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A Novel Synthesis of the Cl-Cl7 Fragment of Csrzinophilin 
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Abstract: Tk title syrrtheds was Pchicvcd by featwin 
p)~c?lint (C&f-C13 N?IOMJ) with tk d-omdin-S-one ( E 

i) con&&n of the 2-methyMio-Al- 
4,C7, Nl4, and C17 WKN@), tiJ a~tivatbn 

qf*k A’-0~~~01in-S-one syskan touard mw1copkiLic reactbm 
wow into tk N9 position and snkeq~~nt ring owning with tk T 

innodwcing on ollybxycarbonyl 
&attaue (Cl-iv5 nroi+ly). and 

iii) base-induced conrtrvction of tk {E)_l -atubicyclo(3.1 .OJkw system fmm tk S-me&xymethyL 
pyroiwine 08 key steps. 

Carzinophilin (1) isolated from Strepronzyces sahchiroi by Hata et &. in 1954,’ is an prominent 

antitumor antibiotic which have been known as one of the interstrand cross-linking agents for DNA.2 While 
the structure of 1 has been revised several times over 30 years? Annstrong ef al. reported in 1991 that ‘H- and 

13C-NMR spectra of 1 were superimposable tm those of azinomycin B.4*5 The latter wmpound is also an 

antitumor antibiotic having a characteristic 2-methyl&de-l-azabicyclo[3.1.Olhexane system and exhibiting 

excellent cytotoxic activity. These unique history, novel structure, and excellent cytotoxicity delineated above 

make 1 and its related compounds as attractive targets for total synthesis.6 Recently, Annstrong et a1.6b and 

Coleman et al.” reported the syntheses of bicyclic (E)- and (Z)-(pyrrolidin-2-ylidene)giycine esters and (z)- 

(pyrrolidin-2-yli&ne)glycirte amide corresponding to the C&C17 unit of 1, respectively. We have also 

reported on the preparation of bicyclic (~-@~lidin-2-ylidenglycine ester 2 involving the C&C21 moiety of 

1.7 However, the synthesis of bicyclic (I?)-@yrrolidin-2-ylidene}glycine amide skeleton has not hithetio been 
achieved 

carzinophilin (1) = azinomycin B 

We wish to disclose here a novel synthesis of the Cl-Cl7 fragment 3 of 1 with correct stereochemistry. 

Our synthetic strategy features i) condensation of the 2-methylthio-At-pyrroline (C!8-Cl3 moiety) with the AZ- 

oxazolin-5-one (C6, C7, N16, and Cl7 moiety). ii) activation of the A2-oxazolin-S-one system toward 

nucleophilic reaction by introducing an allyloxycarbonyl group into the N9 position and subsequent ring 

opening with the 2-aminobutane (Cl-N5 moiety), and iii) base-induced construction of the (E)-l- 

azabicyclo[R l.O]hexane system from the S-mesyloxymethylpyrrolidine as key steps. 
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First, development of a novel synthetic route to 3 was studied by selecting the bicyclic (E)-(PyMlidin-2- 

ylidene)glycine amide 4 carrying an isopropyl group as a model compuund_ The thiolactam 6 prepared from 

2,3,5-tri-0-bcnzyl-B-D-rtrabinofuranose (5) following the procedure recently developed by us,* was 

transformed into the Zmethylthio-A*-pyrroline 7 by the reaction with methyl iodide. Coupling of 7 with 2- 

phenyl-A*-oxazolin-5-one was effected smoothly by beating at 80 “C in toluene, affording adduct 8 as an 

inseparable mixture of the (E)- and (Z)-isomers. 9 The isomuic ratio of M to 8Z was estimated as 6:4 by tbc 

II-I-NMR in CDCl3. The ~methylene-A2-oxazolin-5-one ring system of 8 appeared to be very stable since no 

mtion occurred even by deatlng with isopropylamine at 100 “C ln a se&d tube. Simple cksilylation was also 

observed by heating withjhighly reactive isopropylchloroalminum amideto in benzene. However, it was 

found that the Az-oxazolin&one ring can be activated by acykdio~~ of the amino &roup of the pyrrolidine ring. 
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B&i R a) Mel. Cl-I&h. W?k. b) 2phenyl-~20xazolin+one, tolueno, 80 “c. 8241. c) Allctc@. QMAP. THE 
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L8opmpylamine, 2096 (1 DE), 451 (lOZ), d) HCI, M&t+, 98% (IrEfrom IOE), 93% (112 
‘from lOZ), 77% (15 tram 14), e} MsCI, Et3N. CH&icIL, -78 OC, 88% (12E from llE), 96% (122 
from llI), 95% (13 from 15). I) Pd(PhBP),, Ph,P, dimedone, THF. 97% (13 from lPE), 82% (13 
from 12Z), 87% (14 from lCJE), 42% (14 from 102). 78% (1Sfrom 1lE). g) KHMDS. THF. 84% 

Thus, the N-allyloxycafbo~yl (N-Allot) derivative 9 was prepared by treating 8 with Allocfl in the presence 

of DMAP. Treatment of B with isopropylamine at room temperature cleanly underwent the ring opening to 

give the (pyrrolidin-2-yli*ne>glycine amide 1OE and IOZ in 20 and 45% yields, respectively, after separa?ion 

by column chromatograpfiy.” As detailed in Schcmel. both 1OE and 1OZ were readily transformed into 

mcsylate 13 by a combinktion of desilylation, mesylation, and removal of the N-Allot group. It is worth 

noting that removals of the N-Allot groups of 10, 11, and 12 accompanied isomerizations of the (pynKUin- 

2-ylidene)glycine amide p 

F 

~ s by way of the imine-enamine equilibria, resulting in the formations of 14 (fmm 

1OE or lOZ), 15 (from 1 $)'*, and 13 (from 12E or 122) as inseparable tautomeric mixtures. Finally, 

construction of the aziridi~~ ring was achieved by treating 13 with potassium hexamethyldisilazide in THF to 

furnish 413 as a single iso+r (vi& i&z). 
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As described above, we have succeeded in developing a novel synthetic route to construct the l-aza- 

bicyclo[3.l.O]hexane system carrying (J$(py1roli&1-2-ytidette)glycine amide moiety. Based on these results, 

the synthesis of Cl-Cl7 fkagment 3 of 1 was next attempted, As shown in Scheme 2, N-bcnzyloxycat’boql 

L-threonint (16) was converted to the 2-aminobutane 19 corresponding to Cl-N5 moiety in five steps. 
Taking into account the later synthetic steps, 8 was ansformed into mesylate 20. Right after purification by 

column chromatography on silica gel, 20 was obtained as a mixture of (E)- and @)-isomers (6:4 isome& 

ratio). Inten%ingly, recrystallization of 20 from A&Et-hexane took place an isomerization, giving the pure 

(Z)-isomer of 20 (202) (>90% recovery), mp. 126129 Y!. After N-allyloxycarbonylation of 202, the 

formed N-Allot derivative was treated with 19 in a high concentration at 50 *C to yield &duct 2lE (68%) and 

212 (23%) after separation by column chromatography. Isomerization of the olefm moiety was observed 

during these two operations. Both isomers of 21 (21E and 21Z) were elaborated to 25 (SE and 252). 

respectively, ll~us, selective deprotecticso of the TBDFS group of 2lE was achieved employing I-F-pyridine 

complex in pyridine, and subsequent oxidation of the generated hydroxyl function of 22B afforded (&I- 
aldehyde 23E. Acidic hydrolysis of the dimethyl ace&l in WE gave rise to (E)-&ketoaldehyde 24E in its 

enol form, which was immediately methylated with cliazomethane to give enol ether 2%. The &Q-isomer 
252 was similarly prepared from 2 1Z. Removals of the N-Allot group from 25E and 25Z14 afforded (II)-2- 

metbylidenepyrr&line 26E as a single product, The unprotecti Q-2-metbyli&nepyrroMine 262 was also 

isolated when the reaction employing 25Z was worked up after short period of time. Isomerization of MZ 

into 26E completed within 6 h by standing a solution of 262 in CDC13 at norm temperahue. Finally, a 

combined use of tetrabutylammonium fluoride and molecular sieves 4A was found to effect the aziridine ring 

formation of 26E, giving rise to 313 as a single isomer (vi& ifi& 

j ~~:~~~H 
+.fJ+ 

m [124:R;= H.R1,=AUac 3 

kc23iR nC26:~'=hk,~ =H 
l:R=Me.~=AUoc 

a) BHs-DMS, THF. 8896, b) TBDPSCI, EbN, CH2Cf2,91%. c)SOpPy, EbN, DMSO, 97%, d) (MeO)+l. p-T&H, MaoH. 
69% 0) PdG Hg. MeOH, 99%, I) TBAF, THF, 90%. 9) M&I, Et& CH2CY2, -7BOC 90%, h) Allac~. DMAP, MF, i) 19, 
toluene, then concentration at 50 “C with a rotary evaporator, 68% (21 E). 23% (212) (2 steps), j] HF-Py, Py. 93% (22E 
from 2-E). 79% (222from 212). k) PDC, MS4A. CH&.66% (23Efrom 22E), 63% (23tirom 22Z)). I) p-T&H, 
THF-H20, m) CH2N2, THF-&Q 67% WEfrom PE), 76% (Wfmm 23Z) (2 steps), n) Pd(Ph3P)4, Ph#. AcOH. MF. 
57% WEfrom 25E). 86% (26Efrom 252). o)TBAF. MS4A, II-IF. 73% 

With 3 and 4 in hand, assignment of their stereochemistries was next attempted. Thus, the 

stereochemistries of C3-C4 double bond and pyrrolidine moiety involved in 3 and 4 could h rigorously 

established by observing NOES between the signals due to H- 1 and H-4, H-4 and C4-OCHg, Q-10 and H- 

11, H-11 and H-12, and H-13 and I$-10 (carzinophilin numbering) in their IH-NMR spectra. However, no 

information was obtained using an NOE technique as to their (pyrrolidin-2-ylidenejglycine amide parts. 

Incidentally, an NOE between the amide proton (H-5 or H-16) and the proton on the pyrrolidine ring (H-13) 
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was not described by Yokoi et d. in their tqort concerning the structure determination of azinomycins.5 
However, as shown in Table 1, the signal patterns of the tH-NMR q~~tra recorded on 3 and 4 wren found bo 
show a ma&cd lescmblanb to that reported for 4-@methyl azinomycin B [catzinophllin (1) 4-@nWhy~ ether1 
by Yokoi er d. 5 and to he &arly different from that described for the bicyclic (z)_(pydidin-2-ylidcnejglycine 
amide 2 7 by Amslrong et d. 6b Aocotdingly, the @yrrolidin-2-ylid!f?ne&lytie amide parts of 3 and 4 WKe 

tentatively assigned to have the same (E)-ad$urations as that of I. 

Based on the results adcumulati in these studies, the tad synthesis of 1 is in progress in our l&omtcq. 

Table 1. Chemical nts in the III-NMR spectra of 3, 

‘P)j$” Qp 

Bn MP 
4 276b 

1 2.24, s 2.23, s 

4 7.19, s 7.16, s 
4 -0cH3 3.90, s 3.89, s 

5 10.89, s 11.03, bs 9.41, w, 7.5 6.95, dd, 4-B. 4.8 
l(kb 2.25, d, 3.9 2.30, d, 4.1 2.23, d, 4.1 2.16, d, 3.6 
lob 2.51. d, 5.4 2.44, d, 4.8 2.35. d. 5-a 2.40. dd, 1.5.3 
11 3.22.ddd,5.8,5A,3.9 3.1O,ddd,4.1,4.1.4.8 3.06, ddd. 4.1,5.4,5.4 3.03, &Id, 3.6.4.9.5.3 
12 4.63, dd. 5.8. 3.9 4.59. dd, 4.1.4.1 4.55, dd, 4.1.5.4 4A2, dd, I, 4.9 

13 5.55. d, 3.9 5.01, dd, 1.0.4.1 5.01. dd, 0.9,4.1 5.12, dd, 1. I 
16 8.50. s 8.28, bs 8.43, bs 7.89, b 
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