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Sztmmary. The total assignment of the 1sC-shifts of thc complex Vi'irrclr rosca L. alkaloids 
vincaleucoblastine, leurosidinc and leurosinc and ol a synthctic isomer of the latter is presentcd. 
The structure of leurosidine is corrected and a tcntative structure lor the acid-catalyzcd product 
of isomerization of leurosine is proposed. 

A recent 1%-NMR. spectral analysis of As+idos$erma alkaloids [2] included a 
discussion of vindoline, which not only is a natural base but also represents one half 
of the complcx structures of indolc-indoline alkaloids, viz. vincaleucoblastine (VLD), 
(l), leurosidine (2) [3] and leurosine (3). As a consequcnce the carbon shifts of the 
vindoline portion (i.e. the indoline portion) of the 'dimeric' alkaloids 1 and 3 wcre 
assigned fully, while the velbanamine portion (i. e. the indole portion) was dcscribed 
only in terms 01 the shifts of the indole ring, the methyl group and the non-protonatcd 
carbons, The W-NMR. analysis of the methylenes and methines oi the indole half 
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1) For park XXXI scc [I]. 



HELVETICA CHIMICA ACT4 - Vol. 58, Fasc. 6 (1975) - Nr. 172 1561 

of these substances had to await higher resolution of the spectra and the acquisition 
of proper models. The following discussion prcscnts ticw data which permit complete 
shift assignment of VLB (1) and leurosine (3) and correction of the structure 2 for 
leurosidine. 

The piperidhe derivatives 5 and 6 were nccdcd for tlic study and were prepared 
in the following manner. N-Ethylation of P-ethylpyridine and sodium borohydride 
reduction of the resultant ethiodide yielded 1,3-dicthyl-3-pipcridcinc (4). Epoxida- 
tion of the perchlorate salt of the latter gave oxide 6, whose reduction with lithium 
aluminum hydride afforded 1,3-diethyl-3-piperidinol (5), also prepared by the 
treatment of 1 -ethyl-3-piperidone with cthylrnagncsium iodide. 'I'hc proton noise 
decoupled and single-frequency, off-resonance decoupled (sford) spectra of compounds 
4, 5 and 6, 1-ethylcyclohexanol (7) and l-ethyl-l,2-oxidocyclohexane (8) were re- 
corded. The carbon shifts are denoted on the formulas. The shift assignment of 
alcohol 7 is based on the expected shift pcrturbation of cthylcyclohexanc [4] on 
introduction of an axial hydroxy group. The P, values of  piperidinol 5 depend on the 
shifts of alkylpiperidines [51 and thc shift parameters evaluated for 7. The signal 
allotment of oxide 8 follows from the known shifts of cyclohcxcnc oxide 161 and thc 
shift designation of 6 relies on the shifts of 5 and the shift differences noted hctween 
7 and 8. 

4 5 6 

255 19.7 27.0 

7 8 

The earlier W-NMR. spectra of VL13 (1) [Z] had exhihitcd an extraordinary 
difference of signal clarity between the mcthylenes and tetrahedral methincs of thc 
vindoline half and those of the velbanamine portion of thc alkaloid. Thus, whilc thc 
vindoline lines were sharp, the velbanamine signals wcrc broad and on occasion YO 

diffuse as to prevent their recognition. The difficulty associated with line broaden- 
ing, presumably due mainly to the conformational flexibility of the large ring in the 
velbanamine unit and the proximity of thc coalescence tempcraturc of the conformer 
interchanges to that of the 13C-NMR. experimcnts, was overcome in part by the 
acquisition of spectra at higher field strength, at 0 . 1 0 ~  concentration and at 33-38'2). 
With all the Chemicdl shifts of VLB (1) thus in hand, it is possible to allocatc thc! 
heretofore ambiguous mcthylene and mcthine resonances o I the velbanamine unit 

2) It is difficult to attain perfcct conditions since VLU is (p i to  insoluble at low tempcraturcs 
and decomposcs at elevatcd temperaturcs. 

__ 
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of the alkaloids). The methine, C(l4'), is uniquc. Whilc C(2l') is predictably the most 
dcshielded aminomethylene, differentiat ion of the remaining aminomethylenes, C(3') 
and C(5'), rests on the shift data of monom&, velbanamine-lik: alkaloids [7]. The 
C(6') shift is distinguished from the A values o l  thc othcr three methylenes by the 
greater residual coupling exhibitcd in a sford spectrum in which thc dccoupler was 
placed at  the upficld end of the proton envelopc [HI. The C(lS'), responding to many 
@-effects with few mitigating y-effects, is expected to be the farthest downfield 
mcthylcne. The remaining two mcthylcncs, C(17') and C(19'), posscss identical 
chemical shifts. All 6 values of VLB (1) are listcd in the Table. 

Tablc. 18C-ChernicaZ SAijis *) 

1 b) 11 3 17 l b )  11 3 17 

ciifij 
C(17) 
C(18) 
c (19) 
C(20) 
C(21) 
c-0 
OMe 
AC C:..O 
Ac Me 
Ar OMc 
NMc 

83.0 83.1 83.1 
50.0 50.2 50.2 
50.0 50.2 50.2 
44.3 44.5 44.5 
52.9 53.1 53.1 

122.6 123.0 123.0 
123.1 123.4 123.4 
120.4 120.4 120.4 
157.8 157.6 157.6 
93.9 94.0 94-0 

152.5 152.8 152.8 
124.3 124.3 324.3 
129.7 129.7 129.7 
79.3 79.5 79.5 
76.1 76.2 76.2 
8.1 8.3 8.3 
30.4 30.7 30.7 
42.3 42.6 42.6 
65.2 05.5 65.5 

170.6 170.7 170.7 
51.8 51.9 52.1 

171.4 171.4 171.4 
20.7 21.0 21.0 
55.3 55.7 55.7 
m n  38.2 38.2 

83.3 
50.4c) 
50.6 ") 
43.5 
52.6 

124.0 
122.9 
118.9 
157.7 
92.9 

1.53.3 
124.0 
129.8 
73.3 
76.2 
6.8 

30.5 
42.5 
66.3 

170.5 
51.7 

171.5 
20.9 
55.6 
38.1 

C(2') 
C(3') 
C ( S )  

C(7') 
C(8') 
(79') 
C(1.0') 
C(11') 
C(12') 
C(13') 
C(14') 
C(15') 
C(16') 
C(1.7') 
C(1.8') 
C(19') 

C(6') 

C(20') 
(721') 

130.9 
47.5 
55.5 
28.7 

115.9 
129.0 
118.1 
122.2 
118.8 
110.2 
3.34.7 
29.2 
40.0 
55.3 
34.1 
6.7 
-34.1 
68.6 
63.1 

174.6 
52.0 

1.30.2 
43.9 
53.99 
21.4 

116.8 
128.9 
117.9 
122.0 
11 8.6 
110.2 
134.5 
29.8 
40.4C) 
55.4 

7.1 

71.8 

173.9 
52.1 

35.1. ") 

38.5e) 

55.5 d) 

130.7 132.1') 
42.3 
49.6 
24.6 

116.7 108.9 
129.1 128.7 
118.1 117.2 
122.2 121.2 
118.4 118.9 
110.3 110.2 
134.6 134.4 
33.5 
60.3 
55.3 133.1') 
30.7 142.2 
8.6 6.8 

28.0 
59.3 73.9 
54.0 

174.1 160.0 
52.3 52.0 

8)  In parts per million ciowniield from TMS; 8(TMS) - d(C13ClB) + 76.9 ppm. b) Scvernl rJ 
values differ from and supersedc thosc recorded in thc piildicatiotl cited in 121. ") a) ") Signals 
may be intcrchanged. 

Whilc the velbanamine model 5 possesses conlormation 9, the pipcridine ring of 
the velbanaminc half of VLB (1) can be reyrcscnted in principlc by conformations 
1Oa and/or lob. The lower basicity of the pipcridino nitrogcn in VLB (1) as compared 
to the same site in othcr indole-indolinc alkaloids has bcen considercd to reflect intra- 
molecular hydrogen bonding with thc HO-C(Z0') group [3], 8 phenomenon possible 
only in conformation 10a. The close ctmespondcnce of the shifts of C(18'), C(19')' 
C(Z0') and C(Z1') of VLB (1) and those of likc carbons ol piperidinol 5 substantiates 
the strong prepondcrance of conformation 10 a lor the alkaloid. 
3) Thc d values of C(3') and C(15') vary as much as up to 1 ppm under different experimcntnl 

conditions. 

_ .  
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In contrast to the W-NMR, spectra of V I A  (1) those of lcurosidine (2) exhibited 
no linewidth difference between the signals of its vinclnlinc portion and of its otlicr 
half. Hcnce it was possible to recognize unambiguously the multiplicities of all forty- 
six carbon atoms and their identity with those of VI.13, thus making formula 2 un- 
tcnablc. The shifts of all vindoline carbon atoms, tlic indole rnoicty and C(1G’) and 
its attached methoxycarbonyl group are nearly identical in leurosidine and VLB (1). 
I n  view of thc presence of a nun-protonatcd oxycarbon atom with shift characteristics 
similar to thosc of the equivalent centcrs in models 5 and 7 as wcll as in V1.R (1) and 
in light of the similarity of the methyl shift of thc ctliyl group with that in 1, 5 and 7 
leurosidine is the 20‘-epimer of VLH (l), i.e 11 (cf. tlic Table), a fact substantiated 
recently by the epimerization of VLB (1) into lcurositline 11 [9]. I t  is noteworthy that 
the lack of clos:: correspondence of the methyleae shifts of the vinrosaIninc (non- 
vindoline) portion of leurosidine 11 with tliosc of V I A  (1) precludes idcntity of the 
piperidinc conformation in the two alkaloids. As a conscquencc the methybne shift 
assignment can bc considered to be only tentative cxccpt for the identification of 
C(6’) by the means used for this carbon in VLR (1) (vide supra) and for the dif- 
ferentiation of aminomethylenes from the remaining methylene pool by tltc same 
technique. 

11, Ar = 10-vindolyl 12 

Previous chemical and spectral investigations of hrosine (3) have shown the 
alkaloid to be a dehydro-VLB ether [lo], a fact confirmed by the aforc-mcntioned, 
partial 13C-NMR. analysis [2]. The fortnation of cleavaminc 12 by a reductive, hydro- 
lytic cleavage of the natural base and the liberation o l  15,20-~1il~ydrocleavarnine by 
Raney-nickel-reduction of the alkaloid followed by hydrolytic scission [lo] indicatcd 
that the othcr oxide tcrminus besides C(20’) had to he : ~ n  easily reducible site, rcquir- 
in$ thc incorporation of a carbinol aminc ethcr, bcnzyl ether or epoxide unit. The lattcr 
functional group was advanced on the basis of the yrothct of thc treatment of leuro- 
sine (3) with acetic add  having been assumed t u  be a vicinal hydmxy acetate 1111. 
I n  the earlier W-NMR. study 12) the oxycarbon shift, anomalously upficld 01 ihc 
C(20’) regonance of VLB, was attributed to C(20’) ol leurosine (3) being part of :i 
small, strained ring system. Thc present reinvcstigation of the 13C-NMR. spectra of 
the alkaloid showed thc remaining oxycarbon to be a methine at 60.3 ypm, an 
extraordinarily high-field, oxymethine position and hence interpretable only in terms 
of the oxycarbon being part of an epoxide unit. ‘ I l x  lattcr is confirmed by the 
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C(W)-H(15’) coupling constant of 3.70 f 5 H z ~ ) ,  a J value at  least 15 HI. grcater 
than the constants for larger cyclic ethers l;4] and compatible with.1Jc-U = 172 f 3 Hz 
for aliphatic epoxides [4]. 

The assignment of the as yct undesignated carbon shifts of leurosine (3) (cf. thc 
Tablc) is based on the VLB (1) shifts and the shift perturbation evaluated from the 
shift difference of modcls 5 and 6. The amazing similarity of the 46(6-5) and Ad(3-1) 
values, depicted on formulas 13 and 14, respectively, indicates an equal disposition 
of the substituent on thc piperidino nitrogen in the mod& and the alkaloids. Since 
the N-ethyl group of the modcls must be equatorial, C(5‘) of leurosinc (3) has a similar 
orientation. 

+1.7 

-6.4 t 23.8 - 5.2 + 20.3 
+ 3.7 

13 14 

Repetition of the afore-mentioned treatment of leurosine (3) with acetic acid [ll] 
or, morc cfficiently, short treatment of the alkaloid with sulfuric acid yielded as 
major product a substance isomeric wi th  lcurosine (3). The W-NMR. spectra of the 
new compound show the vindolinc portion to have remained intact (4. 17 in thc 
Table). A low-frcquency carbonyl absorption band and a high-intcnsity, low-wave- 
length maximum in the IR. and UV. spectra, respectively, absent from the spcctra 
of leurosinc (3), reveal the presence of an acrylic ester unit. This chromophorc is 
verified by the high-field ester carbonyl resonance in the 13C-NMK. spcctra and the 
appearance of two new, olefinic signals charactcristic of an a,&disubstituted acrylate 
moiety [lZ]. The 1H-NMR. spectrum exhibits the signal of the mcthyl group of the 
non-vindoline ethyl group at  extraordinarily high field, indicative of the immersion 
of the methyl group in the shielding cone of a n-bond system. Thc closc similarity 
of the carbon shift of the same group with thc mcthyl shift of VLB (1) and leurosidine 
(11) and the presence of a non-protonated oxycarbon signal in the region of the C(20‘) 
resonances of 1 and 11 reflect the presence of an ethyldialkylmethanol unit in the 
leurosinc isomcr. The 13C-NMR. data show that thc isomcrization lcavcs the indole 
ring, three aminomethylenes (in the isomer at 51.4, 57.8 and 58.5 ppm) and two 
methylenes (now at 23.5 and 33.1 ppm) intact, while removing the oxymethhe of 
leurosine (3) and generating an additional methine (isomer metliine shifts of 33.5 
and 47.8 ppm). Furthermore, the distinct aromatic shift changes especially at C(lO), 
C(2‘) and C(7’) indicate that not only has thc cpoxidc suffcred dramatic alteration, 
but also the bonding configuration around C(16’) has experienced major modification, 
All these facts are in agreement with tentative structure 17 for the synthetic isomer 

4) Thc unccrtainty of the valuc stcms from thc cxtcnsivc signal widths of thc mcthinc doublet 
componcnts duc to two- and thrcc-bond coupling interactions and the partially ovcrlapping 
multinlet components of the 54.0 and 65.5 pprn signals. 
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of leurosine (3), if it be assumed that the aIkaIojd possesses an a-cpoxide unit (cl. 15) 
and rearranges according to the following scheme5). 

15 

16 

Ar = 10-vindolyl 17 

Experimental Part 
W - N M R .  Expcrimerrts. The carbon shiIts dcnoted on tho lormulas ant1 in the Table wcre 

recorded on a Vuvilrn XL-100-15 spcctromcter opcrating at 25.20 Mllz  in t h e  Fouvier transforrn 
mode. The 8 values purtraycd on formulas 4-8 rcfcr t o  dcuteriocliloroform solutions; d ('I'MS) 
6 (CDCls) 4- 76.1) ppm. d Values aro given in ppm, J values in 'Hs. Stars on the formulas indicate 
permissiblc signal reversal. Tlie IaC-NMR. data on lenrosidinc (ll), leurosine (3) and leurosine 
isomer 17 were obtained at 25-.309 on 0.07 M, 0 . 1 ~  and 0 . 0 4 ~  concentration, respcctively. 

1,3-Daethyl-3-~i~erideine (4) [14). Ethyl iodide, 40.0 g, was addcd slowly to a cooling solution 
of 21.4 g of /?-cthylpyridine in 500 ml 01 cthanol ant1 thc: mixtiire thcn refluxed for 4 h. Thc 
mixture was evaporated undcr vacuum and the rcsirliie trcated with ether. Crystallization o f  thc 
resultant precipitate from ethanollethcr yieldcd 28.0 g 01 hygroscopic 1,3-diethylpyridiniurn 
iodide. Sodium borohydridc, 15.0 g, was added slowly to a solution of 18.0 g of thc salt in 250 ml 
of methanol and the mixture stirred at room fcmycrature (la) €or 12 k. The solvcnt was evap- 
orated undcr reduced pressure, saturatcd brinc solution was added and thc mixture extractcd 
repeatedly with ethcr. The extract was dricd over sldium sulfstc and evaporated under vacuum. 
Distillation of the residue yielded 11.0 g of air-unstable 1,3-diethyl-3-piperideinc (4) : b.p. 95"/ 

(m, 8, rnethylcnes); 2.78 (d, 2, J = 2.4, ally1 NCHa), 5.32 (m, I. olcfinic 1.1). - Crystallization of its 
pcrchlorate from acetonc/ethcr gave colarlcss crystals: 1n.p. 71-72'. - 1H-NMR (CDCla) : 1.03 

6) The dcprotonated form of 16 has been shown to be the alkaloid vincathicine as wcll as another 
product of the acid tnrtment of leurosine (3) [13]. 

45 TOIT. - 'H-NMR. (CDCls)! 1.00 (8, 3, J = 7, Me of Et); 1.12 (t, 3, 3 = 7, Mt: Of N-Et); 1.7--2.7 

-, 
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(1 ,  3, J = 8, Me of Et); 1.44 ( t ,  3, J = 8, Me of N-Et); 2.02 (q, 2, J = 8, CH2 of Et); 2.45 (w, 
2,5-CHz); 3.0-3.8 (m, 6, niethylencs); 5.55 (m. 1, olefinic H). 

C9Hl6CIN04 Calcd. C 45.9 F1 7.50 N 5.84% Pound C: 45.13 H 7.59 N 5.81% 
?,3-Didhyl-3,koxy~iperidine (6). m-Chloroperboneoic acid, 8.0 g, was added slowly to a 

solution of 8.0 g of 4perchloratc in 500 ml of dry chloroform coolod at 0" and the mixture stirred 
for 12 h. Thc precipitated m-chlwobenzoic acid was filtered off and tlic filtrate evaporated under 
vacuum. Tho residue was wmhcd with ethor, treatcd with sodium hydrogcncarl~onate in only 
1 ml ol watcr and cxtritctcd exhaustivcly with ethor. The cxtract was dried and evaporated under 
reduced prcssurc. Distillation of thc rcsitlual. oil gavc 4.0 g of colorlcss, liquid epoxide 6 :  b.p. 
95"/25 Tom. - 111-NMR. (CDCIs): 1.05 (t,  6, ./ = 8, Mezz); 0.7-3.1 (m, 11, OCIX, mcthylencs). - 

7,3-Dielhy~-3-Biperidinol(5). Asolution of 300 rng of epoxide 6 in 10 rnl of dry ethcr was added 
slowly to a stirring suspension of 200 rng of lithium ahminuin liydride in 20 ml of ethcr uiiti the 
mixture stirred at 1.1'. for 12 h. A niiniinurn amount of witcr for the tiecomposition of exccss 
liydride was added, the cthcrtsa.1 solution dccantcd anti the qucous  solution cxtractcd with ctlier. 
Thc combincd ethcr solutions WCTC dried and cvaporitcd undcr reduced prcssure. Distillation of 
t h c  reaiduc at 40°/0.5 Tvrr produced 200 mg of 5. - IR. (mat.) : 3500 m cm-1 (OH). - 1H-NMR. 
(CDCla): 1.03 (t, 6, J L: 8, Mez); 1.1-2.9 (m. SO, rnctlnylerics); 2.38 (q ,  2, J = 8, CHI of N-Et), 
CgHlnNO (157.14-66) Found 157.1469 (MS., m/e). 

Ethyl iodidc, 20.0 g, was added slowly to x stirring suspension of 6.0 g of magncsium turnings 
in 250 ml of cther. When all magnesium had rcactcd, the solution of Grignavd rcagent was cocilcd 
to 0" and a solution of S.0 g of 1-cthyl-B-pipcriclonc, freshly prcpared from its hydrochloride, in 
SO ml of ethcr ncldcd slowly. The mixturc was rcfluxetl for 12 h, cold, concentrated, aqueous 
ammonium chloride added and the mixturc cxtractcd exhaustivcly with cther. TQe extract was 
tfricd, pasrrcxl through rz basic alumina column and evapuwletl. '.this yicldetl 1.0 g of liquid 5, 
identical by ZH., 'H- and W-NMR. analysis with thc above prepara.tion. 

Leuyosine Tsovltcr 17. A solution of 750 mg o f  Icurosinc (3) in 1.0 nil of acetic acid was reffuxcd 
for 2 h and then cvaporatcd to dryness: undcr reduccd prcssure. Prcparativc TLC. on 2 mm platcs 
of Msrck silica gcl F-2.54 and dcvcloprncnt with ctliyl acctate/ethmol 3: 1 separated hands of 
products whose major component was extractcd with methanol. The cxtract was evaporated and 
thc residue cxtractcd with mcthylenc chloridc. Evapnrntiori of this extract and crystallization of 
the residual oil from niethanol gavc 20 rng of colorloss 17 (uide ilt/va). 

A solution of 2.00 g of lcurosinc (3) sulfate and 80 g 01 conccntratcd sulfiiric acid in 120 ml of 
water was left standing at KT. for 0.5 h. It thcn was poured onto ice, made basic with concentrated, 
aqucous ammonia and cxtractcd cxhsustivcly with methylcne chloride. Thc oxtract was riricd arid 
evaporated iinder vitcuum, lcavhg 2.0 g of residue. A bcnzsric solution of the total resitiuc from 
four runs was chmrnatographcd on 240 g of alnmina., activity 11, and cluted with chloroform/ 
benzene 1 : 1 to 3 : 1, yiclding 2.6 g of dcsircd producl arnong the central fractions. (Thc chromato- 
graphy was monitored by TLC. on silica with ethyl acctatc:/ctJ.ianol 1 : 1 for dcvelopmcnt and ccric 
ammoniuni sulfate as rcagent.) Rcchrornatography on 7.5 g of 100-200 niesh Ftorisil and elution 
with r;hloroform/cthyl acctate 1: 1 yielded 775 Ing of amorphous base, homogcneous on TLC:. 
Crystallization from methanol gave lcurosinc isomer 17: m y .  183-187" (dcc.) ; pK. (66% 13MF) 
4.65 and 6.60. - IR. (CHCls) 3400 w (OII), 1710 s (GO), 1740 s crn-1. - UV. (EtOH): 211 ntn 

CSHI~NO (155.1 309) Found 155.1320 (MS., m/e) 

(8 49,700), 220 (48,000), 255 (12,100), 283 (12,000), 291 (12,300), 313 (8,100). - 1H-NMR. (CDCls) : 
- 0.16 [#, 3. J = 7, H--C(l8')]; 0.90 [t ,  3, J = 7, H-C(l8)l. C461156N409 (808.4030) Found 808.4047 
(MS., m/e). 

Cd4H5BN409 Calc. C 68.30 H 6.98 N 6.93% Found C 68.50 H 7.00 N 6.94% 
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173. W-NMR. Spectroscopy of Naturally Occurring 
Substances. XXXV. Labdanic Diterpenes l) 
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and Ernest Wenkert s) 

Dcpartmcnt of Chemistry, Indiana University, Ulooiriington. Indiana 47401, USA 
Ferdinand Naf 
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Sztmmavy. A total carbon shift analysis of several rcprcstmtdivcs of the lal~danc: ditcqcnc 
family of natural products is prcscnted. 'J'hc shift assignment is l~ascd on thc prior shift designation 
of some synthctic trans-decalin derivatives. 

Introduction. - In continuation of thc study 01 the 1K-NMIC. sycctrn of natural 
diterpenes [21 L3] an analogous investigation of somi: diterpenes of tbc labdanc type 
was undertaken. In this connection a W-NMIC. malyds of a variety of 9-methyl- 
tnms-decalins had tn be pursued. The prcsent communication illustrates the total 

1 2 3 4 

5 6 7 &, Y = H, Y' = OH 
8b. Y = 011, Y' = H 

-. -.- 
1) 

a) 

For part XXXIV see [l]. 
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