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Abstract In the course of couplmg catharanthme 1 to vmdolme 2 the 3 borane complex of anhydrovmblasbne, a 

new dundole derrvative was isolated The structure of thts compound was studied by detailed NAM investfgatlons Full 

‘H and 13C assignments for both the 3 borane complex and anhydrovmblasfme are grven 

Vlncnstlne-vlnblastlne type dlindole alkaloids play an important role in cancer chemotherapy The plant Catharanthus 

roseus contains these naturally occurnng alkaloids, but only in minute concentrations Many efforts have thus been made 

to synthescze diindde compounds with the right stereochemlstry by coupkng the appropriate unks * Notably, the modlfled 

Polonovskl reactlon resulted In dllndole derlvatlves with the natural stereochemistry in 40-50% yidd 3 Recently Vukovic et 

al published a new and simple coupling method in aqueous medium In the presence of ferric chloride with even higher 

yield (77%) 4 

Here we report that under slightly mod&d conditions of the above reaction (room temperature, lower ferric ion con- 

centration, i-1 2 equ~v of NaBH,) anhydrovmblastine (AVLB) 4 is prepared with at least 80% yield when coupling 

catharanthine 1 to vlndoline 2 (Scheme) More importantly, when using extreme excess of NaBH,, the borane complex 3 

of AVLB IS obtained as the final product This compound has the advantage that R IS highly stable as opposed to the 

AVLB base, which IS known to be oxidized quickly and spontaneously by air oxygen Into leuroslne5 However, 3 could 

be stored at room temperature for weeks without the formation of detectable amounts of leuroslne or other sideproducts 

(see experimental section) The AVLB borane complex 3 may also be prepared under the usual conditions of the 

Polonovski reaction which, depending on the amount of excess NaBH, used, gave either the AVLB base 4, or the borane 

complex 3 The latter can be easily transformed into 4 using the common procedures Refluxlng 3 in methanol In the 

presence of Na2C03 gave the AVLB base 4 In quantitattve yield without any measurable leurosine contamination All this 

points to an obvious synthetic ut~hty of 3, and possibly of slmllar analogs 

Some previous examples of similar borane complexes of “monomenc” cleavamine derivatives were reported In ref 7 

(see below) The formation of an analogous BH, complex of the diindol deoxyvmblastne, with a dtierent synthetic 

aspect, was described in ref 8 This paper also gives a detailed ‘H NMR account of the latter BH, compound using 

decoupling methods and 2D J spectra, but leaving some ambiguities In the assignments (especially concerning assign- 

ments of a and b geminal proton pairs), and does not ghre finer stereochemlcal details 

Here we report full ‘H and 13C assignments for both the AVLB BH3 complex 3 and the AVLB base 4, obtalned by a 

concerted use of ‘H(“B) selective decoupling, ‘H{‘H) NOE difference measurements, 2D ‘H-‘H (COST) and 13C-‘H 

(HETCOR) shift correlation methods 

Assignment of the ‘H and 13C NMR spectra 

Considering the expected relative basicfly of the three sp3 nnrogens In 4 (relevant PK, values for some closely re- 

lated “dimers” were reported In ref 9) it seems plausible to assume that the BH, complexatlon site Involves N-4’ In the 

cleavamine unit rather than N-4 or N-l In the vindoline moiety However, it is noted that a) stenc Influences which may 
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doffer consklerably in d’fferent vinblastine-type denvatives may also play an important role In determining the complexl 

non site, b) in the present case the high stablrty of the borane complex 3 is unexpected in view of the observed bt 

havior of related “monomend borane denvatives, as reported by Kuehne and Zebovitz ’ (for details see below) Thus, s 

as not to make any a priorr conclusions regarding the structure of compound 3, and also to ga’n more insight into som 

of its stereostructural details. we have undertaken thorough NMR Investigations on this compound Furthermore, 

seemed desirable to obtain complete 13C and ‘H assignments on 3 in order to aid future structure determinat’o 
problems of similar denvatlves Naturally, the AVLB base 4 lends itself as an obvious analog for comparing It with 3 i 
terms of their NMR parameters However, we ran Into the problem that although 13C data for AVLB are known”. onl 

incomplete ‘H NMR assignments have up to now been reported381o which were inadequate for our purposes We hav 
therefore extended our investigations to the AVLB base 4, as detailed below 

The complete ‘H assignments, together with the detected scalar (CCSY) and NOE connectivd’es for 3 and 4 ar 

collected in Tables 1 and 2 (In the absence of an adequate plane of reference, for some protons in the cleavam’n 

half ‘a” and “p refer to the sites simply as depicted in F’gure 2) 13C chemical shifts are ksted in Table 4, some ‘H-II 
coupling constants are given in Table 3 

Comoound 3 

In order to maintain an approach as ngorous as possible during the structure determnatm, the ‘H assignments an 

most of the 13C assignments were carried out within 3 itself (using CDCI, as solvent at first). w’thout exploiting any pn 

viously published chemrcal shift data of relatively close analogs, such as those of v’nblast’ne” or vmdohne’* (As WIII b 

seen below. this “precaution” was well justdied) 
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Frgure 1 Upfreld region of the ‘H spectra (460 MHz) of compound 3, rn CDCI, 

and CsD, solutrons The Inset shows the effect of selective “B decoupling 

3 Gave a resonance at d -8 8 In the “8 NMR spectrum Sefectlve decoupling of this peak resulted in the sharpening 

of the broad hump at 6 1 59 in the ‘H spectrum in CDU, (see inset In Rg 1) This signal integrates to 3H, which readily 

verifies the presence of the BH, group on N-4’, or possibly on N-4 or N-l 

The ‘H assignments were arrived at by the concerted use of the observed J- and NOE connectrvrtres Scalar cou- 

plrng connectrvrtres wrthrn the different subsystems could be easily established from the COSY spectrum (The HETCOR 

map provides a direct preliminary knowledge of the location of the geminal ‘H-‘H coupling partners, which grves a con- 

17’a 

Figure 2 Proposed geometry (approximate) of the cleavamrne half of the AVLB 

borane complex 3 Some of the observed NOE enhancements are also indicated 

For clarity, unlabeled bonds denote H 





Vmca alkaloids and related compounds-LVI 1269 

‘abte 2 ‘H chemlcel shifts In CDCfs (25OC) end CsDs (25°C) together wfth the through-bond and through-space con- 

~ectivtties estsbffshsd from the COSY and NOE difference spectra, respecthrely, in the deavamlne of 3 and 4 

don 
3 4 3,4 
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3/?,21’a, 21’8. 19’. 14 [3’a, 17’a], 19s’, 18’. 14 
17’a. 14’ 17’a, 6/I, 5’j9,14 

CsDs 17’a, 14’,6$f, 5;6 
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CsDs 14’. 17’8.15 
19’ 
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4 
NOE connectivities NOE connectivities 
(in CDc13 and in C& where Indiuted) 

3’a. 9 
14’(17’a), 21-a, 3~.15’(17’a), S 14’. 21-a. S/3, fi 

17’8,6’&6’a), 5’a(6’a) 

6;6(17’8), [5’a,5;6(17~)], 9’ 

6’a, IO’ 

3’a. l7’a. 3j9, 15’, 922 
17’a, 192’. 18, 14’ 
17’a. 6’~(6’a)[+5’,P(s’a)],l~ 
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Small characters denote long-range (allyfc or ‘W”) J connectrvities or week (-x 1%) NOE enhancements Under- 

kned characters indicate NOE interacttons between the vlndoline and clesvsmtne untts The absence of NOE con- 
nections in an entry Indicates that the irradiation of the proton in question was not carried out Signals in 

parentheses refer to protons which were also saturated to some extent together wrth the entry proton due to over- 

lap, and may also cause the observed NOE Squared brackets denote overlapping signals that may all contnbute to 

the observed enhancements but can not be cfeedy designated to specific protons Bdd characters refer to srnsll 
negative enhancements a From decoupling (in 3) b Due to the crowded signets in the H2-5’,H2-6’ subsystem, rt 16 

dtfficult to attribute the interconnecting crosspesks to specfiic vicinsl couplings 

Table 3 Selected J(H,H) coupling constant: 

iz) in the cleavamlne of 3 and 4 
4 

proton pair : J 
15’,14 55 55 
17’a,17;6 156 155 
17’8.14’ 135 126 
3’a,3;6 14 132 
21’a,21’/3 162 167 
3.a.14 55 31 
3;6,14’ “1 “1 
17a.14 -4 22 

In the cleavemine unit the NH signet and H-15’ are readi- 
ly located Irradiation of the NH enhances H-12’. simple 

decoupling experiment6 then give the assignments of the rest 

of the aromatic signals Using H-15’ as a starting point, the 
entire H-17’. H-14’, H-15, H,-19’, H3-18’, H-21’, H,-3’ system 

can be traced in the COSY spectrum The remaining H,-5 

and H2-6’ protons are easily located in the HETCOR rnsp on 

the basis of the charactenshcally different C-5’ and C-6’ 

chemical shifts (Table 4) The geminal proton-pairs were 

ascribed to the appropriete a and p sttes by the fdlowing 

considerstions lrrsdlation of one of the H-17’ sfgnsls (6 3 00) 
gsve an enhancement on one of the H-6’ signals (S 3 17), 
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Table 4 13C chemical shifts for compound 3 and for 4’ m CDCi, 

Carbon 3 4 
C-2 831 833 
C-3 50 1 502 
c-5 499 502 
C-6 445 446 
C-7 53 1 533 
C-8 1230 1228 
c-9 123 1 1238 
c-10 1198 1212 
C-l 1 1578 1580 
c-12 940 942 
c-13 1529 152 7 
c-14 124 6 1245 
c-15 1297 1300 
C-16 795 797 
c-17 763 764 
C-18 89 83 
c-19 30 7 30 8 
c-20 426 426 
c-21 652 654 
c=o 170 Eb 170gb 
COOMe 52 1 522 
II-OMe 55 7 55 8 
NMe 382 384 
AcC=O 1715b 171 7b 

Carbon 3 4 
C-2’ 130 8” 1309 
C-3’ 52 0 45 8 
c-5 575 545 
C-8 21 9 25 7 
C-7’ 1130 1173 
C-8 129 6’ 1294 
c-9 1187 1183 
c-10 1227 1222 
C-11’ 1194 1188 
C-12’ 1103 1105 
c-13 1347 1350 
C-14’ 31 2 329 
C-15’ 122 0 1238 
C-16 54 7 554 
c-17 33 9 34 3 
C-18 117 123 
C-19’ 279 27 8 
C-20’ 135 3 1399 
C-21’ 61 4 52 1 
c=o 1739b 174 7b 
OMe 52 5 53 3 

a The 13C asslgnments given here for 4 agree wRhln 0 2 ppm with those reported in ref IO (The only exceph 

IS C-17’ and C-3’ which were wrongly assigned in reverse order in reference IO) b+z hke superscripts denote ten 

tive assignments 

which should therefore be ascribed to H-6’/?, and the irradiated proton to H-17;6, as Illustrated in Fig 2 (for more OI 

stereochemical detalis see below) The H-l7’&H+¶ NOE connection accords with that seen in VLB ” irradiation I 
17;6 also enhances the complex muitlplet at ca 6 3 84 which contains the overlapping H-6’a and one of the H-5’ SIC 

This NOE can be interpreted as reflecting a short H-l7j%-H-5’B interproton distance, and gives the assignment of t 

The assignment of H-17’p, H-6.p and H-5j9 automatically provides the iocatlon of the corresponding geminai part 

with reference to the C,H correlation map The observed H-9’--H-6’a NOE connection also locates HS’a - In accord 

with the aforementioned assignments (Assignments of the H,-5’ and H&Y protons were further substantiated by n 

urements undertaken In CsDs soiution - as discussed below) 

The Hz-3’ and H-21’ protons were asslgned by consldenng both the H-3’a--H-21’~ NOE connection and the pres 

of the H-3;8-H-21’B long-range “\IIp’ coupling 

irradiation of the BH, slgnai enhances most protons surrounding the N-4’ nitrogen. readily proving the site of 

plexation (Enhancements into the BH, protons were not observed due to their fast relaxation) We note that adec 

saturation of the BH, protons, with the required seiectnrity, could only be achieved by slmuitaneously also decoupim 

“B slgnai 

All NOE connectivities included In Table 1 and 2 but not specrfrcally mentroned above are conststent wtth the as 

ments gwen, and with the geometry as represented in Fig 2 (see also below) 

With the ‘H assignments accompkshed. most of the 13C signals are readily assigned (Table 3) from the HEl 

spectrum Assignments of the quaternary carbons were based on values reported for 15’,20’.-Anhydrodeacetyl-VLB ’ 
A comparison of the ‘H chemlcai shifts with data published on vinbiastme” shows deviations of the kmd 
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below) that prompted us to further secure our assignments of the H6’p, H-5/I, HS’a and H&Z protons For this reason, 

and also to conffrm the presence of the H-17;6--H-5/r NOE connection (which was not observed in VLB and has further 

stereochemrcal implicatrons, as WIII be discussed below), we sought to find a condition in which the HS’u, and H-5’/) 

signals (overlapping In CDCI-J are separated, but H-178 remains in reasonabfe isolation for 1D NOE work After several 

trial-and-error experiments, such a condrtion was achieved in pure CsDs at 46°C - see Figure 1 (In this case, although 

the H-~‘u and H-5;B signals are conveniently dispersed, the previously well separated HS’B and H-Su signals become 

overlapped, in a way the situation is the inverse of that found in CDCQ The ‘H assignments in CsDs (Tabfe 1 and 2) 

were readily arrived at with the aid of a HETCOR spectrum (Most of the 13C shffts in CsDs devfate by less than 1 ppm 

from those measured in CDC13, thus allowing ‘H assignments in a straightforward way) 

In CeD, Irradiation of H-178 gave an enhancement on the downffeld H-5’ signal (a 3 55), while no enhancement was 

seen on the downfield H6’ signal (6 3 87) (Table 2) These signals were thus ascribed to H-5/T and H6’a. respectrvely, In 

agreement with our previous arguments Moreover, Irradiation of H6’a gave a large NOE on H-9’ while It did not en- 

hance H-17;5 All this makes the assignments of the H,-6’ and Hs-6 protons grven in Table 2 unambiguous 

The ‘H (and 13C) assrgnments of AVLB were accompkshed by an entirely similar procedure to that outlined above 

for 3, details therefore will not be drscussed 

As for the ‘H,‘H coupkngs In 3 and 4, most coupling constants were directly extractable only for the vinddine halfs, 

these conform wrth data published earfier”~‘* and were therefore not included in Table 3 Unfortunately. in the conforma- 

tionally more intngumg cleavamine unds only few couplings were available (Table 3). mainly because of the non-frrst- 

order character of the H,-5, H2-6’ system (the problem being accentuated by ovedaps) 

Compartson of chemrcal ah&s 

Both the ‘H and 13C shrfts of the vindokne halfs of 3 and 4 show only insignfflcant deviations from those of VLB (as 

measured in CDC13”) or vrnddrne12P’3 On the other hand, as compared to 4 the 13C data of 3 shows pronounced dt 

ferences on the carbons surrounding the N-4’ borane complexatron srte d C-3’ and d C-21’ are shrfted downfield from 

their values in 4 by 6 2 and 9 3 ppm, respectrvely Interesingly, as compared to C-3’ and C-21’ the /?(SCS) (substrtuent-n- 

duced chemical shift) value of the BH, IS much less on C-5’ (3 0 ppm), presumabfy this stems from the BH3-to-H26 

geometrical arrangement being different from the BH3-to-H,3 and BH,-to-H,-21’ relatronships (Frg 2) (Similarly large 

deviations in the B(SCS) values involving N-oxides were observed earlier 14) In 3 6 C6’ is shfied 3 8 ppm upfreld relatrve 

to its value in 4 due to the y-gauche stenc effect of the BH3 

As seen in Table 2, the protons in the vicinity of the BH, group (notably the H,-3, H,-5, H2-6’ and H2-21’ protons) 

in 3 show pronounced drfferences relative to 4, also, these L\d values drffer wrdely for the drfferent protons, resulttng In 

large upfield as well as downfreld shifts in an apparently unpredictable manner 

A comparison of 3 with vmblashne requires some comment In both 3 and VLB the H2-6’ as well as the H,-5’ 

geminal proton-pairs show relatively large chemical shift drfferences 11*15 (For VLB d H-5jj=305, d H-5’a=346, 6 H- 

6’~ = 3 15, 6 H-6;6 =3 95 in a CsDs-CDCI, 3 1 mixture as reported in ref 11) In our case however, although these shift 

differences are practically retained in 3 (CDCl,), both the H,-6’ and H,-5’ gemrnal protons are assigned to the respectrve 

a and JT snes in reverse order relatNe to VLB (Table 2) This seems to be somewhat surprising, even when noting the 

constitutional and possible slight geometrical differences between 3 and VLB Drfferences between the chemical shafts of 

the above protons are less consprcuous when 3 IS compared to Its direct analog AVLB 4 Still, rt IS noted that the H,-21’ 

geminal protons “swap” their chemrcal shifts in 3 relatrve to 4 while the H,-3’ protons do not, desprte the fact that both 

geminal pairs are geometrically similarly srtuated wth respect to the BH, group (Fig 2) All this reflects the complex 

anistroprc, VdW, etc influences of the BH, group exerted on these protons, which IS compounded by the effects of 

possible small alterations in geometry with respect to 4, and illustrates the drffrcultres met when tryrng to base ‘H assrgn- 

ments simply on comparatrve chemical shrft arguments 

Stereochemrcal consrderatrons 

The malonty of our NOE results in 3 and 4 (ncludng those reveakng the refatrve positions of the two units in both 

compounds) match those reported for VLB by Hunter et al “, indicating a fair degree of simrlanty between the three 

derivatives in terms of conformatronal details In the vindokne moieties, one notabfe feature IS that the OH proton gave 

clearly observable NOES Into the H-3p and H-w protons (“3% each) in both 3 and 4 These NOES indicate directly that 
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“twuRK_-X” 

Figure 3 Proposed geometry of vlnbiastine (unlabeled bonds denote H), and the 

“natural” and “unnatural” conformations (idealized representations) of PO-Desethyl- 

drhydrodeavammes Ail structures have been redrawn by us with slight mcdlfications 

from&s lland7 

the OH proton spends a conslderabie part of its lifetime being H-bonded to the N-4 nitrogen Although this feature of the 

OH, as being reflected in its large chemical shift, was pointed out by Hunter et al for VLB”, in their case the above 

NOES were not seen unambiguously 

As for the cieavamine parts, the deduced stereochemistry of 3 is well secured by the avarlable set of spat&l connec- 

tmties (Fig 2 illustrates the approximate geometry of the cleavamine unit, together wRh some of the most informative 

NOE enhancements) In this regard an interesting aspect of the conformational possibrkties is to bs considered In the 

case of C16-Cl4 Pref 20-Desethyidihydrocleavamine and C16-Cl4 Parf 20-Desethyldihydrocleavamme Kuehne and 

Zebovitz described the so called “natural” and “unnatural” conformations of these compounds’, as illustrated in Fig 3 

These conformers are interconverted by the inverslon of the prperidine nng and, for the above compounds, were 

separated by an exceptionally high energy barrier which permitted the Isolation of the “unnatural” conformer at room 

temperature via a suitably designed synthetic route Upon heating, the “unnatural” conformation converted into the ther- 

modynamically stable “natural” one Interestingly, for the above “monomers” it was the “unnatural” conformation whrch 

gave rise to a stable Nb BH, complex, while the borane complex of the “natural” conformers proved to be highly un- 

stable, quickly decomposing into the corresponding amine In our case, however, the cleavamine untt in 3 (as well as in 

4) IS In the “natural” conformation which is, on the one hand, obvious from chemical reasons (treatment of 4 ‘drrectiy 

with NaBH, also gave 3). and IS also clearly reflected by the estabkshed NOE connectrvities (see also below) Yet the 

borane complex 3 possesses high stabikty which Is somewhat surprising in view of the behavior of the above mentioned 

“monomeric” derivatives (Indeed, this presents an apparent contradiction which was one of the reasons that necessitated 

an elaborate structural investigation of 3) All this shows that such diindoles may exhibit dramatically drfferent chemical 

behavior from the corresponding “monomers” 

It is further noted that In 3 (Fig 2)(as well as in VLB”- Fig 3) the N-4’ nitrogen IS inverted wkh respect to the way 

the stereostructure of the “natural” conformatron of the above “monomeric” cleavamines was described in ref 7 (Frg 3) 

[For the latter, the Nb nitrogen lone pair was inferred to be p and axial (with respect to the pipendine ring) with reference 
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to the pronounced Wenkett-Bohknann bands observed in the IR spectra of these compounds] We can refer to these 

stereostructures as “natural-y” and “natural-x”, respectively (Fig 3) In the “natural-x’ geometry, as compared to that 

shown in Fig 2 (“natural-y’) the HB;B-H-17’/T distance becomes tco long for NOE to be observed between them, whrle 

the H-5’a--H3’ag distances decrease so that they are likely to allow the detection of the relevant NOES In 3 the NOE 

found on H-9’ upon irradiating the BHs signal, together with the observed HS;B-H-17j3 NOE connection, are perhaps the 

most conspicuously irreconcilable with either a “natural-x” conformer (and thus having a /I BH, group), or with an en- 

visaged “unnatural” conformer (which, in this case, could result from a half-chair to half-chair pseudorotation of the an- 

hydra-pipeddine ring) In fact, by attributing either of the tatter two stereostructures to compound 3 (as opposed to the 

geometry indicated In Fig 2) the internal consistency of our assignments and that of the observed set of NOE connec- 

trons would break down As for the base analog 4, the presence of the H-5’/T-H-l7’/I NOE connection could not be ob- 

served unambtguously due to the highly crammed character of the He-5’, He-5 subsystem (As opposed to 3. we could 

not Improve the situation in this regard, despite using different solvents) Therefore, conclusions concerning the confor- 

mation of the nine-membered ring and the Nb nitrogen are In this case less dear-cut Nevertheless, three pieces of 

ewdence seem to support the stereostructure of 4 being analogous to that of 3 (“natural-y) a) the geminal J(H-2l’a,H- 

21’8) and J(H-3’a,H3;6) coupkngs are both relatively large, indicating the equatorial (I e in this case a) position of the 

N-4’ lone pad6, b) In accordance with this geometry, no Wenkert-Bohlmann bands are observed in the IR spectrum of 4 

(as opposed to the relevant “monomeric” derivathres wrth the “natural-x’ conformation), c) in 4 H-9’ gives a 5% NOE Into 

H6’a and no NOE into H+, whrch compkes well wrth the pertinent enhancements in 3, and therefore accords wrth a 

similar conformation of the cleavamine part, also, no Hb’a-H3’a NOE connection is observed which could be as- 

sociated with the “natural-x” geometry 

For VLB, the preferential conformation of the nine-membered ring (hg 3) was estabtished from the analysis of the 

NOE experiments and ‘H-‘H coupling constants ” In our case, the H-S’B--H-17,8 and H-5j5--H-17jS NOE connectrons in 

3 (the latter through-space connectivrty was not present in VLB) indicate that there IS a slight departure in the 

predominant conformation of the none-membered ring relative to that in VLB (cf Fig 2 and Fig 3) [For precesion’s sake, 

an alternattve explanation could be that the conformational equilibrium of the mobrle nine-membered ring IS altered so 

that, in addition to the conformer involving a short He/?--H-17;8 distance, one assocrated wrth a short H-5/3--H-17/r (but 

relatrvely long H3j!T--H-17’~ distance also becomes appreciabfy populated] In any case, the proposed geometry is fur- 

ther supported by the small negative enhancement (three-spin effect) on H-9’ from both H-5’a and H-fYp Thus shows the 

presence of the Hd’a--H-S’a-9’ and H-fYB_-H-S’a-9’ cross-relaxation pathways, netther of which must deviate significantly 

from kneanty Such a conformer involving a short H-5’/?--H-17’8 drstance is dearly destabilized in VLB by the stenc Inter- 

action between H-5’~ and the B axial 29’-OH group, while for 3 a preferential conformation similar to that of VLB IS un- 

favored because of the NBHsc -> Hd’a repulsion Unfortunately, for both 3 and 4 the non-first-order character of the 

H,-5’, H,S’ system prevented us from obtaining a reliable set of coupling constants, and thus from gaining more insrght 

into the ring-geometry through the calculation of dihedral angles 

As mentioned above, in the “natural” conformatron of “monomeric” cleavamrnes, the Nb lone pair was depicted as 

being #I and axial (Frg 3) ’ Also, the authors explain the drfferences in chemical behavior (such as the relatrve stabrkty of 

the respective BH, complexes) between the two conformers in terms of the Nb lone pair being equatorial in the “un- 

natural”, while axial In the “natural” isomer It is rnterestrng to note that in the light of the present study these observa- 

tions indicate that the cleavamine unit may behave very drfferently in VLB-type dimdoles and “monomenc” cleavammes, 

both conformationally and chemically 

Experrmental 
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0 3 mmoi) in methanoi (6 cm3) at 65OC for 3 hours The reaction was controlled by TLC, after 3 had disappeared, 4 (98 
mg) was prepared in 100 % yield 

A15’20’-Dehydroxyvinbiastine (anhydrovinbiastine) borane complex 3 

a) Excess of sodium borohydnde (1 g, 26 mmoi) was used Apart from this the reaction was carried out under the 
same condrtions as used for the preparation of 4 when starting from 1 The crude product (410 mg) was purified on 
slkca column (eiuent = tduene acetone methanol cc ammonium hydroxide = 138 49 10 2 5) Fractions con- 
tarnin 

b $ 
3 were evaporated (290 mg, 76 3 %) and crystaiiized from acetone (210 mg, 43 7 %) 
(Via Poionovski reaction) Catharanthine 1 hydro ensuif te (140 mg, 0 322 mmoi) was dissolved in 

drchioromethane (25 cm3) in the presence of diethyiamine 005 cm ? ! After 10 min stming at room temperature, 3- 
chioro-peroxybenzoic acid (80 m 

pwa’ 
0 463 mmoi) In 2-butanone and vindoiine 2 base (150 mg, 0 328 mmoi) in 

drchloromethane were added dro ss at -30°C The reaction mixture was cooied to 65°C and trifiuoro-acetic anhydride 
(0 3 cm3, 2 1 mmoi) was added After stirring for 2 hours at 65OC the mfxture was evaporated and the restdue was dis- 
solved in dichioromethane (5 cm3) The sdution was combined with a suspension of sodium borohydride (500 mg, 13 
mmoi) and ethanol (1 err?) The pH was adjusted with diethytamine (pH = 9-10) and the reaction mixture was washed 
wrth water (2 x 5 cm3) The organic phase was dried over sodium sulfate and evaporated The residue (300 mg) was 
punfred In the same way as above After crystaiiizing from acetone 3 was obtained (100 mg, 0 124 mmoi) in 385 % yield 

IR (KBr) 1740 cm-’ 
MS FAB m/e 807 ( d 

C=O), 22502240 cm-’ (BH3) 
+), m 733, 717, 541, 351 

Stabriity investigation on AVLB 4 and its borane complex 3 

Both compounds were stored at room temperature in dosed phiais for a week The samples were examined every 
24 hours 1 0 M of both 4 and 3 was dissolved in 0 5 cm3 dichloromethane and small amounts (I, 5 and 10 ui) were 
rnveshgated by $ LC After 24 hours the base 4 had already partially decomposed, and ieurosine appeared in ca 30 % 
After 48 hours the white c stais of the base 4 had changed into eiiow-brown and the amount of ieurosine had In- 
creased to 50 % The AVLB ‘y; orane complex 3 remained unchanged dv uring the whoie week 

NMR spectra 2f the borane complex 3 were recorded on a Bruker AM-400 spectrometer operating at 400. 100 and 
128 MHz for ‘H ’ C and “B nucier, respectively, wsh internal deuterfum lock at ambient temperature (25’C) in CDCI 
and at 40°C in C D NMR measurements on the AVLB base were carried out on a Varian VXR-300 instrument (300 M& 
for ‘H and 75 MAz$r 13C) at 28°C in CDCi3 Chemical shifts are grven relative to 6TMS =0 00 ppm The COSY (COSY- 
98, magnitude mode), HETCOR and NOE expenments were recorded by usrng the standard spectrometer software pack- 
ages The HETCOR experiments were run with ‘H decoupimg in the F, dimension l7 NOES were measured in 
nondegassed samples, typically 2 5 s pm-irradration times were used (NOE intensrties dM not appear to vary signrficantiy 
with ion er saturation periods, in accordance wsh the short cross-relaxation times assocrated with a molecule of this 
size) Fi 8, s were exponentially multipiled prior to Fourier transformation (LB = 1 Hz) Subsaturating irradiation power 
levels were vaned [53-62L DLP=25-30 (Varfan)] according to target-signal widths to achieve good seiec- 
tlvrty For the same reason, the BH, signal was carried out wrth simultaneous llB decoupling 
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