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against Walker 256 and, unfortunately, more toxic
than L-III. Interestingly, both n-III and 1-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]%;50 —178° (¢ 0.5, pyridine).
Anal. (CleuNzOz) C, H, N (Cf ref 33)

L I was prepared in a similar manner using L-propylenimine;?
mp 168—1700, [0(1255730 180° (C 05, p_vridine). Anal (C12H14-
N:0.) C, H, N.

Tris(p-2-methyl-1-aziridinyl)phosphine Sulfide (p-1I).—A solu-
tion of 8.43 g (0.05 mole) of PSCl3,5 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
i 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
anid washings were combined, concentrated to 50 ml, and filtered
again. The filtrate was distilled to give 8.0 g (69<7) of p-11, bp
120-122° (2 mm), mp 41-43°, [a] %50 —99° (¢ 1.5, CeHe).  Anal.
(CoHN;PS)C, H, N, P, S, (CY. ref 3b.)

1-11 had bp 114-115° (1.6 mm), mp 41-43°, [a] s 97° (¢ 1.7,
CGHG). Anal (CgHmNsPS) C, H, N

2,4,6-Tris(p-2-methyl-1-aziridinyl)-s-triazine (p-III)—Using
the method described by Schaefer,® 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.O). Anal. (CpHisNg) C, H,
N.

L-IIT had mp 136-138° dec, [«]®Dp 152° (¢ 1.7, H,0). Anal.
(Ci:HisNs) C, H, N.

(5) Temperatures are uncorrected, Microanalyses were performed by tlie
AMicroanalytical Laboratory, University of California, Berkeley.

(8) Prepared by tiie method of J. Fasclialek, (East) German Patent 10,041
(July 11, 1955); Chem. Abstr., 52, 20949 (1958).
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The synthesis of 8-bromo-5'-adenylic acid (S-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 princi-
pal produet from alkaline bromination of 5’-AND,
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"-ANTP has
now been used to synthesize the 5’-di- and ~triphos-
phates, which are also inactive with adenylate kinase,

(1) Supported in part hy National Institute of Health Grant AM-04585
and by funds fromn the State University of New York.
(2) M. Ikehara, 3. Ueiichi, and M. Kaneko. Chem, Commun., 17 (1967).
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Iigure 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-HCI, 2-5; sodium acetate,
4-5; sodium phosphate, 6-7.

and the analog of flavin—adenine dinucleotide (IFAD),
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 procedure 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 HO to 2 L. of 0.5 ¥ HCO,H was followed by absorbancy
measurements at 260 mu. The 8-bromo-3"-AMP was eluted
after unreacted 5’-AMP, evaporated to dryvness below 50°, dis-
solved in a small volume of EtOH, and precipitated with 4 vol of
Et,0. The compound was rinsed with Et,0 and dried in vacuo
to obtain 1.9 g of acid monohydrate; 219 yield. Anal. Caled
for (CypH;:BrN;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 anthentie
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 r 1.77.

The value of AH7 for 8bromo-3-AMP is 265 and for 5'-
AMP is 259 mg; AEZ for 8-bromo-3’-AMP is 262 and for 5'-
AMP is 257 mu.

The 8-bromo-3’-AMP was found to be inactive, both as sub-
strate and as competitive inhibitor, 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 wvacuo a bromine analysis was performed. Anal.
Caled for CuHuBrNOsP:  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 pyridine was also according to the procedure of

(3) Absorption spectra were determined with a Cary Model 14 recording
spectropliotometer; nmr spectra with a Varian 60 Mc¢ nmr spectrometer;
fluorescence readings witlh an Aminco-Bowman spectrophiotofluiorometer set
at 450 myu for activating wavelengtli and 520 mu for emission. FElemental
analyses were by Schwarzkopf Microanalytical Laboratory, Inc., Woodside,
N. Y.

(4) D. B. McCorick, Biochemistry, 5, 746 (1966},

(5) J. G. Moffatt and H, G, Khoraua, J. Am. Chem. Svc., 83, 649 (1u61).
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Moffatt aud Khorana® for the similar preparation of 5-ADP and
S'-ATP from 5-ANMP.  After zeparation of the nncleotidex hy
chromatography on a 2.5 X 20 cin colimmn of Dowex 1X8 (c¢hlo-
ride) with elution by 2 1. of 0.003 ¥ HCl to 2 1. of the same plinx
0.5 .V LiCl, extraneons lithinm pyrophosphate was removed from
the S-bromo-H’-ATP and especially the 8-bromo->-ADP by
dixsolving the crude materials in 25 ml of cold 0, adjusting the
pll to 2.5 with 0.1 .V HCl, and adsorbing the nucleotides ou 1 ¢
of HCl-washed Norit. The pure nucleotides were eluted from
thie charcoal by twice stirring with 25-ml portions of 506, EtrOl1-
11.0, adjusting the pH o 7.5 with 0.1 .V LiOH, aud filtering otf
the chiarcoal.  The filtrates were then evaporated to dryvuess for
G5 mg of 8-bromo-H"-ADP aud 46 mg of S-bromo-3'-ATP, both
s the tri- and tetralithinm polvhydrates, respectively.

The relative positions of elution from Dowex IXS& (chloride)
and, ax given in Table [, £: values npon ascending paper chroma-
tography ideutify the S-brononneleotides.

TanLe 1

CuromarodrAraic CHARACTERIZATIONS (PAPER) AND YIELDS
OpraiNed (CoLtMmy) oF 8-Bromo NUCLEOTIDES

¢ value (isolutyrie acid— Yiehd,

Clowpsotand N1HsOH-H:0, 66:1:33) i
S-Bromo-5/-AMY 0.51 27
H'-ANP 0,48
S-Bronto-»"-ADDP 0.351 44
5-ADP 0.29
S-Bromo-53'-ATP 0.24 28
H'-ATP .22

With adenylate kinase, 8-bromo-H’-ADDP was tonud not to be
phosphorylated by ATP, aud 8brono-5’-ADP could not form
the corresponding bromo derivatives of 5-AMP and 5'-ATP
in the reverse reaction.

Flavin-8-Bromoadenine Dinucleotide.—Condensation ol 0.59
g of 8-bromoadenosine 5’-phosphoromorpholidate (0.5 mmole)
with 0.81 g of tri-rn-octylammoninm FMN (1 mmole) in 100 ml of
anhydrous pyvidine plus 5 ml of DMT was done by a modification
of the method for FAI)Y synthesis by Moffatt and Khorana.t
After 1 week at room temperature, the pyridine wax evaporated
off, the residue wax dissolved in 25 ml of H,O, and the solution
was extracted twice with 25 ml of Et.0. The aqueous phase wax
carefully nentralized with | & NH,OH and the solution wax
porrred over a 2.5 X 40 ¢m columu of DEAK-cellulose (C17). The
small amount of riboflavin was washed through with 2 1. of 0,
and the elution of flavin phosphates with a linear gradient from
2 L of 0.003 N HCI to the same plus 0.1 3 LiCl was followed by
absorbaiey measurements at 260 and 450 mu.  The F8-bromoAD
which exhibits a 260,450 ratio near 3.7, was eluted after 8-bromo-
5’-AMP and FMN, the pH was adjusted to 6 with 0.1 V" LiOH,
and the solution was lyophilized. The residue was stirred in 20
ml of MeOH aud the Li; salt of F8bromoAD was precipitated
with 200 ml of Me;CO plus 20 ml of £t.0. The yellow-orange
precipitate was collected by centrifugation and washed twice
more to remove all LiCl by resuspending in 3 ml of MeOH and
reprecipitating with 30 ml of Me,CO plus 3 ml of Et,0. Thix
material was dissolved in 10 ml of H.(), filtered, and lyophilized
for 130 mg; 286 yield based on initial phosphoromorpholidate.
After dryiug at 50° in vacuo, a bromine analysis was performed.
Anad. Caled for CuMpBrLiNOpPs-2H.0: Br, 8.6. Fouund:
Br, 8.1. Tle on MN siliea gel S-HR with n-BuOH-AcOH-H.0
(2:1:1) ax ascending solvent gave R values of 0.23 and 0.18 for
‘8-bromoAl) and FAD, respectively (fluorescent nv). The
™ values for the F&-bromoAl) are the same as for FAD at
150 and 375 mgy, but the bromo compound evidences a slight red
shift of 267 mu from the 264-mu maximiun of FAD,

Ax shown iu Figure 1, F&bromoAD like FAD has maximal
fAnorescence hetween pl 2.5 and 3.0 aud decreases toward more
nearly nentral pIl due to intramolecular complexing with quench-
ing of the xoalloxazine fluorescence by the purine moiety.?

The coenzymatic reactivity of FS-bromoAD is being vesti-
giated with p-nmitto acid apooxidase, and an attempt will be
ntade to form ervatals of thix analog snitable for X-ray studiex
of the three-dinensional <Uucture.

16) J. Go Moffaty awd . G. Khorana, J. dne Chem. Soc., 80, 3756 (1058,
0y DB MeCorek in “Molecular Associations in Biology,” B. Pullinan.
lide, Avadewie Press, Now York, N. Y., 1968, p 377.
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Synthesis of Potential Antineoplastic Agents,
Substituted Phenyleyclohexenes!
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The finding of limited antitumor activity of velated
intermediates, 1-(2,3-dimethoxyphenvyl)eyelohexene and
1-(2-methoxvphenvl)eyvelohexene, prompted the at-
tempt to synthesize similar compounds with more po-
tent antitumor activity and relate this activity to chemi-
cal activity,

Compounds I-VITI were synthesized according to
Scheme I, The formation of all Grignard reagents was

Sedeme [
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Ry, R.. R;=H, CH;, OCH,

spontaneous and vigorous, except that of 1-bromo-2,3 4-
trimethoxybenzene which required heating.  Condensa-
tion of the Grignavd reagents with evelohexanone gave

Tasie 1
RELaTive REACTIVITIES OF SUBSTITUTED PHENYLCYCLONEXENES
TOWARD MERCAPTOACETIC ACID AT 30°

+ nHSCHCOOH o
peroxide
n=23
SCH.COOH
Rel No. Rel N
Ring regctivity, of reactivity, of
Compd subatituent o= 2 rurns =3 il
1 1-OCH; 133 £+ 0.06 2 1.32 + 0.0z 2
111 2-0C Hs 1.26 = 0.0b 2 1.33 &= 0.00 2
11 3-0CHs 1.00 = 0.01 2 1.07 = 0.01 ¥
v 4. C Ny 1.12 + 0.02 2 ol o 0,02 2
v 3O Hy 1.0Y = 0.03 2 1,03 #4 0.02 2
VIl None 1.00 2 1,00
Vil P 1-(OCHsiy 0.9 = 0.02 2
1X 2,3-(0CHn 0.51 = 0.00 2
Vi 2-CHs 0.52 £+ 0.04 2 0.58 = 0.06 u

(1) Sypported iv part Ly an lustitodonal General Research Canver
Craut (IN-761), National Instuites of Healtl Training Graut 5 11 GM1171-
04, and National Iustitutes uf Healtlh Research Grant 1 ROt ("A10270-01.

() A portion of this work was abstracted frow the Ph.1, dissertatiou of S
Core.



