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change in size or shape. Figures 9, A and B ,  are 
photomicrographs of the solid solution containing 
207, griseofulvin. Before dissolution the particles 
appeared somewhat more elongated and irregular 
than the other samples considered. A4fter exposure 
to the dissolution fluids (Fig. 9, 23) the particles 
seem to be sintered and greatly reduced in size. 

The photomicrographs serve to support graphi- 
cally the quantitative findings of the dissolution 
rate studics. The most rapidly soluble forms of 
griseofulvin, i.e., the solid solution and the eutcctic 
mixture, manifest the most dramatic alterations in 
their crystalline nature after exposure to the dis- 
solution medium. 

The therapeutic advantages of the griseofulvin- 
succinic acid solid solution arc presently under 
investigation in our laboratories. Extrapolation 
of the in vitro findings suggests the possibility that 
this form will providc more rapid and complete 
absorption of the drug, permit a reduction in dosage, 
and conceivably provide a more uniform thera- 
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peutic response. Of greater significance is the f d C t  
that this investigation has demonstrated a method 
of physical modification which could prove more 
important than rnicronization in enhancing the 
absorption and therapeutic effect of many water- 
insoluble drugs. 
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The Antitumor Agent, 
1,3-Bis( 2 -chloroethyl)-1-nitrosourea 

By TI LI LOO*, ROBERT L. DION, ROBERT L. DIXONt, and DAVID P. RALL 

The new potent antitumor agent, 1,g-bis (2-chloroethyl)-l-nitrosourea (BCNU), 
is most stable at pH 4. In  acid and in  solutions above p H  7, it decomposes rapidly. 
In plasma, BCNU has a half-life of 20 min. in vitro, and less than 15 min. i n  vim. 
Its alkylating action is not caused by the slow hydroAysis of the chlorine. BCNU 
is 80 per cent bound to human plasma protein at 0 . When administered intra- 
venously to the dog, it enters the cerebrospinal fluid (CSF) readily and disappears 
speedily from the plasma and the CSF. The total amount of unchanged drug ex- 
creted in the urine in 4 hr. is less than 0.1 per cent of the dose. Heating at  43' for 

5 hr. converts BCNU partly into 1,j-bis (2-chloroethy1)urea. 

S 
(3)  

TUDIES OF the antitumor activity of deriva- in intracerebral L1210 leukemia ( 4 ) ,  a distinct 
tives of nitrosoguanidine (2) and nitrosourea feature seldom found in most conventional agents. 
have led to  the discovery of 1,3-bis(2-chloro- Unfortunately, clinical application of BCNU is 

ethyl)-l nitrosourea (BCNU), a potent cancer limited because of unusual delayed toxicity in 
chemotherapeutic agent of a novel type. BCNU animals and man (5 -7). 
is remarkable in that i t  is highly effective not Chcmically, although considered to be an 
only in intraperitoneal L1210 leukemia, but  also alkylating agent, BCNU differs from typical 
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EXPERIMENTAL 

BCNU.'--A sensitive and reproducible colori- 
metric method for the determination of BCNU has 
been describcd (8). The rate of decomposition was 
calculated by measuring the amount of unchanged 
BCNU after incubation with buffers or biological 
fluids. For the recovery of BCNU, buffers were 
treated the same way as biological fluids. Also, a t  
pH above 8, the very fast rate of decomposition of 
BCNU necessitates the continuous direct measure- 
ment of absorbance a t  230 mF, the A,,,. of BCNU. 
Howcver, because of low molecular extinctioii 
(about 6,000), the direct measurement of absorb- 
ance is far less sensitive than the colorimetric 
method. In the range of 10--50 mcg./ml., a satis- 
factory linear relationship was found to exist be- 
tween the concentration of BCNU and its absorb- 
ance a t  230 nip. However, the absorbance at 230 
m r  assigned to T += x* transition (9) could be at- 
tributed to the excitation of -N=N- as well as to 
that of -N=O. Thc decrease in absorbance a t  
230 mp is a measurement of not only BCNU, but 
also its primary rearranged product (namely, the 
diazoester, see below). The colorimetric method is 
devoid of such ambiguities. 

Determination of Chloride.-Microtitration of 
chloride was performed with an automatic Cotlove 
titrator (10). Nitrite anion derived from the 
nitroso group of BCNU was found not to interfere 
with the titration. 

Protein Binding.-Protein binding was deter- 
mined by ultrafiltration using the Toribara appa- 
ratus (11). The experiments were carried out at 
0' because of the extreme instability of BCNU in 
plasma. A solution of BCNU in human plasma was 
prepared. An aliquot was kept at 0" throughout 
the duration of the experiment as a control. A 
measured volume of the remaining solution was 
placed in a cellulose sac (Visking Corp.) in the Tori- 
bara apparatus and spun at  2,200 r.p.m. for 2.5 hr. 
Further prolongation of centrifugation did not af- 
fect the results. rlfter centrifugation, the BCNU 
in the control plasma, the plasma in the cellulose 
sac, and the ultrafiltrate were determined. 

Plasma Level and Urinary Excretion in the Dog.- 
While under anesthesia with sodium pentobarbital,2 
female mongrcl dogs weighing 10-16 Kg. received 
BCNU Via the femoral vein, 10 mg./Kg., in a min- 
imal volume of 50% ethanol. Samples of blood, 5 
ml. each, were drawn from the opposite femoral 
artery with syringes wetted with heparin solution. 
Plasma was separated by centrifugation a t  0'. 
Urine samples were collected by cathctcrization. 
Cercbrospinal fluid (CSF) (1.5 ml.) was sampled eria 
the cisterna magna. All biological fluids were irn- 
mediately frozen in a dry ice bath until analyzed. 
It is often desirable to prepare plasma and urine 
standards of the same animal as previously ex- 
plained (8). Triplicate determinations were run 
whenever possible. 

To achieve a constant plasma level, constant drug 
infusion was performed after an intravcnous prim- 
ing dose of 10 mg./Kg. The infusion solution was 
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prepared by dissolving an appropriate amount of 
BCNU in a minimal volume of 95% ethanol and 
diluting with 0.2 &I acetate buffer of pH 4.1. The 
latter was choscn because it is ncarly isotonic and 
because BCNU is most stable (see below) a t  pH 4. 
The concentration of the infusion solution was such 
that the animal received 20 mg. of BCNU/Kg./hr. 
a t  a constant infusion rate of 0 . 5 1  ml./min. 

Paper Chromatography.-Solutions of BCNU 
were applied to strips of Whatnian No. 3 mm. paper 
and developed, ascending flow, by either 0.1 M 
sodium acetate buffer of pH 4.4 or petroleum cthcr 
of b.p. 100-115°. The instability of BCNU limits 
the solvent system to the above. Depending on 
BCNU concentration, thc spots could be made 
visible on the dried paper by any of the following 
procedures. (a) Direct illumination with ultra- 
violet light of 254 mp. ( b )  Spraying first with a 
solution of 50 mg. of sulfanilamide in 0.2 N hydro- 
chloric acid, and 5 min. later with a solution of 0.3 
Gm. of N-( 1-naphthy1)cthylenediamine dihydro- 
chloride in 100 nil. of 95% n-butanol. (c) Spraying 
with a diphenylamine-palladium chloride reagent 
(12) consisting of 5 parts of 1.5% diphenylamine in 
ethanol and 1 part of 0.1% palladium chloride and 
0.2 yo sodium chloride in water, followed irnmedi- 
ately by irradiation with ultraviolet light of 254 mp. 

In acetate buffer system, BCNU gave an Rf value 
of 0.73 and in petroleum ether, 0.78. 

Attempted Isolation of BCNU Metabolite from 
Dog Urine.-Following an intravenous injcction of 
BCNU a t  10 mg./Kg., the urine of a dog was col- 
lected for 3 hr. It was extracted 6 times with ether, 
using one-third its volume of ether each time. Thc 
combined ether extracts were dried over anhydrous 
magtiesium sulfate and concentrated in an atmos- 
phere of nitrogen at  0". The presence of BCNU in 
the residual oil was confirmed by paper chroma- 
tography. However, other spots on the chromato- 
gram were not identified. The oil resisted attempts 
a t  crystallization. 

Thermal Decomposition of BCNU in Petroleum 
Ether.--BCNU, 500 mg., was dissolved in 50 ml. of 
petroleum ether (b.p. 30-60") and refluxed at 43" 
(intcrnal tempcrature) for 5 hr. The solvent was 
removed by vacuum distillation iu a water bath at 
room temperature. After refrigeration overnight, 
the yellowish semisolid was triturated with ether 
and ccntrifuged. The supernatant was discarded 
and the rcsidual solid was recrystallized twice from 
30 ml. of ether containing 3 ml. of methanol. The 
fine colorless leaflets had an m.p. of 127-1:8', un- 
depressed by authentic 1,3-bis( 2-chloroethy1)urea 
(13). 

Anal.-Calcd. for C5HloCl2IVzO: C, 32.45; 11, 
5.45; C1, 38.32; N, 15.14. Found: C, 32.52; H, 
5.38; C1, 37.97; N, 14.86. 

The yield was 50 mg., 38y0. 

1 Supplied hy  Merck, Sharp and Dohme Research Labora- 
tories Kahway, N. J . ,  through the courtesy of the Cancer 
Chembtherapy National Service Center, National Cancer 
Institute Bethesda Md. 

* Marieted as N k h u t a l  by Abbott Laboratories, North 
Chicago, Ill. 

RESULTS AND DISCUSSION 

Stability of BCNU.-Table I summarizes thc 
authors' results. The stability of BCNU is pro 
foundly influenced by the pH of the solution. It is 
evident that BCNU is most stable in petroleum 
ethcr or in aqueous solution a t  pH 4. In acetate 
buffer of pH 4 a t  room tempcraturc, its half-life 
cxceeds 8 hr. 

In strong acid (pH below l ) ,  the rate of decotnpo- 
sition is too fast to measure. In  fact, the ready 
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'I'ABLE 1 --SIABILITY OF BCKU FIRST-ORDER K A l E  CONSTANTS AND HALF-LIFE PERIODS" 
- _ _  ~ - -  ~-~ - ~ - ~ - ~ ~ ~ ~  

Concn of BCNTJ! Temp I 

PH Medium mM X 102 O C  k X 10s min -1  t ' l n .  min. 
1 
2.2 
2.2 
4.4 
5.4 
5.7 
6 . 0  
6 . 8  
7 . 1  
7 .4  
7 . 4  
7 . 5  
7.8 
8 . 0  
8.0 
8.2  

0.1 ili HCIC 
0 .01  M K2SO.j 
0 .01 M K2S04 

2.57 
2.34 

18.72 
0 . 1  M NaOAc 2.57 
Dist. water" 2.34 
Urinec 2.34 
0 . 1  AI phosphate 2.34 
0 . 1  iZI Tris 2.34 
PlaSrrldC 2.34 
0 . 1  itf barbiturate 2.34 
0 . 1  i\f phosphate 2.34 
0.005 M phosphate 18.72 
Ringer's solution 2.34 
0.1 M phosphatc 18.72 
0.01 M phosphate 18.72 
0 .  1 ill Tris 18.72 

8 2  0.01 Af Tris 18.72 .~ 
8 . 2  6 , 0 0 1  %-Tris 18.72 
8 . 3  0 . 1  M NHdHCOs 18.72 
8.3 0.01 M KHIHCOS 18.72 

37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
25 
25 
2 5 
25 
2 5 
25 
25 

3.41 
1.66 
1.47 
1.36 
2.69 
2.48 
2.20 
6.14 

40.0 
13.3 
13.3 
20.4 
26.3 
4.51 
4.89 
4.00 

202 
416 
470 
51 1 
257 
278 
314 
112 
17 
52 
52 
34 
26 

I52 
141 
170 

4.70 147 
3.82 is1 
6.29 110 
7.73 89 

8.8 0 . 1  M borate 9.36 25 12.0 57 
8.8 0 . 1  M borate 18.72 25 12.0 57 
9.3 0 . 1  M Tris 14.04 25 29.5 23 

Petrolcum etherc 14.04 50 0.94 730 
__ -~ ~- 

a Hvet-age n$ three experiments. Solutions more concentrated than 2.57 X 10-2 m.li  were studied by direct spcctroyhoto- 
metric measurement of absorbance at 230 mu. Unbuffered solutinns. 

liberation of nitrous acid by BCNU in strong acidic 
solution constitutes the basis for its colorimetric 
determination. Between pH 1 and pH 4, the de- 
composition is first order with respect to BCNU. 
Its relative stability a t  pH 1 (half-life longer than 3 
hr.) agrees with the observation that BCNU is 
effective by mouth. 

From pH 4.4 to pH 7.8, the decomposition still 
follows first-ordcr kinctics; however, as explaincd 
below, the mechanism is probably not the same as in 
the more acidic media. The results of some typical 
experiments are graphically representcd in Fig. 1. 
In the pH range of 4 to 9 the rate varies directly with 
pH,3 but it is independent of the nature and con- 
centration of the buffer. I t  is naturally affected 
by temperature: a t  room temperature (25") the 
rate of decomposition is about 35% slower than at  
body temperature (37"). Also, a t  pH above 9.3, 
or even a t  pH 8, but at 37" instead of 25", the de- 
composition of BCNU becomes complex kinetically, 
and the rate is not only very fast, but also no longer 
first order. Its half-life a t  pH 10 is not much more 
than 5 min. 

In urine, BCNU is about as stable as in water of 
comparable pH. But with plasma, the case is 
entirely different. It decomposes a t  a rate 3 times 
faster than in phosphate buffer of pH 7.4, and its 
in vilro half-life in plasma is about 20 rnin. Al- 
though fast, the decay still obeys first-order kinetics, 
in distinct contrast with the in vivo situation. In 
the latter case, the decay of BCNU is not only 
somewhat faster, but follows complex kinetics be- 
cause of biotransformation and excretion. In 
Ringer's solution, however, thc decomposition is 
unremarkable. Clearly, plasma accelerates the 
destruction of BCNU in vilro. 

3 A rate expression could be empirically derive4, 

- %BcNx) = K(BCNIJ)/(H + ) 0 . 3  
dl  

at 2 5 O  for the range pH 4 t o  pH 9. 

The stability of BCNU was also studicd in two 
organic solvcnts, namely, methanol and petroleum 
ether (b.p. 10C-115°) by direct spectrophotornetry. 
In the former a t  50°, the decomposition of BCNU is 
rapid and the kinetics is complicated. On the 

1.0 I 

.o 1 i IH 8.8, 0.1 11 BORATE BUFFER 

0 60 1 2 0  1 8 0  240 300 
TIME, mln. 

Fig. 1.-Decomposition of BCNU at 37" 
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other hand, BCNU appears to bc relatively stable in 
thc latter cvcn a t  SO", and the decay obeys first- 
order law. 

Alkaline Hydrolysis of BCNU.-It is diflicult, per- 
haps impossible, to  ascertain meaningfully the true 
rate of hydrolysis of the chloro- group in BCNU be- 
cause of the extreme instability of BCNU in alkaline 
solution. However, since BCNU is gencrally con- 
sidrrcd an alkylating agent, we undertook :t study 
of the rate of release of chloride ion by BCNU in 
order to compare it with other well-known alkylating 
agents. As expected, a sernilog plot of eithcr chlo- 
ride liberated or fractional BCN U unhydrolyzecl 
versus time fails to reveal any kinetic trend. The 
ratc of hydrolysis is relativcly sloiv; no more than 
2Z'x, of the theoretical amount of chlorine was set 
free by incubation of BCNU a t  25" for 90 min. in 
0.1 M borate buffer of pH 9.8 at  concentrations 
ranging from 0.187 m M  (40 mcg./rnl.) to 2.34 m M  
(500 mcg./nil.). At 37' in 0.1 M phosphate buffer 
of pH 7.4, a 2.34 m M  solution of RCNU showed 
31.6% of hydrolysis after more than 5 hr. The 
same solution cxhibitcd 87% hydrolysis only after 
heating a t  50" for 24 hr. As stated above, these 
rates could not really pertain to BCNU becausc 
under the experimental conditions BCNU has a 
half-life of about 5 niin. to less than 1 hr. Ob- 
viously, in spitc of thc common biochemical effects 
(14) and cross resistance shared by BCNU and 
other alkylating agents (4, 15, 16), BCKU does not 
hclong to the group of alkylating agents such as 
bis(2-chloroethyl)methylamine. If it is an alkylat- 
ing agent at all, it must owe the alkylating action to 
one of its degradation products. 

Protein Binding.-With a solution of 9.36 X 
M of BCNU in human plasma, thc results of a 

typical experiment are shown in Table 11. 
The percentage of BCNU bound to plasma protein 

is: (0.760-0.170)/0.760 X 100 or 78%, and the 
percentage recovery is: (0.760 X 4.5) + (0.170 X 
0.5) X 100/(0.784 X 5.0) or 109%. On the basis of 
three experiments, the average extent of binding of 
BCNU with human plasma protein is about 80% at 
0". 

The fraction of plasma protein involved in drug 
binding usually is albumin. Assuming an albumin 
concentration of 5 X lo-* M in human plasma (17, 
18), and also there is only one single binding site for 
BCNU per molecule of human plasma protein, the 
association constant, K ,  of the plasma protein- 
BCNU complex is easily estimated: 

(P.BCNU) K =  ~~ 

(P/)(BCNW 
z 
I 
4 e c z 
: .5-  

t .4- 
L 

.3- 

.2- 
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0.80 X 9.36 x - ~~ - ( 5  x 10-4 - 0.80 x 9.36 x 10-5) 
(0.20 x 9 36 x 1 0 - 5 )  

= 9.1 X lo3 iW1 at 0" 
which is comparatively small. 

TABLE II.--R~sr:r~us OF TYPICAL EXPERIMENT 
-- ~. 

Absorbance 
at 540 mp Vnl., ml. 

Control 0.784 5 . 0  
Inside 0,760 4 . 5  
Ultrafiltrate 0.170 0 . 5  

40 - 
30 201 1 0  

1 -  
\o 0 

0 

0 
0 

1 . . . . . . . .  1 
10 30 60 90 120 150 180 210 140 

0 
0 

1 . . . . . . . .  1 
10 30 60 90 120 150 180 210 140 

TIME, m m  

Fig. 2.-Plasma and CSF lcvels of BCNG in thc 
dog. Key: 0, dog 1; 0, do% 2; V ,  dog 3. (Solid 
symbols indicate plasma; open syrtibols indicate 
CSF.) 

Plasma Level and Urinary Excretion in the Dog.- 
The rapid decline of BCiSU in the plasma of the 
dog after a single intravenous injection is shown in 
Fig. 2. For the first 30 min. the fall of plasma levels 
in the three animals does not dcviate too much from 
an exponential pattern and the half-life in plasma 
seems to be less than 15 min. Although protein 
binding by BCNU appears extcnsive, the association 
constant is relatively small. Consequently, even 

Fig. 

INFUSION 
STARTED 

0 0 

. 
0 

INFUSION 
STOPPED 

4 

0 

10 30 60 90 120 150 180 
TIME, min. 

3.--Entry of BCIW into CSF. Key:  e, 
plasma; 0,  CSF. 
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1 IHC1 
CICH?CH2-N=N-O-CO-NH-CH$2H2Cl (I 11) HNOZ + ClCH~CH~--NH-CO-NH-CH~CH~Cl 

i 
ClCHrCH=N+=N- (I\:) + HO,C-KH-CHZCHZCl (V)  1 

ClCHnCH: (IX) 

HzO i 
CH2-CHz 

'0'- CHaCHO. 

L 
NHZ- CHZCHzCl (VI) + OCN-CI-Id2H2CI (VII) 

.Scheme I 

though an increased proportion of drug would be 
bound as the total amount of BCNU decreases, this 
estimation of half-life in plasma is essentially correct 
(17). Extrapolation to zero time gives a zero time 
plasma level of about 30 mcg./ml. Since the doqe 
of BCNU in these experiments was 10 mg./Kg., the 
volume of distribution is therefore 33% of body 
weight, in other words, somewhat larger than the 
volume of extracellular watcr. This is unexpected 
because BCNU, being highly soluble in lipids, ap- 
pears to  pcnctrate cellular membranes freely. In 
fact, BCNU makes its appearance in the CSF and 
the blood stream simultaneously. Furthermore, its 
concentration in the former falls a t  about thc same 
rate as in the latter. 

In view of the exceptional chemical reactivity of 
BCNU, it is necessary to maintain a steady plasma 
level by infusion before a meaningful estimate of the 
extent of entry into the CSF could be made. Figure 
3 illustrates the results of such an experiment. 
After a constant plasma level of the drug has been 
achieved, the CSF level of BCNU reaches about 
48% that of plasma (average of three experiments), 
confirming the screening data and clinical experience 
that BCNU readily penetrates the blood-brain 
barrier. At first sight this ratio appears to be 
higher than the percentage of free BCNU in plasma 
(20yo). However, it  should be recalled that protein 
binding was determined with human plasma a t  0" 
and besides, the cellulose sac used ic: only a crude 
facsimile of cell membrane. 

Ten minutes after a single intravenous injection, 
BCKU begins to appear in the urine The excretion 
reaches a peak at  about 2 hr. and then gradually 
tapers off until 3 hr. later when a dctcctable amount 
of the drug was present. Nevertheless. in no case 
is thc total amount of unchanged BCNU excreted in 
4 hr. in excess of 0.1% of thc dose 

That the colorimetric method actually mcasurcs 
unchanged BCNU in plasma, CSF, and urine is 
supported by paper chromatography. When ap- 
plied on Whatman KO 3 mm. paper and developed 
by the systems described above, the ether extracts of 
these biological fluids exhibit spots with Rj values 
identical to those obtained from ether extracts of 

100" 

the same fluid after the addition of authentic 
BCNU. 

Doubtlessly BCNU undergoes extcnsivc catdbol- 
ism in the body since the percentage of unchanged 
BCKU recoverable from urine is so low. Although 
its biotransformation must await further studies, 
some indications could be gleaned from its thermal 
decomposition. 

Thermal Decomposition of BCNU in Petroleum 
Ether.-The authors chose to  undertake the study 
in a nonpolar solvent, namely, petroleum ether, so 
as to minimize secondary reactions. The isolation 
of 1,3-bis(2-chloroethyI)urea (II), after heating 
BCNU a t  43" for 5 hr., suggests the postulated SC- 

quence of events in Scheme I. 
The proposed 4-centered thermal rearrangemciit 

of BCNU (I), a nitrosamide, to  the diazoester 
(111), is well known (19, 20). This is perhaps also 
the first step in the decay of BCNU in aqueous 
solutions above pH 4. The diazoester (111), in- 
capable of but a fleeting existence, at once decom- 
poses by an a-elimination analogous to the case of 
N-(n-buty1)-N-nitrosotrimethylacetamide (21) to 
give the diazoethane (IV) and the carbainic acid (V). 
The fate of the diazoethane (IV) cannot be defined 
by this experiment. However, the isolation of 
acctaldehyde from an aqueous solution of BCNU 
after refluxing (22) implies that the acetaldehyde 
originates from an analogous ephemeral interrmedi- 
ate, 2-chloroethyldiazoic acid, C1CH2CHtN=NOH, 
uia ethylene oxide. Possibly, therefore, in this 
work the diazoethane (IV), on losing nitrogen, be- 
comes transformed into the reactive carbene (IX) 
which also hydrolyzes to  acetaldehyde. In aqueous 
solution, the intermediate steps would be similar. 

It is not clear cxactly how 1,3-bis(2-chloroethyl)- 
urea (11) is derived from the carbamic acid ( V ) ;  
the over-all reaction, iievertheless, must result from 
2 moles of V through the loss of I mole e-ach of 
water and carbon dioxide. The authors suggest 2- 
chloroethy! isocyanate (VII)4 as a possible inter- 

1 Dr. K. E. Larson independently made the satne suggestion 
that 2-chloroethyl isocyanate might be one of the intermedi- 
ate biotransformatioo products of BCNU. 
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mediate not only because the addition of 2-chloro- 
ethylamine (VI)  to the postulated 2-chloroethyl iso- 
cyanate (VII) explains very well the formation of 
1,3-bis(2-chloroethyl)urea (11), but also because the 
delayed hepatoxicity of BCNU strongly resembles 
that of a-naphthyl isocyanate. In any event, the 
thermal decomposition of BCNU (I)  to  afford the 
original unnitrosated 1,3-bis(2-chloroethyl)urea (11) 
cannot be explained by the simple loss of a nitroso 
group directly from BCNU for the following reasons: 
first of all, such a homolysis is unprecedented; 
second, and most important, when 1-(2-chloroethyl)- 
1-nitroso-3-cyclohexylurea undergoes a like reaction 
in petroleum ether (b.p. 66"-75") a t  67" overnight, 
the product is 1,3-dicyclohexylurea [m.p. 224', 
identical to an authentic sample (23) in every re- 
spect] and not l-(2-chloroethyl)-3-cyclohesylurea, 
m.p. 130"-132" (24). 

I t  has also been shown that 1,3-bis(2-chloroethyl)- 
urea (11) readily cyclizes in boiling water to 
2-( 2-chloroethylamino)-2-oxazoline (hydrochloride) 
(VIII) ( 2 5 ) .  However, we have no evidence that 
this has occurred a t  43" in petroleum ether. Whe- 
ther this is true in Vier0 remains to be seen. 
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CSF. No more than 0.1% of unchanged drug is 
excreted in 4 hr. Nothing is known conccrriirig it5 
biotransformation in Gvo. 

Refluxing of BCNU a t  43" in petroleum ether 
for 5 hr. converts it partly into 1,3-bis(2-chloro- 
ethy1)urea. The mechanism of this rcaction is 
discussed. 

5. 

SUMMARY 

1. BCiYU is most stable a t  pH 4. In acid as 
well as in aqueous solutions of pH greater than 7 it 
is shortlived. Its half-life in plasma is about 20 
min. in nitro and less than 15 min. in vivo. 

The release of C1- by hydrolysis of BCNU is 
too slow to account for its alkylating action. 

BCNU is 80% bound to human plasma pro- 
tein at 0". 

In the dog, after a single intravenous iiijection, 
BCNU enters thc CSF immcdiately and then disap- 
pears rapidly from both the blood stream and the 

2. 

3. 

4. 
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Retention, Excretion, and Distribution of 
2,3,5-Triiodobenzoic Acid and Its 

Metabolites in the Rat 
By R. D. ICE, C. E. BRECKINRIDGE, JR., and J. E. CHRISTIAN 

The synthesis of 2 (1311),3,5-triiodobenzoic acid (TI*BA), starting with 2-amino- 
3,5-diiodobenzoic acid and sodium iodide (I3lI) is described. The  rate of excretion, 
biological half-life, and metabolites of this compound in  rats were studied. Four 

metabolites and TIBA were found in  the urine. 

N SOYBEANS, TIBA affects plant morphology beans are used for animal and human consump- I and flowering response (1,2). When propcrly tion, the question arises as to  the cnvironrnental 
used i t  increases bean production through a bet- health hazards of TIBA and its metabolites. 
ter utilization of photosynthate (3). Since soy- TIBA was originally synthesized by Wheeler 

and Johns (4). Anthranilic acid was reacted 
with iodine monochloride and the resultant prod- 
uct diazotized and reacted with potassium io- 
dide. The synthesis of TI*BA has been de- 
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