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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. 
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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). 



purine (la) and bis(G-chloropuriny1)niercury (lb) *" 21 

was condensed with 2,5-di-O-benzoyl-3-deoxy-3-phthal- 
iiiiido-a-D-ribofuranosyl chloride (Z)9 in  boiling syle~it.~ 
to produce, in O%1007G yields, a glassy crude 6-chloro- 
3'-phthalirnidonucleoside (3) varying in [a ]n from - C) " 
to -45" in different experiments. Tlic iiltraviolet 
hpectra showed that the sugar nas attached otily to  the 
!)-position of tlw purine.** *3 This mid?  product n-as 
carystalliz~d froin ethyl acetate-lrcsaiir tcJ p i * o c l i i c c  rryq- 
talliiic ~ - j t ' , 3 - d i - 0 - b ~ n z o y l - ~ 3 - d ~ ~ n s y - ~ ~ - ~ l i t l i u l i 1 ~ i i ~ ~ o - ~ - ~ ~  
i~il~ofuraiios~I)-6-chloro-OH-purint~ (3)  \oh-atecl witli 
iitliyl acctatc, [ a ] u  -6%' to -68", in yields of 46-69 
111 tlic proton iuagiietic resonaneC spcctruni24 of 3 :L 
bigrial n.a- obscrvcd a t  3.07 'T fiwn tlie proton on tlic 
anoinrric carbon which was split by the adjacent proton 
to producc a doublet with J 1.3 c.p s. I'roin this 
evidence alone no aiiomeric assignment could he m a d P  
( d t  i)zJra for discussion of p.1n.r. spectra). 

The proof of structure of the chloronucleoside 3 was 
obtained by reaction with dimethyluminc in methanol 
at 100' for A hr. in a sealed tutw, conditions under 
wliicli 6-chloropurine was sniootlily converted by 
diethylaniiiic to G-diethylaminopurine l-nder thew 
conditions chloride was displaced hy dimrtliylaminc, 
the 0-benzoyl groups underwent transeqterification with 
formation of methyl benzoate, and the phthaliinide was 
arninolyzed to  produce the phthalaiiiide 6.*' The 

'ONHII 

CONHR'  
--+ e __r 

phthalamide 6 was obtained from 9-(2,d-di-O-acetyl- 
3-deoxy-3-phthalimido-/3-~-ribofuranosyl) - G - diniethyl- 
amino-9H-purine (4)9 and the corresponding 2,s- 
di-0-benzoyl derivative 59 under the same conditions. 
The phthalamide 6 was cyclized to the phthaliniide 89 

(20) Utilizing the  procedure of Davoll and Lowy Isre ref. 19) for  the 
preparation of chloromercuri derivatives of purines. a solution of 6- oro- 
purine in aqueous sodium hydroxide was treated with alcoholic mercuric 
chloride (cf. 18) t o  give a colorless crystalline product wh1c11, b y  elemental 
analysis, u-as a mixture of chloromercuri-6-chl1;ropurine :la) and h i s 6  
cliloropuriny1)mercury (lb). The 'products of nunieror~s runs wr ied  in 
composition from 15% la + 85% lb t o  70% la + 30% lb. 

(21) B. It. Baker, K. Heason, H. J. Thomas, and .J. .\. .Idinson, J .  Org. 
Chrm., 2 2 ,  954 (1957), h a r e  described some vagaries ob?PrreiI  in prepara t~on 
of chloromerciiri-6-ctiloropurine. 

(22) C/ .  J .  M. Gulland and F. Story,  J .  Chem. Soc., 6Y2 i l938),  and  refer- 
ences cited for application of ultraviolet spectral da ta  tn assignment of 
carbohydrate moieties of purine nucleosides t o  the  7-  or 9-positions of tlie 
purine ring.. 

(23) Cf. €3. R. Baker, R. E. Gchauh. and  J. P. Joseph. J .  Ora.  Chem., 19, 
638 (1954). 

124) Prcton magnetic resonance spectra were detprmined with a Varian 
Model A-GO spectrometer in deuteriochloroform. c values were obtained in 
the  usual manner with tetramethylsilane as  internal standard. 

(25)  Calculations based on a Karplus type equationas [c j .  plots by C. D. 
Jardetzky, J .  A m .  Chem. Soc.. 82 ,  229 (1960), and H. Conroy. Advan. Ors. 
Chrm.. 2 ,  ,311 (1960), f o r  theoretical and observed values] coupled u-ith the  
geonietrical analysis of rihofuranose rings by Jardetrky,*L leads t u  t h e  
unrquirocal assignment of the &configuration to tha t  anomer with .Ji-? < 
4.3 c.p.s. Both a- and B-anomers can exhibit JI-2 3 4.3 c.p.s. (0 = OD t u  
45" and 132' t o  180°) and, therefore, where only one anomer of a pair is 
avidable,  a configurational assignment cannot he made. 

(26) 6-Subgtituted-aminopurines have hren synthesized by reaction of 6- 
chloropurines with amines in refluxing butanol by J. IT. Daly and B. E. 
Christensen, J .  Org. Chem.. 21, 177 (1956), and in refluxing 2-methoxy- 
ethanol by >I. W. Bullock, J. J. Hand. a n d  E. L. R. Stokstad, J .  Am. Chem. 
Soe., 78, 3693 (1956). 

(27) F. S. Spring and  J. C. F o o d s ,  Kalure, 168, 754 (1946), and references 
cited therein. have shown t h a t  N-alkylphthalimides are readily opened by 
primary amines to N,N'-disubstituted phthalamides. 

in 587, yield hy refluxing in S,S-dimethylformamidc 
for 1 hr., dimethj-larniiie being liberated. 

Based on tlie finding that reaction of tlic blocked 
nucleoside 5 n-itli refluxing methaiiolic tmtylnmi~ic~ for 
16 lir. rcsulted in inrthanolysis and aiiiiiiolysis with tlir 
foririation of tlie aininonucleoside 7 iii 807; yicld (a t' 11r 
rcfliis gaw only 5054 of 7),  nic.tliyl t)cwzoatr ant1 S-,S'- 
tlibiitylphtlialaniidc.2' and that rcwtion of tlio hlockis(l 
nuc*leowlc 8 wit 11 i i i c t l i a n o l i c  inctliylaiiiine at 100" f o i  

led t111,r Sal i' 83' ; of 7, thc  plltlialalllld(~ 
6 ]\as 2icattd at 100" ior (i Itr. 11 itli rnr~tlianolic r i i c t l i i  I -  
aiiiiiieS dfordiiig (%(: of 7, i d c ~ ~ t i t + n l  w t l i  t I t ( >  a r i i i i i o -  

niicleosidc1 f r o i n  puroinyciii. T l n i h ,  tlic fi-cliloi o-.i'- 
plitlialimidoiiucl~~o~ide 3 is the $-aiioiiii>r I\ i t l i  t i i c  \ i i q a i  

attached to the !)-poqitioii of the p u r i r i e .  

The rnot1ic.r licluors from tlic crystalline cliloronuclco- 
side 3 IT ere evaporated to iioii-crystallinc residues ~ar.).- 
ing ill [ t r l i )  froill 7 9" to +52.3' in tliffcreiit exprii- 
nients, and having infrared 311d i~ltraviolet spcct r:i 
Yiiiiilar to 3,  intlicatiiiq tlic po-\ihlc prcscncr of tlio 
a-aiionicr of 3.  

I~roiii n i i i i i t~rnu~ esaiiiplc~ ii i  tlic litcraturc it i h  knon I I  

that, condcnqation of n L'-acylosy-l-halo sugar with a 
licavy iiietal salt of a purine or pyrimidine gives, :is tlic 
niajor product, 3 nuclcoside where tlie purine or pyririi- 
idiiir i.: t r m s  t o  tlie ?-acyloxy group.2S 29 Tlie forrnn- 

C' I 
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HN OH 
OC' CON(CH3) 

'CsH f / 
6 
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4, R = A L  
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128) The "C~-Ci-trana rule" of Baker, el  al."a 
(29) B. R. Baker, in G. E. W. Wolstenholm and  C. M. O'Conner, "The 

Chemistry and Biology of Purines," J.  and A. Churchill, Ltd., London, 1957, 
pp. 120-133. 
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tion of the anomeric nucleoside has been noted in several 
ins tance~,1~~3~ but always it mas the minor product. 

I n  one experiment the mother liquor gave a gum with 
[ a ] ~  +29.0' which was chromatographed on alumina to 
give, in addition to more chloronucleoside 3, a fraction 
containing the dextrorotatory 2,5-di-O-benzoyl-3- 
deoxy-3-phthalimido-~-ribofuran6se (9). Acetylation 
in pyridine gave an acetate B, m.p. 143-144' and [a]D 
+l27', identical with the acetate obtained in the same 
manner by Baker, et a l l 9  and erroneously formulated 
by these investigators as the a-1-0-acetate 11. This 
same acetate mas obtainedg by acetolysis of the blocked 
aminonucleoside 5 and by acetolysis of methyl 2,5- 
di-0-benzoyl-3-deoxy-3-phthalimido-~-~-ribofuranoside. 

Following the procedure of Baker, et ~ l . , ~  the blocked 
aminonucleoside 5 was subjected to acetolysis to give 
807, of acetate B, m.p. 144-147' and [ a ] ~  +124', and 
from the mother liquor 27, of an anomeric acetate A, 
n1.p. 123.3-125' and [ a ] ~  +157.5'. Using Hudson's 
isorotation rules31 one can assign the a-1-0-acetate 
structure 11 to the most dextrorotatory anomer A and 
the p-1-0-acetate structure 10 to anomer B, obtained 
as the major product. 

The above structural assignments were confirmed by 
examination of the p.m.r. spectraz4 3z of the anomeric 
acetates. In  the spectrum of A a signal from the 
proton a t  C-1 was observed at 3.22 r which was split 
by the proton a t  C-2 to produce a doublet with J 1 - 2  

= 4.8 C.P.S. Anomer B exhibited a signal from the C-1 
proton a t  3.47 r as a singlet, and hence J1-2 6 0.5 
C.P.S. Using a Karplus type equation33 (eq. l) ,  but 
employing constants J, = 9.26 for 0' 6 cp 6 90' and 
JO = 10.35 for 90" 6 cp 6 180' as previously found 
suitable for furanose rings,34 the appropriate dihedral 
angles (4) between the H- (C-2) - (C-1) and (C-2)-( C-1) -H 

J = Jo COS* 6 - 0.28 

planes were calculated. For anomer A, cp = 42' and for 

From models, J a r d e t ~ k y 3 ~  has shown that in a ribo- 
furanose ring the dihedral angle between the H-(C-2)- 
(C-1) and (C-2)-(C-l)-H planes in a-anomers [cis 
H-(C-l)-(C-2)-H configuration] can vary between 0' 
(planar) and 45' (maximally puckered) and in p- 
anoniers [trans H-(C-l)-(C-2)-H configuration] from 
120' (planar) to a minimum of 75" and a maximum of 
165' (maximally puckered). Using eq. 1 and appro- 
priate J o  values34 the calculated coupling constants are 
J 1 - 2  = 9.0 to 4.3 C.P.S. for cp = 0' to 45' and J1-2 
= 0.34, 2.3,  and 9.4 C.P.S. for qi = 75', 120') and 165'. 
For coupling constants where J < 4.3 C.P.S. eq. 1 gives 
values where 45' < cp < 132' (for J1-2 - 0 c.P.s., cp 
= 80-100'), a range in which only P-anomers theo- 
retically should fall. Where only one anomer of a pair 
is available and its J1-2 3 4.3 c.P.s., 110 configurational 
assignment can be 

In L-hydroxyproline and L-allohydroxyproline, non- 
rigid five-membered ring compounds, values reported 

(1) 

B, 4 = 80-100'. 

(30) (a) B. R. Baker and R. E. Schaub, J A m .  Chem. Soc.,  77, 2396 
(1955): 

(31) C. S. Hudson, i h d ,  31, 66 (1909): c i .  IT. Pigman, "The Carbohy- 
drates," Academic Press. Inc , New York, N. Y., 1967, p. 70. 

(32) R. U. Lemieux, Can. J. Chem., S9, 116 (1961). 
(33) hI. Karplus, J. Chem. Phys. ,  S O ,  11 (195s). 
(34) R. J Abraham, L. D. Hall, L. Hough, and  K. A Rfclauclllan, cited 

by L. D. Hall, L. Housh, K. 4 .  McLauchlan. and  K. Pachler, Chem. Ind. 
(London), 1465 (1962). 

(b) H. RI. Kissman and B R. Baker, zhzd.. 79, 5534 (1957). 

(35) C .  D. Jardetzky, J .  Am. Chem. Soc., 84,  62 (1962). 

for cis H-1, H-2 coupling are J 3 4.09 C . P . S . ~ ~  With 
adenosine-3',5' cyclic phosphate, having a half-chair 
conformation3' of the ribose ring, a singlet is observed 
for the C-1 proton and hence for trans H-1, H-2 coupling 
J 6 1 c . P . s . ~ ~  Hexa-N-acetylneomycins B and C exhibit 
singlets for the C-1 proton ( J  < 1 c.P.s.) and were 
assigned the @-configuration a t  C-1 [trans H-(C-1)-(C-2)- 

It is evident, therefore, that anomer A must 
have the a-1-0-acetate structure 11 and anomer B 
the p-1-0-acetate structure 10, in agreement with 
conclusions drawn from Hudson's isorotation rules. 

In  an additional experiment the mother liquor from 
3 was evaporated to a mixture of crystals and sirup 
which was fractionally crystallized from acetone and 
ether to give, in addition to more 3, a colorless crystal- 

.N. OBz - .A. OBz 
( co 

,N,OBz 
co 

OC\CBH: 
11 

Anomer A 

5 

line substance identical with "Compound A" of Kiss- 
man and Weiss.12 The formula C27H1&07 was indi- 
cated by analysis. The p.m.r. spectrum was com- 
pletely compatible with the ribal structure 12; the 
olefinic C-1 proton exhibited a peak a t  2.58 r which was 
split by the allylic proton a t  C-3 into a doublet with 
Jl-3 = 2.5 c.P.s.; the aromatic protons of the benzoyl 
and phthalimido groups were observed as a multiplet 
a t  1.65-2.30 T with intensity equivalent to 14 protons; 
the signal of the C-3 proton at  4.03 r was split by the 
allylic proton at  C-1 into a doublet with J1-3 = 2.5 
c.P.s., which was split further by the C-4 proton into a 
quartet (J3--4 = 5 c.P.s.); the C-4 proton signal, seem- 
ingly a quartet centered at  4.75 r ,  mas split by the two 
C-5 protons into a triplet ( J 4 - 6  = 5.5 c.P.s.) which was 
split further by the C-3 proton into a doubled triplet 
(Js--4 = 3 c.P.s.); a two-proton signal from the C-5 
protons, split by the C-4 proton, was observed as a 
doublet centered a t  5.30 T (J4--5 = 5.5 c.P.s.). The 
infrared spectrum confirmed the structural assignment. 
=Ibsorption bands were exhibited by the phthaliniido 
group at  5.61, 3.83, and 13.84 p and by the benzoatc 
groups a t  5.78 and 7.86 p.  A shoulder a t  5.73 p was 
indicative of a vinyl benzoate and a band a t  6.22 p 
was assigned to the C=C stretching vibration. 

The ribal 12 could arise by loss of chloride from 1- 
chlororibose 2 with formation of an anchimerically 

(36) R. J. Abraham and K. A. RIcLauchlan, J .  M o l .  Phvs. ,  S ,  195 (1962). 
(37) F. V. Biutcher, Jr., T. Roberts, S. J. Barr, and  li. Pearaon. J. Am. 

(3R) K. I,. Rinehart Jr.. W. S. Chilton. XI. Hiokens, and W. v. Phillips- 
Chem. SOC., 81, 4916 (1959). 

born, %Cad., 84, 3216 (1962). 



assisted and rebonance stabilized carboiiiiuii io11  I i i ca l  I 

then loses the C-2 proton. 
The mixture of mercury deiivatives la aiiti lb  \ILL\ 

condensed with l-O-acetyl-~~-acetaiiiido-2,.i-tli-C)-b~~ii- 
zoyl-3-deoxy-D-ribofuranose (13) l6 i n  cthyleiit. tlirlilo- 
ride by treatment with titaiiiuiii trtracliloridr3' t o  
givc I~-(3-acetaiiiido-%,~-di-(~-beiizoyl-:~-~l(~~~~~--i)-i~iljo- 
furaiiosyl)-6-chloro-9H-puriiie ( 14) a. :L gl 

yields aiid varying i i i  [air, troiii t: 
fferent cxperiiiient q~ 

( 

(I 6 3  2 jO-) oq=J;: \ 

kI f l  
( 1  b 1511 ) 

12 

' h e  ultraviolet spectia sl iowd tliat the 5ugar nay 
attached only to the 9-positioii of the purine.?? ?3 'That 
this material was ail anonieric mixture n 
reaction with riiethaiiolic metliylainine to  produce tlic> 
crystalline a- and ,3-anonierb 17a aiid 17b of '3- 
(3-acetainido-3-deoxy-n-riho f uranoa ylj -fj-inetlir.laniiiio- 
SH-puriiic> in l5O0 and 2fic; yields, respectively 
'I'hc less soluble a-anoniei crystallized ironi the reac- 
tion inixture after removal of chloride ion by trcatnieiit 
\{-it11 hinberlite IRA-400 (OH ) wsiii Thr material 
in the mother liquor was partitioned 011 ('clitr. in chloro- 
forn-methanol- water (5 : 1 . 1 aiitl .5 : 2 1) to yield tlic 
8-anonier froin the percolate *\dditional a-aiionier, 
which remained on the colunin, na.; obtaiiied by wash- 
ing the column with methanol 

Barium hydroxide hydrolysi? ol the anoiiieiic inixt ~ i r ( >  
of 17a and 17b gave the Yame cry3talline 9-(3- 
aiiiiiio-3-deoxy-8-D-ribofurano,.yl) - G - met hylaniino - 9H- 
purine (16) that  was obtained in 8 4 5  yield by reactioii 
of the ~~-ch~or0-3'-pht~ialiiiiidoniiclco~ide 3 with nietli- 
aiiolic nic~thylaniine. 

Reactioii of' 14 n i t l i  iiictliaiiolic dinirthylaniiiu~ 
uff orded U-(:(-acetaiiiido-3-deosy-ij-n-Iibofi~raiiosyl)-fi- 
dimethylamino-9H-purine ( 1 . 9 ,  in 3%(; yield, identical 
with the ?;-acetyl derivative'6 of the aiiiiiioiiiirleosit~~, 
from puromycin. 

Ai further interrelation oi tlie two cliloroiiucleosidc. 
3 aiid 14 was obtained by refluxing the G-chloro-3'- 
phthaliniidonucleoside 3 M ith rnetlianolic diethylaniiiic 
to yield tlie plitlialaniide 18 11 hicli wai aniinolyzed 

itli riictliaiiolic butylainiiw to yicld 50' of 9-(:;- 
:LIiiiiio-:~-dcoxy-~-i'ibofiiraiio~yl)- 6 - diethylainiiio -9H- 
pur iiic 119) The 6-chloro-:I'-acetaniidonucleoside 14 
\vas refluxed with methanolic diethylaiiiine to  yield 47( c 
o f  !~-(~~-acetaniido-3-deoxy-~-i~-~ibofurariosyl)-6-dietliyl- 
ami no-9H-purine (20). Barium hydroxide hydrolysis 
of 20 gave, in W& yield based on 20 consumed, a dc- 
acetylated nucleoside identical with 19 from tlir 
6-chloro-3'-phtlialinijdonucleoside 3. 

When thP 6-chloro-3'-phthaliniidonucleoside 3 w i 5  

(30) ' ritaniuin tetrachloride vas  used for the condensation of 13 nil1 
< l1li~roirier~iiri-6-1Ii1ii~~tti~lamino-2-1i1~tli~Ithi0p~rine by Baker, et  a1.16, B 
It  Rnher R. I Rchaiib T P Joseph a n d  J. H Williams J A m  Chem Sf< 
77.12 I l S i i I  

AcN OH I I  

H AcN OBz 

14 
H 

15 

'I 

CH;NH 

A c S  OH 
H 

17a, Lr anomer 
17b, d-anomer 

, 
H2N OH 

16 
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CONH -nucleoside RiNH 

co 
1 

NH-nucleoside 

11 

l - HzN-nucleoside + 
CONR’ iv 

... V 
111 

amine, catalyzes the methanolysis of 0-benzoates but 
fails to open phthalimides4I and fails to displace chlo- 
ride. 

HA OH HzN OH 
OC’ ,CON (CzH6)z 19 

‘C& 
1s 

A d  OH 
H 
20 

The product of the reaction of the 6-chloro-3’-phthal- 
imidonucleoside 3 with methanolic cyclohexylamine was 
a glass exhibiting infrared bands a t  5.80 and 6.08 p ,  
observed in the spectra of phthalamides such as 6 .  
It appears, therefore, that cyclohexylamine behaved 
in this reaction in the same manner as a secondary 
amine, possibly because of steric hindrance, producing 
the phthalaniide 24. When this product was heated 
with methaiiolic butylamine the unblocked B-cyclo- 
hexylamino-3’-aminonucleoside 25 was obtained. 

The aminonucleosides listed in Tables I and I1 were 
prepared by allowing the 6-chloro-3’-phthalimido- 
nucleoside 3 to react with a number of primary and 
secondary amines in methanol. 

The phthalamides v, 40 resulting from reaction of the 
6-chloro-3’-phthalimidonucleoside 3 with isobutyl- 
amine, decylamine, and benzylamine, respectively, 
were isolated and characterized. 5,s’-Diisobutyl- 
phthalaniide was synthesized for comparison by reac- 
tion of phthalimide with aqueous isobutylamine 

The reaction of 3 with niethanolic furfurylamiiie gave 
a product which was refractory to purification. The 
furfurylamino analog was obtained in 26y0 yield by 
reacting 3 with furfurylamine in refluxing 2-methoxy- 
ethanol followed by refluxing with methanolic butyl- 
amine. 

(41) The selective reactivity of diisopropylamine in  methanol was utilized 
in the synthesis of 3’-amino-3’-d~oxyinosine,’3314 2,3‘-diamino-3’-deoxy- 
adenosine, 141  ‘ 6  and  3 ’-amino-3 ‘-deoxyguanosine.~5 

The ultraviolet absorption spectra of the 6-sub- 
stituted-amino-3’-aminonucleosides were found to fall 
into two classes. The 6-monosubstituted amino de- 
rivatives had maxima at 262-264 nip in 0.1 N hydro- 
chloric acid, at 266-270 mp in methanol or ethanol, 
and at 266-270 mp in 0.1 A T  sodium hydroxide. The 
disubstituted amino derivatives, on the other hand, 
had maxima a t  268-272.5 m p  in 0.1 S hydrochloric 
acid, 276-280 nip in methanol or ethanol, and 276-281 
m p  in 0.1 &IT sodium hydroxide. 

oc 
22 

2 1  

HoHzc@ 
HN OH 

oc’ C O N H ~  
\ /  

CsH4 
24 

HoH2cd 
H2N OH 

25 

Biological Activity.-Whereas the amiiionucleoside 7 
from puromycin was 4 times more active than puro- 
mycin against Trypanosoma equiperdum in the mouse, 
the 6-diethylamino, 6-(methy1)propylamino and 6-di- 
propylaniino analogs were 16 times more active. 4 2  

The most active 6-monoalkylamino analog was the 
6-butylaniino analog, 8 times as active as puromycin.42 
Against the transplanted mammary adenocarcinoma 
of the C,H mouse there were no striking differences 
among the various aminon~cleosides.~~ Against Try-  
panosoma cruzi  in tissue culture, the dipropylamino 
analog was the most active 

Experimental 
Melting point,s are corrected and a-ere taken in soft glass capil- 

laries. Ultraviolet spectra were det’ermined on a Cary record- 
ing spectrophot’ometer (Model 1 I ) and infrared spectra were 
determined on a Perkin-Elmer spectrophotometer (Model 21) 
in potassium bromide disks. 

(42) R. I. Hea i t t ,  A .  R.  Gumble, and H. Steinman, unpublished 
(43) J .  J. Oleson and  S. L.  Halliday. unpublished. 
(44) J. F. Fernandes. Lahoratorio de Fisiologia Celular and  Departmento 

de Parasitologia, Faculdade de Medicina, Universidade de SSo Paulo, Brasil, 
private communication: c/. L. H.  P. Silva. S. Yoneda, and J. F. Fernandes, 
Ezptl .  Fnrasztol., 8 ,  486 (1959) 
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c1 
RhH2 + MeOH 

(Heaction A i  

_- Reaction A- 
Time, Yield. 

Temp. f i r .  Cr, 
SHCdHg Reflux 12 31" 
SHCHpCH( CH3)i Steam bath 6 5gC 

XHCeHia Reflux 16 5 40 

SHCH1C6H. Steam bath 2 SOe 

Sealed tube 

T H C ioH? 3 Reflux 3 . 5  3Id 

Sealed tube 

OBz 
co / \  

OC\CeH: 

Rotation I 

liecryat. Telup., 
solvent 3I.p. ,  "C. a 1) ' C .  Concn. Solvent 

MeOH 177-1i8.Sh - 4 3 . 7  25 0.87 1:tOII 
EtOH 175.5-156.3 - 2 5 . 3  2-1 1.03 H 2 0  

CHCI, 152.5- 153.5 - - 3 9 , 1  2.; 1.07 hIeOlI 
EtOH 141-142 --40.0 25 1.00 EtOH 
EtOH 177.5-178.5 -41.8 23 1.80 hleOlI 

I' The deionized reaction misture mas chromatographed on I00 g. of Celite in 6:  1:  2 ethj-l :icetate-riietliairi~i1--\~ater, ;13 l O - m I ,  port ions 
' The evaporated reartion misture W:IS 

The evaporated residue from the deionized mother liquor W:LS 

of eluate being collected. 
cryst~allized from aqueous ethanol t o  yield ?;,S'-diisobutylphthalamide. 

The nucleoside was obtained from frartions 5-1s. Sinters at 145'. 

c1 

BzoHach$ 
k OBz 

oc< 'co 
C&/ 

TABLE I1 

NRz 

N N  
R9NH t MeOH ._-__ - I - - -_  

(Reaction B) 

HN OH 
/ 

\ /C04K2 
oc 

CsHa 

-Rt.action B- 
Tinie, 

Temp. hr .  
Reflux 2 . r, 
Reflu K 1 

Stram bath t i  

sealed tub?  
Steam bath 3 25 

sealed tube 
Reflux 4 
Reflux 4 .25  
Reflux 2 . 7 5  
Reflux 2 , s  
Steam bath  1 . 7 5  

sealed tube 
Steam bath 1 . 7 5  

sealed tube 
Steam bath 2 . 2 5  

sealed tube 
Steam bath I-) 

sealed tub? 

Reaction C- - 

R s I l ,  Tein 
CdIsSIf , !  Ttefllus 
CcHeSH? Reflux 
CHnSH! StPam hatii 

C4IlsSHz Steam bath 

C4HeSHl Reflux 
CkHsKH2 Reflux 
C4HpSHz Refflux 

C I H Q N H ~  Steam bath 

C ~ H U X H ?  Steam bath 

C i l ~ X l l ?  Steam bath 

CTlvSIIs Steam bath 

sealed tube 

sealed tube 

C I H P X H ~  Room 

sealed tribe 

sealed tribe 

sealed tube 

b e a l ~ d  tube 

T h e  mother Iiylior f rom the first crop of crystals was freed ol 1)yproduc.t phthalamide v40 by :tbsorption of the .triiiiioiiiii,leiisitlc o n  
Evaporation of this percolate gavt' hmberlite IRC-50 ( H + )  resin followed by elution with 3: 1 ethanol-2 S ammonium hydroside. 

Acetolysis of 9-(2,5-Di-O-benzoyl-3-deoxy-3-phthalimido-~- colorless crystals. m.p. 144-14ia, [ a . ] ~ ~ ~  + 124" ( c  1 23, CHU,  1 
D-ribofuranosyl J-6-dimethylamino-9H-purine (5 )  with Formation Concentration of the mother liquor gave 140 g. of colorless q"- 
of l-O-Acetyl-2,5-di-O-benzoyl-3-deoxy-3-phthalimido-~- and tals, m.p. 1 l7-122', [ Q ] D ' ~  + 103' (c 1 09, CHC1J). ' l k w  
i3-D-ribofuranoses (10 and ll).-The blocked aminonucleoside recrystallizations cf a 10 g. sample from methand afforded 2.03 
5 (1839 g ) in 1 41 1 of acetic anhydride and 13 1. of glacial acetic g. (2y0) of the a-I-0-acetate (11) as cdorless rr)st:ds, ni I) 
:i(id nits  treated with 775 ml. of concd. sulfurir acid according to 123.3-125', [ a ] ~ ~ ~  $-157.5" ( c  1.30. CHC1,) 
Jhher, et c ~ l . . ~  to give 1186 g. (807,) of p-l-O-:tcetate (10) as Anal. Calcd. for CLJ%8NOp: C, 65.8, €1, 1.38, s, 2 b3. 
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NHR 

HoH2cQ 
H2N OH 

7-0.1 N HCl-- 
mp € 

262.5 19,700 
263.5 19,000 

263 19,000 
263 19,800 
264 20,800 
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-Ultraviolet absorption maxima- -- ROH---- 
R O H  mp € 

EtOH 268 18,600 
EtOH 268 17,700 

MeOH 267 17,500 
EtOH 268 18,000 
MeOH 270 20,600 

- 
-0.1 N KaOH- 

269 19,300 
268.5 18,000 

mp € 

267.5 17,500 
268.5 17,700 
270 21,200 

Elemental analyses 
Empirical --Carbon, %- -Hydrogen, %- -Nitrogen, p- 
formula Calod. Found Calcd. Found Calod. Found 

CI~HZZNBO~ 52.2 51.8 6.88 6.99 26.1 25.8 
C14H22N601 52.2 52.0 6.88 7.16 26.1 26.0 

Cl6HZ6~6Oa 54.8 54.9 7.48 7.68 24.0 24.0 
C20H34N603 59.1 59.1 8.43 8.40 20.7 21.0 
CI7Hz0NeO3 57.3 57.1 5.66 5.73 23.6 23.5 

extracted with water and the nucleoside recovered from the aqueous solution. 
c8ryst:tllized from methanol to yield N,N'-didecylphthalamide. 
e The evaporated deionized reaction mixture was crystallized from ethanol to yield S,S '-dibenzylphthalamide. 
recovered from the mother liquor by crystallization. 

The evaporated deionized reaction mixture w:fi 
The nucleoside was recovered from the mother liquor by crystallization. 

The nucleoside was 

RNH? i MeOH 

(Reaction C) 
. 

Ny> I, 

HoH2kJ 
HzN OH 

Product--- - 
-Rotation-- ---Ultraviolet absorption maxima- --------Elemental analybcs----- 

Temp., Sol- -0.1 N HCI- --JIeOH-- 0.1 N NaOH Empirical Carbon, % Hydrogen, % Si t rogen ,  % 
an o c .  

-48.5 23 
-62.0 2.5 
-45.0 24 

-43.1 25 

-48.6 25 
-46.3 25 
-50.1 25 
-46.5 25 
-38.8 26 

-43.7 26 

-36.9 25 

-44.0 24 

Concn. 
0.95 
0.79 
1.00 

1.00 

0.39 
1.21 
1.02 
0.40 
0.51 

1.05 

2.22 

1.01. 

ven t  mp 
E tOH 268 
EtOH 270 
RIeOH 270 

BIeOH 269 

E t O H  269 
EtOH 269 
E t O H  269.5 
E t O H  270 
hIeOH 271 

E t O H  271 

E t O H  271 

E t O H  272.5 

e 

19,600 
19,900 
20,000 

19,400 

20,200 
18,700 
19,500 
19,800 
19,200 

20,000 

19,700 

17,900 

mp 
277 
278 
277.5 

276 

277 
277 
278 
278 
279 

279 

278 

280 

e mcL 
19,800 277 
20,200 279 
20,400 280 

21,800 277 

20,600 277 
19,700 278.5 
20,400 279 
20,400 280 
19,400 280 

20,600 280 

20.000 276 

22,500 281 

e formula Calcd. Found Calcd. Found Calcd. 
20,200 CIIHZZSBO~ 52.2 52.3 G.88 6.G4 2 6 . 1  
20,200 CiaHrtNsOa 53.G $53.7 7.19 7.26 25.0 
20,500 CieHr6NeO8 54.8 54.7 7.48 7.iG 24.0 

21,300 Ci~HrzX@a 55.5 55.7 6.40 6.G4 24.3 

20,600 CliH?sNsOa 54.8 55.1 7.48 7.21 24.0 
19,900 CisH?sNeOa 54.8 54.8 7.48 7.41 24.0 
20,200 CiiHzd60a 54.8 55.1 7.48 7.80 24.0 
20,500 CiiHz8N60s 56.0 56.3 7.74 7.75 23.1 
19,600 CiaHaoN6O1 57.1 57.2 7.99 8.05 22.2 

20,400 CzoHsrNeOt 59.1 59.1 8.43 8.50 20.7 

16,200 C Z ~ H ~ Z N B O I  62.3 G2.4 9.15 9.44 18.2 

22,400 CiaHmK603.0.5 52.5 52.7 G.76 6.89 24.5 
H20 

Found 
25.9 
25.2 
24.2 

24.4 

23.9 
24.3 
24.3 
23.0 
22.5 

20.5 

18.3 

24.6 

additional product. 
Additional nucleoside was obtained after deionizing with Amberlite IRA-400(0H-) resin. 
the cooled reaction mixture. 

* Evaporation of the reaction mixture gave a crystalline residue which was recrystallized to give the nucleoside. 
The product crystallized directly from 

Found: C, 65.9, H, 4.68; N, 2.67. Chloride ( 2 )  from l-O-Acetyl-2,5-di-O-benzoyl-3-deoxy-3-phthal- 
By infrared spectral and optical rotation comparison, and by imido-a-D-ribofuranose (ll).-Dry hydrogen chloride gas was 

lack of melting point depression, the 6-1-0-acetate 10 was identi- passed through an ice-cold suspension of 0.529 g. (0.001 mole) of 
(*a1 with the 1-0-acetate of Baker, et U L . , ~  of m.p. 138-140' and 11 in 25 ml. of anhydrous ether containing 3 ml. of acetyl chlo- 
[ a ] ~ ~ ~  + 122" ( c  0.5, CHCl,), erroneously assigned the a-anomeric ride. On standing overnight at 3" the solution deposited 0.255 g. 
structure 11. of colorless crystals of 2, m.p. 165-168" de(.., [ a ] " D  +81.3' 

2,5-Di-O-benzoyl-3-deoxy-3-phthalimido-~-~-r~bofur~nosy~ (c 1.11, dioxsne). 



Baker, et ~ l l . , ~  reported 11i.p. 160-162a dec. and [ u ] ~ ~ D  +;6.5" 
( c  1.1, dioxane) for 2 prepared from the 0-1-0-acetate (10). 

9- (2,5-Di-0-benzoyl-3-deoxy.3.phthalimido-~-~-ribofuran- 
osyl)-6-chloro-SH-purine (3).-A stirred suspension of  21 .fi g .  
(0.0621 mole) of a mixturez0~21 of 70% chloromercuri-6-chlori~- 
purine ( l a )  and 30% bis(6-chloropurinyl)niercur~~ ( l b )  in 725 
ml. of xylene was dried by distillation into it Ikaii :ind Starli 
trap. To  the refluxing anhydrous suspeiisivii :t hot, solutioii 
uf 28.7 g. (0.0565 mole j of 2,5-di-O-be1izoyl-:~-~~eox~~-~~-~~litli:~l- 
imido-0-u-ribofuranosyl chloride j 2)"  in 270 1111. of :inhydrous 
xylene was added and the reactioii niisture u x s  stirrcd a i d  re- 
fluxed for 5 hr. The hot suspension \Y:LS filt,eretl :md the sin:ill 
amount of precipitate \\-:IS ~vnshed xvith h(jt c*hluroforni. Tht, 
combined filtrat,e and washings 'ivere \v:ishtd wit11 t \ \ c i  I O O - i i ~ l .  
portions of 305/; potassiuni iodide :ind t.tiree 100-1n1. portions of 
water and dried over magnesium sulfnicb. 1,:v:rporatioii to tlr? - 
ness in Z ~ U C U O  gave 31.7 g. (97'; j o f  a rc4diial nearly ('Ol<JrleSS 
glass, -44.9' ( c  1.56, CH("1Sj. 

Crystallization frorii ethyl :~c.et,ate--hes:irir \vith t'he :Lid of 
Norit gave pale yellow crystals a-hich were washed with hexane. 
:tir-tlried overnight, :ind finally d r i d  :tt 53" (0.01 nim.) for 6 hr. 
The yield of 3, solvated with 0.5 mole of ethyl acetat,e, \vas 25.1 
g. (66%); it sintered :it 67--69" to a i l  opaque glass and nieltetl 
:it 98-106" to :t rlcar glass: [ a J %  - ( i I . O "  ( c  2.01, CHC1,). 

204 l l l U  I c 11,600). 
rl/((l/.  Calcd. fur C31H2?CISjO;.U..jEtO.~~: ( I ,  til.1: l i ,  

:{.!12; C1, 5.31: S, 10.5: L)-C211:,, 2.08. Foulid: C, 60.8; H, 
:$ . ! ) I :  C1, 5.36: S, 11.4, 11.2: O--CZHb, 2.27. 

264 nip i 6 12,100j; A ~ ~ ~ ' "  ?(js 111p i c I I ,800 I; A".' .\. x;;ixV H C I  
l l lb i  

The mother liquor was evaporated iri Z ' U L ' I ~ O  t,o yield S.70 y .  
uf a yellow-tan glass, [aIZ6ir, +4.1 O (c  2.22, C'HCI,). 

The presence of ethyl acetate of sulvatitnl \vas confirmed b! 
p.ii1.r. spectral analysis on :I sanipli, rf 3 \vit,h the folloning 
elemental and group analyses: 

.Ancc(. (hlcd. for (:'nH?LCISjOi.O.:~I.;t,().~~: C ' ,  61.3: H, 
:< . is :  CI, 5.45; S, 10,s: O--C2H~, 1 3 .  Found: ( 2 :  60.9: 13, 
4.0:3: ('1, 5.61; S,  10.6: 0-C'?Hj, l .4X 

Tht~  11.ni.r. Ypect,runi?4 of this s:tiiiple shv\ved a quartet cell- 
tered :ti 5 . W  T, 5 singlet at, 7.515 T, :tiid :zt riplet, centered at 3.75 
T which, by integration, gave tt proton count (using the arornativ 
region for calibration) equivalent t i ,  :iboiit 0.1 rnole of ethyl 
:Ice t,s tt,. 

The condensation of ti.84 g. (0,025 niole) of :i iiiisture uf 17.5' 
l a  and 82.5y0 l b  with 11.86 g. (0.0 ) mole) of 2 gave 13.36 g. 
(Wc: )  of a pale yellow glass, [a]'% -9.03' ( c  2.10. CHCI,): 

26' nip ( E 9480) ; A::" ZG'I nip j c b590): A:,>:: s301c 264 nip 

. I  / L f / / .  Cqa1ed. fur C3Yti2.'C j;: C,', t i I . 6 :  13. :3.5(j: ( '1,  
3.ti'S: S ,  11.2. Found: C, G H ,  4.:32: PI, 4.02: S. h.01; 
:1.411, 0.47. 

('r!,st:tllieatioii frolii ethyl :~cetate-liexaiie \vit,Ii the aid i d  
Strrit, followed by drying at, 56" (0.01 Inin.) for 4 hr., gave 7.1s 

of colorless long prisms of 3 ( s o h t e d  wit'h 0.5 mole of 
ethyl wetate); it. sintered a t  76-77" t,o an opaque glass and melted 
:tt 100-10.5" to a clear glass; -60.9" (c 2.04, CHCI,): 

263 nip ( E  10,700). 
.!rud. Calcd. for C32H22ClSjC)i.0.:jEtOAc: C, 61.1; H ,  

3.92: C1, 5.31; S, 10.5. Found: C, 61.1: H, 3.69: C1, 5.07; 
s, 10.4.  

The iiiuther liquor \vas evaporated in LWUO to yield LL residu:il 
~1:iss \vhic.h was dissolved in ethyl acetate and filtered through 
('ditr. 1Cv:tpor:ition in :t stream of nitrogen gave 5.10 g. of :I 

('untlensation of 82.2 8 .  (U.237 iiiole) of :I niisture of tih' , 
l a  :tnil  :Uf;< l b  \vit8h 2 derived from 111 g. (0.215 mole) of p-1-0- 
:t('?t:Lte (10) g:tVe 1% g. (get,:) Of :1 glass, [aIZ5D -32.0' ( C  

?.ill , ( 'HCld). llecrystallizitticin from et,hyl acetate gave '36 g. 
fO!l'lc 1 of  3 (solvated with mole of ethyl acetate), [aIZ5i) 
-.j!).:3' ( c  2.04, CHCI,). The mother liquor was evaporated 
i ) ~  w i ' u o  to yield 39.0 g. of a hrowi  gum. [alZs~ +29.0" (c  2.14, 

.I solution of 1.59 g. of the gum in 40 ml. of benzene \\-as 
cbhrcmatographed on 110 g. of neutral The column 
wis successively eluted with benzene, solutions of ethyl acetate 

l i l ' l  

263 mM ( c  12,100): A,"~~:'" 2 ~ 1  nip ( e  10,iOO): A::," 11ri 

t:t~i->.(~il<)\~ ~ I S S S ,  [,]''I) +52.3' ((. 2.04, CHCI,). 

crici,). 

(-15) .\lumina u-w prepared by adding aulfuric acid t o  a stirred aqriroiii 
suaimision of aluminum oxide (hlerck) iintil t h e  supernatant liquid had :i 
l r J l  of 1. Thr alumina was t h e n  washed uell ~ i t h  water, air-dried, and :w 
t i v a t ~ i l  a t  170' ovrrnight. 
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g. (0.0077 mole) of methylamine was added. The tube was re- 
sealed and heated on a steam bath for 6 hr. Chilling produced 
nearly colorless crystals which were collected by centrifugation, 
washed with methanol, and dried in vacuo; weight 0.368 g., 
m.p. 209-21 1 ' (with previous sintering). Recrystallization 
from absolute ethanol gave 0.258 g. of colorless crystals of 7, 
m.p. 218-220'. A mixture m.p. q-ith an authentic sample' 
of 7, m.p. 219-221", was 219-221". 

B. From 9-(2,5-Di-O-benzoyl-3-deoxy-3-phthalimido-0-~- 
ribofuranosyl )-6-dimethylamino-SH-purine (5 )  and Butylamine 
in Methanol.-A mixture of 1.000 g. (0.00156 mole) of 5 hemi- 
hydrate, 1.2 ml. (0.89 g., 0.012 mole) of butylamine, and 10 ml. 
of anhydrous methanol was refluxed on a steam bath for 16 hr. 
The result,ing solut'ion was evaporated to dryness on a st.eam bath 
and the crl-stalline residue was slurried with ethyl acetate and 
ether, removed by filtration, and washed with ethyl acetate and 
ether. The yield of 7, m.p. 219.5-220°, was 0.410 g. (89%). 

C. From 9-(3-Deoxy-3-phthalimido-~-~-ribofuranosyl)-6-di- 
methylamino-SH-purine (8) and Methylamine in Methanol.-A 
mixture of 1.00 g. (0.00236 mole) of 8, 0.367 g. (0.0118 mole) of 
methylamine, and 7 ml. of anhydrous methanol in a sealed tube 
ir-as heated on a steam bath for 1.25 hr. Complete solution was 
obtained after about 15 min., and then near the end of t'he heating 
period crystals deposited. The chilled reaction mixture was 
diluted with et,hyl acetate and filtered to remove 0.806 g. of color- 
less crystals. Recrystallization from aqueous ethanol gave 
0.495 g. of colorless cryst,als, m.p. 220-221', which did not de- 
press t,he melting point of an authentic sample of 7. The mother 
liquor, when concentrated, gave an additional 0.079 g. of 7, m.p. 
213-218"; total, 0.574 g. (83%). 

D. From Phthalamide 6 and Methylamine in Methanol.-A 
solution of 0.174 g. (0.000369 mole) of 6 and 0.114 g. (0.00369 
mole) of methylamine in 5 ml. of anhydrous met,hanol in a sealed 
tube was heat'ed on a steam bath for 5.5 hr. Evaporation to dry- 
ness in DUCZLO, folloir-ed by vashing with ether, gave 0.136 g. of a 
nearly colorless crystalline residue, m.p. 181-194'. Recrystal- 
lization from et'hanol gave, in two crops, 0.071 g. (65aj0) of color- 
less crystals of 7, m.p. 215-220", which did not depress the melt- 
ing point of an authentic sample of m.p. 219-221'. 

9- (3-Acetam~do-2,5-d~-O-benzoyl-3-deoxy-~-r~bofuranosyl)-6- 
chloro-9H-purine (14).-To a stirred mixture of 7.60 g. (0.0169 
mole) of l-O-acetyl-3-aretamido-2,5-di-O-benzoyl-3-deo?;y-~-ribo- 
furanose (13)lfi and 5.85 g. (0.0211 mole) of a mixturez0lz1 of 
17.57, chloromercuri-6-chloropurine ( l a )  and 82.5y0 bis(6- 
chloropuriny1)mercury ( l b )  in 325 ml. of anhydrous ethylene 
dichloride at  room temperature, 2.32 ml. (4.00 g., 0.0211 mole) 
of tit.anium tetrachloride was added dropwise. The resulting 
suspension was stirred and refluxed for 20 hr., chilled, and 300 
ml. of cold 0.1 S hydrochloric acid added in 4 portions. Stirring 
was continued for 15 niin. a t  room temperature and the mixture 
was then filtered. The precipitate was washed Tvell with hot 
chloroform and the combined filtrate and washings were shaken 
well and the layers separated. The organic phase was washed 
with 60 ml. of water, 60 ml. of 30% potassium iodide, and 60 ml. 
of water, and dried over magnesium sulfate. Evaporation to 
dryness in vacuo gave 7.77 g. (857,) of 14 as a light tan glass; 

+39.2" ( c  0.97, EtOH); Aki;vHc' 233 mp ( e  27,500), 
265 mp ( E  7890); 230 mp ( e  28,400), 264 mp (E 8300); 
A,,, 265 mp ( E  7840). 

Anal. Calcd. for C26H&1NSOfi: C, 58.3: H,  4.14; C1, 
6.62: K, 13.7. Found: C, 57.8; HI 4.52; C1, 6.59; N, 11.4, 
11.1. 

Other runs gave 14 in T5-8iyc yield with [ a ] ~  +38.1" to 
f48.5' and 7~ C1, 5.24-8.23; % N, 8.14-14.8. 
9-(3-Acetamido-3-deoxy-a- and P-~-ribofuranosyl)-6-methyl- 

amino-SH-purine (17a, 17b).-A mixture of 5.71 g. (0.0106 mole) 
of 6-chloro-3'-acetamidonucleoside (14), 3.35 g. of methylamine 
and 44 ml. of anhydrous methanol in a sealed tube was heated on 
a steam bath for 2 hr. The dark red-brown solution was evapo- 
rated to dryness in U U C U O  and the residue was twice evaporated to 
dryness with water in vacuo. A solution of the residue in 100 
ml. of 1 : 1 methanol-water was stirred for 1 hr. with 15 g. of 
Amberlite IRA-400 (OH-) resin and the filtered solution was 
evaporated to dryness in vacuo. The residue was evaporated to 
dryness in vacuo. The residue was evaporated to dryness in 
vacuo several times with absolute ethanol. The residue, 4.71 g., 
was crystallized from methanol to yield, in two crops, 0.869 g. 
of nearly colorless crystals, m.p. 214-223". Recrystallization 
from methanol with the aid of Yorit gave 0.145 g. of colorless 
crystals of the a-anomer 17a, m.p. 252-257" dec. 

0.1 T SaOX 

The combined mother liquors from the a-anomer were evapo- 
rated to dryness in vacuo to yield a dark gummy residue which 
was partitioned on 120 g. of Celite in the system 5: 1 : 1 chloro- 
form-methanol-water; the column was eluted with the lower 
phase and 34 portions (IO-ml.) of eluate were collected. The 
column then was eluted Kith the lower phase of the system 
5:2: 1 chloroform-methanol-water, 38 portions (10-ml.) of eluate 
being collected; and the column was finally eluted with methanol, 
a 176-ml. and 22 portions (10-ml.) of eluate being collected. 
Combined eluates 34-64 were evaporat.ed to dryness in vacuo 
to give 0.886 g. (26%) of 0-anomer 17b. Combined eluates 73 
and 74 were evaporated to dryness in vacuo t'o yield 0.367 g. 
of a-anomer 17a, giving a total of 0.512 g. (15%). 

The a-anomer 17a n-as recrystallized several times from meth- 
anol to give colorless needles (containing 0.25 mole of water), 
m.p. 259-260' dec.; [ a ] " D  +114" ( c  1.02, &0); ALi:"'' 
262.5 mp (E 18,400); A~:;'"'"" 265 
mp ( E  17,300). 

Anal. Calcd. for C13H18~602.0.25H~O: c, 47.8: H, 5.70;  
K, 25.7. 

The @-anomer 17b was recryst.allized several times from meth- 
anol to give colorless crystals (containing 0.25 mole of water), 
m.p. 232-233" dec.; [alZsD -2.0" ( c  1.05, HzO): A ~ ~ : ; " " " '  
262.5 mp ( e  18,000); A",?,': 265 mp ( e  16,700); A~~:.""'"" 266 mp 
(E 17,000). 

ilnul. Calcd. for C I ~ H I ~ ? ; ~ O ~ . O . ~ ~ H ~ O :  C, 47.8; HI 5.70; 
SI 25.7. Found: C, 48.0; H, 6.05; XI 26.0. 

9- (3-Amino-3-deoxy-~-~-ribofuranosyl) -6-methylamino-SH- 
purine (16). A. From 6-Chloro-3'-phthalimidonucleoside 3.- 
A mixture of 6.68 g. (0.01 mole) of 3 (conhining 0.5 mole of ethyl 
acetate), 4 g. (0.13 mole) of methylamine, and 85 nil. of anhydrous 
methanol in a sealed tube was heated on a steam bath for 4 hr. 
The resulting solution, when allowed to stand overnight a t  room 
temperature, deposited crystals which, after chilling, were re- 
moved by filtration and washed with ether, water, and ether and 
dried at, 100'. The yield of colorless crystals of 16, m.p. 231-234" 
(sinters 229"), was 1.02 g. The combined filtrate and washings 
were evaporated to dryness in z " x o  and the residue was evapo- 
rated several t,imes 15-ith aqueous ethanol to ensure removal of 
methyl benzoate. A solution of t,he residual amber gum in 1 : 1 
methanol-water was st,irred ivith Amberlite IRA-400 (OH-) resin 
for 30 min. and evaporated to dryness in vacuo. Crystallization 
from absolute et.hano1 gave 1.11 g. of 16 as colorless crystals, m.p. 
227-233'. From the mother liquor an addibional 0.23 g. of 16, 
m.p. 199-216", was obtained; total yield, 2.36 g. (84%). When 
recrystallized from aqueous et'hanol colorless crystals were ob- 
tained, m.p. 231.5-233.5': [ a ] ' ' D  -29.5' ( c  1.02, &O); A~",pc' 
262.5 mfi ( e  17,600): A ~ ~ ~ ~ "  267.5 mp ( E  16,000); A~:;ySaoH 
267.5 mp ( E  16,600). 

Anal. Calcd. for C11H1&603: C. 4i.1; H,  5.75; S,  30,O. 
Found: C,46.9; H,  6.13; S, 29.4, 29.3. 

B. Barium Hydroxide Hydrolysis of S-i3-Acetamido-3-de- 
oxy-~-ribofuranosyl)-6-methylamino-9H-purine (17a and 17b).- 
A solution of 8.11 g. (0.0207 mole) of a mixture of 17a and 17b 
in 150 ml. of saturated aqueous barium hydroxide was heat,ed on 
a steam bath for I hr. Excess carbon dioxide was added and the 
precipitat,ed barium carbonat'e \vas removed by filtration. The 
filtrate was evaporated to dryness in vacuo and the residue was 
dissolved in 200 ml. of absolute ethanol, filtered to remove a pre- 
cipitate, and evaporated to dryness in uucuo to yield a residual 
brown glass. A solution of the glassy residue in 30 ml. of 1 : 1 
methanol-water was percolated through a column of 20 g. of 
Amberlit'e IRC-50 (H+)  resin and the resin column was washed 
with 8 100-ml. portions of 1 : 1 methanol-water, t.he final eluate 
showing negligible absorption a t  275 nip. The combined 
eluates were evaporat'ed to dryness in vacuo to yield 4.71 g. of n 
residual brown glass consisting mainly of recovered starting 
material. The resin column was then washed with six 100-ml. 
portions of 1 : 1 methanol-0.6 S ammonium hydroxide, t,he 
final eluate showing negligible absorption at  277 mp. The 
combined eluates were evaporated to dryness in vacuo to yield 
0.791 g. of residual crystals and glass. 

This residue was partitioned on 22 g. of Celite in the system 
5: 2 :  1 chloroform-methanol-water and the column was eluted 
with lower phase; 18 portions (3.6 ml.) of eluate were collected 
and evaporated to dryness. Fractions 8-18 contained a total 
of 0.235 g. of nearly colorless crystals which nere recrystallized 
from absolute ethanol to yield 0.120 g. of 16 as nearly colorless 
crystals, m.p. 230-232". Concentration of the mother liquor 
gave an additional 0.058 g. of 16. Recrystallization from ab- 

A::: 264 mp ( e  17,900); 

Found: C, 47.8; H I  6.03; K, 26.1. 



solute ethanol with the aid of Norit gave 16 as colorless crystals, 
m.p. 233-234'. [CX]*~D -26.9' (c  1.04, H,Oj; 262 mp 
( c  17,100); 266 m p  ( E  16,200); At::." 266 m p  ( E  16,- 
300). 

Anal. Calcd. for CllH16?;603: (', 47.1; I I ,  5.75; X, 30.0. 
Found: C, 47.0; H, 6.00; N, 29.7. 

9-(3-Acetamido-3-deoxy-~-~-ribofuranosyl~-6-dimethylamino- 
9H-purine (15).-A solution of 0.536 g. of 6-chloro-3'-acetamido- 
riucleoside 14 and 1 ml. of dimethylamine in 10 ml. of anhydrous 
methanol in a sealed t,ube was heated on a steam bat,h for 2 hr. 
Evaporation in oacuo of the dark red-brox-n solution gave a gum 
which was evaporated twice in Z ' ( I C U O  with aqueous et,hanol to ell- 
sure reinoval of methyl benzoat,e and twice with absolut,e ethanol 
to yield 0.474 g. of a residual brown glass. 4 solution of 0.445 g. 
in  50 nil. of 50% met,hanol was stirred with Amberlite IRA-400 
(OH -) resin and t'he filtered solution evaporated to dryness 
in vacuo to yield 0.304 g. (06%) of a residual tan glass. Crystal- 
lization from 5 ml. of ethanol gave 0.165 g. (52%)  of 15 as colur- 
less crystals, 1n.p. 189.5-102.5O, [cujZ5n -8.1' (c 1.96, pyridine), 
which did not depress the melting point rJf an authentic sample, 
m.p. 191-193.5". Baker, et  al.?16 give m.p. 187-188" for 15. 

I:ound: C, 40.8; H, 6.19,: S, 25.0. 
9-(3-Acetam~do-3-deoxy-~-~-ribofuranosylj-6-diethy~am~no- 

9H-purine (20):--A solut,ion of 3.68 g. (0.00688 mole: of 6-chloro- 
3'-:ic.et:tniidoiiucleoside 14 and 7.2 nil. (5.1 g., 0.07 mole) of tli- 
et,liylaniine in 35 ml. of :mhydrous ~nethani)l  in B sealed tube !vas 
heated on a steam bath for 2 hr. The  dark red-brown solut,ioii 
\vas ev:iporat,ed in m c u o  :tnd the residue \\-:is evaporated tn-ire t,ii 
dryness in z'acrio with aqueous ethanol ti, ensure removal of met,hyl 
I)c,nzoitte. A solution of the  dnrli I.2ron.n cryst,alline residue in 
160 ml. of methanol \vas stirred with Xmberlite IRA-400 
iOH- )  resin and the filtered solution TI-as evaporat,ed to dryness 
in ~ " x o  to yield 1.04 g. (78:';) of brown solid, n i . p  183-193" 
(sinters 158"). 1tecrystalliz;ttioii from 3: 1 ethyl acetate-an- 
hydrous et,hariol Tvit,h the aid of Sorit. gave, in t,\vo crop 
g. (47(,';) of 20 as colorless csrystals, i n . I > .  211-214". Iter 
liznt,ion from et8h:znol gave idorless crystals, n1.j). 2118.5 
1 2% -26.0" ( C  0.62, 1 3 0 H i :  
A,,,,, 277.5 m p  ( E  1!),400): A" ' s'i'll 27s nip i c ,  itr,sno~ 

:1 ria(. Calcd. fnr C16FI24X604: C', 52 .7 :  H, (i.(i:<: S, 
1;ound: C, 52.9; H, 6.99; N, 22.5. 

9- !3-Amino-3-deoxy-~-~-ribofuranosyl~ -6-diethylamino-9H- 
purine (19). A. From 9-(3-Acetamido-3-deoxy-/3-~-ribofuran- 
osyl)-6-diethylamino-9H-purine iZO'!.--A solution of 0.500 g. 
(0.00137 mole) nf 20 in 50 nil. of 55, Ijarium hydroxide was heat,ed 
on a steam bat,li filr 1 hr. Is:xc.e?s v:irhon dioxide v,xs added ant1 
t8h e prwipit at et1 hir iuni  c:irhon:zt c iv:ts removed Ijy filtratioii. 
The fi!t,rat,e T\-:~R ev:tporated to dr j .n rss  in i'aei/,o and a. solution i i f  
the c~r~.st,allinc residue in 15 nil .  t r f  500'; methanol \v:ts pvassrd 
through :L cwlunin of 10 g. of r\mherlite IRC-.iO iH+r resin. The 
resin column w:ts ivashed ivit,fi four 100-ni1. portions of 50':; 
methanol, thr last cluat,e 1i:iving negligible absnrption :tt 277.5 
nip, :ind the conibineti eliiutes \v(:rc evaporat,ed til dryness <ti 

W I C U O  to :ifford 0.287 g. of  unhytlrcilyzed 20. The rrsin du In r i  
washed with tmi 100-ni1. and t w o  .%nil. portioiisof 1 : 1 methanol-- 
0.6 ,V :tmmoniuin hydroxide, the last eltmt,e having negligible ab- 
sorption at, 275 nip, and the romtiineti elix-ttes n-ere evaporated 
to dryness in vacuo to yield 0.133 g. (30';) of 19 as a tan crystal- 
line residue, 1n.p. 168-178" (ni th  previous sintering). The 
0.287 g. of recovered 20 was hydrolyzed 115th 5% barium hydros- 
ide as :tbove t,o yield, from the 1 : 1 niethanol-0.6 A' ammonium 
hydroxide e1uat.e of t,he resin ccilunin, 0.1 5 g. of tan cq-stalliiie 
rpsidue which 'iviis wvashed v-ith ethyl wetate to yield an ad- 
dit.ioii:tl 0.085 g. ( ) i)f  19 :I,Y buff (dored cryst,als, m.p. li!b 
1 R 3 '  in-ith rirevious sint>ering). The 50yc methand eluate 
o f  t,lie resin c-chnn give,  :ift,er passing t,hr~iugh Amberlit,e IRC-jO 
(11") resin and evaporation to  dryness in m c i m ,  0.101 g. (207;'1 
o f  recovered 20 as a buff-colored crystalline residue, n1.p. 187- 
191 '. The tot:tl yield of crude 19 was 0.218 g. (625y0 based 011 

20 hydrolyzed). 
liecrystallization of r m d e  19 from 1 : 1 ethyl acetate-ethanol 

xc-it.h the aid of Norit gave colorless crystals, m.p. 184-18fj0: 
[a]Z4% -45.8" ( c  0.52, EtOH): ho" mjj)( 5 H C i  268 mp ( e  10,iOOj: 
A,,, "i I ins ( e  19,400); h E:;' r""'i277.5 mp ( B 20,000). 

Anal. Calcd. for C14H2?T60J: C, 52.2; 11, 6 . S ;  N, 26.1. 
Found: C, 52.0: H, 7.10: N, 25.9. 

H. From 6-Chloro-3'-phthalimidonucleoside 3.--ri niistuw lit' 
1 .000 g. (0.00154 mole) of 3 (raont,:tining 0.3 mole of ethyl :ic.et:tlr~j, 
25 1111. e l f  : t l l l 1 ~ ~ l l r ~ l L l s  n i l ~ ~ l l : t l l l l l ,  : l l l t l  1.18 1111. (0.X41 g., 0.01 15 

- 4 i m l .  Calcd. for C14H20N604: C, 50.0; H, 5 .  

H'i 269 nip ( E  19,400,: 
m u  

1 :;!I1 

EtOH ?-- 
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residue. A solution of the residue in 75 ml. of 3:  1 ethanol- 
water was percolated through a column of 25 g. of Amberlite 
IRC-50 (Hf) resin and the column was washed with 938 ml. 
of 3: 1 ethanol-water, the final percolate having negligible ab- 
sorption a t  269 my. The column was then washed with 606 
ml. of 3 : 1 ethanol-2 N ammonium hydroxide, the final percolate 
having negligible absorption a t  269 mp. The ethanol-2 N 
ammonium hydroxide percolate was evaporated in vacuo to yield 
1.880 g. (45'7,) of 25 of 86y0 purity (by ultraviolet spectral analy- 
sis) as a colorless glass. The glass was partitioned" on 240 
g. of Celite in the system 6: 1 : 2 ethyl acetate-heptane-water 
and the column was eluted with upper phase. The eluate was 
measured spectrophotometrically a t  269 mp and two peaks were 
observed. The portions of eluate containing the second absorb- 
ing peak were combined and evaporated in vacz~o to yield 1.390 g. 
(377,) of 25 (957, pure by ultraviolet spectral analysis) as a 
colorless glass, [ a I z 5 ~  -42.5' ( c  1.89, EtOH). 

The glass was r e p a r t i t i ~ n e d ~ ~  as above to yield 1.150 g. (3270) 
of 25 hemihydrate as a colorless hygroscopic glass; [(YIz5D 
-41.5'(c 2.19, EtOH); A";: 264 mp ( e  19,900); Act:$ 
269.5 mp ( e  18,400); A'..' ",~~'.""" 270 mM ( e  29,600). 

Anal. Calcd. for C & ~ ~ Y ~ O ~ . O . ~ H Z O .  c, 53.8; H, 7.05; 
PI', 23.5. Found: C, 54.1; H, 7.07; N,23. 3. 

General Reaction of 6-Chloro-3'-phthalimidonucleoside 3 with 
Amines (Tables I and II).-The aminonucleosides listed in Tables 
I and I1 were prepared by allowing the chloronucleoside 3 to re- 
act with primary and secondary amines in methanol, the reaction 
mixt,ures being heated by means of a st'eam bath eit.her under re- 
flus or in sealed tubes for t,imes ranging from 1.75 to 16.5 hr. 
The intermediate phthalamides from t,he action of secondary 
amines were not isolated but were aminolyzed by adding met'hyl- 
amine or butylamine and heating the resulting solutions on a 
steam bath for 1.75 to 18.5 hr. either under reflux or in sealed 
tubes. 

The reaction mixtures were worked up by evaporation in 
uac710 to remove methanol, excess amines, and methyl benzoate, 
and chloride ion was then removed by treatment of the residues 
in aqueous methanol or ethanol with hmberlite IR4-400 (OH-) 
resin. The nucleosides were separated from the phthalamides 
v40 by rrystallixation from solvents. Alternately, the reart.ion 
mixtures were diluted with water and chloride ion removed by 
treatment with Amberlite IRA400 (OH-) resin. The solvent's 
were then removed in z'acuo and the nucleosides obtained in 
31-84s yields by crystallization. In the cases of the dibutyl- 
amino and diamy'amino nucleosides, the products were obtained 
crystalline prior to deionization. 

The mixtures resulting from reactions of the 6-chloro-3'- 
phthalimidonucleoside 3 with isobutylamine, decylamine, and 
benzylamine, after removal of chloride ion and evaporation, gave 
residues which were crystallized from met,hanol or ethanol to 
yield crystalline N,N'-dialkylphthalamides (v).'O Further work- 
up gave the desired aminonucleosides. In experiments where 
it was desired to separate t,he aminonucleoside from mother liquors 
rontaining the byproduct phthalamide v , ~ O  as with the cyclo- 
hesylamino and dipropylamino analogs, the mixture was per- 
colated through a column of Amberlite IRC-50 (H  +) resin which 
retained the aminonucleoside and other strongly basic substances, 
allowing v to pass through. The resin was then washed with 
aqueous methanolic ammonia t o  remove the aminonucleoside 
which was then crystallized from the percolate. 

N,N'-Diisohtylphthalamide. A. From 6-Chloro-3'-phthal- 
imidonucleoside 3 and 1sobutylamine.-The evaporated reaction 
mixture from 4.29 g. (0.00664 mole) of 3.0.4EtOAc and 7.00 ml. 
(5.11 g., 0.070 mole) of isobutylamine in 60 ml. of methanol T T ~  

crystallized from 20 ml. of 1 : l  ethanol-water to yield 0.986 g. 
of N,N'-diisobutylphthalamide as colorless needles, m.p. 182- 
182.5', which did not depress the melting point of aut,hentic 
material (part B below). 

4nal.  Calcd. for C16H24S202: C, 69.5; H, S.75; N, 10.1. 
Found: C, 69.4, H, 8.68; S, 9.87. 

(47) We thank hlr. C. Pidacks for the partition chromatography. 

B. From Phthalimide and 1sobutylamine.-A mixture of 4.43 
g. (0.03 mole) of phthalimide, 5 ml. of isobutylamine, and 15 ml. 
of water was heated on a steam bath. Most of the phthalimide 
dissolved, then crystallization occurred to produce a stiff paste, 
and finally the solid melted to an oil. Ethanol was added until 
the oil dissolved and the solution was chilled and filtered to yield 
5.13 g. of colorless small plates, m.p. 89-149" (with intermittent 
sintering and melting). A suspension of the plates in 5 ml. of iso- 
butylamine and 25 ml. of water was allowed to stand at  room 
temperature, samples being examined microscopically a t  inter- 
vals. After 4 hr. the plates were completely replaced by color- 
less needles. After 24 hr. the needles were removed by filtra- 
tion. washed with water, and dried at 100'. The yield of prod- 
uct, m.p. 183", n-as 4.91 g. (52%). 

Found: C. 69.8: H, 9.11; N, 10.0. 
Anal. Calcd. for Cl6H2,XZO2: C, 69.5; H, 8.75; N, 10.1. 

N,N -Didecylphthalamide.-The reaction mixture from 2.00 g. 
(0.00308 mole) of 6-chloro-3 '-phthalimidonucleoside 3.0.4EtOAc 
and 3.63 g. (0.0231 mole) of decylamine in 50 ml. of methanol, 
after treatment with 10 g. of Amberlite IRA-400 (OH-) resin 
for 1 hr., was evaporated to a viscous residue which was crystal- 
lized from methanol to yield, in several crops, 0.579 g. (42%) 
of Y,N'-didecylphthalamide as colorless crystals, m.p. 89-99 '. 
Recrystallizations from methanol and ethyl acetate gave color- 
less crystals, m.p. 98.5-99.5'. 

Anal. Calcd. for C28H4aNzO2: C, 75.6; H, 10.9; K, 6.30. 
Found: C, 75.3; H, 11.0; N, 6.14. 
N,N'-Dibenzylphtha1amide.-The reaction mixture from 6.68 

g. (0.01 mole) of 6-chloro-3'-phthalimidonucleoside 3.0.5EtOAc 
and 10.9 ml. (10.7 g., 0.1 mole) of benzylamine in 65 ml. of metha- 
nol, after treatment with 20 g. of Amberlite IRA-400 (OH-) 
resin for 1 hr., was evaporated to a crystalline residue which 
was recrystallized from absolute ethanol to yield, in several 
Crops, 2.00 g. (58'%) of N,S'-dibenzylphthalamide, m.p. 161- 
l i 3  '. Recrystallization from absolute ethanol gave colorless 
needles, m.p. 181". Tingle and L o ~ e l a c e ~ ~  give m.p. 178-179' 
for K,S'-dibenzylphthalamide. 

Anal. Calcd. for C2zH2oN202: C, 76.7; H, 5.85; Y, 8.13. 
Found: C, 76.8; H, 5.92: N, 7.93. 

9- (3-Amino-3-deoxy-~-o-ribofuranosyl) -6-furfurylamino-9H- 
purine.-A solution of 5.73 g. (0.00906 mole) of 6-chloro-3'- 
phthalimidonucleoside 3.0.5EtOAc, 8.3 ml. (8.7 g., 0.09 mole) 
of redistilled furfurylamine, and 25 ml. of 2-methoxyethanol was 
refluxed for 1 hr. The resulting amber solution was evaporated 
in mcuo to a brown gum, a solution of which in 9.90 ml. (7.31 g., 
0.1 mole) of butylamine and 25 ml. of anhydrous methanol was 
refluxed for 4.25 hr. The resulting brown solution was evapo- 
rated in uucuo t o  a residue consisting of crystals and gum. A 
solution of the residue in 80 ml. of 807, ethanol was stirred for 
1 hr. with 20 g. of Amberlite IRA-400 (OH-) resin. The filtered 
solution was evaporated in vacuo to  a residual gum which was 
evaporated in vacuo several times with absolute ethanol. The 
residue, brown crystals and gum, was recrystallized from ab- 
solute ethanol to yield 0.814 g. (267,) of product as nearly color- 
less crystals, sintering a t  151', m.p. 156". Recrystallization 
from ethanol and then from ethyl acetate-ethanol gave color- 
less crystals, m.p. 160.5-161.5'. - [ (Y]*~D -43.5' ( c  1.17, HzO); 
~ 0 . 1  N H C I  264 mp ( e  17,900); 267.5 mp ( e  18,400); A::: N'oH 

2;; mfi ( e  19,200). 
Anal. Calcd. for C I S H I ~ N ~ O ~ :  c ,  52.0; H, 5.24; 3, 24.3. 

Found: C, 52.4; H,  5.33; N, 24.4. 
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