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The synthesis of several novel carbocyclic purine nucleosides that incorporate a nitrogen in place of carbon 3 of 
the cyclopentyl moiety are described. These analogues are all derived from the key stereochemically defined 
intermediate N-(tert-butoxycarbonyl)-0-[(4metho~henyl)dipheny~ethyl]-t~~-4-hy~ox~~prolinol(19), which 
was accessible in 61.1% overall yield for a five-step sequence starting from cis-4hydroxy-~-proline. The heterocyclic 
bases, 6-chloropurine and 2-amino-6-chloropurine, are efficiently introduced onto the pyrrolidine ring via a Mit- 
sunobu-type coupling procedure with triphenylphosphine and diethyl azodicarboxylate. Standard transformations 
and removal of protecting groups gave the cis-adenine (261, hypoxanthine (27),2,6-diaminopurine (28), and guanine 
(29) Dprolinol derivatives. In addition, a related sequence from tram-4hydroxy-~-proline provided the enantiomeric 
L-prolinol guanine derivative (36). Lastly, the 6-(dimethy1amino)purine analogue, 37, was coupled to N-(benzyl- 
oxycarbonyl)-p-methoxy-L-phenylalanine to provide, after deprotection, the novel puromycin-like analogue 39. The 
analogues 26-29,36, and 39 were all evaluated for antitumor and, except for 39, for antiviral activity. Theae compounds 
failed to appreciably inhibit the growth of P388 mouse leukemia cells in vitro at concentrations up to 100 pg/mL. 
In addition, they did not exhibit noticeable activity against the human immunodeficiency virus or herpes simplex 
virus type 1 at concentrations as high as 100 pM. The adenine analogue, 26, did, however, prove to be a substrate 
for adenosine deaminase. It possessed an affinity for the enzyme only 50% less than that of adenosine with a Ki 
= 85 pM. 

Nucleosides, as well as analogues and derivatives thereof, 
have been widely explored as potential antitumor and 
antiviral chemotherapeutic agents.'+ Among the best 
screening leads for antiviral action in general are analogues 
of the naturally occurring purine and pyrimidine nucleo- 
sides. Primarily as a result of the utility and efficacy of 
certain 2',3'-dideoxy nucleosides: most notably 3'-azido- 
2',3'-dideoxythymidine (AZT),6 2',3'-dideoxycytidine 
(DDC),' and 2',3'-dideoxyinosine (DDQB in combatting the 
human immunodeficiency virus (HIV), the etiological agent 
of acquired immunodeficiency syndrome (AIDS) Ig tre- 

(a) DeClercq, E. Approaches to Antiviral Agents; Hamden, M. 
H., Ed.; VCH Publishers: Deerfield Park, FL, 1985; pp 57-99. 
(b) Holy, A. Zbid. pp 101-134. 
Wood, M. J.; Geddes, A. M. Lancet 1987, 1189. 
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Lehrma, S. N.; Barry, D. W.; Fischl, M. A.; Gallo, R. C.; Bol- 
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Richman, D. D.; Grieco, M. H.; Gottlieb, M. S.; Volberding, P. 
A,; Paskin, 0. L.; Leedom, J. M.; Groopman, J. E.; Mildvan, 
D.; Schooley, R. T.; Jackson, G. G.; Durack, D. T.; King, D. 
New Engl. J .  Med. 1987, 31 7, 185. (d) Schmitt, F. A. New 
Engl. J. Med. 1988,319,1573. (e) Yarchoan, R. Lancet 1987, 
132. 
(a) Jeffries, D. J. J. Antimicrob. Chemother. 1989,23, Suppl. 
A, 29. (b) Yarchoan, R. Lancet 1988, 76. 
Yarchoan, R.; Mitsuya, H.; Thomas, R. V.; Pluda, J. M.; 
Hartman, N. R.; Perno, C.-F.; Marczyk, K. S.; Allain, J.-P.; 
Johns, D. G.; Broder, S. Science 1989,245, 412. 
(a) Barre-Sinoueei, F.; Chermann, J. C.; Reyn, F.; Nugeyre, M. 
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inet-Brun, F.; Rouzioux, C.; Rozenbaum, W.; Montagnier, L. 
Science 1983, 220, 868. (b) Gallo, R. C.; Salahuddin, S. Z.; 
Popovic, M.; Schearer, G. M.; Kaplan, M.; Haynes, B. F.; 
Palker, T. J.; Redfield, R.; Olesky, J.; Safai, B.; White, G.; 
Foster, P.; Markham, P. D. Science 1984,224,500, (c )  Desig- 
nation as HIV Science 1986,232,697. 

mendous interest has been focused on this area. Unfor- 
tunately, most of the above materials possess some un- 
desirable pharmacological propertie~?~J+'~ Therefore, 
numerous synthetic efforts have been undertaken that 
were directed at  modifying these structures to provide 
compounds that retain inhibitory activity without detri- 
mental side effects." A range of structural modifications, 
both on the heterocyclic base and on the sugar moiety, 
have been investigated. The new active derivatives which 
have been discovered from modification of these known 
agents, 3'-flUOr0, 3'-azido, and 2',3'-didehydro-2',3'-dideoxy 
nucleosides, are all very similar to the known leads and, 
for the most part, offer no substantial advantage over the 
compounds already being studied. Further, the general 
lack of functionality of these structures, although primarily 
responsible for their biological potency, restricts the 
number and type of analogues that can be made in an 
effort to circumvent the problems associated with them. 

For this reason, compounds that would substantially 
mimic the 2',3'-dideoxy nucleoside structure, but which, 
in addition, provided a site for further modification to 
allow for the synthesis of a wide variety of derivatives with 
potentially different activities was considered desirable. 
The need for new, more adaptable agents is underscored 
by the recent isolation of AZT resistant strains of HIVls 

AZT (a) Sommadossi, J.-P.; Carlisle, R. Antimicrob. Agents 
Chemother. 1987.31.452. (b) Richman, D. D.: Fischl. M. A.: 
Grieco, M. H.; Gottlieb, M. S.;-Volberding, P. A,; Laskin, 0. L.; 
Leedom, J. M.; Groopman, J. E.; Mildvan, D.; Hirsch, M. S.; 
Jackson, G. G.; Durack, D. T.; Nusinoff-Lehrman, S. New 
Engl. J .  Med. 1987, 317, 192. 
AZT and DDC: (a) Hirsch, M. S.; Kaplan, J. C. Antimicrob. 
Agents Chemother. 1987,31,839. (b) Inoue, T.; Tsushita, K.; 
Itoh, T.; Ogura, M.; Hotta, T.; Saneyoshi, M.; Yoshida, S.; 
Saitoh, H.; Tomoda, Y.; Nagai, Y. Antimicrob. Agents Che- 
mother. 1989,33, 576. 
DDC: Merigan, T. C.; Skowron, G.; Bozzette, S. A,; Richman, 
D. D.; Uttamchardani, R.; Fischl, M.; Schooley, R.; Hirech, M.; 
Soo, W.; Pettinelli, C.; Schaumburg, H. Ann. Intern. Med. 
1989,110,189. 
DDI Yarchoan, R.; Pluda, J. M.; Thomas, R. V.; Mitsuya, H.; 
Brouwers, P.; Wyvill, K. M.; Hartman, N.; Johns, D. G.; Bro- 
der, S. Lancet 1990,336,526. 
For recent reviews: (a) DeClercq, E. J .  Antimicrob. Che- 
mother. 1989,23, Suppl. A, 35. (b) DeClercq, E. Antioiral Res. 
1989,12,1. (c) DeClercq, E. Trends Pharm. Sci. 1990,11,198. 
(d) Norbeck, D. W. Ann. Rep. Med. Chem. 1990,25, 149. 
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similarity to the furan and cyclopentyl structures?l The 
small perturbation could very possibly be significant as far 
as antiviral activity is concerned. The furan-cyclopentyl 
difference likewise is not very great, yet many carbocyclic 
nucleosides have a unique activity that is not mirrored in 
their natural counterparts. 

Surprisingly, a search of the literature found that these 
pyrrolidine nucleosides were the subject of previous syn- 
thetic efforts.22 However, the routes chosen did not 
proceed efficiently, and only minimal biological potency 
was reported. More importantly, these earlier studies 
started their syntheses from trans-4-hydroxy-~-proline. 
This resulted in formation of products (2) enantiomeric 
to those required for direct analogy to the natural D- 
ribonucleosides. This is particularly significant. The 
crystal structures of the naturally occurring carbocyclic 
nucleosides aristeromycinU and neplanocin AM and of the 
active (+)-isomer of carbocyclic thymidine% indicate that 
they all possess an absolute configuration that mimics that 
of the natural nucleoside isosteres. Further, for the car- 
bocyclic analogues of adenosine,m ara-An puromycin,28 and 
thymidine,& for which the optical isomers have been re- 
solved, it has been demonstrated that the biological activity 
resides in that structure that possesses a configuration 
analogous to that of Dribose. A similar result has been 
described for the individual isomers of a fluorine-substi- 
tuted carbocyclic guanine derivativees and for the carbo- 
cyclic analogues of B-iodo-2'-deoxyuridine and (E)-5-(2- 
bromoviny1)-2~-deo~yridine.~~ It is not surprising, 
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Figure 1. 

and of a second human immunodeficiency virus (HIV-2) 
that is implicated in AIDS.I6 Of further significance is 
the report that 2',3/-dideoxy nucleosides are lem inhibitory 
toward HIV-2." Carbocyclic nucleosides, wherein the 
furanose oxygen is replaced by a methylene group, are 
analogues which have been found to possess interesting 
and useful biological acti~ity.~@J~ Both naturally occurring 
and synthetic examples have been found to have antitumor 
and antiviral properties. These structures prove to be more 
resistant to the action of certain enzymes, such as phos- 
phorylases, that can deactivate the corresponding nu- 
cleoside. The carbocyclic analogue of 2',3'-dideoxy-2',3'- 
didehydroguanosine (carbovir) has recently been reported 
to have substantial anti-HIV activity.20 

However, in a situation similar to that encountered with 
the natural nucleosides, further modification of this 
structure is precluded by the lack of appropriate func- 
tionality on the cyclopentyl ring. A carbocyclic nucleoside 
analogue in which the 3-position of the cyclopentyl ring 
is occupied by a nitrogen in place of the carbon (Figure 
1, 1) was envisioned to offer an intriguing solution to this 
problem. Conformational studies on the pyrrolidine ring 
in proline and 4-hydroxyproline have indicated substantial 

(15) (a) Isolation: Clavel, F.; Guetard. D.: Brun-Vezinet, F.; Cha- 
maret, S.; Rey, M. A:; Shtos-Fekiera, M. 0.; Laurent, A. G.; 
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palimaoud, J. L.; Montagnier, L. Science 1986,233,343. (b) 
Identification in AIDS patiente. Brun-Vezinet, F.; Katlama, 
C.; Roulot, D.; Lenoble, L.; Alizon, M.; Madjar, J. J.; Rey, M. 
A.; Girard, P. M.; Yeni, P.; Clavel, F.; Gadelle, S.; Harzic, M. 
Lancet 1987, 128. 
Larder, B. A.; Darby, G.; Richman, D. D. Science 1989,243, 
1731. 
Richman, D. D. Antimicrob. Agents Chemother. 1987, 31, 
1879. 
Marquez, V. E.; Lim, M. I. Med. Res. Rev. 1986,6,1. 
Montgomery, J. A. Antiviral Res. 1989, 12, 113. 
(a) Vince, R.; Hua, M.; Brownell, J.; Daluge, S.; Lee, F.; 
Shannon, W. M.; Lavelle, G. C.; Qualls, J.; Weislow, 0. S.; 
Kiser, R.; Canonico, P. G.; Schultz, R. H.; Narayanan, V. L.; 
Mayo, J. G.; Shoemaker, R. H.; Boyd, M. R. Biochem. Biophys. 
Res. Commun. 1988,156,1046. (b) White, E. L.; Parker, W. 
B.; Macy, L. J.; Shaddix, S. C.; McCaleb, G.; Secrist, J. A., III; 
Vince, R.; Shannon, W. M. Biochem. Biophys. Res. Commun. 
1989,161,393. (c) Vince, R.; Hua, M. J. Med. Chem. 1990,33, 
17. 

(21) DeTar, D. F.; Luthra, N. P. J. Am. Chem. SOC. 1977,99,1232. 
(22) (a) hpersen,  F. M.; Bieraugel, H.; Pandit, U. K. Heterocycles 

1974,2,15. (b) Kaspereen, F. M.; Pandit, U. K. J. Chem. Soc., 
Perkin Trans. 1 1976,1617. (c) Kaepersen, F. M.; Pandit, U. 
K. J.  Chem. SOC., Perkin Trans. 1 1976,1798. 

(23) (a) Kueaka, T.; Yamamoto, H.; Shibata, M.; Muroi, M.; Kishi, 
T.; Mizuno, K. J.  Antibiot. 1968,21,255. (b) Kishi, T.; Muroi, 
M.; Kusaka, T.; Nishikawa, M.; Kamiya, K.; Mizuno, K. Chem. 
Phwm.  Bull. 1972,20,940. 

(24) (a) Yaginuma, S.; Muto, N.; Tsujino, M.; Sudate, Y.; Hayashi, 
M.; Ohani, M. J.  Antibiot. 1981, 34, 359. (b) Hayashi, M.; 
Yaginuma, S.; Yoshioka, H.; Nakatau, K. J. Antibiot. 1981,34, 
675. 

(25) (a) Kalman, A.; Koritaanszky, T.; Beres, J.; Sagi, G.  Nucleo- 
sides Nucleotides 1990,9,235. Synthesis: (b) Otvos, L.; Berm, 
J.; Sagi, G.; Tomoskozi, I.; Gruber, L. Tetrahedron Lett. 1987, 
18, 6381. (c)  Beres, J.; Sagi, G.; Tomoskozi, I.; Gruber, L.; 
Baitz-Gaca, E.; Otwos, L.; DeClercq, E. J.  Med. Chem. 1990,33, 
1353. 

(26) Herdewijn, P.; Balzarini, J.; DeClercq, E.; Vanderhaeghe, H. 
J.  Med. Chem. 1986,223,1385. 

(27) (a) Synthesis of cyclaradine: Vince, €2.; Daluge, S. J.  Med. 
Chem. 1977,20,612. (b) Synthesis of biologically active bmer  
from aristeromycin: Nagabuehan, T. L.; Krepski, L.; Reichert, 
P.; Tsai, H.; Ostrander, M. R.; Lieberman, M.; Schwartz, J.; 
Miller, G. H.; Vince, R.; Lee, H. Abstracts of the 185th Na- 
tional Meeting of the American Chemical Society; Seattle, 
WA, March 20-25, 1983, CARB 27. (c) Activity of (+)-cycl- 
aradine: Schwartz, J.; Ostrander, M.; Butkiewicz, N. J.; Lie- 
berman, M.; Lin, C.; Lim, J.; Miller, G. H. Antimicrob. Agents 
Chemother. 1987,31,21. (d) Inactivity of enantiomer: Shan- 
non, W. H. unpublished results. 
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2400. 

(29) (a) Borthwick, A. D.; Evans, D. N.; Kirk, B. E.; Biggadike, K.; 
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Abstr. 107,154170~. (b) Borthwick, A. D.; Butt, S.; Biggadike, 
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(a) (t-Bu0&)20, 10% aqueous NaOH, THF-HzO (82.5%); (b) 
CH2N2, ether-dioxane, 6 "C (92.4%); (c) CHBOTs, P h p ,  DEAD, 
THF, 0 OC - room temperature; (d) LiBH,, THF, 0 OC -. room 
temperature (57.7%, 2 steps); (e) TBDMSC1, imidazole, DMF 
(84.4%). 

therefore, that the biological activity of the previously 
reported compounds was insignificant. It must be noted, 
however, that in the latter cases,m both enantiomers of the 
carbocyclic analogues were found to possess antiviral ac- 
tivity. Here too, however, the material that mimicked the 
Dribose configuration had a potency 10-400 times that of 
its optical antipode. A reinvestigation into the synthesis 
of these novel structures in the interest of obtaining com- 
pounds with antiviral and/or antitumor activity seemed 
warranted. 

Indeed, since initiation of these studies, such a conclu- 
sion has been reached by others. Orgel and Ng have re- 
cently reported the synthesis of the thymine analogue 
containing a pyrrolidine ring in place of the ribose, as well 
as several N-substituted derivatives thereof (3).3l The only 
biological activity rested in the hydroxylamine derivative 
(3, R = OH) with an ICM = 0.08-14.02 pM being obtained 
for a panel of human tumor cell lines. In addition, a de- 
rivative of carbocyclic 2',3'-dideoxyadenosine, in which an 
oxygen atom replaces the 3'-carbon (4), has been found to 
possess anti-HIV activity in the same range as 2',3'-di- 
deoxyadenosine itself (EDm = 5-15 Pyrimidine 
analogues in which the 3'-carbon has been substituted by 
a heteroatom, but that retain the furanose oxygen, have 
also been reported. The dioxolanethymidine derivative 
5 provided a 50% level of protection against viral-induced 
cytopathogenic effects at a concentration of 20 pM, while 
exhibiting reduced toxicity as compared to AZT toward 
normal cells.s3 The corresponding 1,3-oxothiolane material 
6 also provided substantial antiretroviral activity (EDM = 
0.3-0.4 pM) with diminished t o x i ~ i t y . ~ * ~ ~  

- 

(31) Ng, K. E.; Orgel, L. E. J. Med. Chem. 1989,32, 1754. 
(32) (a) Huryn, D. M.; Sluboski, B. C.; Tam, S. Y.; Todaro, L. J.; 

Weigele, M. Tetrahedron Lett. 1989,30,6259. (b) Reference 
14d reported that the corresponding guanine analogue was also 
active (EDw = 10-50 pM), although the inosine derivative was 
not (EDw > 100 pM). 

(33) (a) Norbeck, D. W.; Spanton, S.; Broder, S.; Mitsuya, H. Tet- 
rahedron Lett. 1989, 30, 6263. (b) Belieau, B.; Dixit, D.; 
Nguyen-Ba, N.; Kraus, J. L. Abstracts of Papers; Fifth Inter- 
national Conf. AIDS, Montreal, Quebec, Canada, 1989, Abst. 
T.C.O.1. (c) It was reported in ref 14d that the most active 
compound of this type was the trans-cytidine compound, with 
activity 50% that of AZT, but with reduced cytotoxic effects. 

(34) Wainberg, M. A.; Stern, M.; Martel, R.; Belleau, B.; Soudeyns, 
H. Abstracts of Papers; Fifth International Conf. AIDS, 
Montreal, Quebec, Canada, 1989, Abst. M.C.P. 63. Reported 
in ref 14d and by Baum, R.; Dagani, R. In Chem. Eng. News 
1989, June 26, pp 7-16. 
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15: R=COzCH, X=CI 

17: R=CH?OH. X=H ] 116 R=CH?OH.'X=NH, 2 d - e  

a (a) CH3CO&, Ph3P, DEAD, THF, 0 "C - room temperature 
(93.9%); (b) NaOCH3, CH30H (93.9%); (c) 6-chloropurine, PhaP, 
DEAD, THF, room temperature, ON (77.6%); (d) LiBHEb, THF, 
0 OC; (e) NH3, 80 "C (bomb) [16 (15.0%), 17 (9.5%)]. 

Chemistry 
The synthetic approach to the desired targets was based 

upon a convergent strategy whereby the purine moiety 
could be attached in one step to the pyrrolidine nucleus. 
Classically, carbocyclic nucleosides are constructed by 
building the heterocyclic moiety from a correctly stereo- 
chemically defined amine.ls It was anticipated that a 
leaving group in the 4-position of the ring could be suc- 
cessfully alkylated with the salt of a purine base. Although 
this approach had met with a varied degree of success 
previously,22b the ability of subsequent investigators to 
build carbocyclic isomers via this methodology provided 
confidence for its potential.- A suitably protected 
trans-Dprolinol intermediate was required. Unfortunately, 
the only commercially available compound with the correct 
absolute stereochemistry is the cis isomer of 4-hydroxy- 
D-proline. The corresponding trans isomer is accessible 
via a multistep sequence from the less expensive tram-4- 
hydroxy-L-proline.41 It was decided to start from the 
former and incorporate steps to invert the stereochemistry 
at the 4-position into our protocol (Scheme I). 

(35) Most recent work: (a) Carbocyclic 3'-thio nucleosides: Jones, 
M. F.; Noble, S. A.; Robertson, C. A,; Storer, R. Tetrahedron 
Lett. 1991, 32, 247. No anti-HIV activity reported for the 
adenine, guanine, uracil, thymine, or cytosine derivatives. (b) 
Carbocyclic 2'-0xa derivatives: Bamford, M. J.; Humber, D. 
C.; Storer, R. Tetrahedron Lett. 1991,32, 271. No anti-HIV 
activity reported for the guanine, uracil, or cytosine analogues. 

(36) In acyclic systems: (a) Robins, M. J.; Hatfield, P. W. Can. J. 
Chem. 1982,60,547. (b) Oglivie, K. K.; Cheriyan, U. 0.; Ra- 
datus, B. K.; Smith, K. 0.; Galloway, K. S.; Kennell, w. L. 
Can. J. Chem. 1982,60,3005. (c) Tippie, M. A.; Martin, J. C.; 
Smee, D. F.; Matthew, T. R.; Verheyden, J. P. H. Nucleosides 
Nucleotides 1984,3,525. (d) Oglivie, K. K.; Proba, Z. A. Nu- 
cleosides Nucleotides 1984,3,537. (e) Ashton, W. T.; Canning, 
L. F.; Reynolds, G. F.; Tolman, R. L.; Karkos, J. D.; Lion, R.; 
Davies, M.-E. M.; DeWitt, C. M.; Perry, H. C.; Field, A. K. J. 
Med. Chem. 1985, 28, 926. (0 Kjellberg, J.; Liljenberg, M.; 
Johansson, N. G. Tetrahedron Lett. 1986, 27, 877. (g) Hua, 
M.; Korkoweki, P. M.; Vince, R. J. Med. Chem. 1987,30,198. 
(h) Phadtare, S.; Zemlicka, J. J. Med. Chem. 1987, 30, 437. 

(37) (a) Tseng, C. K. H.; Marquez, V. E. Tetrahedron Lett. 1981, 
26, 3669. (b) Lim, M.-I.; Marquez, V. E. Tetrahedron Lett. 
1983, 24, 5559. 

(38) Borchending, D. R.; Scholtz, S. A.; Borchardt, R. T. J.  Org. 
Chem. 1987,52,5457. 

(39) Ravenscroft, P.; Newton, R. F.; Scopes, D. I. C.; Williamson, 
C. Tetrahedron Lett. 1986,27, 747. 

(40) Medich, J. R.; Kunnen, K. B.; Johnson, C. R. Tetrahedron 
Lett. 1987,28,4131. 

(41) Baker, G. L.; Fritachel, S. J.; Stille, J. R.; Stille, J. K. J. Org. 
Chem. 1981,46, 2954. 
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The amino acid derivative 9 was made by standard 
methodology as reported for trans-4-hydroxy-~-proline 
involving f i t  protection of the amine as the N-tert-but- 
o~ycarbonyl~~ derivative 8 followed by formation of the 
methyl ester with diazomethane. Use of a triphenyl- 
phosphine-diethyl azodicarboxylate Mitsunobu inversion 
procedure43 using methyl p-toluenesulfonate as the nu- 
cleophilic partner gave the trans-tosylated intermediate 
10 directly from the alcohol.M It has been demonstrated 
in a number of instances that application of this metho- 
dology proceeds with inversion in this type of system.45 
Although this material was difficult to separate from the 
diethylhydrazine dicarboxylate side byproduct formed 
during this process, purification could be achieved after 
reduction of the methyl ester to the primary alcohol 11 
with lithium borohydride.& Protection of the hydroxyl 
as its tert-butyldimethylsilyl ether"' yielded 12, the desired 
substrate for the nucleophilic attachment of the purine 
base. However, attempts to displace the tosylate with 
either the sodium or potassium salt of 6-chloropurine re- 
sulted in either recovery or, at higher temperatures, de- 
composition of the starting material. 

Before initiating the exploration of other leaving groups, 
the success of the triphenylphosphine-diethyl azodi- 
carboxylate reaction prompted the study of this metho- 
dology for direct introduction of the heterocycle. Previ- 
ously, Szarek had adapted this procedure for the synthesis 
of nucleosides of aldoses and ketoses by direct replacement 
of the anomeric hydroxyl.ls He also constructed some 
unusual thiazole nucleosides via this type of reacti0n.4~ 
More recently, Marquez has employed this method for the 
completion of the synthesis of some neplanocin derivatives, 
although no experimental details were g i ~ e n . ~ * ~ '  Since 
this work was undertaken, the Mitsunobu process has been 
shown to have utility in the synthesis of natural nucleoside 
derivatives as we1LS2 In addition, this methodology has 
been used for the formation of alkyls3 and Ng-alkoxfisS 
nucleoside analogues. In order for this protocol to be useful 
in this case, the trans Chydroxy compound 14 was required 
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Scheme 111' 
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@(a) LiBH,, THF, 0 O C  - room temperature (97.4%); (b) 
MM"rC1, EhN, DMAP, CH2C12-THF, room temperature (87.7%); 
(c) 6-chloropurine, Ph3P-DEAD, THF, mom temperature, ON; (d) 
2-amino-6-chloropurine, Ph3P-DEAD, THF, room temperature, 
O N  (e) 80% HOAc, room temperature, ON [21 (X = H, 68.8%, 2 
steps), 23 (X = NHp, 70.2%, 2 steps)]. 

(Scheme 11). 
Inverting esterifkation of 9 with the DEABPhg couple 

in the presence of acetic acid, followed by hydrolysis of the 
acetate 13 gave the alcohol 14 in 88.2% yield. This alcohol 
was then successfully and efficiently coupled to 6-chloro- 
purine under Mitsunobu conditions to produce 15. Un- 
fortunately, reduction of the ester to the alcohol with a 
variety of reagents, diisobutylaluminum hydride, lithium 
borohydride, and calcium borohydride, was complicated 
by concomitant reduction of the 6-chloro substituent on 
the heterwomatic moiety together with other unidentified 
auxiliary reactions. In the best case, from the reaction of 
15 with lithium triethylborohydride, followed by treatment 
of the mixture of products obtained with liquid ammonia 
under pressure, the desired 6-aminopurine 16 was accessed, 
but in only 15.0% yield, along with a smaller amount of 
the 9-purinyl derivative 17 (9.5%). 

In order to circumvent this difficulty, modification of 
the reaction sequence so that execution of the reduction 
preceded coupling of the purine was introduced without 
actually adding to the overall number of individual syn- 
thetic steps (Scheme 111). Hence, reaction of 13 with 
lithium borohydride gave the N-Boc-D-prolinol derivative 
18 in excellent yield. Selective protection of the primary 
alcohol as its p-methoxytriphenylmethyl (monometh- 
oxytrityl = MMTr) ethel.6e produced 19, what would prove 
to be the key intermediate for the successful completion 
of the desired syntheses. Overall, the sequence of 7 - 19 
proceeded in 61.1% yield. 

Coupling of 19 to 6-chloropurine also proceeded effi- 
ciently, but chromatographic separation from the hydra- 
zine byproduct could only be partially achieved. In order 
to more accurately ascertain the yield in this process, 
treatment of impure 20 with 80% acetic acid liberated the 
primary hydroxyl and allowed for easy purification. This 
two-step sequence led to the production of 21 in 68.8% 
yield. In a similar manner, reaction of 2-amino-6-chloro- 
purine with 19 in the presence of DEAD-Ph3P provided 
a route to the guanine and 2,6-diaminopurine analogues. 
In this instance, purification of the coupled nucleoside 22 
was complicated by the persistence of the triphenyl- 
phosphine oxide byproduct. Determination of an accurate 
yield was therefore again made after cleavage of the mo- 
nomethoxytrityl ether. This process proceeded to give 23 
in 70.2% yield. 

(56) Chaudhary, S. K.; Hernandez, 0. Tetrahedron Lett. 1979,20, 
95. 
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Scheme IVo 
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"(a) NH8, MeOH, 80-86 "C (bomb) [24 (91.4%), 25 (97.3%)]; (b) 
CFaC02H, room temperature, 1 h; (c) Dowex SBR (OH-) [26, X = 
H (84.3%); 28, X = NH2 (58.8%)]; (d) 1-2 NHCl, A, 4 h [27, X 
H (85.7%); 29, X NH2 (48.4%)]. 

A noteworthy feature of this coupling process was the 
regioselectivity it exhibited. Many of the direct procedures 
for introduction of the heterocycle, particularly with 2,6- 
disubstituted purines, give mixtures of N7- and Ng-sub- 
stituted products.- Here, however, the Ng-substituted 
purines were essentially the sole products obtained. This 
is supported by the 'H NMR and UV spectra of the cou- 
pled products and the targets derived from them. Some 
evidence suggests that the procedure may not be com- 
pletely regiospecific, however. I t  has been reported that 
for other 2,6-disubstituted purine nucleoside analogues, 
the N7 regioisomer can be identified based upon charac- 
teristic downfield shifts for H8 and upfield shifts for a 
2-NHz m~iety. 'j '-~~ These shifts are more definitively 
diagnostic for N7 substitution than the more classical use 
of UV spectra. In the case of 28, the crude 'H NMR 
spectrum showed small resonances upfield from the major 
ones for the purine proton and downfield from the amino 
resonance were observed. These resonances disappeared 
upon recrystallization. It was not determined whether this 
was due to N7 material that was an exception to the above 
general trends or merely some other impurity. Further, 
the fact that both 26 and 28 proved to be substrates for 
adenosine deaminase (vide infra) suggests that they were 
indeed the desired N9 isomer. 

For the most part, completion of the syntheses of the 
target structures proceeded straightforwardly (Scheme IV). 
For the adenine analogue, the still fully protected inter- 
mediate 20 obtained on partial purification from the 
coupling was used. Displacement with ammonia to provide 
24, followed by treatment with neat trifluoroacetic acid 
provided, after ion exchange resin neutralization, the 6- 
aminopurine derivative 26. Alternatively, acidic hydrolysis 
of the partially deprotected intermediate 21 provided the 
hypoxanthine 27 after ion exchange chromatography. 
Curiously, it proved difficult to obtain the same material 
in analytically pure form from the fully protected precursor 
20. Likewise for the products from the other sequence, 
displacement with ammonia on the fully protected 2- 
amina-6-chloropurine 22 to provide 25, followed by removal 
of both protecting moieties with trifluoroacetic acid and 

(57) Garner, P.; Ramakanth, S. J .  Org. Cheh. 1988,53, 1294. 
(58) Kjellberg, J.; Johansson, N. G. Tetrahedron 1986, 42, 6541. 
(59) Chenon, M.-T.; Pugmire, R. J.; Grant, D. M.; Panzica, R. P.; 

Townsend, L. B. J .  Am. Chem. SOC. 1976,97,4627. 

Scheme Va 
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(a) (t-Bu02C)20, 10% aqueous NaOH, THF-H20 (93.2%); (b) 
CH2N2, ether-dioxane, 5 "C (92.0%); (c) LiBH,, THF, 0 "C - 
room temperature (99.0%); (d) TBDMSCl, DMAP-EbN, CH2C12, 
0 "C - room temperature (62.6%); (e) 2-amino-6-chloropurine, 
PhaP, DEAD, THF, room temperature, O N  (f) Bu,N+F, THF, 
room temperature (44.4%, 2 steps); (h) 1-2 N HCl, A, 3.5-4 h 
(24.6%). 

Y H  OH 
o=c 

H , N ~  -H 

OCH, 
Figure 2. Puromycin. 

neutralization gave the 2,6-diaminopurine derivative 28. 
Acidic hydrolysis of 22 failed, as with the hypoxanthine 
analogue, to give the guanine derivative in analytically pure 
form. However, successful access to 29 was obtained from 
23. 

In order to have at  least one of the enantiomeric ma- 
terials for comparison purposes, the corresponding L-pro- 
linol guanine derivative was synthesized starting from 
trans-4-hydroxy-~-proline (30). The sequence used was 
identical to that shown for its optical antipode except for 
the protecting methodology employed for the primary 
hydroxyl and, of course, the elimination of the unneeded 
inversion step (Scheme V). The amino acid was protected 
as its N-Boc methyfl ester (31) using the standard meth- 
odology already described. Reduction of the ester followed 
by selective protection of the primary hydroxyl of 32 as 
the tert-butyldimethylsilyl ethel"17 provided 33. Coupling 
with 2-amino-6-chloropurine using the Mitsunobu condi- 
tions proceeded well to yield the protected nucleoside 
derivative 34. Cleavage of the silyl ether with tetra- 
butylammonium fluoride followed by acidic hydrolysis of 
the 6-chloro moiety provided 36, the desired enantiomer 
of 29. 

One other analogue was of interest. In the previous 
investigations with these nucleoside systems,22a a novel 
analogue of puromycin, a potent antibiotic isolated in 1952 
from Streptomyces alboniger (Figure 2),@ had been made 

(60) Review: Nathans, D. Antibiotics; Cottlieb, D., Shaw, P. D., 
Eds.; Springer-Verlag: New York, 1967; Vol. 1, pp 259-277. 
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Scheme VI" 
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The purines 26-29 and 36 were also screened for anti- 
viral activity against both HIV and herpes simplex virus 
type 1 (HSV-1). However, in each case, the materials f d e d  
to prohibit the appearance of viral cytopathogenic effecta 
a t  concentrations from 0.1 to 100 pM. This was disap- 
pointingly consistent with the report that no antiviral 
activity was obtained for the series of thymine analogues 
as we11.3l 

In an effort to probe the reasons for the lack of biological 
effects, the potential of one of these compounds, the ad- 
enine analogue 26, to act as an inhibitor or substrate for 
a typical enzyme involved in nucleoside metabolism was 
investigated. It was found to be a weak inhibitor of 
adenosine deaminase, with a Ki = 85 pM. Interestingly, 
this material possessed affinity for the enzyme only 50% 
of that observed for the natural substrate, adenosine. In 
addition, although a detailed kinetic analysis was not done, 
qualitative experiments indicated that 28 was also a sub- 
strate for adenosine deaminase, although a much poorer 
one than 26. Therefore, it is poasible that the cause of the 
absence of activity is not merely due to an inability of the 
target enzymes to recognize this type of analogue. How- 
ever, it must be concluded that the charge on the pyr- 
rolidine nitrogen, which would be protonated at physio- 
logical pH, must be having some effect, due to the sub- 
stantial difference in activity against HIV observed be- 
tween 26 and the corresponding 0-substituted adenine 
analogue (4).92 Studies have indicated a requirement that 
for a nucleoside to have anti-HIV activity, it must occupy 
a particular conformational space.@ Although a detailed 
analysis has not been done for theae molecules, this cannot 
be discounted as a further reason for the observed dif- 
ference. 
Experimental Section6' 

General. All reactions involving air-sensitive reagents were 
carried out under a nitrogen atmosphere in oven-dried glassware. 
Melting points were determined on a Mel-Temp apparatus and 
are uncorrected. 'H nuclear magnetic resonance spectra were 
obtained either on a Nicolet NT-300 operating at 300.0745 MHz 
or on an IBM AF-300 operating at 300.135 MHz in the solvent 
listed and are given as parta per million (6) relative to internal 
tetramethylsilane (TMS) or for those molecules containing CH& 
to that pak, as reference. Resonances are reported as [apparent 
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, 
others as described), coupling constant (4 if appropriate, relative 
integral, assignment if known]. For the pyrrolidine ring, the 
numbering system shown for compound 1 in Figure 1 has been 
used. Fourier transform infrared spectra were taken with a Nicolet 
5-DXC instrument and are reported as wavenumbera (cm-'1. 
Major bands are given and designated as broad (br), very strong 
(vs), or strong (8) where appropriate to signify their intensity. 
Ultraviolet spectra were obtained on a Beckman DU-70 spec- 
trometer. Reported wavelengths, in nanometers, are maxima or 
are designated as a shoulder (sh) or a slight shoulder (slsh). The 
relative heights of the bands are given parenthetically. Electron 
impact (EI) maas spectra were obtained with an AEI Scientific 
Apparatus Limited MS-30 mass spectrometer. Chemical ioni- 
zation (CI) maas spectral data was obtained on a Finnigan 4OOO 
mass spectrometer using the reagent gas indicated for the indi- 
vidual compounds. Fastratom bombardment (FAB) masa spectral 
data was recorded with a VG7070E-HF mass spectrometer using 
the indicated matrix. For CI and FAB spectra, both positive and 
negative detection modes were employed, thus key ions are re- 
ported with a plus (+) or minus (-) to distinguish between the 
two. The peaks lieted are those from the molecular ion, designated 
M+, and fragments that can be assigned as either plus or minus 

21  

37 

"(a) 40% aqueous (CH&NH, b; (b) CFsC02H, room tempera- 
ture, 1 h; (c) Dowex SBR (OH-) (&1.9%,3 step); (d) Cbz-p-OMe- 
L-Phe, DCC, N-hydroxysuccinimide; (e) Hz/PdC, CHsCOzH 
(69.6%, 2 steps). 

by attaching the requisite amino acid component of the 
antibiotic to the pyrrolidine ring nitrogen. A number of 
carbocyclic nucleoeide analogues of this material have been 
synthesized and have been reported to exhibit antimicro- 
bial activity comparable to the natural isostere without its 
concomitant nephrotoxicity.2efi1*62 Intrigued by the pos- 
sibility that the correct enantiomer of this compound 
might also possess interesting biological properties, ita 
construction was undertaken beginning from the available 
6-chloropurine intermediate 21 (Scheme VI). Displace- 
ment of the halide with refluxing aqueous dimethylamine 
followed by standard deprotection and neutralization gave 
the 6-(dimethy1amino)purine derivative 37. Coupling of 
this to N-(benzyloxycarbonyl)-p-methoxy-L-phenylalanine 
with dicyclohexylcarbodiimide (DCC) in the presence of 
N-hydroxysuccinimide-l' proceeded efficiently to give 
38. Removal of the amino protecting group by catalytic 
hydrogenation in acetic acid provided the puromycin-like 
analogue 39. 

Biological Results 
The purine derivatives 26-29,36, and 39 were investi- 

gated for their ability to inhibit the growth of P388 mouse 
leukemia cells in vitro.69 At concentrations from 3.1 to 
100 pM, only slight inhibition a t  the higher levels was 
observed. One important note was the complete lack of 
any observed effect of the guanine derivative (36) when 
compared with its D-prolinol counterpart (29). The dis- 
appointing lack of activity of the puromycin-styled nu- 
cleoside 39 could be due to the absence of the 2-hydroxyl 
group. Although not definitive in this case, the require- 
ment for this structural feature in puromycin has very 
recently been demonstrated.a However, it was known 
previously that this moiety was necessary for the acceptor 
activity of aminoacyl adnosines, which are thought to bind 
to the ribosome in a manner analogous to that of puro- 
mycin.61iW 

(61) (a) Daluize. S.: Vince. R. J. Med. Chem. 1972. 15. 171. (b) . .  
Vince, R: Dalbge, S. J. Med. Chem. 1974, 17, 678.' 
(a) Vince, R.; Daluge, S.; Palm, M. Biochem. Biophys. Res. 
Commun. 1972,46,866. (b) Pestka, S.; Vince, R.; Daluge, S.; 
Harris, R. Antimicrob. Agents Chemother. 1973, 4, 37. (c) 
Duquette, P. H.; Rittar, C. L.; Vice, R. Biochemistry 1974,13, 
4866. 
Gem, R. I.; Greenberg, N. H.; McDonald, M. M.; Schumacher, 
A. M.; Abbott, B. J. Cancer Chemother. Rep., Part 3 1972, 
3(2), 1. 
Koizumi, F.; Oritani, T.; Yamashita, K. Agric. Biol. Chem. 
1990,54, 3093-3097. 
Rychlik, I.; Cerna, J.; Chladek, 5.; Zemlicka, J.; Haladova, Z. 
J. Mol. Biol. 1969,49, 13. 

(66) VanRoey, P.; Salerno, J. M.; Chu, C. K.; Schinazi, R. F. Roc. 

(67) AU new Compounds (8-39) gave spectral data and/or elemental 
Natl. Acad. Sci. U.S.A. 1989,86,3929. 

analyses consistent with the assigned structures. 
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relative to the molecular ion or the complete purine or pyrimidine 
portion of the molecule, designated P, as well aa other prominent 
or significant peaks. The intensities of the fragments are given 
parenthetically relative to the base peak, listed as 100. Thin-layer 
chromatography (TLC) was done using 0.25" layers of Merck 
silica gel 603-254 on glass-backed plates. Plates were visualized 
by viewing under ultraviolet light, by exposure to iodine vapor, 
or by spraying with a 5% solution of phosphomolybdic acid in 
absolute ethanol followed by heating. Column chromatography 
was performed on Merck silica gel 60 (220-W meah). The solvent 
systems used for chromatography were as follows. Solvent A 
ethyl acetate-hexanes (relative volumes as specified). Solvent 
B: 100% ethyl acetate. Solvent C: MeOH-CHC18 (relative 
volumes as specified). Solvent D concentrated NH40H-n-PrOH 
(relative volumes as specified). Elemental analyaea were performed 
by M-H-W Laboratories, Phoenix, AZ. 6-Chloropurine, 2- 
amino-6-chloropurine, cis-4-hydroxy-~-proline, trans-4- 
hydroxy-L-proline, and all anhydrous solvents were obtained from 
Aldrich Chemical Co., Milwaukee, WI. Adenoeine and adenosine 
deaminase (adenosine aminohydrolase, EC 3.5.4.4) type VI from 
calf intestinal mucosa were purchased from Sigma Chemical Co. 

N-(tert-Butoxycarbonyl)-~s-4-hydrory-Dpr (8). The 
procedure of JoUille'l for trans-4-hydroxy-Lproline was employed. 
In 125 mL of THF-H20 (2:l) was suspended 10.0 g (76.3 mmol) 
cis-4-hydroxy~proline (7), and then 42 mL of a 10% aqueous 
solution of NaOH was added. To the resultant biphasic mixture 
was added 22.6 g (103.6 "01) of di-tert-butyl dicarbonate in 125 
mL of THF-H20 (21). The reaction was allowed to stir Overnight 
at ambient temperature, and then the THF was removed by 
evaporation in vacuo. The reaidual aqueous solution was adjueted 
to pH 2 by the addition of approximately 150 mL of 10% aqueous 
KHSO,. The acidic solution was extracted several k e a  with ethyl 
acetate. The combined organic extracts were washed with H20 
and saturated aqueous NaCl and then dried over anhydrous 
Na#OI. Removal of the dessicant and evaporation of the solvent 
in vacuo gave 18.6 g of a white solid, which was recrystallized from 
ethyl acetate to give 12.8 g of 8. An additional 1.69 g (total yield 
82.5%) was recovered from the filtrate in two crops: mp 
142.5-143.5 "C (dec with effervescence); [Ct]=D (c 0.67, MeOH) 
= +47.7"; 'H NMR (DMSO-d,) 6 4.19 and 4.08 (each m, each 1, 
C a  and C f l ,  3.45-3.52 and 3.06-3.13 (each m, each 1, CJ-IJZ,,), 
3.33 (br 8, 1, OH, DzO exchangeable), 2.24-2.38 (m, 1, cab), 
1.77-1.85 (m, 1, C&), 1.39 and 1.34 [each s, total 9 (1:2 ratio), 
(CHJ8C0 rotamemy; IR (KBr) 3445,330fkBM (br) with maxima 
at 2981, 2926 and 2881, 1739 (a), 1707, 1671 (e), 1410 (e), 1347, 
1257,1178,1166,1131,1091,904,771; CIMS (90 "C, NH3) m / ~  
249 [(M + 18)+, 3.81, 232 [(M + H)+, 13.8],193 [(M + 18- t-Bu 
+ H)+, 1001,176 [(M + 2 H - t-Bu)+, 14.2],132 [(M + 2 H - Bot)+, 
29.2],86 [(M - BOC - CO&+], 230 [(M - H)-, 100],130 [(M - Bot)-, 

+ 2 H - t-Bu)+, 1001, 132 [(M + 2 H - Boc)', 90.61, 130 [(M - 
17.71; FABMS (thioglycerol) m / z  232 [(M + H)+, 20.8],176 [(M 

Boc)+, 99.21, 230 [(M - H)-, 1001, 130 [(M -Bo$, 19.21. Anal. 
(CiOHiJWd C, H, N. 
N-( tsrt-Butoxycarbonyl)-cis-rl-hydroxy-~proline Methyl 

Ester (9). In a mixture of 125 mL of anhydrous dioxane and 125 
mL of ether was slowly dissolved 8.11 g (35.1 mmol) of 8. The 
solution was cooled to 5 "C and then treated dropwise with a 
freshly prepared solution of d h m e t h a n e  in ether until a yellow 
color persisted in the reaction flask. The solution was stirred 0.25 
h at 5 "C and then treated with a small amount of glacial acetic 
acid to scavenge the excees diezomethane. Anhydrous magnesium 
sulfate was added to the clear solution, which waa allowed to stir 
overnight at room temperature. Removal of the dessicant and 
evaporation of the solvent in vacuo gave 9.03 g of a light yellow 
solid, which was recrystallized from ethyl acetatehexanes (1:4) 
to give 7.44 g of 9. Additional material, 0.51 g (total yield 92.4%), 
was obtained from the filtrate: mp 82.5-83.0 "C; TLC R = 0.16 

(DMSO-de) S 4.98 and 4.94 [each br d, both J = 2.2 Hz, total 1 
(2:l ratio), OH rotamers, DzO exchangeable], 4.20 (m, 2, C$ and 
C f l ,  3.63 and 3.60 [each 8, total 3 (2:l ratio), OCHs rotamers], 
3.45-3.51 (m, 1, Cfl,), 3.08-3.15 (m, 1, C&Z& 2.30-2.39 (m, 1, 
C & ) ,  1.78-1.86 (dt, J = 4.8,12.8 Hz, 1, C a d ,  1.40 and 1.33 [each 
8, total 9 (1:2 ratio), (CH3),C0 rotamers]; 'H NMR (CDC13) 6 
4.28-4.39 (m, 2, C&l and Cf l ,  3.80 and 3.78 [each 8, total 3 (4555 
ratio), OCH, rotamers], 3.46-3.73 (m, 1, C&N), 3.24 (d, J = 10.1 

[solvent A (1:1)]; [ctInD (C 0.52, MeOH) +26.6"; 'I-f NMR 
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Hz, OH), 2.26-2.40 (m, 1, C&, 2.05-2.12 (dt, J = 4.8, 12.8 Hz, 
1, c a b ) ,  1.47 and 1.42 [each 8, total 9 (45 ratio), (CH8),C0 
rotamers]; IR (KBr) 3466 (81, 2985,2957,2929,1729 (a), 1681 (s), 
1425 (a), 1283,1263,1178,1163,1123, 1090,969, 771,596 (br); 
EIMS (110 "C, 30 eV) m/z 245 (M+, 1.2),227 (M - H20, 1.7), 186 

H, N. 
N-( tert -Butoxycarbonyl)-trans -4-(p 4oluenesulfonyl- 

oxy)-Dproline Methyl Ester (10). To 0.350 g (1.43 mmol) of 
9 and 0.46 g (1.75 mmol) of PhaP in 15 mL of anhydrous THF 
at 0 "C was added a solution of 0.31 g (1.78 mmol) of diethyl 
azodicarboxylate (DEAD) in 5 mL of anhydrous THF. The yellow 
mixture was stirred for 5 min, and then 0.33 g (1.71 mmol) of 
methyl p-toluenesulfonate in 6 mL of anhydrous THF was added 
dropwise. The solution was maintained for 10 min at 0 OC and 
then stirred for 5 h at ambient temperature. Removal of the 
solvent in vacuo followed by chromatography of the residue on 
silica gel with solvent C (1:500) gave 0.603 g of a semisolid material 
that contained 10 contaminated with significant quantities of 
diethylhydrazine dicarboxylate [Rf = 0.20, solvent C (1:75)]. It 
was used in the next reaction without further purification. In 
a separate trial, repeated chromatography provided a purer sample 
of 10 for spectral characterhatiom TLC R = 0.53 [solvent A (l:l)], 
R = 0.48 [solvent C (1:75)]; 'H NMR (dDC1d 6 7.78 (d, J = 8.1 d z ,  2, CH phenyl), 7.35 (d, J = 8.1 Hz, 2, CH phenyl), 5.04 (br 
m, 1, CIH), 4.35 (m, 1, Cf l ,  3.72 (8, 3, WHd, 3.61 (br m, 2, C a d ,  
2.38-2.54 (m, partially obscured by next resonance, Ca,) ,  2.46 
[s, 4 (includes preceding resonance, CH8Ph1, 2.09-2.20 (m, 1, 
c&,), 1.42 and 1.39 [each 8, total 9 (2:3 ratio), (CH&CO ro- 
tamers]; IR (KBr) 3092,2979,2955,2934,1750 (81, 1705 (81, 1595, 
1402 (a), 1367 (81, 1207, 1189, 1178, 1160, 902, 756, 555. 

The corresponding cis isomer was synthesized from 9 by 
treatment with ptolueneaulfonyl chloride and pyridine: 'H NMR 
(CDClJ 6 7.76 (d, J = 7.9 Hz, 2, CH phenyl), 7.34 (d, J = 7.9 Hz, 
2, CH phenyl), 5.06 (br m, 1, CJi), 4.43 and 4.33 (each m, each 
0.5, C f l ,  3.59-3.74 [m, 5 (includes resonance at 6 3.721, C&], 
3.72 (8, OCH3), 2.22-2.52 [m, 5 (includes resonance a t  6 2.45), 
C&H,,), 2.45 (8, CH8Ph), 1.44 and 1.40 [each s, total 9 (45 ratio), 
(CHd,CO rotamers]. From consideration of the regions associated 
with the C$ resonance, it appeared that no detectable amount 
of the cis isomer was present in the purified sample of 10. 
N-( tert -Butoxycarbonyl)-trans -4-(p 4oluenesulfonyl- 

oxy)-Dprolinolsa (11). The impure 10 obtained above waa 
dissolved in 20 mL of anhydrous 1,2-dimethoxyethane and cooled 
to 0 "C. To this was added 0.137 g (6.39 mmol) of solid LiBH4; 
a homogeneous solution resulted. The mixture was allowed to 
warm gradually to ambient temperature and then stirred for 17.5 
h. The excess borohydride was carefully destroyed by the suc- 
cessive addition of H20 and acetic acid. After separation of the 
organic phase, the aqueous layer was extracted with two portions 
of ethyl acetateether (31), and the combined organic layers were 
dried over anhydrous Na2S0,. The dessicant was removed by 
filtration, and the filtrate was evaporated in vacuo. Chroma- 
tography of the residue on silica using solvent A (1:l) provided 
0.305 g (57.7%, 2 steps) of 11 as an oil: TLC R, = 0.27 [solvent 
A (1:l)J; 'H NMR (CDClS) S 7.78 (d, J = 8.2 Hz, 2, CH phenyl), 
7.36 (d, J = 8.2 Hz, 2, CH phenyl), 5.00 (br m, 1, CJi), 4.37 (br 
8, 1, OH), 4.04 (br m, 1, C f l ,  3.73 and 3.69 (each br m, total 2, 
CHzOH), 3.42-3.54 (m, 2, C&), 2.46 (s,3, CH8Ph), 2.17 (br m, 
1, Ca .h l .73  (br m, 1, C a d ,  1.44 [s, 9, (CHJ&Ol; Et (KBr) 3431 
(br), 2981,2931,2882,1736,1694 (81, 1595, 1407 (81, 1367 (s), 1177 
(81, 964. 

N-( tert -Butoxycarbonyl)-0 -( tert -butyldimethylsily1)- 
trams-4-(p-toluenesulfonyloxy)-~-prolinol(l2). In 5 mL of 
anhydrous DMF, 0.170 g (1.13 mmol) of tert-butyldimethylsilyl 
chloride, 0.144 g (2.11 "01) of imidazole, and 0.291 g (0.78 "01) 
of 11 were combined and then stirred for 41 h at room temper- 
ature. The solvent was removed in vacuo (1 Torr) to leave a yellow 
oil. Chromatography of the oil on silica with solvent A (1:5) gave 
0.322 g (84.4%) of 12: TLC Rf = 0.83 [solvent A (l:l)]; 'H NMR 

(M - COZCH3,25.7), 144 (M - BOC, 39.9), 130 (M + H - t-Bu - 
CO&H3,79.6), 86 (loo), 57 (CIHB, 99.5). Anal. (C1,H1gNO,) C, 

(68) Alternatively, these compounds could be named aa derivativea 
of 2-pyrrolidinemethanol, Le. 26 would be (2R,4R)-4-(6- 
amin0-9H-purin-9-yl)-2-pyrrolidinemethanol. 
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(CDCls) 6 7.78 (d, J = 8.0 Hz, 2, CH phenyl), 7.34 (d, J = 8.0 Hz, 
2, CH phenyl), 5.07 (br m, 1, C4H), 3.90-4.03 (m, 2), 3.73-3.80 
(m, 0.5), 3.34-3.63 (m, 2.5), 2.45 (a, 3, CHsPh), 2.04-2.30 (m, 2, c&&), 1.43 [br s,9, (cHs)&0], 0.84 [a, 9, (CHS)&Si], 0.00 [br 
s,6, (CHs)2Si]; IR (KBr) 2952, 2931, 2861, 1699 (a), 1598, 1401 
(e), 1368 (81, 1178 (a), 837 (a), 554. 
N-( tert -Butoxycarbonyl)- trans -4-acetoxy-~-proline 

Methyl Eater (13). To 8.41 g (34.3 mmol) of 9 in 100 mL of 
anhydroua THF was added 15.74 g (60.0 mmol) of P h p  followed 
by 3.30 mL (57.6 mmol) of glacial acetic acid. The mixture was 
cooled to 0 'C, and a solution of 11.56 g (66.4 mmol) of DEAD 
in 35 mL of anhydrous THF waa added dropwise over 0.25 h. The 
resulting yellow-orange reaction mixture was allowed to warm 
gradually to room temperature and then stirred overnight. After 
23 h the reaction was not complete, so 4.25 g (16.2 "01) of PhsP, 
0.6 mL (10.5 mmol) of HOAc, and 3.0 g (17.2 mmol) of DEAD 
additional were introduced. After 19 h more, TLC indicated no 
starting material remained. The solvent was removed in vacuo 
to leave a syrup from which a 75-mL portion of ether was evap- 
orated. Treatment of the residue with ether then caused a copious 
amount of white solid (diethylhydrazine dicarboxylate and tri- 
phenylphosphine oxide) to form. The mixture was refrigerated 
for 1.5 h, and then the solid removed by filtration. Evaporation 
of the fdtrate and chromatography of the resulting yellow syrup 
on silica with solvent A (1:5) gave 9.25 g (93.9%) of 13 as a syrup: 
TLC R, = 0.53 [solvent A (l:l)]; [ c ~ ] ~ D  (c 0.58, abs EtOH) = 
+47.2O; 'H NMR (CDCIS) 6 5.28 (br m, 1, CJIOAc), 4.38 [m 
(approximate dt), 1, C f l ,  3.50-3.83 [m, 5 (includes resonance 
at 6 3.74), C&J, 3.74 (s,OCH&, 2.29-2.45 (m, 1, C&), 2.11-2.27 

9 (34 ratio), (CH&O rotamere]; IR (neat) 2979,2957,2936,1743 
(e), 1701 (e), 1398 (e), 1370,1237 (a), 1209 (a), 1159 (81, 1124,1068, 
1019,897,771; FABMS (thioglycerol) m / z  288 [(M + HI+, 11.51, 

(C1sHzlNOB) C, H, N. The corresponding cis isomer was syn- 
thesized from 9 by treatment with acetic anhydride and pyridine: 
'H NMR (CDClJ 6 5.22 (m, 1, CJI), 4.50 (dd, J = 1.9, 9.0 Hz, 
0.5) and 4.38 (dd, J = 2.2, 9.0 Hz, 0.5) [Cfl ,  3.48-3.79 [m, 5 
(includes rmnance at 6 3.741, C a Z ] ,  3.74 (8,  OCH,), 2.36-2.55 
(m, 1, Ca.), 2.30 and 2.25 (each br m, total 1, cab), 2.00 (8 ,  3, 
CHsC=O), 1.47 and 1.43 [each 8, total 9 (1:l ratio), (CH,)BCO 
rotamers]. From consideration of the regions associated with the 
C& resonance, no detectable amount of the cis isomer was present 
in 13. 
N-( tert -Butoxycarbonyl)-trans -4-hydroxy-~-proline 

Methyl Ester (14). A mixture of 3.46 g (12.1 mmol) of 13 and 
1.02 g (18.9 mmol) of NaOMe in 75 mL of MeOH was stirred at 
room temperature for 1 h at which time TLC indicated the hy- 
drolysis was complete. The solvent was removed in vacuo, and 
the residue was chromatographed on silica gel with solvent A (1:l) 
to leave 2.78 g (93.9%) of 14 as a lightly yellow syrup: TLC R 
= 0.18 [Solvent A (1:1)]; [alaD (c 0.10, abs EtOH) = +116.0°; 'If 
NMR (CDCla) 8 4.50 (br m, 1, CJI), 4.40 [m (approximate q), 1, 
Cf l ,  3.70-3.82 [m, 4 (includes resonance at 6 3.731, C a J ,  3.73 
(s,OCH8), 3.66 and 3.62 [each d, each J = 4.3 Hz, total 1 (1:2 ratio), 
OH rotamem], 3.40-3.60 (m, 1, cab), 2.21-2.35 (m, 1, Ca , ) ,  
2.04-2.12 (m, 1, cab), 1.46 and 1.41 [each 8, total 9 (2:5 ratio), 
(CHs)sCO]; IR (neat) 3445 (br), 2979,2963,1750 (a), 1701 (a), 1678 
(s),1405 (81,1368 (81,1204 (8),1169 (e), 1129,1088,982,896,774; 
EIMS (50 'C, 30 ev) m / z  245 (M+, 0.9),186 (M - C02CHs, 17.51, 
144 (M - Boc, 32.0),130 (M + H - GBu - COZCHS, 67.0), 86 (loo), 
68 (66.0),57 (C& 79.1); FABMS (thioglycerol) m / z  491 [(2 M 
+ H)', 0.8],246 [(M + HI+, 18.0],190 [(M + 2 H - t-Bu)+, 74.31, 
146 [(M + 2 H - Boc)', 1001, 144 [(M - Bo#, 52.91. Anal. 
(CiiHiONOd C, H, N. 

N-(tert -Butoxycarbonyl)-uis -4-(6-chloro-SR-purin-9- 
yl)-Dproline Methyl Eater (15). Triphenylphosphine, 0.28 g 
(1.07 mmol), was diesolved in 20 mL of anhydrous THF and then 
0.15 g (0.97 mmol) of 6-chloropurine was suspended in the re- 
sultant solution. To this was added 0.19 g (1.09 mmol) of di- 
ethylazodicarboxylate (DEAD) in 5 mL of anhydrous THF. The 
orange mixture was stirred for 0.16 h at which time all the solid 
had dissolved and then was treated with 0.20 g (0.80 mmol) of 
14 in 10 mL of anhydrous THF. The solution was stirred ov- 
ernight at ambient temperature, and then the solvent was removed 

(m, 1, cab), 2.06 (8, 3, cH&+), 1.46 and 1.42 [each 8, total 

232 [(M + 2 H - t-Bu)+, 58.9],188 [(M + 2 H - Boc)+, 1001,186 
[(M - Boc)+, 17.71, 126 [(M - BOC - COZCHg)+, 51.511. Anal. 

Peterson and Vince 

in vacuo. Chromatography of the syrupy residue on silica using 
solvent A (6535) as eluent provided 0.24 g (77.6%) of 15 as a 
yellowish glass: mp 55-58 OC (shrivels 45 "C); TLC R, = 0.42 
(solvent B); 'H NMR (CDC13 6 8.74 (8,  1, CH purine), 8.31 (8, 
1, CH purine), 5.25 (br m, 1, CJi), 4.50 (br m, 11, 4.20 [m (ap- 
proximate t), 1],3.98-4.13 (dual m, 1) 3.73 (br s,OCH& 2.99 (m, 
1, C&,HbC), 2.56 (m, 1, C&&, 1.47 [br 8,9, (CH,)sCO]; 'H NMR 
(DMSO-d6) 6 8.79 (8,  1, CH purine), 8.75 (8, 1, CH purine), 5.23 
(m, 1, CJI), 4.42 (t, J = 8.1 Hz, 1, C a ,  4.09 [dd, J = 7.3, 10.5 
Hz, CJfJ, 3.84 [dd, J = 8.5,10.5 Hz, c a b ] ,  3.67 and 3.65 [each 
s, total 3 (21  ratio), OCHs rotamers], 2.91 (m, 1, C&J, 2.66 (m, 
1, c&), 1.42 and 1.37 [each s, total 9 (1:2 ratio), (CHS)&O 
rotamers]; IR (KBr) 3111,3073,2982,2957,2935,1751,1704 (a), 
1593,1561,1400 (a), 1200,1157 (a), 1118,957,636; EIMS (180 
'C, 30 eV) m/z  384 (M + 3,0.5), 382 (M + 1,0.8), 280 (M - Boc, 

N504Cl) C, H, N. 
N-(tert-Butorrycarbonyl)-trams-4-hydrory-~prolinol(l8). 

A solution of 7.38 g (25.7 "01) of 13 in 55 mL of anhydrous THF 
was treated with 30.0 mL of a 2.0 M solution of LiBH4 in THF 
at 0 OC. The mixture was allowed to gradually warm to room 
temperature while stirring overnight. The excess hydride was 
carefully destroyed by the successive addition of water and acetic 
acid. Evaporation of the solvent left an oil plus a white granular 
solid. Chromatography of the residue on silica using solvent B 
as eluent provided 5.44 g of 18 (97.4%) as a thick syrup, which 
solidified upon standing: mp 59-62 OC; TLC R, = 0.17 (solvent 
B); [alaD (c 0.50, abs EtOH) = +53.6O [liLw for enantiomer -58.9' 
(c 1.009, EtOH)]; 'H NMR (CDCls) 6 5.00 (br s, 1, OH, DzO 
exchangeable), 4.38 (br m, 1, CJi), 4.13 (br t, J = 7.3 Hz, 1, OH, 
D20 exchangeable), 3.40-3.80 (m, 5, C& + C& + CH20H), 
2.00-2.13 (m, 2, C&Z2), 1.47 [e, 9, OC(CHs)s]; IR (KBr) 3409 (br), 
2977,2934, 2885, 1671 (a), 1415 (a), 1368, 1165, 1127, 1051, 772; 
EIMS (135 'C, 30 eV) m / z  218 (M + 1,0.25), 217 (M+, 0.61), 186 

Anal. (CI&H,&~~) C, H, N. 
N-( tert-Butoxycarbony1)-0 -[ (4-methoxypheny1)di- 

phenylmethyl]-trams-4-hydro~-oprolinol(l9). To a solution 
of 5.01 g (23.1 mmol) of 18 in 60 mL of anhydrous CH2C12 and 
25 mL of anhydrous THF was sequentially added 7.4 mL (53.1 
"01) of EhN, 0.28 g (2.29 "01) of 4-(dimethylamino)pyridine 
(DMAP), and 9.58 g (31.0 mmol) of p-anisylchlorodiphenyl- 
methane. The yellow solution was stirred at ambient temperature 
for 43 h. TLC indicated no starting material remained at that 
time. The reaction mixture was poured into 75 mL of ice-cold 
H20, and, after separation of layers, the aqueous solution was 
washed with CHzCb. The combined organic washes were in turn 
treated with saturated aqueous NaCl and HzO and then dried 
over anhydrous MgSO,, The syrup obtained from evaporation 
of the dried solution was chromatographed on silica with elution 
by solvent A (gradient, 3:7 - 1:l) to provide 9.91 g of 19 (87.7%) 
as a light yellow foam. Repetition of the experiment in THF' alone 
starting from 7.40 g of 18 yielded 83.9% of 1 9  mp 87-90 OC; TLC 
R = 0.29 [solvent A (1:l)I; [ a ] 2 2 ~  (c 0.54, abs EtOH) = +38.3O; Ik NMR (CDClJ 6 7.17-7.41 (m, 12, CH phenyl), 6.81 (d, J = 
9.5 Hz, 2, CH phenyl), 4.53 (br 8, 1, OH), 4.11 (m, 1, CJi), 3.78 
(8, 3, OCHs), 3.54 (br m, 31, 3.17 (br m, 1.51, 2.96 (br m, 0.51, 
1.87-2.26 (m, 2, C a d ,  1.48 and 1.32 [each br s, total 9 (1:2 ratio), 
(CH&CO rotamers]; IR (KBr) 3425 (br), 3059,2975,2933,1695 
(81, 1671 (s),1608,1510 (81, 1407 (a), 1252 (a), 1179 (s), 1165 (81, 
1034,832,766,708,700,589; CIMS (226 "C, CHI) m/z  490 [(M 
+ HI+, 0.11, 489 (M+, 0.3), 488 [(M - H)+, 0.61, 274 (22.6), 273 
[(MMTr)+, 1001. Anal. (CfiwNOs) C, H, N. 
N-( tert -Butoxycarbonyl)- 0 -[ (4-methoxypheny1)di- 

pheny lmethy l ] -Us -4 - (~~0~9~-pur in-9 -y~) -~pro l ino~  (20). 
Triphenylphosphine, 4.25 g (16.2 mmol), was dissolved in 75 mL 
of anhydrous THF, and then 1.78 g (11.5 "01) of 6-chloropurine 
was suspended in the solution. DEAD, 3.74 g, (21.5 mmol), in 
25 mL of anhydrous THF was added, and the majority of the solid 
dissolved giving a yellow solution. To this was added 4.51 g (9.22 
"01) of 19 in 35 mL of anhydrous THF, and the reaction mixtum 
was allowed to stir at ambient temperature for 19 h. The dark 

2.1), 222 (M + H - BOC - C02CH3, 12.0), 155 (P + 2 H, 41.0), 127 
(M - BOC - P, 66.0), 68 (81.1), 57 (C4H0, 100). Anal. (CieHW- 

(M - CHZOH, 9.1), 144 (M - OGBU, 8.4), 86 (62.1), 57 (CIHO, 100). 

(69) Ojima, I.; Kogure, T.; Yoda, N. J .  Org. Chem. 1980,45,4728. 
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brown solution was evaporated to dryness in vacuo and the residue 
chromatographed on silica with solvent A (gradient, 1:3 - 2:3). 
This gave 8.85 g of a pink foam. Although the bulk material could 
not be completely purified away from the diethylhydrazine di- 
carboxylate byproduct (Rf = 0.65, solvent B), selective cutting 
of chromatography fractions provided an analytical sample of 20 
(0.373 g, 6.5%) as a white foam: mp 98-102 "C dec; TLC R, = 
0.61 (solvent B); [.]%D (c 0.49, abs EtOH) = +7.3"; 'H NMR 
(DMSO-d6) 6 8.72 (s, 1, CH purine), 8.70 (8, 1, CH purine), 
7.167.42 (m, 12, CH phenyl), 6.86 (d, J = 9.0 Hz, 2, CH phenyl), 
5.13 [m (approximate quintet), 1, CJil, 4.03-4.22 [m (includes 
an apparent dd at 6 4.18),2, CzH + CH,HbOMMTrl, 3.70-3.90 
[m, 4 (includes resonance at 6 3.74), CHJlbOMMTr], 3.74 (8,  
OCH,), 3.34 [m (partially obscured by HzO), CJZ,], 2.98 (br m, 
1, CJZJ, 2.75 (br m, 2, C&J, 1.40 and 1.26 [each br s, total 9 
(1:2 ratio), (CH,),CO rotamere]; IR (KBr) 3058,2973,2931,1698 
(s), 1590, 1559, 1509, 1401 (s), 1253 (s), 1162 (s), 1112, 1034, 938, 
933,833,767,702; CIMS (250 OC, CHI) m/z 626 [(M + HI+, 9.21, 
624 [(M - H)+, 16.9],274 [(MMTr + H)+, 30.8],273 [(MMTr)+, 
1001, 197 [(MMTr + H - C&5)+, 20.11, 167 [(MMTr + H - 

16.91, 352 [(M - MMTr)-, 1001, 152 (61.5), 118 (55.9). Anal. 

N-( tert -Butoxycarbonyl)-cis -4-(6-chloro-SR-purin-9- 
yl)-D-prolinol (21). The impure 20,8.48 g (maximum 8.63 mmol), 
obtained above was treated with 200 mL of 80% acetic acid and 
stirred at ambient temperature overnight. The solvent was re- 
moved in vacuo, and a portion of absolute ethanol was evaporated 
from the syrupy residue. Chromatography on silica with solvent 
C (1:49) gave 2.10 g (68.8%, two steps) of 21: mp 64-68 "C; TLC 
R = 0.19 (solvent B); [a]=D (c 0.85, abs EtOH) = +12.3"; 'H NMR 
(SMSO-d,) 6 8.80 (a, 1, CH purine), 8.77 (s, 1, CH purine), 5.10 
[m (approximate quintet), 1, C m ,  4.83 (t, J = 5.6 Hz, 1, OH, DzO 
exchangeable), 4.17 [m (br t with DzO exchange), 1],3.91 (m, l), 
3.50-3.70 (m, 3), 2.68 (m, 1, C a n ) ,  2.51 (m, substantially obscured 
by DMSO-d5, C3Hb), 1.43 [s, 9, OC(CH3)3]; IR (KBr) 3409 (br), 
2981,2931,2882,1694 (s), 1593 (s), 1561,1402 (s), 1367, 1338,1163 
(s), 1115,959,944,637; UV A, 265 (La), 213 (1.6) nm in 0.1 N 
HCl-MeOH, 263 (1.9),214 (1.6) nm in MeOH, 307 (0.1),265 (0.61, 
250 (ah, 0.5), 225 (sh, 0.5), 207 (1.3) nm in 0.1 N NaOH-MeOH; 
CIMS (170 "C, NH,) m/z 356 [(M + H + 2)+, "C1 isotope, 38.71, 
354 [(M + HI+, 1001,389 [(M + HC1)- and/or (M - H + Cl)-, "C1 
isotope, 2.2],387 [(M - H + Cl)-, 3.31, 354 [(M - HI-, "C1 isotope, 
45.21, 352 [(M - H)-, 1001, 154 [(P - H)-, ,'Cl isotope, 1.21, 152 
[(P - H)-, 3.01; CIMS (200 "C, CH4) m/z 356 [(M + H + 2)+, ,'Cl 
isotope, 32.41, 354 [(M + H)+, 1001, 57 (C4H0, 58.01, 388 [(M + 
Cl)-, 11.4],355 [(M + 2)-, "C1 isotope, 36.0],353 (M-, 100); FABMS 
(thioglycerol) m/z 354 [(M + HI+, 1001, 155 (P+, 731, 388 [(M + 
Cl)-, 331, 153 [(P - 2 H)-, 1001. Anal. (C15HmC1N503) C, H, N. 

N-(tert -Butoxycarbonyl)- 0 -[(4-methoxyphenyl)di- 
phenylmethyl]-cis-4-(6-amino-9H-purin-9-yl)-~-~ro~nol(24). 
Into a stainless steel bomb containing 1.91 g (3.05 mmol) of 20 
in 10 mL of methanol was added excess anhydrous liquid am- 
monia. The bomb was sealed and then heated at 80-81 "C for 
39.5 h. After cooling and evaporation of the ammonia, the residue 
was treated with methanol and the precipitated NH4Cl removed 
by filtration. The syrup obtained from evaporation of the filtrate 
was chromatographed on silica with elution of the nonpolar im- 
purities with solvent B followed by elution of the product with 
solvent C (1:19) gave 1.69 g (91.4%) of 24 as a white foam: mp 
160-163 "C; TLC R = 0.29 [solvent C (1:19)]; [a]22D (c 0.49, 
MeOH) = +16.1°; d M M R  (DMSO-d6) 6 8.14 (8,  1, CH purine), 
8.11 (a, 1, CH purine), 7.18-7.42 [m, 14, CH phenyl and NH, 
(apparent s at 6 7.23, DzO exchangeable)], 6.87 (d, J = 8.9 Hz, 
2, CH phenyl), 4.95 [m (approximate quintet), 1, CJil, 4.11 (dd, 
J = 7.7, 10.8 Hz, overlaps with next resonance), 4.05 [br m, 2 
(includes preceding resonance)], 3.65-3.86 [br m, 4 (includes 
resonance at 6 3-73)], 3.73 (a, OCH,), 3.28 (br m, overlapped by 
HZO), 3.06 (br m, -l), 2.72 (br m, 2, C&), 1.40 and 1.23 [each 
v br s, total 9 (1:2 ratio), OC(CH3)3 rotamere]; IR (KBr) 3500-2800 
(br) with maxima at 3323,3172,2975 and 2933,1698 (s), 1639 (s), 
1598,1510,1411 (a), 1251 (s), 1162 (s), 1114,1033,701; CIMS (270 
"C, CHI) m/z 608 [(M + 2 H)+, 1.41, 607 [(M + H)+, 3.11, 507 
[(M + 2 H - Boc)+, 15.41, 274 [(MMTr + H)+, 26.41, 273 
[(MMTr)+, 1001, 197 [(MMTr + H - C6Ha)+, 9.11, 167 [(MMTr 

CH,OC&)+, 12.0],57 (57.6), 626 [(M + H)-, 7.4],624 [(M - H)-, 

(CmH&lN504) C, H, N. 

+ H - CH@C&)+, 4.51, 136 [(P + 2 H)', 29.7],605 [(M - H)-, 
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0.61, 505 [(M -Bot)-, 1.21, 333 [(M - MMTr)-, 2.31, 259 (41.6), 
233 (54.7), 134 (P-, 100). Anal. (C35H38N604) C, H, N. 

cis-4-(6-Amino-9R-purin-9-yl)-~-prolinol(26). Trifluorc- 
acetic acid, 30 mL, was added to 0.850 g (1.40 mmol) of 24, and 
the bright orange-red solution was stirred at room temperature 
for 1 h. The mixture was evaporated in vacuo, and the syrupy 
residue was partitioned between CHC13 and H20. The aqueous 
layer was extracted with two additional quantities of CHC1,; the 
colored material concentrated in the organic washings. The 
aqueous solution was evaporated to approximately 40 mL and 
applied to a 50-mL column of Dowex SBR (OH-) resin. The 
column was washed with distilled H20 until no further UV active 
material was observed in the eluent (-900 mL). Evaporation 
of that eluent gave 0.276 g (84.3%) of a chromatographically 
homogeneous white solid, which was recrystallized from etha- 
nol-ethyl acetate (1:2) to produce 0.191 g of 26 as a lightly pink 
powder: mp 171-173 "C dec; TLC R = 0.37 [solvent D (1:4)]; 
[ u ] ~ ~ D  (C 0.56, HzO) = +21.3"; 'H N d R  (DMs0-d~) 6 8.26 (8,  1, 
CH purine), 8.12 (s, 1, CH purine), 7.15 (br s, 2, NHz, DzO ex- 
changeable), 4.96 [m (approximate quintet), 1, CJrl, 4.65 (br s, 
1, OH, DzO exchangeable), 3.46 (m, 2, CHzOH), 3.12-3.25 (m, 2, 

exchangeable), 2.41 (m, 1, Cfl,), 1.78 (m, 1, Cgb) ;  IR (KBr) 
350&3000 (br) with maxima at 3423,3332, and 3198,2868,1645 
(s), 1604 (s), 1595 (s), 1575, 1482, 1416, 1330, 1311, 1257, 1070, 
1059,982,798,647; UV A- 258 (0.5), 206 (0.6) nm in 0.1 N HCl, 
260 (0.4), 209 (0.5) nm in HzO, 262 (0.3), 216 (1.6) nm in 0.1 N 
NaOH; EIMS (225 OC, 20 eV) m/z 235 (M + H, self CI, 2.4), 162 
(12.0), 136 (P + 2 H, loo), 135 (P + H, 4.8), 99 (25.0), 68 (62.6). 
Anal. (Cl0Hl4N6O) C, H, N. 

(3R ,5R ) -  1,9-Dihydro-9-[5-(  hydroxymethy1) -3 -  
pyrrolidinyl]-6H-purin-6-one (27). A suspension of 0.372 g 
(0.59 mmol) of 20 in 35 mL of 2 N HCl was heated to reflux for 
17 h. The solid dissolved to give a yellow-brown shortly after 
initiation of the heating. Upon cooling, a yellow solid precipitated 
out. The aqueous solution was washed with four portions of 
CHC13, which dissolved the solid; a slight yellow color remained 
in the aqueous layer. The pH was adjusted to 8 by the dropwise 
addition of 12 N NaOH; the solution took on a pink tint. In a 
separate trial, 0.248 g (0.70 mmol) of 21 was treated with 30 mL 
of 1 N HCl and heated to reflux for 5 h. The solvent was removed 
in vacuo, and the residue was dissolved in -2 mL of H20. The 
pH was adjusted to 8 by the dropwise addition of 12 N NaOH, 
and then this was combined with the solution obtained from 20 
described above. The volume of the combined aqueous solution 
was descreased to approximately 25 mL, and then it was applied 
to a 20-mL column of Dowex 50x4-50 (H+) resin. The column 
was washed with distilled HzO until the eluent showed pH 5 (-150 
mL). This was followed by elution with 2 N NH40H until no 
further UV active material was seen in the eluent (-200 mL). 
Evaporation of the basic eluent gave 0.261 g (1.11 mmol, 85.7%) 
of a generally white, chromatographically homogeneous, solid. 
This was recrystallized from ethanol-thy1 acetate to yield 0.115 
g of 27 as a pinkish, fluffy powder: mp 205-210 "C dec; TLC R 

(DMSO-d6) 6 8.22 (s, 1, CH purine), 8.02 (s, 1, CH purine), 4.95 
[m (approximate quintet with fine structure), 1, C4H], 4.66 (br 
s, 1, OH, DzO exchangeable), 3.46 (m, 2, CH20H), 3.15-3.24 (m, 
2, CJZ, + 0, 3.03-3.09 (m, 1, c a b ) ,  2.47 (m, 1, CSH,), 1.77 
(m, 1, cab); IR (KBr) 3600-3000 (br) with maxima at 3431 (s), 
3262,3128 and 3051, 3000-2400 (br) with maxima at 2931 and 
2868,1735 (s), 1696 (s), 1586,1547,1415,1340, 1221,1132,788; 
UV A, 249 (1.5), 203 (2.2) nm in 0.1 N HC1,250 (1.4), 201 (2.4) 
nm in HzO, 255 (2.8), 216 (1.7) nm in 0.1 N NaOH; EIMS (300 
"C, 30 eV) m / z  236 (M + H, self CI, 1.4), 204 (M - CHzOH, 2.6), 
137 (P + 2 H, 65.4), 136 (P + H, 21.51, 99 (31.8), 68 (100); CIMS 
(270 "C, CHI) m / z  237 [(M + 2 H)+, 15.4],236 [(M + HI+, 1001, 

[(M - 2 H)-, 11.11, 134 [(P - H)-, 46.91, 45 (100). Anal. (Clo- 

N-( ter t -Butoxycarbony1)-0 -[(4-methoxyphenyl)di- 
phenylmethyll-cis - 4 4  2-amino-6-chloro-9R-purin-9-yl)-~- 
prolinol (22). Triphenylphosphine, 3.06 g (11.7 mmol), was 
dissolved in 100 mL of anhydrous THF and then 1.27 g (7.49 
mmol) of 2-amino-6-chloropurine was suspended in the solution. 
DEAD, 2.45 g (14.1 mmol), in 20 mL of anhydrous THF was then 

CJZ, + CzH), 3.05-3.10 (m, 1, CJZb), 2.87 (br 9, 1, NH, DzO 

= 0.18 [solvent D (1:4)]; [.]%D (c 0.27, H ~ O )  = +i5.10; 'H NMEC 

137 [(P + 2 H)+, 59.51, 248 [(M + CH3)-, 1.31, 235 (M-, 1.01, 233 

H13N502*0.25H,O) C, H, N. 
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added. Some of the solid dieeolved and an orange-red color 
persisted in the solution. This mixture was allowed to stir for 
10 min, 3.11 g (6.36 mmol) of 19 in 35 mL of anhydrous THF was 
added, and the readon was allowed to stir at ambient temperature 
for 5.67 h. At this time, 0.70 g (2.67 mmol) of Ph3P and 0.70 g 
(4.02 "01) of DEAD additional were introduced into the mixture. 
This resulted in a homogeneous orange-brown solution. The 
reaction was allowed to proceed for 16 h more, the solvent was 
removed in vacuo, and the residue was chromatographed on silica 
with solvent A (gradient, 1:3 - 1:l) to yield 1.70 g (41.7%) of 
chromatographically pure 22 together with 3.0 g of an impure 
sample of 22 as a yellow foam. Although the bulk material could 
not be completely purified from the triphenylphosphine oxide 
byproduct (Rt = 0.24, solvent B), selective cutting of chroma- 
tography fract~ons in a separate trial provided an analytical sample 
of 22 as a white foam: mp 132-133 "C dec; TLC R = 0.55 (solvent 
B); [alzaD (c 1.7, abs EtOH) = +1.5"; 'H NMR (dMso-de) 6 8.14 
(a, 1, CH purine), 7.16-7.39 and 6.83-6.90 [m (simplifies slightly 
upon D20 exchange), 16, CH phenyl + NH2], 4.83 [m (approsimate 
quintet), 1, C4H], 3.97-4.17 (m, 31, 3.73 (e, 3, OCH,), 3.62 (m, 11, 
2.98 (m, l), 2.73 (m, l), 1.12-1.52 [br with shoulder, 9, oc(cH3)3 
rotamers]; IR (KBr) 3500-3300 (br) with maxima at 3480,3395 
and 3332,3206,2973, 2931,1698 (a), 1611 (a), 1561 (a), 1509,1464, 

C, H, N. 
N-( tert -Butoxycarbonyl)-cis -4-(2-amin0-6-chloro-SH- 

purin-%yl)-Dprolinol(23). The impure 22 obtained above, 3.00 
g (maximum 3.71 mmol), was dissolved in 200 mL of 80% acetic 
acid and allowed to stir at ambient temperature for 19 h. The 
solvent was removed in vacuo, and the yellow syrvpy residue was 
dried under vacuum (1 Torr). Chromatography on silica with 
solvent C (gradient, 1:49 - 1:19) gave 0.962 g (70.2%, 2 steps) 
of 23 as a lightly yellow foam: mp 113-115 OC partial dec; TLC 

NMR (DMSO-de) 6 8.20 (e, 1, CH purine), 6.91 (br a, 2, NH2, 
D20 exchangeable), 4.83 [m (seen after D20 exchange), 1, C4W, 
4.82 (t, J = 5.6 Hz, 1, CHIOH, D20 exchangeable), 4.09 (m, l), 
3.87 (m, l), 3.66 [m (simplifies with D20 exchange), 11, 3.42-3.53 
[m (simplifies with D20 exchange), 2],2.59 (m, 1, C a n ) ,  2.41 (m, 
1, cab), 1.43 [a, 9, OC(CH3)3]; IR (KBr) 3500-3000 (br) with 
masima at 3332 and 3213,2973,2931,2882,1685,1615 (4,1562 
(a), 1514,1466,1407 (a), 1368,1162,1117,911,785; UV A- 307 
(0.61, 248 (0.5),222 (1.6),207 (ah, 1.1) nm in 0.1 N HC1-MeOH, 
307 (0.9), 248 (0.7), 224 (1.7),209 (ah, 1.4) nm in MeOH, 307 (0.7), 
266 (0.8), 251 (0.9), 222 (1.7), 212 (ah, 1.5) nm in 0.1 N NaOH- 
MeOH; CIMS (230 "C, CH$ m/z 371 [(M + H + 2)+, "C1 isotope, 

H + 2)+, %1 isotope, 16.7],170 [(P + 2 H)+, 52.9],57 [(C,Hg)+, 
1001, 370 [(M + 2)-, 37Cl isotope, 34.01, 368 (M-, 100); FABMS 
(thioglycerol) m/z 369 [(M + HI+], 170 [(P + 2 H)+], 403 [(M 

(3R,5R)-2-Amino- 1,9-dihydro-9-[5-( hydroxymethyl)-3- 
pyrrolldinyl]-6H-purin-&one (29). A solution of 0.4281 g (1.16 
mmol) of 23 in 60 mL of 2 N HCl was heated to reflux for 14 h. 
The yellow solution was evaporated to dryness, and then the 
residue was partitioned between H20 and CHCIS. The aqueous 
layer was washed with two additional portions of CHC13 and then 
evaporated to a volume of 5-10 mL. The pH was then adjusted 
to 8 by the dropwise addition of 12 N NaOH. A large amount 
of solid forms over the course of the next 0.25 h. The solution 
was reheated to dissolve the solid and gravity filtered to remove 
some impurities, and the total volume of the filtrate was adjusted 
to 5 mL. Cooling gave 0.141 g (48.4%) of a peach-colored powder, 
2 9  mp 316-318 "C dec; TLC R, = 0.24 [solvent D (1:4)]; [a]22D 

purine), 6.49 (br 8, 2, NH2, D20 exchangeable), 4.83 [m (ap- 
proximate quintet), 1, CJrl, 2.W3.70 (v br, 1, CH20H and NH, 
D20 exchangeable), 3.51 (d, J = 5.4 Hz, -2, CH20H), 3.21-3.31 
(m, -2, C a .  + C a ,  3.09-3.16 (m, -1, c a b ) ,  2.41 (m, 1, C&), 
1.74 (m, 1, c a b ) ;  (KBr) 3600-2600 (br) with maxima at 3318, 
3198,2889,2847 and 2727,1727,1691,1632 (a), 1606,1571,1538, 
1486,1412,1389,1178,1065,1031,778,651; UV A- 276 (ah, LO), 
254 (1.5),203 (2.2) nm in 0.1 N HCl, 272 (ah, 0.61, 252 (0.9), 207 
(0.9) nm in H20, 268 (1.21, 257 (sh, l.l), 217 (1.8) nm in 0.1 N 
NaOH; FABMS (thioglycerol) m/z 251 [(M + H)+], 249 [(M - 

1406 (S), 1251,1163,1114,1033,909,701. And. (CBH&~N~O~)  

R 0.05 [solvent A (3:1)]; [ a ] = ~  (C 0.54, abs EtOH) = +25.2"; 

18.01, 369 [(M + H)+, 52.21, 341 [(M - OH)+, 13.91, 313 [(M + 
2 H - t-Bu)+, 32.31, 269 [(M + 2 H - Boc)', 27-01, 172 [(P + 2 

+ Cl)-]. Anal. (C1&C1N&) C, H, N. 

(C 0.38, H20) = +18.9"; 'H NMR (DMSO-de) 6 7.82 (a, 1, CH 

Peterson and Vince 

H)-]. Anal. (Cl&4N~02*l.75H20) C, H, N. 
(3R ,5R)-2-Amino-1,9-dihydro-9-[5-( hydrosymethy1)-3- 

pyrrolidinyl]-6H-purin-6-one Dihydrochloride (29.2HC1). 
To 0.176 g of 29 was added 35 mL of 3 N HCl, and the solution 
was stirred at ambient temperature for 1.5 h. The solvent was 
removed in vacuo to leave a slightly brown solid, which was 
recryatallin4 from EtOH-H20 to give 0.140 g of the hydrochloride 
salt as a white powder: mp 335-338 "C dec with effervescence; 

1, HNC-0,  D20 exchangeable), 10.20 (bra, 1, D20 exchangeable), 
9.00 (br a, overlaps with nest resonance, D20 exchangeable), 8.95 
[a, 2 (with preceding resonance), CH purine], 7.43 (bra, 2, NH2, 
D20 exchangeable), 5.25 [br m (overlaps with resonance at S 5.17), 
1, C f l ,  5.17 (br s, H 2 0  + OH, D20 exchangeable), 3.46 (m, 2, 
CH20H), 3.76 and 3.70 [each br s (m at 6 3.60-3.90 upon D20 
exchange), 5, CH20H + C a 2  + C a ,  2.65 (m, 1, C a b ,  2.12 (m, 
1, c a b ) ;  IR (KBr) 3600-2300 (v br) with maxima at 3339,3135, 
2777 and 2692, 1720 (a), 1644 (a), 1607, 1597, 1526,1358, 1159, 
1075, 1043, 846, 766, 674; UV X,r 276 (ah, LO), 254 (1.5), 203 
(2.2) nm in 0.1 N HCl, 274 (sh, l.l), 251 (1.6), 204 (ah, 2.2) nm 
in H20, 268 (2.01, 257 (ah, 1.9), 218 (2.7) nm in 0.1 N NaOH; 
FABMS (thioglycerol) m/z 359 [(M + H + HCl)+], 251 [(M + 
- 2 HCl)-]. Anal. (ClJ-Il4N6O2.2HC1-H20) C, H, N. 
N-( tert -Butoxycarbonyl)- 0 -[ (4-methoxypheny1)di- 

phenylmethyl]-cis-4-( 2,6-diamino-9H-purin-%yl)-Dprolinol 
(22). Into a stainless steel bomb was introduced 22,1.70 g (2.65 
mmol), in 5 mL of methanol, which was then treated with excess 
liquid anhydrous ammonia. The bomb was sealed and heated 
to 85-87 "C for 60 h. The yellow residue that remained after 
cooling and evaporation of the NH3 was chromatographed on silica 
with solvent C (gradient, 1:49 - 1:19) as eluent to provide 1.61 
g (97.3%) of 25 as a light yellow foam: mp 134-138 "C partial 
dec; TLC R, = 0.10 [solvent C (1:19)]; [a]=D (c 0.54, abs EtOH) 
= +15.1°; 'H NMR (DMSO-ds) 6 8.31 (a, 1, CH purine), 7.19-7.73 
and 6.85-6.90 (m, total 14, CH phenyl), 6.69 (br a, 2, NH2, D20 
exchangeable), 5.66 (br 8, 2, NH2, D20 exchangeable), 4.76 [m 
(approximate quintet), 1, C f l ,  4.04 (m, 2), 3.73 (a, 3,0CH& 3.55 
(m, 1),3.30 (m, obscured by H20,  seen with 4 0  exchange), 3.06 
(m, l), 2.40-2.75 (m, overlapped by DMSO-d6, C a 2 ) ,  1.05-1.55 
[br with a shoulder at 6 1.37 and major peak at 6 1.23,9,0C(CHds 
rotamers]; IR (KBr) 3500-2800 (br) with masima at 3473,3388, 
3332,3184,2973 and 2931,1698,1601 (a), 1509,1473,1448,1408 
(e), 1251,1163,1114,1079,1033,701; FABMS (thioglycerol) m/z 
622 [(M + HI+], 273 [(MMTr)'], 151 [(P + 2 HI+], 656 [(M + 
C1)-I, 620 [(M - HI-]. Anal. (C36H39N704) C, H, N. 
c~8-4-(2,6-Diamino-SH-purin-9-yl)-~prolinol (28). Tri- 

fluoroacetic acid, 35 mL, was added to 1.39 g (2.24 mmol) of 25 
to give a bright orange-red solution, which was stirred at room 
temperature for 1.25 h. Evaporation of the excess acid in vacuo 
left a red-brown syrup, which was partitioned between H20 and 
CHC& and transferred to a eeparatory funnel. The aqueous layer 
was washed with three additional portions of CHCl,, and then 
the volume was decreased to approximately 60 mL. The pH was 
adjusted to 9 by the addition of Dowex SBR(0H-) resin. The 
resin was removed and washed well with H2Q the filtrate and 
 washing^ were evaporated in vacuo and absolute &OH evaporated 
from the residue to give 0.328 g (58.8%) of a chromatographically 
homogeneous white solid. This was recrystallized from etha- 
nol-ethyl acetate to yield 0.194 g of 28 as a white powder: mp 
192-195 "C; TLC R = 0.27 [solvent D (1:4)]; (c 0.50, abs 
EtOH) = +23.6"; lI-f NMR (DMSO-de) 6 7.83 (a, 1, CH purine), 
6.60 (br a, 2, NH,, D20 exchangeable), 5.70 (br a, 2, NH2, DpO 
exchangeable), 4.76 [m (approximate quintet), 1, C4m, 4.62 (br 
8, 1, CH20H, D20 exchangeable), 3.44 (m, 2, CH20H), 3.08-3.19 
(m, 2, Cdi,),  2.95-3.01 (m, 1, Cflb), 2.83 (br a, 1, NH, DaO 
exchangeable), 2.33 (m, 1, Ca , ) ,  1.69 (m, 1, c a b ) ;  IR (KBr) 
3600-2800 (br) with maxima at 3487,3306,3122,2986,2938 and 
2849,1676,1623 (a), 1591 (a), 1479,1471,1465,1455,1444,1406, 
1347,1287,1276,1239,1058,792,701,645; UV A, 291 (0.7), 252 
(0.7), 213 (1.2) nm in 0.1 N HCl, 280 (1.5), 255 (1.2). 215 (3.5) nm 
in H20, 280 (0.9), 256 (0.8), 220 (1.7), 209 (slsh, 1.5) nm in 0.1 N 
NaOH; EIMS (260 OC, 30 eV) m/z  250 (M + H, self CI, 0.4),249 
(M+, 0.7), 151 (P + 2 H, 100), 150 (P + H, 10.8), 134 (P + 2 H 
- NH3, 10.3), 68 (34.1); CIMS (210 OC, NH8) m / z  251 [(M + 2 
HY, 13.3],250 [(M + HI+, 97.1],232 [(M - OH)', 20.5],218 [(M 

[CY]=D (C 0.54, H2O) +25.0°; 'H NMR (DMSO-de) 6 11.62 (S, 

H - 2HC1)+], 321 [(M - H)-], 285 [(M - H - Ha)-], 249 [M - H 
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- CH2OH)+, 3.3],151 [(P + 2 HI+, 1001,248 [(M - H)-, 54.1],230 
[(M - H - H20)-, 2.5],149 (P-, 100). Anal. (C1$I15N,0) C, H, 
N. 

Before crystallization, the 'H NMR showed small (-5%) 
resonances at 6 7.81,6.68, and 5.77. These were not present in 
the recrystallized material. 

(3S,5S )-2-Amino-1,9-dihydro-9-[ 5 4  hydroxymethy1)-3- 
pynolidinyl]-6R-purin-6-one (36). A solution of 0.276 g (0.75 
mmol) of 35 in 20 mL of 1 N HC1 was heated to reflux for 3.5 
h. Separately, 0.22 g (0.60 mmol) of 35 was dissolved in 25 mL 
of 2 N HCl and heated to reflux for 4 h. A small amount of solid 
came out of the first reaction mixture upon cooling. Each of the 
aqueous solutions was extracted with chloroform, and then the 
volumes were adjusted to about 5 mL by evaporation in vacuo. 
The pH's were adjusted to 7-9 by the dropwise addition of 12 
N NaOH. No precipitate could be induced to form from either 
of the neutralized solutions, so each was evaporated in vacuo to 
a generally white solid. These solids were combined, dissolved 
in hot water, and treated with a small amount of decolorizing 
charcoal, and the filtrate obtained after removal of the charcoal 
was evaporated to approximately 3 mL. A pink solid, 0.0716 g 
(0.29 mmol,21.3%), formed upon refrigeration and was identified 
as 36 mp 311-313 "C dec; TLC R = 0.32 [solvent D (1:3)]; [CX]~D 
(C 0.25, HzO) = -18.8'; 'H NMA (DMSO-d,) 6 7.81 (8, 1, CH 
purine), 6.46 (br s, 2, NH2, D20 exchangeable), 4.82 [m (ap- 
proximate quintet), 1, CJil, 2.85-3.65 (very br, 1, CHzOH and 
NH, D20 exchangeable), 3.51 (d, J = 5.4 Hz, -2, CHzOH), 
3.21-3.32 (m, -2, Cfl, + C f l ,  3.09-3.14 (m, -1, c&), 2.41 
(m, 1, CflJ, 1.73 (m, 1, cflb); IR (KBr) 3600-3000 (br) with 
maxima at 3402,3325 (s), and 3191,2889,2734,1727,1692 (s), 
1632 (s), 1607,1538,1484,1411,1388,1180,1064,778,674,581; 
UV X, 276 (sh, 1.5), 254 (2.1), 204 (2.8) nm in 0.1 N HC1, 272 
(sh, l.O), 251 (1.3), 207 (1.2) nm in HzO, 268 (Ll), 256 (sh, LO), 
217 (1.7) nm in 0.1 N NaOH FABMS (thioglycerol) m/z 251 [(M + H)+], 249 [(M - H)-], high-resolution FABMS calcd 251.1256, 
found 251.1250. Anal. (Cl$Il,N802.1.75H20) C, H, N. 

cis -44 64  Dimet hylamino)-9R-purin-9-yl) -t+prolinol(37). 
A solution of 0.894 g (2.53 mmol) of 21 in 50 mL of 40% aqueous 
dimethylamine was heated to reflux for 4 h. The solvent was 
removed in vacuo, and absolute EtOH was evaporated from the 
residue. The crude protected 6-(dimethylamiino)purine [R, = 0.18, 
solvent B (developed twice)] was then treated with 45 mL of 
trifluoroacetic acid, and the resulting brown solution was stirred 
at room temperature for 1 h. Evaporation of the acid left a syrup, 
which was dissolved in 75 mL of H20, and the pH was adjusted 
to 10 by the addition of Dowex SBR(0H-) resin. Removal and 
washing of the resin followed by evaporation of the filtrate and 
washings gave 0.562 g (84.9%) of 37 as a chromatographically 
homogeneous light brown glass. This was recrystallized from 
EtOH-EtOAc to give 0.182 g of 37 as tan crystals: mp 123-125 

'H NMR (DMSO-d8) 6 8.27 (8 ,  1, CH purine), 8.19 (8,  1, CH 
purine), 4.99 [m (approximate quintet), 1, CJil, 4.67 (br 8, 1, 
CH20H, D20 exchangeable), 3.45 [br s with fine structure, m with 
D20 exchange, 8, N(CH3)2 + CH20H], 3.W3.23 (m, 3, C a 2  + 
Cf l ,  2.41 (m, 1, Cfi,), 1.76 (m, C a d ;  IR (KBr) 3600-2400 (br) 
with maxima at 3423,3262,3107,2933,2917 and 2879,1601 (vs), 
1567,1559,1427,1402,1339,1299,1238,1038,791,652; UV A, 
268 (1.4), 210 (1.3), 201 (sh, 1.1) nm in 0.1 N HCl, 276 (1.7), 214 
(1.5) nm in HzO, 276 (3.1), 218 (2.3) nm in 0.1 N NaOH; EIMS 
(180 "C, 30 eV) m/r  263 (M + H, self CI, 0.4),244 (M - HzO, 0.21, 
190 (6.1), 165 (9.6), 164 (P + 2 H, loo), 148 (5.6), 134 (8.8), 120 
(3.31, 99 (3.11, 68 (30.7). Anal. (Cl2HlBN6O) C, H, N. 

N-(N-(Benzyloxycarbonyl)- 0 -methyl-L-tyrosinyl)-cis - 
4-(6-(dimethylamino)-9~-purin-9-yl)-~-prolinol (38). The 
procedure of Vince and Daluge"'. for the carbocyclic analogue 
of puromycin was followed. N-(Benzyloxycarbony1)-p-meth- 
oxy-kphenylalenine,m 0.415 g (1.26 mmol), 37,0297 g (1.13 mmol), 
and N-hydroxysuccinimide, 0.174 g (1.51 mmol), were dissolved 
in 25 mL of anhydrous DMF and cooled to 0 OC. To this was 
added 0.261 g (1.26 mmol) dicyclohexylcarbodiimide, and the 
solution was stirred at 0 'C for 0.5 h and then at room temperature 

"C; TLC Rf = 0.49 [solvent D (1:4)]; [aI2"D (C 0.27, H2O) = +18.5'; 
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for 25 h. The solid that precipitated out over this time was filtered 
off, and the filtrate was evaporated in vacuo (1.5 Torr) to leave 
a brown semisolid residue. This was treated with 15 mL of EtOAc, 
and a white solid formed. The solid was refrigerated, and then 
this solid was removed and washed well with EtOAc. The com- 
bined EtOAc portions were washed successively with H20, 50% 
saturated aqueous NaHCO,, saturated aqueous NaCl, and H20, 
then dried over anhydrous MgSO,. Evaporation of the solvent 
gave 0.594 g (-91%) of slightly impure 38 as a yellowish foam: 
TLC R = 0.89 [solvent C (1:6, developed twice)]; 'H NMR 
(DMSd-d,) 6 13.63 (br s, 1, NH), 8.23 (8, 1, CH purine), 8.16 (8,  
1, CH purine), 7.10-7.40 and 6.77-6.87 (m, total 9, CH phenyl), 
4.67-5.05, 4.67-4.55 and 4.35-4.52 (m, total 6), 3.25-4.10 [m 
(overlapped by HzO), contains 6 3.72 (8,  OCH,) and 6 3.46 [br 8, 
N(CH,),], 2.65-3.00 (m, 2), 2.30-2.57 (m, partially obscured by 
DMSO-@; IR (KBr) 3448 (br), 3316 (br), 3088,3031,2931,1715, 
1693,1637,1598 (w), 1513,1452,1425,1301,1247,1039,822,792, 
698, 648. 
N-( O-Methyl-~-tyrosinyl)-cis-4-(6-(dimethylamino)-9R- 

purin-9-yl)-Pprolinol (39). A solution of 0.138 g (0.240 mmol) 
of impure 38 in 8 mL of glacial acetic acid was combined with 
88.7 mg of 10% palladium on carbon and then shaken under 1 
atm of H2 on a Parr apparatus for 1 h. The mixture was filtered 
through a Celite pad to remove the catalyst, and the catalyst was 
washed with additional acetic acid. Evaporation of the filtrate 
and washings in vacuo left a yellow syrup. This was dissolved 
in MeOH and applied to a 17-mL column of Dowex SBR(0H-) 
resin, which was eluted with methanol until no further W active 
material was observed in the eluent (- 150 mL). Removal of 
solvent left 39 as a chromatographically homogeneous foam, 0.0730 
g (69.5%, 2 steps): mp 75-98 'C; TLC Rf = 0.25 [solvent C (1:6, 
developed twice)]; 'H NMR (DMSO-d,) 6 8.23 (s,1, CH purine), 
8.14 (8,  1, CH purine), 7.16 and 6.85 (each d, J = 8.5 Hz, each 
2, CH phenyl), 4.88 (br s, 1, OH, D20 exchangeable), 4.49 (m, 1, 
C,H), 4.05 [m, 1, C(=O)CHNH2], 3.60-3.90 [m, contains 6 3.73 
(8,  OCH,), 51, 3.45 [br 8, 6, N(CH,),], 2.30-2.80 (m, overlaps 
DMSO-d,); IR (KBr) 3600-2700 (br) with maxima at 3374,3297 
(sh), 3106,3034,2935 and 2836,1637,1597 (81,1563,1513,1482, 
1462 (sh), 1447,1424,1377,1337,1301,1247,1179.1036,820,792, 

Kinetic Assay for the Action of Adenosine Deaminase on 
26. The measurements of the rates of the enzymatic reactions 
were performed at 25 'C in 0.05 M phosphate buffer at pH 7.4. 
The substrate, or substrate and inhibitor mixture, was dissolved 
in buffer (1 mL), and the reaction was initiated by the addition 
of 10 pL enzyme (20 milliunits). Initial reaction rates were 
measured by decrease in absorption at 265 nm using a Beckman 
Model 25 recording spectrometer. The kinetic parameters were 
determined from double reciprocal plots using a Wilkinson 
analysis.'' 
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