext r act cd  with methanol at 500

for 15 m m .  The eluate was centrifuged and the clear supernatant was
subjected to TLC , using e t hy l  ace ta t e .  The f luorescent  spot w i t h  an R f
of 0.33 was scraped off and eluted with methanol . The methanol was
concent rated and the resulting concentrate was subjected to HPLCY* A
large peak eluting at 21 mm was collected and evaporated to dryness .
The UV spectrum of t h i s  material in methanol exhibited a major absorp—
t ion peak at 297 nm and a minor peak at 257 mu . These ab sorptions are
cha racteristic of a dip henylsulfone . The mass spectrum of this material
(Compound xiv ) exhibited an intense parent ion at m/e 276, with intense
peaks at tn e 108 (anlinophenyloxy ion) and m/e 140 (aminophenylsulfoxy
ion ). As discussed in the section on mass fragmentation patterns ,
these last Iwo fragments were found to be characteristic of diamino—
di phenyl sulfones or N—substituted derivatives, which readil y lose t h e i r
s u bst i t uent . T h ey  were also observed in the spectrum of 4 —amino—4 ’
( 2 — p h e n v 1 hy d r a zmn o ~ dlph eny l sulfone  (Compound x i i i ),  which we identi-
fied as photodegradation product of DDS in water~~ Compound XIV
was tentativel y identified as the monoformyl derivative of DDS (l1FD~
by compar ison with the authentic compound, which yielded an identical
russ spectrum .

In addition , the CV spectrum , Rf on TLC, and retention time
after HPLC of Compound XIV were identical to those for MFD. Further
t e s t s  we re performed by s u b j e c t i n g  Compound X 1V and NFL) t o  t h e  d ib o rane
reduct ion procedure p rev ious ly  used to prepare stuicroquantim ic-s of
-1— a m i n o — - I ’ —ne t h y l an u i nod ip hen v l  su l fone  f ronu MFD~ ° The m a i n  s p e c t r a  of

the  reduced MFD and Compound X I V  both  y i e ’lded i n ten se  pe aks a t in e 2 (2
( - l — amino—1 ’ —m e t h v l a mm n o d i phenv l  su l f o ne ’t and sever - ’ l I c - a s  intense
f r a gut e nt  peaks , which we’re also identical in t l i c -  t w o  spect ra . These
resul ts  combined w i t h  t he  o the i -  evidence prove c on c lu s I v e ly  t h a t  t h e
i so la ted  p h ot o l v s i s  p roduc t  of DDS was MFD .

To determine the  ( lu a n t i t a t  ly e  s igni  f i c a s ic e  o t  V- F’ii iii t h e  p h o t o l v —
sis of liDS , sO— ~.g samples of s o l i d  ana - - t i c  DDS I L P I ) l  i c’d i i i  5) -- 1 o f

e thano l  to glass s 1 ides were 1 r r a d i a t e d  or 1); a ml 6-I ii r i i i  t he its rue r

* Silica gel 60 , 0.25—t u t u t h i c - k  on 2 ) )  X 2 ) ) — e t i  g l a ss  p i : i t e s , F .
l) ar m s ta dt  6 eru sa n v .

~~ The u-es iduse was c- h i ’onial ographed usi a ~ rc pa i  k c ’ c l  ( ‘ c ) I  u t t l ! l i  i i )  X 2 5 i )  m m ’)
of 5— 1-i u 1 i c ’ l i s - o sor b  SI —GO Sil ica , Iltex Sc l en t  i t  i i - h it- . , lu  m t - a - I e v , CA .,
US I i~c-. ,~- t  ii~ I lice t Itt e at a flu iW ia te of 1 . 3 i t ul  flI151~~ - f l i t ’  t t i s  c s ’ i a t s s ( - (-

o I t he off l utent Was non it ored at 29)1 mu -

- 12
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f l u or o i u u ct e r  anti e lu t e d  as described a b ( c v e -  - When approximatel y 1 ~g c c !

i i -x - a d iat e d  liDS wa~ s u b j e c t e d  to  our  f l u o rome t r ic—1I P IA : me thod  (290  -~~~~ I

activat. iofl e tuu i sS  ion monitoring w a v t - l  en gt h s )  , a peak was observed  oi~ t he-

t r a i l i n g  edge of t h e  liDS po~ik that waS q u a n ti t a t c - d  by r e fe i -c -nce  to a
simila s- response obtained i roni adding ).l t o  it) ng of a u t h e n t i c  ItIFD t o
a p p r o x i m a t e ly  1 ~.g of DDS . U s i n g  t h i s  t i~c t h t l , i c -  f ound  t h a t  ~IFIJ i n
samples of DDS i r r a d i a t e d!  f o r  16 hr  ac c o u nt e d  f o r  o n ly  I) -~~~~~ ol t h e
un recovered DDS . T h i s  v a l u e  i n c r e as e d  t o  1 .~~~~~ in  s amp l e s  i r r a d i a t e ci
for 64 hi- .

To investigate the possibili li - tha t true- c anuounts of ethanol re-

ma ining on the slides aftex evaporation of this solvent iig h t  be
responsible f o r  the formation of IdFD . -~9— ~-g sau ~ p les  of liDS in 50 ~ 1 111
distilled water a t  950 were deposited ! onto p-las s slides.

The sl ides were air—dried and vacuum—dessicated -as ciesci’ibed

above . After irradiation f o r  72 hr in the Turner fluoi’ccn ~eter , anal ys is
of MFD and DDS showed that MFD accounted for 0.7~ o f t he  unrecovered

DDS . This is slightl y l ower  t h a n , t h o u gh not drasticall y d i f f e r e n t

f rom , the values foi- DDS appl ied from an ethanolic- solution. Thus ,
the formation of MFD from DDS does not appear to be dependent on
residual traces of’ e t h a n o l  or i t s  photodegradation productS .

Large quant itites of the compound with R
1 
0.11 ‘~C o n upound X V~ ‘c e- i-c-

prepa red by irradiating 20 tug of a n a ly t i c  DDS -vaporated from 20 ml of

absol u te  e thanol  osi g lass  p l a t e s  as descr ibed  above . Rc’cov e- i - i e s  c i i  liDS
from irradiated plates were  80 anti 82q ; r e c o v e ry  l rotuu the unirradiated

plate was 96g . After nuultip le—developnient TLC ana l y s i s  w i t h  e t hy l
a c e t a t e, t h e  band of s i l  ica  c o r r e s p o n d i n g  t o  Conupoun d  X V  was  s c r a p e d
o f f , e x t r a c t e d  w i t h  m e t h a n o l  and s u b j e c te d  t o  IIPI C ( sa r i ’  c on d i t  ions  as
those used for Compound XIV). A l a r g e  peak c - l t i i i n g  a t  SI )  u - I n  Was  col-
lected . The CV spect rum of  t h i s  u - a t er i al  in  r e t  hun o l  c xl i  i l i i t  c-ri a t i ,~~’ i t ’
absorption peak at 297 nnu and a u :~ not ’  peak a t  230 lU • 

(c di i c l i  i s  cha i ’ac , —

teristic of a c l i p h e ny l  sul  [one . -‘ s i t u  e l - a r  pt ’oce-d u i i e -  Cli  i’i’ i c’d ( c u t  w 1 t ii
large amounts (16 mg of ari a 1 t i e - DI)S c-va i~ 

c~~a t  ed I s’ cu ~ 16 ui 1 01 d i  s —
t i ll  w a t e r  a t  95 0 led to isolat jo~-~ ~~ a stibs t a t ’ c e - that ha(i ‘l’iA

HPLC, and UV a b s o r p t io n  p i- o I - ( - i ’ t le s  i n d i s t  i n g u i s l i a b i c -  t i’ou~i t h o s e -  o t

Compound X V .  T h u s , lo r l i l a t i o n  o l  ( ot - i j i - i l t i ul X V  O s-s no t  a l i ; - . ’a  s t i  t u e  d i —

pendent on trace a m o u n t  s I c !  e t h a  nol i- - u i l a  l i i i sip on t lie g lass  phi t c - s
a f t ei ’  e v a p oi a t i o n  c c l  thi s yolvent ,

Compound  XV was ~ci b j - - t  cri to mass  s l i m - I t s- i sc’ c ’p v , and  f r a g i u u e n t a t  l iii
p a t t e r n s  we re c c b t a i n e d  a t  t i - v ( b i n -  t i n !  r c d m u c - t ion  of t h e  un de - i - i v a t  i / c - r i
sample’  i n t o  t h e  mass s p e c!  s- o s: l t ’t  c - v  ,i s ic c’ 11 as  a f t e r  t t ’ i n u e t h y l  si 1 v i a t  i o n .
No pa rent ion coul  €i read i 1 ~ he s m e s i  I .  t he t i n d e r  i \ a  t lie-cl s a t u pi c - bu t  a
peak of m e 27 I i c _ i s  r e - a d s  1 y s t - c  su t h a t  i ic- I dc-ri ii i c- l enient  a 1 fo rniu la of
C 13 H 1 11 N 203S 1~~ i i i g h — r e s c t l c i t ion  i n t l  v s ss .  In a d d i t io n , f r a gm e n t s  ( - I c r—
responding to  PbS (o n e 2- I  ~ ) and f t - i  gtule’s t t s , II , .1 - a sri K - F i gui  i- c - 2 and
Table  3) wi i- c’ read 11 v s c ’c ’ iu . ‘F l u e s c -  s’ c - s u u  i t  5 sugges t  ci i  t ha I a 1 ab i  I c
group was lie i rig lost l i-usa a subs t i t  U t  c-cl 1) 1) 5 tie s - i  v a t  i ‘.0  - The sul font-
Nh! 4’8ll 4—SO,,~~ A tl 4 —NlI~~ 0— N1h , (mo l  - W I  - 2 9 1)  c o u l d  l o s t -  Nil 3 t o  g i v e  a

I 3
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fragment of tu l e 274 or lose CONII to  y i e l d  liDS . The t r i s i l yl and
disil yl deriva t ives of this compound would have molecular weig h t s  of
507 and 435, respect ivel y. Parent ions of m;e 507 and 435 were ob-
served in the mass Spectrum , suggesting that Compound XV is the forsiua-

mide derivative of DDS, 4—amino— 4 ’—ure idodipheny l sulfone .

~
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