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Abstract: The first total synthesis of the naturally eccuning acexogenin (+)-rollinktatin 1 (1) has 
beenachieved.Ahighdegneofstereochemicalconvalintheconsauctionafthebis-THFsYslMlWBS 
accempkhed by chelation contmlled addition of fuactienatized ergancmetanic magealts derived from 5 
and 11 to a-r&my-alde.hydes 

(+)-Rolliniastatin 1 (1) belongs to the Annonaceous acetogenins,l a growing class of natural products 

with promising antitumor and pesticidal properties. Its isolation from seeds of rollina mucosa and structural 

characterisation was frrst reported in 1987.2 The relative configuration was established by X-ray structure 

analysis.2 From a structural point of view, rolliniastatin 1 (1) possesses a rare cis-zhreo-cis steretxtn~cure in 

the bis-tetrahydrofuran (his-THE) system compared to the more common rrans-three-tram pattern found e.g. 

in (+)-bullatacin 2.8 The crucial part in the synthesis of any of these natural products is the stereoselective 

elaboration of the bis-THF diol moiety. While we had already developed a stereoselective approach to related 

oligo-tetrahydrofurans with the relative configuration tram-three-tram,4 we focus here on the cis-three-cis 

stereostructure. So far in the class of bis-THF natural products the non-natural (-)-enantiomer of bullam& 

and a non-natural diastereomer of uvaricin6 have been synthesized by other groups.7 In addition, a few chiral 

building blocks suitable for the preparation of acetogenins have been tqorted.8 Described here is the first 

synthesis of (+)-rolliniastatin 1 (1). 

1 2 

(+)Rolliniastatin 1 (+)-Bullatacin 

The synthesis starts with the enantiomerically pure cis nitrile 3 available in 5 steps from L-glutamic 

acidP The nitrile 3 was converted into the corresponding methyl ester, which was reduced to the alcohol. 

Benzylation and desilylation gave access to the alcohol 4 (scheme 1). After oxidation to the corresponding 
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aldehyde, a CL@) catalyzed reaction with the Grignard compound 5 9 afforded the acetonide alcohol 6 

(stereoselectivity: 93/7). The stereochemical outcome of this reaction corresponds to our results in the zruns 

THF series.4 and can be rationalized by a chelation controlled reaction pathway. Stereoselective conversion of 

the aceton& into an epoxide, and intramolecular epoxide opening gave the tetmh~furan-dimer monoalcohol 

&I. The cis-three-cis stereostructure of 88 was proved by conversion to the C-2 symmetric dibenzyl ether 8b, 

tht symmetry of which was evident from the NMR spectra 

3 4 71% 

d e 

b,c 

Bn 

4 

+I 

4-i 

RO 

6 
78% 

a) i: NaOMe, MeOH: ii: L.iAHQ, ‘II-IF; iii: BnBr, W, iv: nBuqNF, THF, b) (COC!l& DM!JO, 
Et3N. CH$lz. -78oc; c) 5. CuBr l MQS. -78@Z. EQO, then addition of Alehyde. -7t3W + rt; d) i: 
HoAc. THF/IQO: ii: MesitylSO$I. pyridine, 0°C; iii: K2CO3. MeOR, e) HO& CH2CI2. rt; t) 
BnBr, DMP. 

Having completed the stereoselective construction of the bis-THF system, we focussed on the 

attachment of the lower side chain next. Swem oxidation of alcohol 8a followed by in sins reaction with decyl 

magnesium bromide and a second Swem oxidation produced the ketone 9 (scheme 2). This was 

stereoselectively reduced to the cryfhro alcohol with Zn(BH4)2 (stereoselectivity: 82/18). Subsequent t- 

butyldiphenylsilyl (TBDPS) protection and debenzylation provided access to alcohol 10 with the lower side 

chain now in place. 

Finally, the stereoselective introduction of the upper side chain was addressed. After oxidation of 10 to 

the txmsponding aldehyde, a Cu(1) catalyzed reaction with the Grignard compound 11 lo afforded the rkreo 

alcohol 12 (stereoselectivity: 95/5). The di-TBDPS ether monoalcohol 12 was desilylatcd and reprotected to 

yield the corresponding tri-t-butyldimethylsilyl (TBDMS) ether. The latter was debenzylated and the resulting 

alcohol was oxidized, via the akiehyde, to the acid l.3. Next, the unsaturated ~lactone moiety was introduced 

Towards this end, the dianion of the acid 13 was allowed to first react with PhSSPh, and then with (S)- 
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pmpcnoxidetogivc,aftcracidtreatmcnt,the lactonc 14. Oxidationofthethiocthcr 14tothcsulfoxidcand 

thermal eliiination were used to introduce the double bond. The thioether oxidation was best accompliShed 

with magnesium monopcroxophthalate (MMPP). Oxidation with m-chloro-perbenzoic acid (MC!PBA)6 gave 

considaable amountsofsulfanebyproduct.Atlast,deprotcctionwith5%HFinCH3CN~affordedthe 

target c4Hnpound (+)-rolliniastatin 1 (1). 
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aiJ i: Swan oxid., CH$2~, -78% additiar of 

Cl&lMgBr. ii: Swan oxid.. b) i: ik(BH32. Etfi, 
-78oc. ii: TBDPSCI, iii: Hz. PW, THP; c) Swan 

oxid.; (p CuBr x I+@$, E@O, -78°C. arklition d 1 I, 

-7tPC -> rt: e) i: nE&NF. THP, ii: TBDMSCI: iii: 

Hz, w, W, iv: Swm oxi& v: KMnO4. 

Na$WO4. t-B&H. Hfl; 9 i: LDA, PhSSPh,THF. 

@‘C; ii: LDA, (S)-propenaxidt. THF. (PC; then 

pTsDH; B) i: MMPP, THF, MCOH; them& tohme; 
ii: HF, CI+CN, TEIF. R. 

scheme,2 

Our synthetic 1 (mp. 78-80 Oc from acetone), [a]~~~ = + 250 (c = 0.51, CH2Cl2); lit2: mp. 81-83 Oc 

6-om acetone), [aID = + 25.20 (c = 1.03. CH2C12) was found by TLC , lH-NMR and 13-C-NMRlo to be 

identicaltothtnahuaUy occwing compound.11 The three-cis-threo-cis-crythro s7 ofrhebis-THF 

diol moiety is reflecti by its characteristic l3-C-NMR data. The six oxygen bearing carbons of this moiety in 
1 show resonances at 6 = 74.00 (C-15). 71.97 (C-24). 80.95.81.11, 82.90, 83.04 (C-16.19.20,23). In 

comparison to that, the 13-C-NMR spectrum of bullatacin 2 3 with the three-trans-three-tns-mythro 



stereost~pcture shows six resonances at 6 = 74.08 (C-15), 71.34 (C-24), 82.17.82.44, 82.75, 83.20 (C- 

16,19,20,23). 

In summary, tbe first total synthesis of (+)-rolliniastatin 1 (1) has been accomplished. This work 

unequivocally ptwes the absolute configuration of the natural product and conl%ms the assigment made on the 

basis of NMR measurements. 13 The synthetic strategy presented hem provides a convenient entry into other 

members of this class of biologically active compounds. 
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‘Ihe Grignard compound 11 was prepamA firm the enantiornerically pure bromide 15 9 using the following reaction 
scquenax 

BI a) * LB~I b) =_ 

15 16 

Qx/LPBn c) + TBDPS 
Bn d) 

* 11 

17 18 

a) NaCN, DMSO, 94%; ii: NaOW: LiAllQ, 78% iii: BnBr, NaH, DMF 83%: b) i: HOAc, 97%; ii: TsCl. Py: K2CO3. 
M&H. 77% c) TBDPSO(CHZ)gMgBr, CuBr x Me2S, 91%; b) i: TBDPSCI, 95%; ii: nBuqNF. THF. rt, 88%. iii: TsCI. 
p@Iinc. 93% iv: LiBr. THF, 93%; v: Mg, Et20. 
AU new compounds gave satisfactory analytical and spectral data according to their structunx Spectral information 
for synthetic (+)--tin 1 (1): 

IH-NMR (500 MHz, CDC13): 8= 0.86 (t, J = 7.4 Hz, 3H, CH3-34), 1.10-1.45 (m, CH2-(7-13.26-33)), 1.41 (d. J = 
6.9 Hz. 3l-I. (X3-37). 1.74-l.% (m, 8H. CH2-17,18,21,22), 2.18 (bs, lH, OH), 2.38 (ddt, J = 15.4X2/1.2 Hz, lH, 
Cm-3). 2.51 (ddt, J = 15.1/3.5/1.2 Hz, lH, CHH-3), 2.80 (bs, lH, OH), 2.92 (bs, lH, OH), 3.38-3.40 (m. lH, CH- 
15), 3.80-3.91 (m. 6H. CH4.16,19,20,23,24), 5.03 (dq, J = 6.9b.5 Hi, 1H. CH-36). 7.17 (d, J = 1.3 Hz, (X-35). 
13C-NMR (75 MHz, CJXl3): 8= 14.10 (C-34). 19.12 (C-37). 22.68.23.75, 25.56, 25.77, 26.01. 27.91. 28.45, 28.78. 
29.33,29.48,29.51,29.54,29.57,29.62.29.71, 31.91 (C-(6-13), (26-33). overlapping of signals at 29.5-29.7). 
3279,33.36,34.29, 37.43 (C-3,5,14,25), 70.02 (C-4), 71.97 (C-24), 74.00 (C-15), 77.94 (C-36), 80.95. 81.11, 
82.90,83.04 (C-16.19,20,23), 131.24 (C-2), 151.71 (C-35), 174.53 (C-l). The NMR spectra of synthetic (+)- 
rolliniastatin l(1) were identical with tbc NMR spectra of a natural sampleI rccor&d with the same NMR 
spectmnererandcorrespondedtothelite.mturedata.2 
We are. indebted u) Prof. G. R. Pcttit/Arizona State University for kindly providing a sample of natural (+) 
rolliaiastatin 1. 
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