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Sakai and co-workers provided 2018 which proved to be a 
convenient, stable storage intermediate (63%, 1.5 equiv 
of DCC, 1.2 equiv of NHS; 2.0 equiv of NaHCO,, DME, 
25 "C, 24 h), Scheme 11. S-Methylation of 20 (96%, 50 
equiv of CH31, CH,OH, 25 OC, 72 h) provided the N-BOC 
derivative of tripeptide S (21),18 and subsequent acid- 
catalyzed deprotection afforded tripeptide S18 (22,95%, 
3 N HC1-EtOAc, 25 OC, 1.5 h) identical in all respects to 
authentic material. Although a linear synthesis of tetra- 
peptide S based on the coupling of tripeptide S and 3 has 
been detailed in the independent efforts of Umezawa and 

(17) Sakai, T. T.; Riordan, J. M.; Booth, T. E.; Glickeon, J. D. J. Med. 
Chem. 1981, 24, 279. Housein, R.; Bemier, J.-L.; Henichart, J.-P. J. 
Heterocycl. Chem. 1984, 21, 681. %e-Cheng, K. Y.; Cheng, C. C. J.  
Heterocycl. Chem. 1970, 78,1439. 

(18) For 2 0  mp 105-106 OC (EtOAc-hexane); [a]"D -19.2 (c 0.66, 
CH30H) [lit.& mp 106-107 OC (EtOAc-iPr20), [alaD -20 (c 1, CHsOH)]; 
'H NMR ICDCl.. 300 MHzI 6 8.12 Is. 1 HI. 7.85 Is. 1 HI. 7.65 Ibr t. 1 HL .-, ~ ~~ .. . ~ ,  ~ ~ ~ , ,  . . ~  ., ~ --,, 
7 . 2 6 ( ~ ~ t , 1 H j , 8 6 0 ( d , l H , ~ 8 ~ z ) , 4 . ~ ( m , i ~ ) , 4 . 1 5 . ( m , i ~ ) , 3 . 7 5  
(m, 2 H), 3.59 (q, 2 H, J = 7 Hz), 3.30 (t, 2 H, J ='6 Hz), 2.61 (t, 2 H, J 
= 7 Hz), 2.13 (e, 3 HI, 1.98 (p, 2 H, J = 7 Hz), 1.40 (8,s HI, 1.17 (d, 3 H, 
J = 8 Hz). For 21: lal% -17.4 (c  0.095. CHQOH): 'H NMR (CDqOD. 400 
MHz) 6 6.20 (e, 1 Hj, 8.f7 (e, 1 H), 4.20 (m,"l H); 3.92 (m, 1'H),"3.75 (m, 
1 H). 3.61 It. 3 H. J = 6.5 HA. 3.41 It. 2 H. J = 7.5 HzI. 3.28 It. 2 H. J .-. - --, - LSP Hzj, 2.'96 (e; S HI, 2.16~~p,~2~H;~=?:oHz) ,  i.ii-i;,9H), 1.14 (d, 
3 H, J = 6.5 Hz). For 2 2  [a]23D -16.5 (c 0.04, 0.1 N HC1) [lit.& [a]"D 
-15 (e 0.75, 0.1 N HCl), authentic sample" [a]"~ -16.2 (c 0.04, 0.1 N 
HC1)I: lH NMR (CD,OD. 400 MHz) 68.27 (e. 1 H). 8.26 (8.1 H). 4.05 (m. 
1 H),-3.82 (m, 1 H), i.72 (m, 1 H), 3.66 (m,.3H), 3.49 (t;2 H, J= 7 Hz); 
3.38 (m, 2 H), 3.00 (e, 6 H), 2.18 (p, 2 H, J = 7 Hz), 1.25 (d, 3 H, J =  6.5 
Hz). 

Hecht? an alternative and more convergent preparation 
was employed for the work detailed herein. Coupling of 
3 with 4b (71%, 1.05 equiv of EDCI, 1.0 equiv of HOBt, 
4 equiv of NaHC03, DMF, 25 "C, 24 h) followed by hy- 
drolysis of the methyl ester 23 (91 % , 4 equiv of LiOH, 
THF-CH30H-H20 (3:1:1), 25 OC, 3 h) provided 24, 
Scheme 111. Coupling of 24 with 5 (52%, 1.05 equiv of 
EDCI, 1.0 equiv of HOBt, 4 equiv of NaHC03, DMF, 25 
OC, 72 h) afforded 2519 which has proven to be a stable 
storage intermediate in our synthetic efforts. Subsequent 
S-methylation (97%, 50 equiv of CH31, CH30H, 25 "C, 80 
h) provided the N-BOC derivative of tetrapeptide S (26)19 
and acid-catalyzed deprotection of 26 (9970, 3 N HC1- 
EtOAc, 25 OC, 1.5 h) provided tetrapeptide S (27).lg Be- 
cause of the sensitivity of 21-22 and 26-27 to prolonged 
storage, they are prepared from 20 and 25 immediately 
prior to use. 

The incorporation of tetrapeptide S (27) and subunit 2 
in the synthesis of deglyco desacetamidobleomycin A2 is 
detailed in the accompanying paper,zo and the approach 
detailed herein hae been employed in the preparation of 
structural analogs of 22 and 27. The incorporation of 22, 
27, and such agents into structural analogs of bleomycin 
A2 will be reported in due course. 
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(19) For 215: [alaD +14.4 (c 0.075, CHClJ; lH NMR (CDCh, 200 MHz) 
6 8.12 (e, 1 H), 7.85 (e, 1 H), 7.65 (br t. 1 HI, 7.45 (br t, 1 H), 7.02 (br d, 
1 H), 4.90 (br d, 1 H), 4.35 (br d, 1 H), 4.30-4.10 (m, 2 HI, 3.70 (m, 2 H), 
3.65-3.50 (m, 5 H), 3.25 (t, 2 H, J = 6.5 Hz), 2.60 (t, 2 H, J 7.0 Hz), 
2.59 (br e, 1 H), 2.12 (e, 3 H), 1.95 (p, 2 H, J = 7.0 Hz), 1.43 (e, 9 H), 1.22 
(d, 3 H, J = 7.0 Hz), 1.11 (d, 6 H, J = 6.0 Hz). For 2 6  [ u ] ~ D  +22.2 (c  
0.055, CH OH); 'H NMR (CDSOD, 400 MHz) 6 8.26 (e, 1 H), 8.20 (e, 1 
H), 4.38 (4, 1 H, J = 4.5 Hz), 4.15 (m, 1 H), 3.70 (m, 3 H), 3.62 (br t, 3 
H), 3.45 (t, 2 H, J = 7.5 Hz), 3.34 (m, 2 H), 2.99 (e, 6 H), 2.62 (m, 1 H), 
2.16 (p, 2 H, J = 7.0 Hz), 1.46 (e, 9 H), 1.24 (d, 3 H, J = 7.0 Hz), 1.18 (d, 
3 H, J = 6.5 Hz), 1.17 (d, 3 H, J = 6.5 Hz). For 2 7  [lit." [allo% -52 (c 

H), 4.26 (d, 1 H, J = 4.5 Hz), 4.12 (m, 1 H), 3.80 (m, 3 H), 3.66 (br t, 3 
H), 3.44 (t, 2 H, J = 7.5 Hz), 3.34 (m, 2 H), 3.00 (a, 6 H), 2.65 (m, 1 H), 
2.20 (p, 2 H, J * 7.0 Hz), 1.34 (d, 3 H, J = 6.0 Hz), 1.33 (d, 3 H, J = 6.0 
Hz), 1.19 (d, 3 H, J = 6.5 Hz). 

(20) Boger, D. L.; Menezea, R. F.; Dang, Q. Following paper in this 
issue. 

0.5,O.I N HCl)]; 'H NMR (CDSOD, 400 MHz) 6 8.27 (8, 1 H), 8.25 (e, 1 
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Summary: A concise synthesis of desacetamidopyrimi- 
doblamic acid (3) ia detailed b a d  on the inverse electron 
demand [4 + 21 cycloaddition reaction of 2,4,6-tris(eth- 
oxy~bonyl)-1,3,5-triazine (5) with l-bis(benzylamin0)-l- 
propyne or in situ generated 1,l-diaminopropene for the 
one-step preparation of an appropriately functionalized 
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pyrimidine nucleus. The incorporation of 3 into synthetic 
deglyco deaacetamidobleomycin A2 (4) and the preliminary 
comparison of the functional cleavage of duplex DNA by 
Fe(I1)-4 are described. Fe(I1)-4 proved to be 0.3-0.2X as 
effective as Fe(1I)-deglycobleomycin A2 in ita efficiency of 
cleavage of supercoiled 6x174 RFI DNA. 
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The bleomycins are a family of glycopeptide antitumor 
antibiotics possessing clinically useful activity thought to 
be mediated through their metal-dependent oxidative 
cleavage of duplex DNA.' Consequently, bleomycin Az 
(1): ita naturally occurring congeners," ita semisynthetic 
derivatives and degradation products,4 and synthetic 
analogss have been the subject of extensive investigations 
in efforts to define the fundamental functional roles of 
their structural subunits. In the preceding article, we 
detailed a concise synthesis of tetrapeptide S. Herein we 
detail the synthesis of desacetamidopyrimidoblamic acid 
(3P7 based on the inverse electron demand Diels-Alder 

(1) Ohno, M.; Otsuka, M. In Recent Progress in the Chemical Syn- 
thesis of Antibiotics; Lukaca, G., Ohno, M., Eda.; Springer-Verlag: New 
York, 1990; p 387. Hecht, S. M. Acc. Chem. Res. 1986,19,383. Stubbe, 
J.; Kozarich, J. W. Chem. Reu. 1987,87, 1107. Sugiura, Y.; Takita, T.; 
Umezawa, H. Metal Zone Biol. Syst. 1985,19,81. Povirk, L. F. In Mo- 
lecular Aspects of Anti-Cancer Drug Action; Neidle, S.,  Waring, M. J., 
Eda.; MacMillian: London, 1983. Hecht, 5. M. In Bleomycin: Chem'cal, 
Biochemical and Biological Aspects; Hecht, S .  M., Ed.; Springer-Verlag: 
New York, 1979. Umezawa, H. In Anticancer Agents Based on Natural 
Products Models; Cassady, J. M., Douros, J. D., Eda.; Academic Press: 
New York, 1980; p 148. Umezawa, H. In Bleomycin: Current Statu and 
New Deuelopments; Carter, S .  K., Crooke, S. T., Umezawa, H., Eds.; 
Academic Press: New York, 1978. 

(2) Structure determination: Takita, T.; Muraoka, Y.; Nakatani, T.; 
Fujii, A.; Umezawa, Y.; Naganawa, H.; Umezawa, H. J. Antibiot. 1978, 
31, 801. Bleomycin Az synthesis: Takita, T.; Umezawa, Y.; Saito, S.; 
Morishima, H.; Naganawa, H.; Umezawa, H.; Tsuchiya, T.; Miyake, T.; 
Kageyama, S.; Ummwa, S.; Muraoka, Y.; Suzuki, M.; Otauka, M.; Narita, 
M.; Kobayashi, S.; Ohno, M. Tetrahedron Lett. 1982,23,521. Aoyagi, 
Y.; Katano, K.; Suguna, H.; Primeau, J.; Chang, L.-H.; Hecht, S. M. J. 
Am. Chem. Soc. 1982,104,5537. Deglycobleomycin Az synthesis: Takita, 
T.; Umezawa, Y.; Saito, S.; Morishima, H.; Umezawa, H.; Muraoka, Y.; 
Suzuki, M.; Otauka, M.; Kobayaahi, 5.; Ohno, M. Tetrahedron Lett. 1981, 
22, 671. Saito, 5.; Umezawa, Y.; Morishima, H.; Takita, T.; Umezawa, 
H.; Narita, M.; Otsuka, M.; Kobayashi, S.; Ohno, M. Tetrahedron Lett. 
1982,23,529. Aoyagi, Y.; Suguna, H.; Murugesan, N.; Ehrenfeld, G. M.; 
Chang, L.-H.; Ohgi, T.; Shekhani, M. S.; Kirkup, M. P.; Hecht, S. M. J. 
Am. Chem. SOC. 1982,104,5237. Saito, S.; Umezawa, Y.; Yoshioka, T.; 
Takita, T.; Umezawa, H.; Muraoka, Y. J. Antibiot. 1983,36, 92. 

(3) Umezawa, H. Pure Appl. Chem. 1971,28,665. 
(4) iso-BLM: Nakayama, Y.; Kunishima, M.; Omoto, S.; Takita, T.; 

Umezawa, H. J. Antibiot. 1973,26,400. epi-BLM Muraoka, Y.; Ko- 
bayashi, H.; Fujii, A.; Kunishima, M.; Fujii, T.; Nakayama, Y.; Takita, 
T.; Umezawa, H. J. Antibiot. 1976,29,853. Deamido-BLM Umezawa, 
H.; Hori, S.; Sawa, T.; Yoshioka, T.; Takeuchi, T. J. Antibiot. 1974,27, 
419. Deamido-BLM and depyruvamido-BLM Sugiura, Y. J. Am. Chem. 
SOC. 1980,102,5208. Decarbamoyl-BLM Sugiyama, H.; Ehrenfeld, G. 
M.; Shipley, J. B.; Kilkuskie, R. E.; Chang, L.-H.; Hecht, S. M. J. Not. 
Prod. 1985, 48, 869. Deglyco-BLM Oppenheimer, N. J.; Chnng, C.; 
Chang, L.-H.; Ehrenfeld, G.; Rodriguez, L. 0.; Hecht, S. M. J. Biol. Chem. 
1982,257,1606. Sugiura, Y.; Suzuki, T.; Otauka, M.; Kobayaahi, S.; Ohno, 
M.; Takita, T.; Umezawa, H. J. Biol. Chem. 1983,258,1328. Sugiura, Y.; 
Kuwahara, J.; Suzuki, T. FEBS Lett. 1985,182,39. Kenani, A,; Lamblin, 
G.; Henichart, J. P. Carbohyd. Res. 1988, 177, 81. Peplomycin and 
liblomycin (semisynthetic BLM): Umezawa, H.; Takita, T.; Saito, S.; 
Muraoka, Y.; Takahashi, K.; Ekimoto, H.; Minamide, S.; Niehikawa, K.; 
Fukuoka, T.; Nakatani, T.; Fujii, A.; Matsuda, A. In Bleomycin Chemo- 
therapy; Sikic, B. I., Rozenweig, M., Carter, S. K., Eds.; Academic hesa: 
Orlando, 1985, p 289. Takita, T.; Maeda, K. J. Heterocycl. Chem. 1980, 
17, 1799. Vloon, W. J.; Kruk, C.; Pandit, U. K.; Hofs, H. P.; McVie, J. 
G. J. Med. Chem. 1987,30,20. 

(5)  Kittaka, A.; Sugano, Y.; otsuka, M.; Ohno, M. Tetrahedron 1988, 
44,2811,2821. Owa, T.; Haupt, A.; Otsuka, M.; Kobayaahi, S.; Tomioka, 
N.; Itai, A.; Ohno, M.; Shiraki, T.; Uesugi, M.; Sugiura, Y.; Maeda, K. 
Tetrahedron 1992,48,1193. Otsuka, M.; Masuda, T.; Haupt, A.; Ohno, 
M.; Shiraki, T.; Sugiura, Y.; Maeda, K. J.  Am. Chem. Soc. 1990,112,838. 
Kilkuskie, R. E.; Suguna, H.; Yellin, B.; Murugem, N.; Hecht, S. M. J. 
Am. Chem. SOC. 1985,107,260. Shipley, J. B.; Hecht, S. M. Chem. Res. 
Toxicol. 1988,1,25, Carter, B. J.; Marty, V. S.; Reddy, K. S.; Wang, S.-N.; 
Hecht, S. M. J. Biol. Chem. 1990,265,4193. Carter, B. J.; Reddy, K. S.; 
Hecht, S. M. Tetrahedron 1991, 47, 2463. Kenani, A.; Lohez, M.; 
Houssin, R.; Helbecque, N.; Bernier, J. L.; Lemay, P.; Henichart, J. P. 
Anti-Cancer Drug Design 1987,2,47. Kenani, A.; Bailly, C.; Helbecque, 
N.; Houssin, R.; Bemier, J. L.; Henichart, J. P .  Eur. J.  Med. Chem. 1989, 
ZQ, 371. Boger, D. L.; Menezee, R. F.; Dang, Q.; Yang, W .  BioMed. Chem. 
Lett. 1992,2, 261. 

(6) N"JV@-BOC desacetamidopyrimidoblamic acid Aoyagi, Y.; Chor- 
ghade, M. S.; Padmapriya, A. A.; Sugana, H.; Hecht, S. M. J. Org. Chem. 

0.1 N HCl). 

1990, 55, 6291. For 14 [ a ] ' * ~  -9.2 ( C  0.25, CHaOH) (lit? [ a ] = ~  -8.9 ( C  
1.25, CHsOH). For 3: +1.8 ( C  0.55, CHsOH), [u]"D +8.1 ( C  0.15, 
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C F,SO,H , 
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reactiona of 2,4,6-tris(ethoxycarbonyl)-1,3,5-triazine (5)9v'0 
and the incorporation of 3 and tetrapeptide S into deglyco 
desacetamidobleomycin Az (4). Pertinent to the studies 
detailed herein, the C-2 acetamido side chain of the 
bleomycins has been shown not to be intimately involved 
in the key metal chelation and oxygen activation event 
required for DNA cleavage.' Thus, 4 additionally con- 
stitutes an important substructure of the natural product 
which has not yet been and that is accessible 
only through total synthesis. 

Two concise approaches to the preparation of 9 based 
on the [4 + 21 cycloaddition of 5 have been developed, 
Scheme I. Treatment of 5 with 1-bis(benzy1amino)-1- 
propyne (6, 2 equiv)" provided 8 in excellent yield 
(95-98%) under thermal reaction conditions (101 OC, di- 
oxane, 21 h). The room temperature [4 + 21 cycloaddition 
reaction of 5 with 6 is followed by a subsequent retro 
Diels-Alder reaction with loss of ethyl cyanoformate 
(40-100 "C), and it is the rate of the latter cycloreversion 
reaction that dictates the required thermal reaction con- 
ditions. Acid-catalyzed debenzylation of 8 under vigorous 
conditions (CF3S03H, CHZClz, 40 OC, 12 h, 75%) provided 
9, and initial efforts to effect the conversion of 8 to 9 
through catalytic hydrogenolysis proved less successful. l2 
Alternatively, 9 was derived directly and conveniently from 
the treatment of 5 with amidine hydrochloride 7 (100 OC, 
DMF, 72 h, 80%) in a reaction cascade that proceeds with 
thermal tautomerization of 7 to 1,l-diaminopropene and 
its [4 + 21 cycloaddition reaction with 5. The sequential 
elimination of ammonia, imine to enamine tautomeriza- 

(7) Pyrimidoblamic acid structure determination: (a) Yoshiaka, T.; 
Muraoka, Y.; Takita, T.; Maeda, K.; Umezawa, H. J. Antibiot. 1972,25, 
625. Synthesis: (b) Umezawa, Y.; Morishima, H.; Saito, S.; Takita, T.; 
Umezawa, H.; Kobayashi, S.; Otauka, M.; Narita, M.; Ohno, M. J. Am. 
Chem. SOC. 1980,102,6630. (c) Otsuka, M.; Narita, M.; Yoshida, M.; 
Kobayashi, S.; Ohno, M.; Umezawa, Y.; Moriehima, H.; Saito, S.; Takita, 
T.; Umezawa, H. Chem. Pharm. Bull. 1985,33,520. (d) Arai, H.; Hag- 
mann, W. K.; Suguna, H.; Hecht, s. M. J. Am. Chem. Soc. 1980,102,6631 
and ref. 6. 

(8) Boger, D. L., Weinreb, S. M. Hetero Diels-Alder Methodology in 
Organic Synthesie, Academic Preas: San Diego, 1987. Boger, D. L. Chem. 
Rev. 1986,86,781. Boger, D. L.; Patel, M. Rogr. Heterocycl. Chem. 1989, 
1, 30. Boger, D. L. Bull. Chem. SOC. Belg. 1990,99, 599. Boger, D. L. 
Tetrahedron 1983,39, 2869. 

(9) Ott, E. Chem. Ber. 1919, 52, 656. Grundmann, C.; Weisse, G.; 
Seide, S. Liebigs Ann. Chem. 1952,577, 77. 

(10) (a) Bcger, D. L.; Dang, Q. Tetrahedron 1988,44,3379. (b) Boger, 
D. L.; Dang, Q. J. Org. Chem. 1992,57, 1631. 

(11) Ireland, R. E.; Anderson, R. C.; Badoud, R.; Fitzsimmons, B. J.; 
McGarvey, G. J.; Thaisrivonge, S.; Wilcox, C. S. J. Am. Chem. SOC. 1983, 
105, 1988. 

(12) The deprotection of 8 under a range of altemative conditione gave 
the monodebenzylation product as the major or only reaction product in 
addition to recovered starting material. 
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Figure 1. 

tion, and subsequent retro Diels-Alder loss of ethyl cya- 
noformate under the reaction conditions provided 9 di- 
rectly in excellent yield. The thermal conditions detailed 
and the deliberate use of the hydrochloride salt of 7 fa- 
cilitated the amidine tautomerization and proved it nec- 
essary to effect the aromatization of the initial cyclo- 
adduct.13 

Selective reduction of sterically and electronically more 
accessible C2 ethoxycarbonyl group of 9 provided 10 and 
was effectively conducted with sodium borohydride at low 
temperature (1.0 equiv, EtOH, 5 OC, 150 h, 70%), Scheme 
II." Conversion of 10 to the tosylate 11 (1 equiv of TsC1, 
2 equiv of KzC03, CH2Cl2, 25 OC, 17 h, 95%) followed by 
clean displacement with 12lOb (4 equiv, 2 equiv of NaHC03, 
CH3CN, 25 OC, 26 h) and subsequent protection of the 
secondary amine provided 13 (8 equiv of BOCzO, THF- 
saturated aqueous NaHC03 (l:l), 25 OC, 15 h, 91% for the 
two steps). Hydrolysis of the ethyl ester (2 equiv of LiOH, 
THF-H20-CH30H (31:1), 25 OC, 4 h, 96%) provided the 
N"~-bis(tert-butyloxycarbonyl) derivative of desacetam- 

(13) The uw of the propionamidine free base resulted in lower yields 
of 9 (451 ,  DMF, 100 OC, 48 h). A summary of representative results of 
the study of the (4 + 21 cycloaddition reaction is provided in tabular form 
in supplementary material. 

(14) 2D 'HJH NOESY NMFt (CDCl, 2QO MHz)  did not reveal a NOE 
croaspeak between -CH20H and CSCH, for 10 but did 80 for the minor 
isomer derived from the NaBH4 reduction of 9. A summary of repre- 
sentative results of the study of the reduction of 9 ia provided in tabular 
form in the supplementary material. 

CPh3 - 
EDCI, HOB! 

09% 

13 R = E t  &!! L 14 R = H  

NaBH, 9 R=CO# 
' 

L 10 R = CH,OH Et L 11 R=CH,OTs 

H2NyCo2Me 

CPh, 

18 R I BOC 
99% 19 R=H*HCi 

Me 
HC1-EtoAc c 

20 R = BOC, R' = CPh, 
4 R = R ' = H  

idopyrimidoblamic acid (14): and subsequent acid-cata- 
lyzed deprotection of 14 provided desacetamidopyrimi- 
doblamic acid 3s (3 N HC1-EtOAc, 25 OC, 1 h, 90%). 
Direct coupling of 14 with erythro N*-(triphenyl- 
methyl)-fl-hydroxy-bhistidine methyl ester ( 1 5 p  provided 
16 (1.05 equiv of EDC1, 1.0 equiv of HOBt, THF-DMF 
(21),25 OC, 72 h, 89%). Methyl ester hydrolysis (2 equiv 
of LiOH, THF-CH30H-H20 (3:1:1), 25 OC, 3 h, 92%) 
followed by direct coupling of 17 with synthetic tetra- 
peptide S (19)16 provided 2016 and was found to be con- 
veniently conducted without additional protection of the 
adorning functionality (3.0 equiv of DCC, 1.0 equiv of 
HOBt, 2.5 equiv of NaHC03, DMF, 25 OC, 72 h, 64%). 
Final exhaustive deprotection of 20 (TFA, 25 OC, 1.5 h, 
95% ) afforded deglyco desacetamidobleomycin A2 (4).16 

(15) Boger, D. L.; Menezea, R. F., preceding paper in this h u e .  
(16) For 2 0  R 0.45 @ioz, 1 0 9 1  CH OH-10% CHaC02NH4-10% 

NH40H); [ a I B ~  + h . 4  (c 0.035, CHaOH); IH NMR (CDaOD, 400 MHz) 
ti 8.22 (br s, 1 H), 8.12 (br 8, 1 HI, 7.45 (br 8, 1 HI, 7.40-7.25 (m, Q HI, 
7.15-7.02 (m, 6 H), 6.92 (bra, 1 H), 5.35 (m, 1 HI, 5.08 (m, 1 H), 4.80 (m, 
1 H), 4.70 (br 8,  2 H), 4.44 (m, 2 H), 4.35-4.10 (m, 1 H), 3.78 (m, 2 €0, 
3.70-3.55 (m, 4 H), 3.28 (m, 2 HI, 2.97 ( s ,6  H), 2.62 (m, 1 HI, 2.27 ( ~ $ 3  
H), 2.18 (m, 2 H), 1.47 (br a, 12 H), 1.21 (br 8,6 H), 1.16 (m, Q H). For 

(br a,1 H), 8.15 (bra, 1 H), 7.54 (bra, 1 HI, 5.36 (m, 1 HI, 5.15 (m, 1 H), 
4.52-3.95 (m, 8 H), 3.90-3.70 (m, 4 H), 3.65 (br t, 2 HI, 3.42 (br t, 2 H), 
2.98 (a, 6 H), 2.65 (m, 1 H), 2.31 (a, 3 H), 2.20 (m, 3 HI, 1.20 (m, 9 HI. 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ H ~ - ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
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Figure 2. Cleavage of ax174 supercoiled DNA by Fe(I1)-4, 
Fe(I1)-bleomycin A2, and Fe(I1)-deglycobleomycin A,. Solutions 
contained 0.25 pg of ax174 supercoiled DNA (1.4 X M) in 
50 mM Tris-HC1, pH 8 containing 10 mM 2-mercaptoethanol. The 
DNA cleavage reactions were run for 60 min at  25 "C, and 
electrophoresis was conducted at  50 V (2.5 h) on a 1.0% agarose 
gel. Lane 1, control ax174 DNA 95% Form I (supercoiled), 5% 
Form I1 (relaxed); lanes 2-3,1 and 0.2 p M  Fe(I1)-bleomycin A,; 
lanes 4-6,5,1, and 0.2 p M  Fe(II)-deglycobleomycin A,; lanes 7-10, 
50, 10, 5, and 1 p M  Fe(I1)-4; lanes 11-12, 5 and 1 p M  Fe(II), 
control. Form I = supercoiled DNA, Form I1 = relaxed DNA 
(single-strand cleavage). Form I11 = linear DNA (double-strand 
cleavage). 

A preliminary study of the ability of the Fe(I1) complex 
of 4 to cleave duplex DNA was conducted through exam- 
ination of single-strand and double-strand cleavage of 
supercoiled 4x174 RFI DNA (Form I) to produce relaxed 
(Form 11) and linear (Form 111) DNA, respectively. Like 
Fe(I1)-bleomycin AJ7 and deglycobleomycin A217, Fe(II)-4 
produced both single- and doublestrand cleavage of 4x174 
RFI DNA, Figure 2. The direct comparison of the effi- 
ciency of DNA cleavage by Fe(I1)-4 and Fe(I1)-deglyco- 
bleomycin A2 permits the assessment of the relative im- 
portance and functional role of the pyrimidoblamic acid 
C2 acetamido side chain. Although the side chain has been 
shown not to be intimately involved in the metal chelation, 
it has been suggested to contribute to the efficiency of 
DNA cleavage by constituting one side or component of 
the oxygen binding pocket thereby sterically shielding or 
protecting the activated and reactive iron-oxo interme- 
diate.l Consistent with this latter sbggestion, Fe(I1)-de- 
glycobleomycin A2 proved to be 3-5X more effective than 
Fe(I1)-4 in its efficiency for producing the cleavage of su- 
percoiled 4x174 RFI DNA, Figure 3 [relative efficiency: 
bleomycin A2 (1), deglycobleomycin A2 (0.5-O.2), 4 
(0.2-0.05)]. Under the conditions of the assay, both Fe- 
(11)-deglycobleomycin A2 and Fe(I1)-4 produced little or 
no cleavage at 0.2 pM, significant cleavage at  1 pM, and 
complete cleavage at  5 pM. Both agents proved to be 

(17) Boger, D. L.; Menezes, R. F.; Yang, W. Biomed. Chem. Lett., in 
press. 
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Figure 3. Comparison of the relative efficiency of cleavage of 
supercoiled ax174 RFI DNA by Fe(I1)-bleomycin A,, Fe(I1)- 
deglycobleomycin A2, and Fe(I1)-4. 

slightly less efficient that Fe(I1)-bleomycin A2 which pro- 
duced significant cleavage of the supercoiled DNA at 
studies of the DNA cleavage properties of Fe(I1)-4 in- 
cluding additional comparison of its duplex DNA cleavage 
efficiency and selectivity with that of bleomycin A2, deglyco 
bleomycin A2, and structurally related analogs are in 
progress and will be reported in due course. 
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cetamidopyrimidoblamic acid (3). 
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Summary: Phenylthio acetals 3 are easily prepared from 
p-hydroxy aldehydes and can be reduced to anti alkyl- 
lithiums 7 and subsequently equilibrated to syn alkyl- 
lithiums 9 with excellent stereoselectivity and in good 

overall yield. A practical preparation of 3 and a reductive 
lithiation procedure using catalytic naphthalene makes 
these alkyllithium reagents conveniently available on a 
multigram scale. 
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