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The Synthesis of Analogs of the -4minonucleoside from Pnromyin' : 
3'-.Amino-3'-deoxyinosine and 2,3'-l)iamino-3'-cPeoxvadenosille' 

:~'-l)eo.u~-3'-p2lthalinijtlc!~tt~en~~sirie (6),  obt;ijned 1)p the :tc*tioii o f  meth:iric~lic~ I I ~ ~ S I I ~ J ~ I ~ J ~ ~ ~ ~ : ~ I I ~ ~ I ~ ~  o n  ( j - lwnz-  
:tniido-5'-~~hthalimidnnui~leoside 151, was deaminated to give 3'-deos!-:~'-phthalimitic)in )Fine ( 7  ). 1iemov:tl c ~ f  tlic 
phthaloyl group with met,hanolir hut>-lamine gave :3'-:tmino-8'-detisyinosine f 3) .  L',(i-I)ibeiiz:tinidr)-3'-l)l~th:rli- 
inidoniicleoside ( lo) ,  shown to be a p-nucleoside by p.m.r. measurements, and niethitnohc butylamine g:tve ;3'- 
:tmino-2-henznmid~1-3'-deiixyndenosine (11) which Jvas conver td  t i i  L',:~'-tii:iiiiiiii)-:i'-tieos?-sdenosine ( 4  1 l)y 
trentment v i th  sodium methoxide. 

Because of the trypanocidal3 and tumor-inhibiting' 
properties of the aminonucleoside ( l ) 5  from puro- 
mycin,' it was desired t o  synthesize analogs in wliicli 
subitituerits on the purjiir nioiety \\ere varied. I\-(& 
1iax.r reported8 the beiirficial replacrmeiit of the 6-di- 
riiethylainiiio group of 1 b y  various monoalkylamiiio 
aiid dialkylaniino groups. 

l'he in t i v o  trypanocidal activities of puromycin and 
its aminonucleoside are reveised by a number of pur- 
ines, including adenine and 2,6-diaiiiinop~riiie,~ and 
both respiration and growth of l'rupanosoma C T I I X ~ "  

are inhibited by SEX era1 piiriiiw, inchiding "6-diamino- 
purine. :~'-Xiniiio-S'-deoxpadeiio~iiie (Z),"' rcceiitly 
isolated from ciilture filtratr- of  ~~rlminthospori71)i i  
s ~ . , ~ *  is more active than the puromycin aminonucleo- 
side against a transplantpd inaniinary adenorarcinonla 
of the CsH niouse, but it is inore toxic: in  tissue culturr 
it is 20 timcs more toxic. € lo \ \ -c \~r ,  it is only one-lialf 
as active as 1 against ?'rypa?zosomn cyztipmlicm in tlic 
niotisc 'l'iie growth of two yca+ts is inhihited by 2 I I  

I t  scemcd desirable, thrreforc, to iynthesize the 5'- 
amiiio-:3'-droxy derivatives of other piirinc ~iiicleosidrs. 
especially of thosr occurring i i i  iiriclcir acid We arc' 
describing hrrc tlir ymtliews of  :~'-ainiiio-:~'-drouyino- 
si I ic 13) mid '2*3 '-<I iainiiio-,'l '-tlco~!.adciiosinc (4). 
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to produce 3‘-deoxy-3‘-(o-N,K-disubstituted car- 
bamoyl) benzamidonucleosides. 
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The lability of the 6-acetamido group of a nucleoside 
to attack by methanolic a m m ~ n i a ’ ~  led us to  expect 
that  the 6-benzamido group of 5 would be cleaved 
by the action of methanolic diisopropylamine. This, 
indeed, proved to be the case. Thus, when 5 was re- 
fluxed for 17 hr. with this reagent the N- and 0-benzoyl 
groups were removed to yield 3’-deoxy3’-phthalimido- 
adenosine (6 )  in 43% yield. 3’-Deoxy-S‘-phthalimido- 
adenosine (6)  was allowed to  react with nitrous acid a t  
75-80’ for 15 min.16 but 84% of starting material was 
recovered. However, when 6 was allowed to react 
with excess nitrous acid a t  room temperature’? for 18 
hr., a smooth conversion to 3‘-deoxy-3‘-phthalimido- 
inosine (7) was realized. Reaction of 7 with meth- 
anolic butylamine gave 88yo of 3‘-amino-3’-deoxy- 
inosine (3). 

The 2,6-diamino-3’-phthalimidonucleoside tetraben- 
aoate (lo), required for the synthesis of 2,3’-diamino-3’- 
deoxyadenosine (4), was obtained by the general pro- 
cedure of Davoll and Lowy.15 Condensation of chloro- 
mercuri-2,6-dibenzamidopurine l5 with 2,5-di-O-bensoyl- 

(15) J. Davoll and B. A. Lowy, J. Am. Chem. SOC., 73, 1650 (1951). 
(16) This procedure was used by R. Kuhn and K. Henkel. 2. phyeiol. 

Chem.. 269, 41 (1941), for conversion of 5’-deox~-5’-methylthioadenosine to 
5‘-deoxy-5’-methylthioinosine. 

(17) This procedure was used16 for conversion of 2-acetamidosdenosine t o  
guanosine (obtained after deacetylation). 

3-deoxy-3-phthalimido-p-~-ribofuranosyl chloride18 in 
refluxing xylene gave 78% of nucleoside 10, which was 
of sufficient purity to be carried through the remaining 
transformations. 

I n  the proton magnetic resonance spectrum of 10, a 
signal from the proton a t  C-1’ was observed a t  3.52 r 
as a singlet ( J H ~ ~ - H ~ ~  6 0.5 c.P.s.). Using a Karplus 
type equationIg the dihedral angle between the H-(C-2’)- 
(C-1’) and (C-2’)-(C-lt)-H planes was calculated to fall 
in the range of 80 to 100°20 and hence the C-1’ hydrogen 
is trans to the C-2’ hydrogen and 10 is a 

The formation of the p-anomeric nucleoside 10, in 
which the ribose moiety is attached to the 9-position of 
the purine, is analogous to the formation of 2,6-di- 
amino-9-p-D-ribofuranosyl-9H-purine by condensation 
of chloromercuri-2,6-dibenzamidopurine with 2,3,5- 
tri-0-acetyl-D-ribofuranosyl chloride and removal of 
blocking groups.16 Furthermore, condensation of a 
2-acyloxy-1-chlorosugar with a chloromerruripurine 
gives, as the major product, a nucleoside where the 
purine is trans to the 2-acyloxy group.22 The formation 
of the anomeric nucleoside has been noted in several 
 instance^,^.'^^.^^ but it mas always the minor product. 

Reaction of 10 with refluxing methanolic butylamine 
for 8.5 hr. gave a monobenzoyl derivative (11) of 2,3‘- 
diamino-3’-deoxyadenosine (4) and a small amount of 
4. Increasing the reflux time to 17 hr. gave no sub- 
stantial change in the ratio of products. The assign- 
ment of the 2-benzamido structure 11 to the monoben- 
zoyl derivative was based on the observed greater 
hydrolytic lability of K-6-acyl over K-2-acyl groups in 
purine  nucleoside^.^^ Furthermore, the N-6-benzoyl 
group of 5 Fas  hydrolyzed with methanolic butylamine 
to produce 2,Iob and methanolic diisopropylamine to 
produce 6 (vide supra). 

Refluxing N methanolic sodium methovide effected 
removal of the X-Zbenzoyl group of 11, giving a 23% 
yield of pure 2,3’-diamino-3’-deoxyadenosine (4). 
The ultraviolet absorption spectrum of 4 was in ex- 
cellent agreement with that of 2,6-diamino-9-&~-ribo- 
f~wanosyl-9H-purine,*~ thus supporting the assignment 
of the attachment of the sugar to  the 9-position of the 
purine.z6 

3’-Amino-3‘-deoxyinosine (3), a t  250 mg./kg., 3‘- 
amino-2-benzamido-3’-deoxyadenosine (1 1) a t  150 
mg./kg., and 2,3‘-diamino-3’-deoxyadenosine (4) a t  
125 mg./kg., when tested sequentiallyz7 against sar- 

(18) B. R. Baker, J. P. Joseph, and R. E. Schaub, J .  Am.  Chem. Soc., 77 ,  

(19) M. Karplus. J. Chem. Phys., 30, 11 (1959). 
(20) Cf. plots by C. D. Jardetzky, J. Am. Chem. Soc., 82 ,  229 (1960), and 

H. Conroy, Aduan. Org. Chem., 2, 311 (1960), for theoretical and observed 
values. 

(21) For a discussion of the use of p.m.r. spectra for assignment of ano- 
meric configuration of ribofuranoses see L. Goldman and J. W. Marsico, 
ref. 8b. 

( 2 2 )  The “Ci-C~tran8 rule” of B. R. Baker and R. E. Schaub, J .  Am.  
Chem. SOC., 77, 2396 (1955). 

(23) H. M. Kissman and B. R.  Baker, i b i d . ,  79, 5534 (1957). 
(24) 2-Acetamidonucleosides vere obtained by the action of methanolic 

ammonia at 0’ on 2,6-diacetamido-9-~2,3,5-tr~-O-acetyl-~-n-ribofuranosyl)- 
9H-purine and 2,6-diacetamido-9-(2,3,4.6-tetra-~-acetyl-~-~-glucopyrano- 
eyl)-QH-purine.” 

(25) Reported16: X:::” 215 mp (e 25,200), 255 m p  (t 9.450), and 380 
mp ( t  10,000). 

( 2 6 )  Cj. J. M. Gulland and F. Story, J .  Chem. Soc., 692 (1938), and refer- 
ences cited for  application of ultraviolet spectral data to assignment of car- 
bohydrate moieties of purine nucleosides to the 7- or 9-positions of the purine 
ring. 

(27) E. H. Dearborn, Acto Unio Intern. Contra Cancrum, 15, 76 (1959); 
A. W. Vogel and J. D. Haynes, Cancer Chemotherapy Rapt., 22,  23 (1962). 

5905 (1955). 
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voma 180, BCSHED lymphosarcoma, and i 2 j  mammaiy 
adenocarcinoma in the C?II muiibe, \\-ere iiiacti1.r . 
These compounds \?-ere inactive against T ~ . y p a n o s o m u  
equiperduin in mice when tested a t  4 times the activc 
dose level of the puromycin amiiioiiuclcosidc. :{'- 
Amino4'-deoxyiiiosine (3) did not inhibit the phos- 
phorolysis of inosine by rat liver nucleo: ide pho- 
phorylase,25 hut instead apparently undern-rnt phos- 
phorolysiq at ahoiit one-fifth the rate of inosiiit. 2q 

Experimental 
.I11 melting points :ire rilrrcvtid. 'h u1tr:iviiilet : ibs t i r j i -  

tion spectra were determined liy ine:itis of n C'ary recording spec'- 
trophotometer and the infrared spec*t,r:i \Yere mensurod in pot,:is- 
gium bromide discs by means of R Perkin-Elmer spertrophotonie- 
ter (Model 21). Circular paper chro1riatcigraph~3~ \vas rnrrietl 
out on Whatman S o .  2 paper and fluorescent spots ivere ob- 
served under :tn ultraviolet, l :mp ((>. IT. Giit,es :tnd Co., Inch., 
Long Island, X. I-.). 
3'-Deoxy-3'-phthalimidoadenosine i6,.--A mixture (IC 1 .OO g. 

(0.00141 mole) of fi-t~enzarriido-9-12.5-di-O-~enzo~~l-3-tieosy-3- 
pht,hiiliniido-8-D-ribcifur:tniie? H-purine !51,?0 2 nil. OT diiso- 
priipyl:trnine, and 20 nil. r i f  :trih).droiis n ie thmol  WRS reflused for 
17 hr. The resulting rctidi tirinvii siilutioii \vas rv:ipor:*ted t,iJ 
tlr!wss in t~mm ttie t:tn gl ). resitluc. was trituritted tn ire v i th  
:inhydroits ether, m d  the  ether  \\-:is tiw.:trited. Thr residue, 0.61 I 
g.. w:is then dissolved 13)- heating in 6 1111. of \\-:iter and .  oii stuiri- 
ing, 0.241 g. (43:;) i i f  tan crystals ( i f  6 \yere tiq~osited, ni.p. 
224-22fi' dec. .I mist,ure melting Iioint ~vitli :rrit8heiitic 6 ,  
m.p. 22-17-230" der., \vas 224-221;" dw. Comp:irisciii i i f  infr:irecl 
spectra shoned identit!.. H:ilier. ~f c~i . . " '~ '  give ni.11. 22"is-2:xOo 
for 6. 
3'-Deoxy-3'-phthalimidoinosine i 7 ) .  ---A hot scilutii!u or' 0.332 

g. 10.000837 mole) of 3'-deos~--3'-phthaliniidoadenosine ( 6 )  in 15 
nil. of water :tiid 4 nil. of yl:wi:tl :ic.ctir : r i d  \v:ts c.oc~letl t,ii rooni 
temperature. TI) the  solution 0.800 g. 10.0116 n i o l i s i  of sodinni 
nitrite wits :hdded itnd t,he scilution :tllowed t,ri stand :i,t rooin teni- 
j)er:tture overnight. The  iiiistnrt~ TI a s  cliilied 1)). nieitris iif : i i i  

ive bath and the  nearly 1-olorless crystds of 7 Xverc. removed ti)- 
filtration. washed with \v:iter< :in11 dried at 100'. Thc yield r i f  
j)roduc.t, rn .p.  254--.256' der., \ v i i ~  0.200 g. Further chilling 

ieltled :in :idditional 0.062 g., giving :I 
:is :I. hydr:itt~). Rerrysta1liz:ition of thih 
:ic%etics :wid give 0.1 11 g. of nearly i d o r -  

less crystals, m.p. 24-17" tfec., [ a ] %  -1.51' ( c  0.93, pyritli 
~O,:;h'~'I21:! mp ( t  I<I,CIOO'I: x::~',"" 211 nip i t  1C)JOO'): A",.:,' 
252 nip ( e  I17,OOO i .  

.tnnl. Calctl. fi ir  ( ' IsIl , jNiO6.lJ.BHr(l:  (', -52.4; H, 4.10, 
S,  117.0: HZO, 3,!K{. Forinti: 52.17: H, 4.09; S. 16.7: H?O 
( K.F.j, 4.ox. 

I(en,ct,ion of U.:VNi g. i t f  6 \T i t l i  scidiuni nitrite in : icl i ieous :ic.etii. 
: ic i t l  :tt  ;.,-ROD for  15 inin. gnve :I: rle:ir soliltinn Ernni which 
0.332 g. CS47,) of 6 w:is recovered. 
3'-Amino-3'-deoxyinosine (3!.--h nii\tiire of 0.500 g ,  (0.001 2 1 

mole) of 3'-deo\.!--8'-p!itli:iliniirloinc~sinr 17'1. 1 .O nil.  i O . i 4  g.. 0.01 1 

( 2 8 )  €1. 31. Kalckar. . I .  H i o l .  i.'li(,vi., 16 
(29) The apparent plioe~~liorolysis o f  

measured by ultimate foniiation of uric acid. is also explainable by assui11- 
ing conversion of 3 t o  inosine by a deaminase contaminant of the enz jn>e  
Dieparation, with subsequent phosphorolysis a i  t h e  inosine. 

(30) K .  V. Giri  and N. A.  N. Rso. Salura.  169, 923 (1952). 
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nolic sodium methoxide being added in portions to  maintain an 
alkaline pH. The resulting dark red-brown solution was evapo- 
rated in vacuo to a tan glassy residue which was crystallized by 
trituration n-ith a small amount of water. The water was re- 
moved in vacuo and the residue was triturated with absolute 
ethanol and filtered to yield 1.76 g. of crude 4 as tan crystals, m.p. 
200-209” dec. From the mother liquor an additional 0.706 g. vas  
obtained, giving a total of 2.47 g. (85%). Recrystallizations from 
K,N-dimethylformamide gave colorless crystals, m.p. 234-236” 
dec.; [CT]*~D -28.9” ( c  1.04, H20); X ~ ~ ~ 8  215 mp ( e  23,800), 256 
mp ( e  9,200), 279 mp ( e  9,750). 

A n a l .  Calcd. for C I O H I S S , ~ ~ :  C, 42.7; H, 5.38; N, 34.9. 
Found: C, 43.1, 43.0; H, 5.65, 5.63; Y, 34.7. 

Acknowledgment.--We wish to thank Mr. L. Bran- 
cone and staff for the microanalyses, Mr. W. Fulmor 
and staff for spectroscopic and polarimetric determina- 
tions, Dr. A. T’ogel for antitumor assays, Dr. R. I. 
Hen-itt for antitrypanosome assays, and Mr. J. C. 
VanRSeter for enzyme inhibition studies. 

Synthesis and Reactions of 3’-Amino-3’-deoxyribosides of 6-Chloropurine 

Organzc Chemacal Research Section, Lederle Laboratories, Amer ican  Cyanamid  C o m p a n y ,  Pearl Riuer,  S e w  York 

Received December 10, 1962 

Blorked 6-rhloro-3’-aminonurleosides (3, 14) were synthesized and found to be excellent intermediates for the 
preparation of analogs of the puromycin aminonucleoside (7) .  Chloride was displaced from 3 and 14 by primary 
and secondary amines in methanol with simultaneous removal of the 0-benzoyl groups. Primary amines re- 
moved the S-phthaloyl group of 3, whereas secondary amines opened the S-phthaloyl group to produce S,X,X’- 
trisubstituted phthalamides. Primary amines rleaved the latter phthalamides to produce unblocked 3’-amino- 
:3’-deoxynncleosides. Diisopropylamine failed to displace chloride from 3 and failed to open the phthalimide 
function. Several analogs of the puromycin aminonucleoside Twre found to possess enhanced trypanocidal 
activity. The application of p.m.r. spectral measurements to determination of anomeric configuration in ribo- 
furanoses is discussed. 

9-(3-Anlino-3-deosy-P- D - ribofuranosyl) - 6 -dimethyl- 
amino-9H-purine (7))l the aminonucleoside from puro- 
niycin,*-4 has trypanocidaP and tumor-inhibitingi 
properties in experimental animals. It. was desirable, 
therefore, t’o synthesize structural variants of 7 in 
order to determine the relation of structure to biolog- 
ical activity.s Analogs of 7 have been synthesized 
in which the metliylthic group was substituted for 
hydrogen at C-2,9 amino was substituted for dimethyl- 
amino,I0 the aminosugar was varied,ll and pyrimi- 
dines mere substituted for the purine moiety.12 

This paper is concerned with the synthesis of analogs 
of 7 by nucleophilic displacements on 6-chloronucleo- 
sides 3 and 14 by amines8 and methoxide. 3’-Amino- 
8 ’-deoxyinosine, 13. l 4  2,3  ’-diamino-3 ’-deoxyadenosine, 14, 15 

11) B. R. Baker. J .  P. Joseph, and J. H. Willizms, .I. Am. Chem. Soc., 76, 

(2) StylornycinQ. 
( 3 )  J .  K. Porter. R. I. Hewitt, C. W. Hesseltine, G. Krupka, J .  A. Lowery, 

K. R.  Wallace, S. Bohonos. and J. H. Williams, Antibzot. Chemotherapy,  3, 
409 (19.52). 

(1) P. N’. Fryth.  C. W. Wallpr, B. L. Hutchinqs, and J. H. Williams, J .  
Am. Chem. Soc.,  80, 2736 (1958). 
(.i) R. I .  H e v i t t ,  -4. R. Gumble, W. S. Wallace, and J. H. Williams, Anti- 

therapu, 4, 1222 (19541. 
Tobie and B. Highman, Am. J .  T r o p .  M e d . ,  6 ,  504 (1956). 

( 7 )  1’. 1.. Bennett, S. L. Halliday, J. J. Oleson. and J. H. Williams, “Anti- 
hiotics Anniial 19.54-1955,” Medical Encyclopedia, Inc.. New Tork, N. T., 
19,7,j, l ip .  766-769. 

( 8 )  1:or a preliminary account of sonie of the  material described in this 
paper pee I,. (:oldman J. W. Marsico, and  R. B. Angier, J .  Am. C h e m .  SOC., 
7 8 ,  417:i (19.561, 

2888 119.51). 

Gj) H. R .  Baker, J. E‘. Joseph, and  R. E. Schaub, ibid. ,  77, 5905 (1955). 
110)  B. R. Baker, R. E. Schaub, and  H. 11. Kissman. ibid. ,  77, 5911 (1955). 
(11) (a )  R. R. Baker, J. P. Joseph, R. E. Schaub, and J. H. Williams, J .  

Osg.  Cir~m. ,  19, 1786 (1964); (b) F. J. McEroy,  B. R. Baker, and hf .  J .  
\\-eiSs, .I. Am. Chem. Soc., 83, 209 (1960), and  references cited therein. 

(12) H. 11. Kissman and  h l .  3. Weiss, ibid. ,  80, 2575 (19,58). 
(13) I,. Golilman, J. W. Marsico and hf. J. Weiss. Abstracts of Papers, 

18Xtd National Meeting of the American Chemical Society, San Francisco, 
Calif., April 1958, p. 23M. 

(14) L. Goldman. J. W. Marsico. and M. J. Weiss, J .  M e d .  C h e m . ,  6, 410 
(1963). 

3 ’-amino-3 ‘-deoxyguan0 sine , 15 and 3 ’-amino-3’-deoxy- 
crotonoside’5 were synthesized by other paths. 

Of the several routes available for the synthesis of 
the desired 6-substituted aminoiiucleoside analogs of 7, 
the condensation of the chloroniercuri (and or bis- 
mercury) derivative of purine, bearing the desired 6- 
substituent, with a suitably blocked aminosugar may be 
mentioned. Some limitations of this route, the one by 
which the amiiionucleoside from puromycin has been 
synthesized,’e are the following: (1) for each analog the 
condensation of a specifically substituted purine with an 
aminosugar is required; (7 )  each purine may require a 
number of steps for its synthesis; ( 3 )  the specifically 
substituted purine must orient the aminosugar to the 
9-position; (4) the attachment of purine to aniino- 
sugar must be p ;  and (5) the 6-substituent must survive 
tlie rigorous condensation conditions. 

To obviate these difficulties it was decided to syii- 
thesize, as an intermediate, a nucleoside bearing a chlo- 
rine atom in the 6-position since it was expected that the 
chlorine atom could be displaced by a wide variety of 
nucleophilic reagents to produce the desired  analog^.'^ 

Following tlie procedure of Brown and TTrelikylS for 
the synthesis of 9-(2,3,5-tri-0-acetyl-p-~-ribofuranosyl)- 
6-chloro-9H-purine1 according to the general method of 
Davoll and I,owy,19 a mixture of chloromercuri-6-chloro- 

(1.5) €I.  AI .  Kissman, A .  6.  Hoffman, and hl. .I. Weiss. ibid. .  6 ,  407 (1963). 
116) B. R. Baker, R. E. Schaub, J. P. Joseph, and J. H.  Wlliams, J .  Am. 

Chem. Soc., 76, 4044 (1954). 
117) When this investigation was initiated the  displacement of halide froni 

a halonucleoside by a n  amine had not been previously reported. The only 
displacements described were by ammonia; cf. E. Fischer and  B. Helferich. 
Ber., 47, 210 (1914); J .  Davoll and B. .4. Lowy, J. A m .  Chem. SOC., 73, 1650 
(1951); see also ref. 18. 

(18) G .  B. Brown and V. S. Weliky, J .  B i d .  Chem., 204, 1019 (1953). 
(19) J. Davoll and B. A. Lowy, J .  Am. C h e m .  Soc.. 74, 1563 (1962). 


