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In order to determine the importance of metabolism 
with respect to b> — 1 oxidation we are now studying 
longer chain derivatives and are synthesizing other 
compounds with the to — I carbon atom blocked by 
various substituents. Studies on the direct measure
ments of metabolsim by hepatic microsomes have also 
been initiated. 

Experimental Section 

.")-lMhy)-5-(:'v!-dinielhylbutyl)harbit uric acid (VII) was syn
thesized as shown in the literature9 except that .'!,^-dimethyl-
butyl chloride was used instead of I he bromide. The melting 
point was 101-193°. The X-ray structure of our synthetic 
compound has been recently accomplished."' 

•(I) F. C . W h i t m o r e and M . A. Tho rpo . I ' . S. Pa ten t 2.161,212 (lHiiH). 
10) l>. ("raven, D e p a r t m e n t of Crys t a l l og raphy . Univers i ty of Pit t .sburah, 

personal c o m m u n i c a t i o n . 
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The reaction of butadiene monoxide and pro
pylenimine gives a 70:80 mixture of l-(2-methyl-l-
aziridinyl)-3-buten-2-ol and 2-(2-methyl-l-aziridiny]j-
o-buten-1-ol.- Interestingly, the product mixtures 
obtained from n-propylenimine and L-propylenimine 
showed different activities against Adenocarcinoma 
Too, the L mixture being the more active. Although 
this difference in activity was suggestive of a re
lationship between biological activity and the absolute 
configuration of a substituted carbon on the aziridine 
ring, such tin interpretation was considered tenuous 
because, the products were not pure enantiomers. 

In order to make possible more suitable examination 
of the relationship between biological activity and the 
absolute configuration of a substituted carbon on the 
aziridine ring, we prepared 2..>-bis(D-2-methyl-
aziridinylj-^-benzoquinone (i>-I). tris(i)-2-methyl-l-
aziridinyljphosphine sulfide (n-II), 2,4-,(>-tris(i>-2-
methyl-l-aziridinyl)-.s-ti'iaziiie ( H - I I I ) , and their L 

enantiomers (1.-1-111). Syntheses were accomplished 
using the appropriate »- or i.-propylenimine2 and 
methods similar to these described for preparat ion of 
the racemic analogs.3 '4 Preliminary screening data, 

. 1) tat Par i V I I : A. T . Bol t in i . H. F. D o u d e n , and H. I,. V a n F t t e n . 
./. ,1m. Cl,tm. Urn-., 87, :t2.)0 tlitli ' i i . (In S u p p o r t e d in part by Gran t No . 
<\\-0.">;"28 from the N a t i o n a l Cancer I n s t i t u t e of t he Publ ic Heal th Service. 

'21 A. T . Bnt t in i anil V. D e c , ./. Mr,I. J'h.u-m. Chem.. 5, 1)2.") i l ! )u2b 
:-!) laj W. Gauss . S, Pe tersen , ( i . Domauk . a n d ( : . H a e k m a n n , G e r m a n 

P m e n t !)o7,:M4 ( \ o v 7. 1H57); Chun. Al,4r., 53 , l:i!7:i (1W.W.I; (b) K. Kuh 
and 1'. R. Seesrer, V. S. P a t e n t 2.670.:i47 (Feb 2:i. 1954!; Chem. Ab*tr.. 49, 
21S1 (105")): (el I''. C. Schaeler , ./. Am. Chun. Sor., 77, .">»28 (193">). 

i t) N o l e tiiat use of racemic p ropylen imine ins tead oi opt ical ly pure 
p r o p y l e n i m i n e in any of these syntheses nives a mix tu re of d ias te reomers . 
For e x a m p l e , in t he absence of a s y m m e t r i c induct ion , t he react ion ol th io-
phosp i io ry l chlor ide \ \ i th racemic p ropy len imine will t a r e a 11:1 mixn i re of 
i he out. j . i.c and niui.r.i.i. diast ereomers 
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" See Cancer Cheinolherap.i/ lt<pl., 25, 1, 10 il()l>2i. '• rules-
otherwise noted, the vehicle was carboxymethylcellulose, tnul the 
route was intraperitoneal. ' For Walker 2.16 iWA) test sysiem: 
tumor weight in grams; for Dunning leukemia (solid) iDl. test 
.system: survival time in days. '' In tests using KB cells with 
control numbers .'!4i>, :S40, and 104 it wo different scieeiiers :, n-I 
had lill.'V.s of <!.(), 0.40 'slope = -0 .40) , and <0.2.1 Mg nil, re
spectively, and i.-l had KDufs of < 1.0, O.oO (slope •- - (1.4.1 h and 
0.2.'i (slope = — 0.7S) jiig-ml, respectively. ' Toxical a dose level 
of 7.10 mg kg. '' Four cures. " Toxic al a dose level of 2..10 
rag kg. ' D-II and i.-II, at dose levels of li.00 4S.0 and :).7.1 400 
mg kg, respectively, did not produce [irolonged survival limes 
when tested against lymphoid leukemia L1210 te-t system. Six 
cures. •- From tumor inhibition ex. dosage plots of these data, 
T C 0.10 were estimated for !>- anil i.-HT as ra. 0..1 and 1.4 
mg kg day, respectively: the approximate (Mr, confidence limits 
were 0.2 1.2 and 0.4 4.S mg kg day. respectively. ' From :t 
111111111' inhibit ion /•.<. dosage plot of similar data ' cont rol numbers 
:i(i, S7, 04, in:-!, and 110) for 2,4,0-1 ris(2-mi>th\-|-l-a/iridiu\i )-.-•-
Iriazine prepared with racemic propylenimine. V (' 0.10 was 
estimated as va. 12..1 mg kg'day, with approximate 0.1', con
fidence limits of 1.2-12 mg kg day. 'Preliminary l.D!l('s for 
D - I I I , J.-III, and III prepared from racemic propylenimine are 
1.2, .'1..S, and 12..1 mg kg day. '" Inactive at lower dose levels \n 

this series. " The vehicle was saline. 

obtained by the Cancer Chemotherapy National 
Service Center, are summarized 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, D-III appears to be more active 

file:////ith
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against Walker 256 and, unfortunately, more toxic 
than L - I I I . Interestingly, both D - I I I and L - I I I appear 
to be more active against Walker 25G and more toxic 
than III prepared from racemic propylenimine.4 

Experimental Section5 

2,5-Bis(D-2-methyI-l-aziridinyl)-p-benzoquinone (D-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 D-propylenimine.2 The 
solution was cooled to 0° and, after 10 min, the product was 
filtered off. Recrystallization (MeOH) gave 3.1 g (43%) of 
orange platelets, mp 168-170°, [a]26.->7so - 1 7 8 ° (c 0.5, pyridine). 
Anal. (C,2H„X202) C, H, N. (Cf. ref 3a.) 

L I was prepared in a similar manner using L-propylenimine;2 

mp 168-170°, [a]28
5780 180° (c 0.5, pyridine). Anal. (Ci2Hu-

X 2 0 2 )C , H, X. 
Tris(D-2-methyl-l-aziridinyl)phosphine Sulfide (D-II ) .—A solu

tion of 8.43 g (0.05 mole) of PSC13,
6 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 D-propylenimine and 15.2 g (0.15 mole) of Et3X 
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 3 X-HCl 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 (69%) of D - I I , bp 
120-122° (2 mm), mp 41-43°, la]2hm - 9 9 ° (c l .5 , C6H6). Anal. 
(CHisNaPS) C, H, X, P, S. (Cf. ref 3b.) 

L - I I h a d b p 114-115° (1.6 mm), mp 41-43°, [a]26
578o97° (c 1.7, 

C6H6). Anal (C9Hi8X3PS) C, H, N. 
2,4,6-Tris(D-2-methyl-l-aziridinyl)-s-triazine (D-III).—Using 

the method described by Schaefer,30 3.1 g (0.055 mole) of D-
propvlenimine was converted to 1. 
138°"dec, [ a p D - 1 4 7 ° (c 1.4, H ,0) . 
X. 

L-III had mp 136-138° dec, [a]25D 
(C12H1SX6) C, H, X. 

(36c 

Anal. 
of D - I I , mp 137-
(CI2H1SX6) C, H, 

152° (c 1.7, H 2 0) . Anal. 

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

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

Syntheses of 8-Bromo-o'-adenylate-Containing 
Nucleotides1 

DONALD B. MCCOHMICK AND GI;OKGE E. OPAU 

Section of Biochemistry and Graduate School of Nutrition, 
Cornell University, Ithaca, New York 

Received August 30, 1968 

The synthesis of 8-bromo-5'-adenylic acid (8-bromo-
5'-AMP) has been noted recently,2 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'-AMP. We now have modified 
the earlier procedure to obtain in pure form the princi
pal product from alkaline bromination of o'-AMP, 
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, S-bromo-o'-AMP has 
now been used to synthesize the o'-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 from the State University of New York. 

(2) M. Ikehara, S. Ueiichi, and M. Kaneko, Chem. Cummun., 17 (19b7). 

Figure 1.—Effect of pH change on the fluorescence intensities of 
F8-bromoAD and FAD. Flavins were approximately 10~6 M in 
0.1 M buffers of KC1-HC1, 1; glycine-HCl, 2-3 ; sodium acetate, 
4-5; sodium phosphate, 6-7. 

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

Experimental Section3 

8-Bromo-5'-adenylic Acid.—Direct bromination of 5'-AMP 
was accomplished by a modification of the procedure of Ikehara. 
et al.2 For this, 7.3 g of 5 ' -AMP-H 20 (20 mmoles) was dissolved 
in 25 ml of H 2 0 containing 1.6 g of NaOH (40 mmoles) to make 
the disodium salt which was further diluted with 225 ml of 0.1 
Ar XaOH. To this alkaline solution, 1.0 ml of Br2 (20 mmoles) 
in 100 ml of H 2 0 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 
1. of H 2 0 to 2 1. of 0.5 Ar HC0 2 H was followed by absorbancy 
measurements at 260 m/i. The 8-bromo-5'-AMP was eluted 
after unreacted 5'-AMP, evaporated to dryness below 50°, dis
solved in a small volume of EtOH, and precipitated with 4 vol of 
EtaO. The compound was rinsed with E t 2 0 and dried in vacuo 
to obtain 1.9 g of acid monohydrate; 2 1 % yield. Anal Calcd 
for (CioHi3BrX50,-H20): C, 27.4; H, 3.4; Br, 18.0; X, 15.8; 
P, 7.0. Found: C, 27.8; H, 3.7; Br, 17.4; X, 15.3; P, 6.7. 
Comparison of nmr spectra of the bromo derivative and authentic 
AMP, each in DMSO-d6, revealed an absence of the H-8 at T 
1.60 for the 8-bromo-5'-AMP and the presence of H-2 at T 1.77. 

The value of KV for 8-bromo-5'-AMP is 265 and for o'-
AMP is 259 mji; K?J for 8-bromo-5'-AMP is 262 and for o'-
AMP is 257 mM. 

The 8-bromo-5'-AMP was found to be inactive, both as sub
strate and as competitive inhibitor, when tested in the usual 
manner4 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 o'-phosphoromorpholidates described by 
Moffatt and Khorana;5 9 3 % yield as tetrahydrate. After drying 
at 100° in vacuo a bromine analysis was performed. Anal 
Calcd for C3 1H aBrX908P: 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-butylammonium) pyrophosphate (2.5 mmoles) in 20 
ml of anhydrous pyridine was also according to the procedure of 

(3) Absorption spectra were determined with a Gary Model 14 recording 
spectrophotometer; nmr spectra with a Varian 60 Mc nmr spectrometer; 
fluorescence readings with an Aminco-Bowman spectrophotofluorometer set 
at 450 m/i for activating wavelength and 520 m/i for emission. Elemental 
analyses were by Schwarzkopf Microanalytical Laboratory, Inc., Woodside, 
N. Y. 

(4) D. B. MeCormick, Biochemistry, 5, 740 (1966). 
(5) J. G. Moffatt and H. G. Khorana, J. Am. Chem. Sue. 83, 049 (1961). 


