
J. Org. Chem. 1991,56,6937-6939 6937 

Base/Solvent System C. CHzClz (5 mL) and 25% aqueous 
NH3 (5 mL) were stirred at  -25 to -30 "C, and then salt 3a-d was 
added. The mixture was stirred at -25 to -30 "C for 0.5 h (salt 
3a), for 0.75 h (salts 3b,c), or for 1 h (salt 3d) and diluted with 
water, and the phases were separated. The water phase was 
extracted with CHzCl2 (three times), and the combined organic 
phases were washed with water and dried over MgSO,. The 
solvent WBB evaporated, and the residue was analyzed by 'H NMR 
(Table 11). 

5a. This product was used for the preparation of 7a. 
4b + 5 b  'H NMR spectrum as described above (lack of the 

signals of 6b). The ratio of 5b/4b was calculated from the in- 
tegration of the signals of the Ar CH3 protons. This mixture was 
diluted with EtOH, the product 4b was filtered, and the filtrate 
was used for the preparation of 7b. 

5c: lH NMR spectrum as described. 
5d + 6d: 'H NMR spectrum as described above. This mixture 

was used for the preparation of 7d and 8d. 
Aldehydes 7 and 8. Crude products which resulted from the 

rearrangement of salt 3 (5 mmol) were dissolved in EtOH (20 mL; 
in some cases EtOH was already added in order to remove 4), and 
CuS04.5H20 (1.25 g, 5 mmol) dissolved in water (20 mL) was 
added. The mixture was gently refluxed until solid separated (ca. 
5-10 min) and was then fdtered; the filtrate was diluted with water 
and extracted with CHzClz (three or four times). The organic 
extracts were washed with water, dried over MgSO,, and con- 
centrated to give crude aldehydes 7 and 8, which were analyzed 
and purified (Table 111). 

7a + 8a. The ratio of 7a/8a was determined by the integration 
of the signals of the CHzCN protons in the 'H NMR spectra. Pure 
7a was isolated from the reaction carried out under conditions 
A or C. 

7a: bp (Kugelrohr) 100-130 "C (0.2 Torr); mp 50-52 "C. 
8a. A sample of pure 8a was isolated by preparative HPLC 

from the reaction carried out under conditions B. 
Products 7a and 8a were deformylated,' affording 4-chloro- 

phenylacetonitrile (9a) and 3-chlorophenylacetonitrile (loa), 
respectively, which were identified by comparison with authentic 
samples (GC, HPLC). 

7b + 8b: 'H NMR (CDC13) 6 2.41 ( s , 3  H, Ar CH3, 8b), 2.47 

7b), 7.44-7.67 (m, Ar H, 7b + 8b), 9.94 (9, 1 H, CHO, 8b), 10.06 
(a, 1 H, CHO, 7b). The ratio of 7b/8b was calculated from the 
integration of the signals of the CHzCN protons. GC/MS (one 
signal on GC): m / e  (relative intensity) 159 (M+, 32), 132 (loo), 
104 (471, 77 (33), 63 (12), 51 (17). 

7b: isolated from the reaction carried out under conditions, 
B or C (Table III, entries 5 and 6); bp (Kugelrohr) 90-120 "C (0.02 
Torr). Deformylation, of 7b gave 2-methylphenylacetonitrile, 
identified by comparison with an authentic sample (GC). 

7c: bp (Kugelrohr) 90-120 "C (0.02 Torr). Deformylation' of 
7c afforded 4-methylphenylacetonitrile, which was compared with 
an authentic sample (GC). 

7d + 8d. The products decomposed during the attempted 
distillation: IR (film) 2250, 1670 cm-'; 'H NMR (CDC13) 6 4.14 

5.32 Hz, 2 H, Ar H, 7d), 7.54 (q, sJm = 4.73 Hz, 2 H, 8d), 9.91 
(8 ,  1 H, CHO, 8d), 10.00 (9, 1 H, CHO, 7d). The ratio of 7d/8d 
was calculated from the integration of the signals of the CHzCN 
or CHO protons. Attempted deformylation' of this mixture failed. 

7e: bp 92-93 "C (0.2 Torr); mp 36.5-38.5 "C. 
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5,10-Dideaza-5,6,7,&tetrahydrofolic acid (1, DDATHF)' 
is the first member of a new class of folate antimetabolites 
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1 

whose site of action as a folate inhibitor, after intracellular 
polyglutamation by folylpolyglutamate has 
been shown to be glycinamide ribonucleotide formyl- 
transferase (GARFT, E.C. 2.1.2.1) rather than dihydro- 
folate reductase (DHFR, E.C. 1.5.1.3). The remarkable 
potency and broad-spectrum antitumor activity of 
DDATHF, which is now in clinical trial, has stimulated 
an extensive structureactivity relationship study on this 
new agent for cancer ~hemotherapy.~ One structural 
change which has not as yet been explored is contraction 
of the pyrazine "B" ring of the natural cofactor for 
GARFT,S and this paper describes the synthesis and bio- 
logical evalutation of the novel guanine derivative 2. 

Application of the synthetic strategy developed for an 
efficient synthesis of DDATHF itself6 to the guanine de- 
rivative 2 would involve a palladium-catalyzed coupling 
either of an 8-ethynylguanine derivative such as 3 with 
dimethyl (44odobenzoyl)glutamate (4) or of an 8-halo- 
guanine derivative 5 with dimethyl (4-ethynylbenzoyl)- 

(1) Taylor, E. C.; Harrington, P. J.; Fletcher, S. R.; Beardsley, G. P.; 
Moran, R. G., J. Med. Chem. 1985,28, 914. 

(2) Moran, R G.; Baldwin, S. W.; Taylor, E. C.; Shih, C. J. Biol. Chem. 
1989,264, 21047. 

(3) Pizzorno, G.; Ruaaello, 0.; Cashmore, A. R.; Mormon, B. A.; Cross, 
A. D.; Coronnello, M.; Beardsley, G. P. h o c .  Am. Assoc. Cancer Res. 
1990,31,339. 

(4) For a review of these structure-activity relationship studies, BBB 
(a) Baldwin, S. W.; Tse, A.; Gossett, L. S.; Taylor, E. C.; Rwweky, A.; 
Shih, C.; Moran, R. G. Biochemistry 1991,30,1997. (b) Shih, C.; Grindey, 
G. B.; Gossett, L. S.; Moran, R. G.; Taylor, E. C.; Harringbn, P. M. In 
Chemistry and Biology of Pteridines, Walter de Gruyter: Berlin, New 
York, 1990; p 1035. 

(5) Shrinkage of the B ring of bdeazaaminopterins from a six- to a 
five-membered ring has led to pyrrolopyrimidine and dihydropyrrolopy 
rimidine MTX analogues exhibiting high in vitro cytotoxic activity: 
Miwa, T.; Hitaka, T.; Akimoto, H.; Nomura, H. J. Med. Chem. 1991.34. 
555. 

(6) Taylor, E. C.; Wong, G. S. K. J .  Org. Chem. 1989,54, 3618. 
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glutamate (6) (Scheme I). Attempts to iodinate guanine' 
or 2-pi~aloylguanine~ directly with iodine chloride or with 
N-iodosuccinimide failed. Iodination of guanosine followed 
by removal of the sugar with 1 N HC1 gave 8-iodoguanine 
as previously reported? but the insolubility of this latter 
compound negated all attempts a t  palladium-catalyzed 
coupling with 4 or 6, while pivaloylation of the 2-amino 
group in an attempt to prepare 5b gave 2-pivaloylguanine 
with comcomitant loss of the 8-iodo substituent. 

We therefore turned to an investigation of 2-pivaloyl- 
8-bromoguanine (5a), which was readily prepared by 
bromination of 2-pivaloylguanine with bromine in acetic 
acid. Initial coupling results, however, were not promising. 
The use of (trimethylsily1)acetylene or (trimethylsily1)- 
(tributylstanny1)acetylene gave only traces (<3% ) of 
coupled products, while the usual coupling conditions 
(palladium chloride, cuprous iodide, triphenylphosphine, 
and triethylamine) with 6 led only to dimerization of the 
latter! We finally found that the desired coupling product 
7 was formed without competitive dimerization of the 
acetylene component 6 by the use of palladium acetate 
rather than the chloride, cuprous iodide, triphenyl- 
phosphine, and 1.9 equiv of the acetylene 6 (Scheme 11). 
Hydrogenation of 7 gave the saturated ester 8 in 31 % yield 
for an overall yield, based on tbbromoguanine, of 15%. 
NMR studies revealed that, in DMSO-d,, the ester 8 exists 
as a 2:l ratio of the tautomers 8a and 8b. The two sets 
of signals for all of the NH and CH protons collapsed to  
singlets upon protonation with trifluoroacetic acid. I t  is 
also interesting to note that ester 8, even after careful 
purification by repeated recrystallizations from ethyl 
acetate, showed an unusual melting point behavior; the 

(7) Kode, R. T.; Bilee, J. A.; Wolf, W. J. Pharm. Sci. 1968,57, 2056. 
(8) Pivaloylation has previously been shown in our studies to be a 

superior method for the preparation of soluble derivatives from insoluble 
amino-substituted heterocycles. See, for example: (a) Taylor, E. C.; 
Yoon, C.-m., Synth. Commun. 1988,18,1187. (b) Taylor, E. C.; Ray, P. 
S. J. Org. Chem. 1987,52,3997. (c) Taylor, E. C.; Hamby, J. M.; Shih, 
C.; Grindey, G. B.; Rinzel, S. M.; Beardsley, G. P.; Moran, R. G. J. Med. 
Chem. 1989, 32, 1517. (d) Reference 6. 

(9) Lipkin, D.; Howard, F. B.; Nowotny, D.; Sano, M. J. Biol. Chem. 
1963,238, 2249. 
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compound softened at  145 "C but did not melt until 

Hydrolysis of the 2-pivaloyl and glutamate ester 
groupings in 8 was accomplished with 1 N NaOH under 
previously described conditionss to give the target 
DDATHF analogue 2. Biological evaluation of this com- 
pound by in vitro cell culture experiments showed that it 
was essentially inactive in inhibiting cell growth. 

Experimental Section 
2-Pivaloylguanine. To a suspension of 20.5 g (0.135 mol) of 

guanine in 500 mL of pyridine was added 50 mL (0.406 mol) of 
pivaloyl chloride, and the suspension was refluxed for 3 h. The 
resulting clear brown solution was evaporated under reduced 
pressure, the residue was diluted with 500 mL of EtOH, and the 
solution was refluxed for 2 h. I t  was then cooled, and 180 mL 
of 5% NH,OH was added. The resulting precipitate was collected 
by Titration, washed with water and dried over P206 in a vacuum 
oven at  120 "C to give 29.0 g (91%) of 2-pivaloylguanine. Pu- 
rification of a small sample by vacuum sublimation gave a white 
solid, mp 315-318 OC dec: 'H NMFt (DMSO-& 300 MHz) 6 1.19 

Calcd for C10H13NS0~ C, 51.06; H, 5.57; N, 29.77. Found: C, 
50.93; H, 5.46; N, 29.56. The crude product was used without 
further purification in the following bromination reaction. 
8-Bromo-2-pivaloylguanine (5a). To a solution of 20 g (85 

mmol) of 2-pivaloylguanine in 190 mL of acetic acid was added 
9 mL of Brz and 20 g of NaOAc. The resulting orange suspension 
was heated at 65-75 "C for 36 h. Acetic acid was removed by 
evaporation under reduced pressure to give a residue which was 
diluted with 100 mL of EtOH and 200 mL of 2-propanol. The 
resulting suspension was heated for 3 h and evaporated under 
reduced pressure, and the resulting yellow suspension was diluted 
with 500 mL of water to precipitate the product. The precipitate 
was filtered, washed with water, and dried over KOH/P20b at 
100 "C for 12 h to give 18.2 g (68%) of 5a as a yellow solid. 
Purification of the product was achieved by passing it through 
a column of 100 g of silica gel using 1 % MeOH in CHzC12 to afford 
15.8 g of a yellowish white solid, mp 250 "C dec: 'H NMR 

175-176 O C . l 0  

(8,  9 H), 8.02 (8, 1 H, W H ) ,  10.99 (8, 1 H), 12.14 (8,  1 H). Anal. 

~~~ ~ 

(IO) Such tautomeric phenomena have previously been observed with 
guanine; see: Shapiro, R. Progr. N u l .  Acid Res. Mol. Biol. 1968,8,73. 
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(DMSO-d6, 300 MHz) 6 1.20 (8, 9 H), 11.07 (8, 1 H), 12.19 (8, 1 
H), 13.8 (br s, 1 H). Anal. Calcd for C10H12BrN50z: C, 38.23; 
H, 3.85; N, 22.29; Br, 25.44. Found: C, 38.08; H, 4.04; N, 22.01; 
Br, 25.68. 
Dimethyl [4-[ (2-Pivaloylguanin-8-yl)ethynyl]benzoyl]- 

glutamate (7). To a solution of 1.1 g (3.5 "01) of Sa in 20 mL 
of CH3CN and 2 mL of EhN was added a mixture of 82 mg (0.36 
mmol) of P~(OAC)~ ,  108 mg (0.57 mmol) of CUI, and 213 mg (0.81 
mmol) of Ph3P followed by a solution of 2.02 g (6.6 mmol) of 
dimethyl [4-ethynylbenzoyl]glutamate (6)s in 20 mL of CH3CN. 
The resulting solution was heated at 70-80 "C for 6 h and then 
concentrated under reduced pressure, and the resulting solid was 
purified by flash chromatography with 145 g of silica gel, using 
3% MeOH in CH2Cll as the eluting solvent, to give 0.91 g of a 
solid which (by NMR) consisted of 60% of 2-pivaloyl-&bromo- 
guanine 5a and 40% of 7 'H NMR (DMSO-$, 300 MHz) 6 1.22 
(s, 9 H), 2.0 (m, 1 H), 2.1 (m, 1 H), 2.48 (t, 2 H, J = 7.3 Hz, 
CHzCH2CH), 3.57 (s, 3 H,CH3), 3.64 (8, 3 H, CH3),4.45 (m, 1 H, 

(s, 1 H), 13.68 (br s, 1 H, 9-NH). 
Dimethyl [4-[2-(2-Pivaloylguanin-8-yl)ethyl]benzoyl]- 

glutamate (8). A suspension of 0.5 g of 3% palladium-on-charcoal 
and 0.7 g (1.30 mmol) of the above mixture of 5b and 7 in 40 mL 
of MeOH was stirred at rt under 50 psi of hydrogen for 16 h. The 
catalyst was removed by filtration through a pad of Celite, which 
was washed with 25 mL of 5% MeOH in CHZCl2. The filtrate 
was concentrated to give a solid which was dissolved in 5% MeOH 
in CHzClz. Filtration removed a small amount of a white solid 
(2-pivaloylguanine), and concentration of the filtrate then gave 
0.58 g of an orange solid which was purified by flash chroma- 
tography (5% MeOH in CHzClz) through 86 g of silica gel, yield 
0.22 g (31%) of 8 as a yellow solid. The analytical sample, mp 
175-176 OC, was prepared by recrystallization from ethyl acetate 
IR (KBr) 3140,2940,1735,1660,1400,1156 cm-'. For the major 
tautomer: 'H NMR (DMSO-d6, 300 MHz) 6 1.22 (s, 9 H), 2.0 and 
2.1 (2m, 2 H, CHzCH), 2.42 (t, 2 H, J = 7.3 H, CH2CHzCH), 3.06 
(m, 4 H, CH2CH2), 3.55 (s, 3 H, CH3),3.61 (8, 3 H,CH3), 4.41 (m, 

12.16 (8, 1 H), 13.08 (8, 1 H). For the minor tautomer, the upper 
field region (lower than 7 ppm) is the same as that of the major 
tautomer: 'H NMR (DMSO-d6, 300 MHz) 6 7.31 (d, 2 H, J = 

7.0 Hz, CHNH), 10.93 (s, 1 H), 12.03 (s, 1 H), 12.60 (8,  1 H). MS 
(FAB, m/e), 541 (MH+), 366; exact mass (FAB) calcd for cz6- 
Ha3N6O7 (MH+) 541.2410, found 541.24049. Anal. Calcd for 

N, 15.32. 
[4-(2-Guanin-8-ylethyl)benzoyl]glutamic Acid (2). A 

suspension of 0.14 g (0.26 mmol) of the ester 8 in 2.5 mL of 1 N 
NaOH was stirred at rt for 3 days. The resulting clear solution 
was neutralized with acetic acid until pH 6 and then diluted with 
10 mL of water, and the resulting solid was collected by filtration, 
washed throughly with water, MeOH, and ether, and finally dried 
to give 50 mg (48%) of a yellow solid, mp 200-230 OC dec: IR 
(KBr) 3350 (br), 1690,1630 cm-'; 'H NMR (DMSO-d6, 300 MHz) 
6 1.95 and 2.05 (2m, 2 H, CH2CH), 2.32 (s,2 H, CH2CHzCH), 2.9 
and 3.34 (2 br s, 4 H, CHzCHz), 4.37 (m, 1 H, CHNH), 6.23 (s, 

(s, 1 H), 12.1 (8, 1 H), 12.5 (s, 2 H, 2 C0OH);mass (FAB, mle), 
429.5 (MH+) 282.4; exact mass (FAB) calcd for cl&z&os (MH+) 
429.1522, found 429.15107. Anal. Calcd for C19H2~606.1/2H20: 
C, 52.17; H, 4.84; N, 19.21. Found: C, 52.44; H, 4.60; N, 18.98. 
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Taxol (3a, Chart I), a natural product obtainable in only 
low yield from yew bark,' and taxotere (3b), a semisyn- 
thetic analogue,2 are very exciting antileukemic and tu- 
mor-inhibiting agents.3 Each of these substances, fortu- 
nately, can now4 be secured in good yield from the ap- 
propriate hydroxyl-protected side chain ( la,b)6 and nat- 
urally abundant 10-desacetyl baccatin I11 (2, in protected 
form)? 

The increasingly apparent cancer chemotherapeutic 
potential of these compounds has generated the need for 
a highly efficient enantioselective synthesis of the required 
side chains la,b. In this note we wish to disclose a par- 
ticularly effective approach to these side chains from 
inexpensive, enantiomerically pure (S)-(+)-phenylglycine. 

The synthetic strategy was based on the assumption that 
the aldehydes derived from alcohols 5a,b (Scheme I) 
would, under the proper conditions, undergo chelation- 
controlled carbonyl addition' and provide preferentially 
the desired threo amino alcohol derivatives 6a,b. It was, 
of course, presupposed that the aldehydes would have the 
necessary configurational stability for this approach.s 

(1) Wani, M. C.; Taylor, H. L.; Wall, M. E.; Coggon, P.; McPhail, A. 
T. J. Am. Chem. SOC. 1971,93,2325-2327. Miller, R. W.; Powell, R. G.; 
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Appl. 86/10,400,1986, Eur. Pat. Appl. EP 253,738,1988. Mangatal, L.; 
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dron 1989,45,4177-4190. 
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hedron Lett. 1983, 24, 4401-4404. Hanson, G. J.; Lindberg, T. J. Org. 
Chem. 1985,50,5399-5401. Reetz, M. T.; Drewes, M. W.; Schmitz, A. 
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