In order to determine the importanece of metabolism
with respeet to w@ — 1 oxidation we are now studving
longer chain derivatives and are svnthesizing other
compounds with the w — 1 cubon atom blocked by
various substituents.  Studiex on the direet mensure-
ments of metabolsim by hepatic microsomes have «lso
been inttiated.

Experimental Section

S-bithyld-03,3-dimecthythu v Dbarbitneie aeid (VII) was syn-
thesized as <hown in the lHteratine® except that 3,3-dimethyvl-
butyt chboride wis nsed instead of the bromide. The melting
point was 101-193°. The X-ray =troeture of e =vitthetic
componnd hax been recentdy accomplished. ™

<01 17, Co Whitmore and M. A, Thorpo, UL S, Patent 2,161,212 (19347,
1109y 3. Craven, Department of Crystallography. Uijversity of Pittshnrul,
persi) fomimunication.
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Ethylenimines. VIIL. Optically Active
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The reaction of butadience monoxide and pro-
pylenimine gives n 70:30 mixture of 1-(2-methyl-1-
aziridinyh)-3-buten-2-ol and 2-(2-methyi-1-aziridinyl)-
3-buten-1-ol.?  Interestingly. the product mixtures
obtained from bp-propylenimine and r-propylenimine
showed different activitiex agninst  Adenocarcinoma
755, the nomixture being the more active.  Although
thix difference in activity was suggestive of o re-
lationship between biologieal aetivity and the absolute
configuration of a substituted carbon on the azirvidine
ring, <uch an interpretation wax considered tenuous
beeause the produets were not pure enantiomers,

I order to make possible more =uitable examination
of the relationship between biologienl activity and the
abzohite configuration of @ stubstituted carbon on the

azividine  ring,  we o prepared  2.5-bix(n-2-methyl-
aziridinyh-p-benzoquinone  (p-1).  tris(p-2-methyl-1-
azividinyl)phosphine  sulfide  o-11),  2.4.6-tris(n-2-

methyl-1-azividinyl)-s-triazine  (»-I11), and  their .
epantiomers (L-1-I11).  Svntheses were accomplished
nxing the appropriate v- or L-propylenimine? and
methods similar to these described for preparation of
the racemic analogs.**  DPreliminary =creening data,

)y day Pact V1o AL T, Borting )30 19 Dowiden, ad R, L. Vanliten,
oo tw Chenin Sy, 87, 3350 (10651, (b Suppom ed in part by Grant No.
CA-053528 Trom the National Cancer Institude of the Publie Health Necvies,
V. T Botani aud V. Dev, J. Meo, 'hevn, Chem,, 5, 025 110621,
ta; W, Gauas, X, Petersen, (3. Dwoark, and ¢, Hackmmann, German
Pacent U67,394 UNov TL19aT); Chem. dhsti, 83, 13173 (10501 (b 1. Kuh
wnl 110 R Reeger, UL 8, Patent 2,670,347 i1l 23, 1954y Chem. Abste., 49,
2981 (1055); ted 19, CL Rehaeler, J. Ao, Cheo Sovl, TT, H028 119551,

1) Nwe that nze o raceuie propylenimine instead o€ optically pure
propylenonine in any ol these syutheses vives 4 mixtare ol diastereoers,
o expomple, in the absence ol asyvuvneteie dicdon, the reaction of thin-
Dhosplio eyl chloride with raceimic peopylenimine will wive a 3:1 mixiioe o1
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v Nee Cancer Chewolherapy Kepl., 25, 1, 10119620 " Unless

otherwize noted, the vehicle was carboxvmethyleelulose, wid the
roite was intraperitoneal. © For Walker 256 (WA ) test svwiren:
tnntor weight in grams: for Fhuming leakemia soliddy (P tes
systemi: =rvival time i dayv=. o texts nsing KB cells with
comtrol nmbers 543, 349, :nd 164 1twa different ~ereeners:, n-l

had 1= of <10, 040 Glope = —0.46), and <0.25 ug mlb, re-
spectively, snd -1 had 15Ds's of <10, 036 (slope = = 0455 and
.25 txlope = — .78 ggml, vexpectively. " Toxiv i odose Tevel

ol 710 mg kg, 7 Powe eares. ¢ Foxie at a dose level of 2,50
mg kg, F o=t and =11 50 dose levels ol 6,00 450 ;a1 5,75 400
mg kg, respectively, did not prodnve prolonged simrvival vimes
when tested pgainst lymphoid tenkemin L1210 test sysjem. - Six
enres. 4 From ommor inhibiton rs. dosage plors of these data,
ToC 000 were extintated Tor v- and 1-TIT oz cen 05 mel 14
g kg dav, respeciively: the approximate 954, condilence hiniis
were (0212 and 0448 mg kg day, respectivelv. 4 From a
tunwyr indhibition rv. dosage plot of <imilar data ccontrol nnmbers
36, X7, 04, 103, and L1O) for 2,4,6-tris i2-methy b L-pziridingd -s-
triazine prepared with recemic propyleniomive, T 010 was
estimated n= ca. 12,5 mg kg "lay, with approxinide 937, con-
fidence Hmits of 1.2-12 mg kg dayv. Preliminuy LDu's oy
=111, 1-IH, and HIT prepared from rvacemic propylenimine are
1.2, 3.5, and 125 mg kg ‘dav.  » Inactive at lower duse fevels in
thix wevies. The vehicle wis saline.

obtained by the Cuaneer  Chemotherapy  National
Service Center, nre swmmarized in Table I

Although the paucity of the data does not allow any
conclusion regarding the relationship of activity and
the absolute configuration of the substituted carbon
on the aziridine ring, o-ITT appears to be more active
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against Walker 256 and, unfortunately, more toxic
than .-II1. Interestingly, both p-III and L-IIT appear
to be more active against Walker 256 and more toxic
than ITI prepared from racemic propylenimine.*

Experimental Section®

2,5-Bis(p-2-methyl-1-aziridinyl)-p-benzoquinone (p-I)—To
a solution of 1,4-benzoquinone (10.8 g, 0.10 mole) in 200 ml of
EtOH was added 3.86 g (0.066 mole) of p-propylenimine.? The
solution was cooled to 0° and, after 10 min, the product was
filtered off. Recrystallization (MeOH) gave 3.1 g (439) of
orange platelets, mp 168-170°, [a]%;5 —178° (¢ 0.5, pyridine).
Anal. (CmHMNzOz) C, H, N (Cf ref 33)

L I was prepared in a similar manner using L-propylenimine;?
mp 168—1700, [0(125;)730 180° (C 05, pyridine). Anal (C12H14-
N:04)C, H, N.

Tris(p-2-methyl-1-aziridinyl)phosphine Sulfide (p-II).—A solu-
tion of 8.43 g (0.05 mole) of PSCls¢ bp 122-124°, in 50 ml of
PhH was added dropwise to a cold (5°), stirred solution of 8.6 g
(0.15 mole) of p-propylenimine and 15.2 g (0.15 mole) of Et;N
in 200 ml of PhH. When the addition was complete, the reac-
tion mixture was allowed to warm to room temperature and was
stirred for an additional 1 hr. Et;N-HCI that had precipitated
was filtered off and washed with 50 ml of PhH. The filtrate
and washings were combined, concentrated to 50 ml, and filtered
again. The filtrate was distilled to give 8.0 g (697) of p-1I, bp
120-122° (2 mm), mp 41-43°, [a] 55 —99° (¢ 1.5, CeHs).  Anal.
(C)HN;PS)C, H, N, P, S, (Cf.ref 3b.)

1-I1T had bp 114-115° (1.6 mm), mp 41-43°, [a]%ss 97° (¢ 1.7,
CGHG). Anal (Cngstps) C, H, N

2,4,6-Tris(p-2-methyl-1-aziridinyl)-s-triazine (p-III).—TUsing
the method described by Schaefer,®e 3.1 g (0.055 mole) of p-
propylenimine was converted to 1.6 g (36%) of p-II, mp 137-
138° dec, [a]®p —147° (¢ 1.4, H.O0). Anal. (C,HisNe) C, H,
N.

L~-IIT had mp 136-138° dec, [«]®D 152° (¢ 1.7, H)0). Anal.
(CaHisNs) C, H, N.

(5) Temperatires are uncorrected, Microanalyses were performed by the
MMicroanalytical Laboratory, University of California, Berkeley.

(68) Prepared by the method of J. Faschalek, (East) German Patent 10,041
(July 11, 1955); Chem. Abstr., 52, 20949 (1958).

Syntheses of 8-Bromo-5"-adenylate-Containing
Nucleotides!
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The synthesis of 8-bromo-5"-adenylic acid (8-bromo-
5'-AMDP’) has been noted recently,? but the high ap-
parent yield, slightly low values given for maximum
wavelength, and lack of certain assignment of the posi-
tion substituted warranted further investigation of the
direct bromination of 5'-ANMP. We now have modified
the earlier procedure to obtain in pure form the prinei-
pal product from alkaline bromination of 5-ANMD,
established the structure as the 8-bromo derivative, pre-
sented the correct absorption maxima, and shown the
compound to be inactive with adenylate deaminase and
adenylate kinase. In addition, S8-bromo-3"-ANP has
now been used to synthesize the 5’-di- and -triphos-
phates, which are also inactive with adenylate kinase,

(1) Supported in part by National Institute of Health Grant AM-04585
and by funds fromn the State University of New York.
(2} M. lkeliura, 3. Uelichi, and M., Kaneko, Chem. Commun., 17 (1967},
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Figure 1.—Effect of pH change on the fluorescence intensitios of
F8-bromoAD and FAD. Flavins were approximately 107 M in
0.1 M butfers of KCI-HC], 1; glycine-HCl, 2-3; sodium acetate,
4-5; sodium phosphate, 6-7.

and the analog of flavin-adenine dinucleotide (I'AD),
F8-bromoAD, which like FAD forms an intramolecular
complex in solution.

Experimental Section?

8-Bromo-5'-adenylic Acid.—Direct bromination of 5-AMP
was accomplished by a modification of the procednre of Ikehara.
et al.> TFor this, 7.3 g of 5'-AMP. H.O (20 mmoles) was dissolved
in 25 ml of H;O containing 1.6 g of NaOH (40 mmoles) to make
the disodium salt which was further diluted with 225 ml of 0.1
N NaOH. To this alkaline solution, 1.0 ml of Br, (20 mmoles)
in 100 ml of H,O was dripped in over a 2-hr period and the reac-
tion mixture was stirred at 25° for an additional 5 hr. The solu-
tion was poured over a 2.5 X 40 cm column of Dowex 1X2 (for-
mate) and the elution of compounds with a linear gradient from 2
L of H:O to 2 L. of 0.5 ¥ HCO:H was followed by absorbancy
measuremellts at 260 mu. The 8-bromo-3'-AMP was eluted
after unreacted 5'-AMP, evaporated to dryness below 50°, dix-
solved in a small volume of EtOH, and precipitated with 4 vol of
Et,0. The compound was rinsed with Et,O and dried in »vacuo
to obtain 1.9 g of acid monohydrate; 219 yield. Anal. Caled
for (CypH;3BrN;07-H,0): C, 27.4; H, 3.4; Br, 18.0; N, 15.8;
P, 7.0. Found: C, 27.8; H, 3.7; Br, 17.4; N, 15.3; P, 6.7.
Comparison of nmr spectra of the bromo derivative and anthentic
AMP, each in DMSO-d;, revealed an absence of the H-8 at =
1.60 for the 8-bromo-5'-AMP and the presence of H-2 at 7 1.77.

The value of AH! for 8bromo-3-AMP is 265 and for 5'-
AMP is 259 mg; AEZ for 8-bromo-5'-AMP is 262 and for 5'-
AMP is 257 my.

The 8-bromo-5'-AMP was found to be inactive, both as sub-
strate and as competitive iuhibitor, when tested in the usual
manner* with adenylate deaminase and adenylate kinase.

8-Bromo 5’-Di- and -Triphosphates.—The 5'-phosphoro-
morpholidate of 8-bromo-5'-AMP was prepared by the general
method for nucleoside 5’-phosphoromorpholidates described by
Moffatt and Khorana;® 939 yield as tetrahydrate. After drying
at 100° in vacuo a bromine analysis was performed. Anal
Caled for CuHunBrNOsP:  Br, 10.1. Found: Br, 9.6.

Reaction of 0.39 g of 8-bromoadenosine 5’-phosphoromorpholi-
date (0.5 mmole) for 5 hr at room temperature with 0.85 g of
bis(tri-n-butylammoninm) pyrophosphate (2.5 mmoles) in 20
ml of anhydrous pyridilie was also according to the procedure of

(3) Absorption spectra were determined with a Cary Model 14 recording
spectrophotometer; nmr spectra with a Varian 60 Mc¢ nmr spectrometer;
flitorescence readings with an Aminco-Bowman spectropliotoflitorometer set
at 450 mu for activating wavelength and 520 mu for emission. FElemental
analyses were hy Schwarzkopf Microanalytical Lalvratory, Ine., Woodside,
N. Y.

{(4) D. B. McCorinick, Biochemistry, §, 746 (1966).

(56) J. G. Moffatt and H. G. Klhorana, J. Am. Chem. Suc., 83, 649 (1y61),



