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In the course of screeningfor new antitumorsecondarymicrobialmetabolizes,we have isolated two
novel triene-ansamycins,cytotrienins A (1) and B (2), which possess a unique l-amirrocyclopropane
carboxylicacid moiety,fromthe fermentationbrothof Streptomycessp. isolatedfroma soil sample. Both1
and 2 exhibiteda potent apoptosis-inducingactivityon HL-60cells (a humanpromyelocyticleukemiacell
line).] Herewe describemainlythestructuralelucidationof 1 and2.

CytotrieninA (l), a yellowishpowder,m.p. 132-135°CfromMeOH; [ct]D25 +270.6°(c 1.00,MeOH);
UV~ax ‘eOH nm (log e) 262 (4.55), 273 (4.66), 283 (4.54), which suggestedthe presence of a triene;
IR7mm~rcm-13400 (NH, OH), 1720(ester), 1660(amide), 1000(triene). The EIMS spectrumshoweda

molecularion (M)+at tiz 648. Themolecularformulaof 1 wasdeterminedas C3jIH48N208byHREIMSdata
[m/z648.3355(M)+for C37H48N2@,A-5.2 mmu],indicatingthe indexof hydrogendeficiencywasfifteen.
me 13c NMR sp~m (Table 1) of 1, assistedby a DEPTexperiment,showed37carbon signalsattributable

to onemethoxy,two methyls,ten alkylmethylenes,fourteenmethines,and ten quatemasycarbons. The 13C-
chemicalshifts(Table1)suggestedthepresenceof threeoxygenatedSP3methinecarbons(&c.379.88d, &c-11

?H
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Figure 1. The Structuresof CytorneninsA (1 andB (2)
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74.30 d, 8c-13 66.69 d) and three car-
bonyl carbons (%.1 169.46 s, 6c-27
171.64s, %.31 169.26s). The IH NMR

spectrum(Table 1) showedthe presence
of fiveD20-exchangeableprotonsignals
due to 20-NHand 28-NHor 13-OH,19-
OH, and22-OH. Interpretationof the IH

and 13C NMR data of 1 (Table 1)
facilitated by application of 2D NMR
spectra(lH-lH DQFCOSY,HMQC,
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Table 1. 13Cand IH NMRChemicalShifts(~ppm)for CytotrieninA (1) in DMSO-&

Position 13C IH (JjHz) Position 13C IH (JjHz)
------------------------------------------------------------------------------------------------------------------------

1
2

3
4
5
6
7
8
9
10

11
12
13
13-OH
14
15
16
17

18
19

169.46S

41.69t

79.88d
130.39d
134.49d
128.95d
134.09d
132.59d
130.39d

32.44t

74.30d
37.48d
66.69d

139.38S
122.12d

25.02t
31.24t

131.39s
140.39s

2.80m
2.54m
4.01m
5.69ddc
6.59ddc
6.33ddc
6.31ddc
6.15tic
5.88tdc
2.44dt
2.16m
4.61dq
1.66m
4.41brs

(15.6,8.8)
(15.6,9.3)
(14.7,9.3)
(14.7,9.8)
(15.0,9.8)
(15.0,10.3,3.4)
(10.7,3.4)

(10.3,4.8,2.0)

4.11da (5.4)
.
$!3!&d (7.8)

2;82m
2.04m

19-OH
20 125.90S

20-NH
21 107.08d
22 149.27S

22-OH
23 115.29d
24 9.22q
25 20.99q
26 55.69q
27 171.64s
28 33.31s
28-NH
29 16.68t
30 16.45t
31 169.26S

32 133.01s
33 132.68d
34 24.81t

35 21.24t
36 21.79t
37 23.75t

7.62sa
—
10.06sa
6.40sb
—
8.82sa
6.40sb
0.64d (6.8)
1.60s
3.20S
—

—

8.49sa
1.35m
1.04m
—
—
6.59m
2.16m
1.94m
1.60m
1.60m
2.16m

me signalsdisapperuedafterD@ exchange.bThesignalswereseparatedin MeOH-d4at 6H.21
6.52br d (J = 2.9Hz) andI!iH.236.48br d (J = 2.9Hz). Whesignalsshowedbettercouplingpat-
ternin pyridine-ds.

HMBCand NOESY)2suggestedthat 1 consistedof a trieneportion(C-1- C-17),a hydroquinonemoiety(C-
18- C-23),and an aminocyclopropanecarboxylicacidsidechain(C-27- C-37)as shownin Fig.2.

The IHJH D@COSY Spctrmnof 1, whichshowedcross-peaksfor H2-2to H-13,H-15to H-17,and

H-33to H2-37,suggestedthe sequenceof C-2 - C-13,C-15- C-17, and C-33 - C-37. The HMBCcross-
peaks (Fig. 2) indicated the junction of C-2 to C-20 via an amide group at C-1, C-13 to C-15, and also
demonstratedthe connectionsfor C-17to the hydroquinoneunit and C-n to the sidechain. The assignment
of the 13-OHgroup(8H4.11d) was supportedby the IH-lH DQFCOSYcross-peakfor 13-OH/H-13,andthe

HMBCcross-peaksfor 13-OH/C-12,C-13,and C-14. The positionof 24-methylwasassignedby the IH-lH
DQFCOSYcross-peakfor H-12/H3-24.The assignmentsof 25-methyland 26-methoxywereconfirmedby
theHMBCcross-peaksfor H3-25/C-13,C-14,C-15andH3-26/C-3,respectively.

On theotherhand the presenceof meta-coupledaromaticprotonswassupportedby a IH-lH long-range
couplingfor H-21A-I-23(J= 2.9 Hz, observedin MeOH-d4).The 13CNMRchemicalshiftsfor quatemary
aromatic carbonsof C-19(5-c140.39s)and C-22(8c 149.27s) impliedthat twoOH groupsweresubstituted
at C-19and C-22. Theassignmentsof 19-OH(&-I7.62s) and22@H(6x-I8.82s) wereverifiedfurtherby the

HMBCcross-peaksfor 19-OH/C-18,C-19,C-20,and22-OHIC-21,C-22,andC-23. Thepresenceof these
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OH phenolic hydroxyl groups was also sup-
ported by oxidationof 1 in 1% methanolic
FeC13solution(30 min., r.t.). The connec-
tion between20-NH(8H 10.06s) and C-20
(& 125.90 s) was proved by the HMBC

Hd cross-peaksfor 20-NH/C-19,C-20, and C-

Although the methylene proton sig-
n nals from C-34 to C-37 were overlapped

inthe IH NMR spectrumnof 1, the assig-
n HMBC

nmentof the cyclohexenering was assisted
by the respective HMQC cross-peaks

Figure2. ThepartialStructureof CytorneninA (1) (Table1),andalsosupportedby analysisof
the IHJH ~FCOSY croSS-p&S from H-X3 m H-37and the HMBCcross-peaksfor H-33/C-34,C-35,C-

37. Thepresenceof the cyclohexenecarbonylgroupwasclarifiedby the HMBCcross-peaksfor H-33/C-31,
C-32;H2-37/C-31,C-32. This result was also suggestedby EIMSfragmentsmlz 109for C7H90andmlz 81
forC6H9.

Moreover,thedetailedanalysesof theremainingIH and 13CNMRsignals(%.27 171.64s;&u3-ArH8.49

S>%28 33.31S;~H-291.35m>*-29 16.68t; f$-t-3CI1.04m?5C-31316.45t), in combinationwith2D NMRsPec-
tra, confiied unambiguouslythepresenceof the l-aminocyclopropanecarboxylicgroupas describedas fol-
lows. First, the presenceof two vicinalcyclopropanemethylenes(C-29andC-30)was inferredby the IH-lH
DQFCOSYcross-peakfor H2-29/H2-30,anddemonstratedfurtherfromthe respectiveIH-13Ccouplingcon-
stant (bothwere ~CH165Hz) by INEPT (non-decoupling)data. Subsequently,the adjacencyof the cyclo-
propanering was suggestedby the HMBCcorrelationH2-29/C-28and H2-30/C-28.Finally,the connections
fromC-27to C-31via 28-NHwereprovedby theHMBCcross-peaksfor the 28-NHIC-28,C-29,C-30,andC-
31, and suggestedfurtherby the HMBCcross-peaksfor H2-29/C-27.Therefore,the aboveresultsprovided
evidenceof the presenceof a cyclohexenecarbonyll-aminocyclopropanecarboxylicgroup. The sidechain

wasconnectedobviouslyat the position11by theHMBCcross-peaksforH-1l/C-27 andH2-29/C-27.
Fromall the spectroscopicexperimentaldata describedabove,the structureof 1 waselucidatedto be a

novelmemberof the ansamycingrouppossessinga 21-memberedmacrocycliclactamring and a unique 1-
aminocyclopropanecarboxylicside-chain,as shownin Fig. 1. The structureof 1 was similarto mycotrienin
113except for the n-side chain. CytotrieninA (1) possesseda unique N-cyclohexenecarbonyl-l-amino-

cyclopropanecarboxylicgroupat C-11,whilemycotrieninII hada D-alanineunitat C-11.
Thegeomelryof the trienewasdeterminedas all E in viewof thecouplingconstantsofJ 4,5,J 6,7and

J 8,9,whichwere 15.6Hz, 14.7Hz and 15.0Hz, respectively.NOE’Swereobservedbetween15-Hat 6H 4.99
andH3-25at 8H1.60s. This result indicatedthat the geometryof the doublebondwas 14Z. The NOEdata

suggestedthe stenmchemistryat carbons3, 11, 12,13wassimilarto thatof (+)-mycotrienin11.4Thedetailed
investigationof the stenmchemistryis in progress.

CytotrieninB (2)5wasisolatedfroma morenon-polarportionthancompound1. TheEIMSspectrumof
2, whichdisplayeda molecularion (M)+at m/z 650, showedtwo more mass units than 1. The molecular
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formulaof 2 wasdeterminedas C3jIH50N@gbyHRFABMSdata [m/z651.3704(M+H)+for C37H51N208,A
+ 5.8 mmu], indicatingthe indexof hydrogendeficiencywas fourteen. The spectraldata of 25were similar

to thoseof 1. The IH NMRspectrumof 2 showedthepresenceof fiveD20-exchangeableprotons,the same
as in the case of 1. The13CNMR signalswereespeciallydifferentfrom 1 at 6c.31 176.43s, ~.32 43.69 d,
and &+.3329.23t. The analysesof 2D NMRspectraldata indicatedthat the structureof 2 had a cyclohexane

ringat C-31,and wasonlydifferentfromthe structu~ of 1 at theposition32 and 33. Namely,this resultwas
suggestedby the IH-lH COSYcross-peaksH-32to H2-37andalsosupportedby the respectiveHMQCcross-
peaks(Table1). Furthennom,the assignmentof thecyclohexanecarbonylgroupat 28-NH wasestablishedby
the HMBC cross-peaks for H-32/C-31 and 28-NH/C-31, Thus, the structure of cytotrienin B (2) was
determinedto be the structure2. By the samemeansof 1, thegeometryof the rnenein 2 was alsodeducedto
be all E andthe doublebondat C-14wasZ configuration.

This is the first examplein a seriesof triene-ansamycinantibiotics,demonstratingthat the compounds
involvea l-aminocyclopropanecarboxylicacid unit, suchas cytotrieninsA (1) and B (2). Both 1 and 2 are
clearly different from the tnene-ansamycinantibioticspossessingD-alanine such as mycotrienins,qor L-
alaninesuch as ansatnenins6at C-n. Thesecompoundswereconsideredto be a seriesof relatedbiogenetic
analogsof mycotrienins.qIt is interestin attemptingto studythe biosynthesisof 1 and2, especiallyfor the 1-
aminocyclopropanecarboxylicacidmoiety. Both1 and2 inducedapoptosis to HL-60cellswithED50values
of 7.7 nM, whichwere the samedose rangefor their growthinhibitoryactivities. Detaileddiscussionof the
biologicalactivitiesof 1 and2 willbe reportedelsewhere.

Acknowledgment:We aregratefulto Prof.H. Seto(TheUniversityof Tokyo),formycotrieninsI andII.
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