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Rnantlospeclflc synthescm of (6R,7S,BaR)-6,7-dlhydroxy- 
lndollrldlne (3)- and (6R,7R,llSj6aR)-6,7,k-trlhydrox& 
lndollzldfno (4) ttor rrthyl 2-•zlao-4,6-0-bantylldsns-2- 
dmory-o-D-•ltropyranoslde -(7) are raportoa. -The two 
mynthctlc lnaollzlalnao 0) and (4) have been tested 
l 9alnst a da0 range of enxymas. 

Polyhydroxylatsd indollzlalnms are bacorning lncrsaslnqly nora laportaot as 

a romult of thalr lnhlbltory actlon l 9alnst varloum plycosldasss, wstastasis 

of SOY cancers, and rogllcatlon of the hursn lprunodoflcloncy vlrur (HIV). iii 

number of lndollrldlnam have been syntheslsmd In an attorpt to establish 

possible structure-•ctlvlty rslatlonshlpe. 2,3,4 For sxaqle, Colegate et al. 

have synthoslsea 8-dmoxy-swlnmonlne (1) and found lt to be a ruch waker 

inhlbltor of a-nnnosldase than tha Parent l lkalold5I thlm ham bmon attributed 

to the absence of the .9-hydroxyl group which 1s lrportant for spatial 

recopnltlon by the l nryrs. 

(1) 
1 

In the prscedlnp paper- one approach to ths synthcsls of polyhydroxylated 

lndollrldinms rmlatod to castsnoswrmlns (2) from readily available 

carbohydratmm vam damcribad. Heroin w report another approach to the 

mynthmmlm of theso cowounds In which tha aldmhyds (C-1) of thm sugar 

corrampondm to C-l of the lndollrldfna. Thlm uork ham been publlmhea ln a 

prellrlnary cownlcatlon.4 
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Retroeynthatlc analysis of (4) required the conetructlon of hydroxylatad 

plparldlne (51, vhlch vould bm udo from the key lntorrdlata blcycllc methyl 

2,6-~nzyloxycarbonyllmlno-2,6-dldeoxy-o-D-altropyranoslde 16) (Schou 11. In 

order to form the blcycla (61 a lsavlng group at C-6 vould be dlsplacad by a 

2-amlno function so that methyl 2-rrldo-4,6-0-benrylldene-o-D-•ltropyranoslde 

(71, available from methyl a-D-plucopyranoalde In four stopa 6 , van the 

requlrad starting compound. 

(3) R-t4 (5) (6) 0) 

0) R-OH 

Scheme 1 

The key lntorwdlate (61 vas -do in tvo vays based on procedures by 

liullar 
I 

snd Neyer zu Reckendorf . ’ Thus reaction of tha l tldr (71 vlth 

N-bromosucclnlmlde and barlua carbonate ln refluxlnp carbon tetrachlorlde, 

accordlng to the Hanesslrn-Hullar procedure 9 , afforded a alxture of tvo 

products as judged by t.1.c. (Scheme 2). these compounds proved to ba a 

mixture of the 4-O- and 3-0-benroyl broaldes, resulting from partlclpatlon of 

the 4-0-benxoyl group, ainca de-O-banroylatlon vlth methanollc sodlua 

rmthoxlde ylaldmd a single product, namely methyl 2-arldo-6-bromo-2,6-dldmoxy- 

a-D-•ltropyranoslde (61 154% yield froa (7)l. Conflrmatlon for the structure 

of (8) vas provided by the mass spectrum of the derived dl-0-acatyl compound 

(91, vhlch dlsplayad lons at 368, 366 (l4 + 11 and 336, 334 (PI - One). 

Catalytic hydroganatlon, carried out over a period of three hours to mlnlrlss 

hydrogenolysls of the 5-bromo 9roup, qavr rise to the arlno (101 (68% yield) 

vhich vas characterlsed aa the cryetalllne amide (111. The IR spectrum of (111 

displayed bands at 3300 cm 
-1 

(N-H stretch), and 1650 and 1530 cm 
-1 

character lstlc of amldr I and arlde I I bands respectively. Cycltsatlon of the 

free anlne (IO1 vas accomplished by bolllnq In ethanol contalnlnq sodium 

acetate to afford crude 112) vhlch vaa converted lnto methyl 3,4-dl-O-acetyl- 

2,6-•cetyllaino-2,6-dldeoxy-a-D-altropyranoslde 1131 for the purposes of 

characterlsatlon. Conflrmtlon that cycllsatlon had occurred van provlded by 

the IR spectrur of (131 In vhlch the amide II band at 1530 cm 
-1 

vas absent. 

HOwvor, an is typical of compounds contalnlnq a cyclic aalde llnkage the lu 

NI(R spoctrur of (13) vas ill-resolved due to a alxture of rotaaers 
10 and vas 

not improved by running the spectrum at higher temperatures. The 2,6-lmlno- 

sltroslde (12) vas further characterlsad as the Wacatyl derlvatlvo 1141. For 

the purposes of tha syntheels the frme bicycle (121 na reacted vlth benzyl- 
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chloroformato and aodlum hydroqan carbanato In l quoou8 ethanol to l ftotod the 

carbamte (61 In 598 yleld from aride (8). Subsequent acetylatlon furnlshtd 

the cryotalllne dlacttatt (15). 

In an l ltornatlvo route to the bicycle (6) the l cetal (7) uaa hydrolyzed 

to the knoun trlol’ (16) by brief treatment ulth l qutoua acetic acid (76% 

yltld). Stlectlve tosylatlon furnished the C-tosylatt (17) and thls vas 

follovtd by catalytic hydroqenatlon to qlvt the tosyl-amine (18) (63% yltld), 

(171 
Scheme 2 

vhlch was used for the next attp wlthout further purlflcatlon. Cycllsatlon of 

the l mint (181, as dtscrlbed previously, and subaequtnt rtactlon with bensyl- 

chloroformate furnished methyl 2,6-btnzyloxycarbonyllmlno-2,6-dldeoxy-a-D- 

l ltropyrsnosldt (6) [64\ yltld from (1711, which preauaably txlsts In a 2,5S 

contormtlon. 

Aa a mane of accompllshlnq tvo carbon chain extension of the hydroxylattd 

plperldlne lt vas ntcctssary to hydrolyst the qlycoaldlc llnkaqe and trap the 

rtmultinq htmlacetal an the l ldthyde vla a dlthloacttal. Attempts to hydrolyue 

the qlycoslde (6) directly uslnq aqueoue acid or IR 120 (H’) resln produced 

the dtslred htmlscttal, but thls wan converted into a numbtr of components 

(t.l.c.1 on work-up and the only Isolable product was a pyrldlnlum malt 

resulting from tllmlnatlon of the elcmcnts of water from the hydroxylattd 

piper ldlnc. Comprthtnslve studlts by Paulsen have shovn that pyranose suqars 

In vhlch the pyranose rlnq oxygen atom is replaced by nltroqtn arc very 

susctptlble to acid catalysed tllalnatlon to qlve derlvatlves of 

3-hydroxypyrldlne and/or Avldorl rtarranqemnt products. ” To overcome thls 

problem the glycosldt (6) vas treated vlth ethantthlol and concentrated 

hydrochlor lc acid ln chloroform, which caused hydrolysis of the qlycosldc and 

formatlon ot the dltthyl dlthloacetal (19) In a one-pot reaction (77% yltld) 

(Scheme 3). Usually, the dithioacttal La rapidly for-d under klnttlc control 

and 1s slowly converted lnto the thloqlycosldt (thtrmodynarlc product). In the 

case of (6) the rtsultlnq thloqlycosldes vould not be as stable as the dltthyl 

dlthloacetal (19) vhlch 18 the mtjor product of the rtactlon. tietylation of 

(19) yleldod the trl-O-acetyl dlthloacetal (20). 

Subetquont dethloacttalatlon of (201 with nercurlc chloride and cadmium 

carbonate in l queoun acetone I2 afforded a product 1211, the 1 H NMR spectrum of 

which dlmplayed only two l cttyl resonance= and an oleflnlc proton (6 5.06, dd, 
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J 3.8, 0.8 Hz), suggcstlng that the 3-•cttoxy group had tllmlnattd under the 

ceactlon condltlon8 to afford the o,fl-unsaturated aldthyde (21). Althouph 

cllmlnatlon had not been antlclpattd the synthesis vas continued In order to 

Schcne 3 

produce d novel dldeoxy-castdnosperm1nt l naloque 0). Trtatrsnt of the 

o,l)-unedturatrd aldthydc (21) with carboethoxymethylene trlpheoylphosphordnr 

furnlshcd thr Y1ttlq adduct (221 (78% yltld) as a mlxturt of E- and Z..isomers 

iE:Z, 3:21, ds shown by the lnttnsltlts ot the tvo H-2 rtsondncts. Catalytic 

hydrogtnatlon of (22) caused removal of the btnzyloxycarbcnyl group and 

saturation of the double bond to qlve dn lntarmedldtt amlnt vhlch vd8 not 

characttrletd. Atttapts to cycllse the amine in the prtotnct of sodium acetate 

afforded d poor yltld of the dts1rtd ldctda (251, posslbly dS d result Of 0 to 

N l catyl miqrdtlon. To laprove the yleld, the a,/)-unadturdttd ester (221 vds 

de-0-dcetylated vlth wthanollc sodium nethoxldt to qlvt the B-laomer (23) 

(J2 3 15.6 Hz). Catalytic hydrogenation and subsequent cylleation productd a 

nlxiure of lactafun (24, 26) In the ratio 15:1, that vcrt eplmerlc at C-88. The 

mtnor product (26) vds obtdlntd ds d syrup atter purlflcdt1on by flash 

chromatography and further Cractlonat1on afforded the major product (24) as a 

crystalline solld I718 yltld from dl-0-acttyl ester (2211. the ‘I4 Nt4R spectrum 

of (241 demonstrated that It existed ln the 8 C5 conformation, vhlch Is the 

only posslble conforlvtlon due to mesoaarlsn of the l mldt llnkaqt. The H-SdX 

and H-5tq resonances apptared as a broad doublet and double doublet 

rtspectlvely (J5dx 6 0, J 
5eq, 6 

2.6, J 
5ax, Seq 

13.0 HZ), lndlcrtlnq that H-6 vds 

eqUdtOK ldl. The pa;or product vas ldtntlfled as 2,3,4,5,8-ptntadtoxy-4,8- 

lmlno-D-arablno-octono-l,l-lactam (24) slnct the H-Oax rfaonance dpptartd as a 

trlpltt (6 2.11, J 
Sax, lkq a JEax,8a -J 

Sax, 7 = 11 Hz), dtmonstratinq thdt H-8a van 

dxlal and thus provlnq the conflqurdtlon at C-8d to be R. 13 These ass 19nwnt.s 

vert corroborated by the 2D COSY sptctrum of (24). Acttylatlon of the fret 

lactar (24) afforded the dl-0-acetyl-lactam (25) a8 a hlqhly crystalline solld 

160% from cater (22)). Acttylatlon of the minor product (26) produced a syrupy 

dldcttate (271, the ’ H NHR spectrum of vh1ch shoved that the compound existed 

In the ’ C, conformation. The H-6 proton, vhlch 18 l xlal, resonated ae a double 

double doublet (J5ax,6 11.3, J5eq,62.6, J6,7 2.8 Hz) and th1e 1nforutlon, 

toptther vlth H-5ax (6 3.01, t, J 
5ax, 5aq 12.5 Hz), dtaonstrated that the 

ldctdm Vds 6,7-dl-O-dcttyl-2,3,4,5,~-penta-dtoxy-4,~-1mlno-D-rlbo-octono- 
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1,4-lrctar (27).13 

Raductlon of the lactam (25) by treatment vlth borane-dlmethylau~phldc 

gave rise lnltlally to the botano-lndollsldlns compAex 14 vhlch decomposed on 

standlnq to the dlacetoxy-lndollzldlne (21)) In 77\ yleld. The ‘H Wit spectrum 

of (28) lndlceted that lt exlated ln the 
5 
CS conformtlon since U-Sax 

resonated a8 a double doublet (J Sax, Seq 13*lP J5ax,6 7.8 WI. Conventlonal 

de-0-acetylatlon of (281 with methanollc sodium methoxlde completed the 

synthesis of (6R,7S,SaR)-6,7-dlhydroxy-lndollzldlne (3) (798 yleldl, the ‘H 

NUR spectrum of which van not very informative due to the presence of many 

methylene protons. Howewr, lt was possible to observe that (3) exlsted ln the 

‘CS conformation with H-5ax (6 3.46, dd, J 
5ax, Seq 12.6, Jsax 6 8 Hz) and H 5rq 

, 
(6 3.72, dd, J5eq,6 4 Hz). 

In order to synthcslne the desired trihydroxy..lndollzidrne (0 diethyl 

dlthioacctal (19) vas protected as the trl-0-benzyl derlvatlve (29) (bcnzyl 

bromide and sodlua hydrlde In N,W-dlmethylformamldel in 798 yield (Scheme Il. 

Dethloacetalatlon afforded the trl-O-bentyl aldehyde 00) as a crystelllne 

compound in almost quantitative yleld, and subsequent reaction vlth the Vltttc 

reagent carboethoxymethylene triphonyLphosphorano yielded the syrupy o,P- 

uneaturatsd ester (31) (828 yield) . InItlally the ester 011 was subjected to 

catalytic hydroqenatlon, a process that effected hydroqenolysls of the 

benzyloxycarbonyl group and saturation of the double bond (but not 

hydroqenolysls of the benzyl qroups), to give an amine vhlch was cycllsad in 

the usual vay to the lactaa (32) (638 yleldl. As va8 the case vlth the dl-O- 

acetyl-lactam (25) the tr I-0-benzyl-lactam (32) also adopted the OC 5 

conformation. Peductlon of the trl-O-bentyl-lactaa (32) vlth borana- 

dlrthylsulphlde14 afforded the bordne-lndollzldlne complex (33) as .s stable 

compound (868 yield), the ’ H NM spectrum of which shoved that It existed in 

the ‘C9 conforaatlon. Hovever, hydtoqenolysls of 03) In the presence of 

acetic acid led to a complex nlxture of products. 

HydroqenolysIs of trl-0-benzyl-lactam 02) In methanol containinq acetic 

acid proceeded smoothly to afford the trlol 04) a8 a cry8tallIne compound 

(968 yield) and subsequent l cetylatlon produced trl-0-rcetyl-lactam (351 In 

808 yield from (32). The ’ H NRR epectrun of trlol (30 van complatcly amenable 

to a first order analysis and the 2D COSY emphasl8ed spectrum rhoved a 

loop-ranqe U coupling betveen H-6 and H-b.13 Poductlon of the lactam 051 vas 

carrlad out vlth borane-dlmethyleulphldo to give trlacetoxy-indolltldlne (36) 
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(70\ yield), vhlch existed ln the ‘C8 conformtlon as shovn by the lH IWR 

spectrun (H-58x, t, 
Jhx,.q 

12, Jkx,6 10 Hz). Thls 18 not murprlslng becauee 

once the rlqldity i mpostd by the lactaa carbonyl has been released the 

compound can adopt a conformation ulth two of the acatoxy qroups taklnq up 

equatorial posltlons. The mynthesls of (6R,7R,83,8aR)-6,7,8-trlhydroxy- 

IndolltIdlne (0 wa8 completed by da-O-•cetylatlon of (36) to furnlsh the 

synthetic lndollrldlne as a syrup In 928 yield. The dlaqnostlc H-5 resonances 

(H-kx, dd, J 5ax,5=q 11.7, J5ax,6 :.' Hz; n-sw, dd, J5cq,6 2.8 Hz) 

demonstrated that (0 adopted the C5 conformtlon, possibly at a result of 

favourable hydrogen-bondinq lnteractlons. the aselqnments of the N)IR spectrum 
were conflrmed by a 2D COSY spectrum. 15 

The dlhydroxy- and trihydroxy-lndollrldlnts 0, 4) vtrt tested aqalnet a 

wldt ranqt of enzyme8 orlqlnatlnq from aqueous extract ot human Silver. Uslnq 

I-methylumbelliteryl qlycosidas as substrates (3) actually enhanced the 

activity of the follovinq enzymes: a-qlucoaldase (248), a-fucosidase (27\1, a- 

mannonldane (15,\) and a.qalactosidase (15%). Dlhydroxy-lndollzldine 0) proved 

to be d wak inhlbitor of P-qlucosidase (298) and /+qalactosldrse (21%). 

The trihydroxy-indolizldlne (41 functioned as a weak Inhlbltor of 0.. 

qalactosidase (26\), p-W- acetylhexosaainldaaes (2381 and o-fucosldaso (218). 

It 1s surprlslnq that (3) actually enhances the actlvlty of some enzymes, but 

not unrxpcctrd that It functions as a feeble qlycosidase lnhlbltor because lt 

appears that a decrease In the degree of dcoxyqtnatlon of hydroxylated 

lndolizidlnes results in a decrease in the potency of enzyme InhlbltIon. Note 

the lack of qlycosldast ;nhlbltlon by 8-dtoxy-svalnsonint (1)‘. Although 

trrhydroxy-lndollzldint (4) WAR shown to be a weak enzyme inhlbltor, these 

results ttstlfy to the fact that lt 1s not yet possible to deslqn and 

syntheslse hydroxylatcd indollr~dlnes that ~111 lnhlbit specific enzymes. 

Unless othcrvlst stated optical rotatlons wrt deteralned at room 

temperature (18-2O.C) in 1 dm tubes on a Perkln Elmer 141 automatic 

polar lrttr. ‘Ii NM spectra were recorded either on a Bruker W-400 (400 MHz), 

a Broker W-250 (250 MHz) or on a Nicolet NT-200 (200 MHz) spectrometer, and 

“C NW spectra wrt recorded on a Bruktr W-60 (15.1 l4Hr) or UN.250 (61.3 

flliz) l pactrometer . All NNR spectra wre run ln dtuterlochlorofora unless 

stated othtrvlse. In all casts tetramethylsllant was used ae Jnttrnal 

standard. t4ass spectra were dtttrnlned on a Kratos M-25 spectrometer by 

electron impact at 70 l V. has8 spectra of soma of the more polar compounds 

were determlned by the PAR ttchnlque. heltlng polnts wrt measured on a Kofler 

hot-stage and art uncorrected. Microanalyses vere obtalned from either Klnq’s 

Colleqt, Kenslnqton Campus or The London School ot Pharmacy. Rtactlons vare 

aonltored by t.1.c. on slllca gel ready-coated alumlnlum plates (Merck 5550. 

Spots wtrt vlsuallsed by spraylnq vith 58 concentrated sulphuclc acid In 

ethanol, folloved by htatlnq. Flash chromatography was performed on Merck 

Kleselqel 60 (230-400 mesh) at a pressure of 5-20 p.x.1. Acttylatlons wre 

carried out by dlssolvlnq the compound In pyrldlne (5-10 rd. per -1) and 
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l ddln9 excess acat lc anhydr lde. The raactlon uaa uorked-up by pourlng It Into 

Ice-water and extractlng into chlorofora. The organic layer vaa then washed 

vlth 10% hydrochloric acid, saturated rodlum hydrogen carbonate solutton and 

vater, and tlnally drlrd over anhydrous magnaslun sulphatc. Dlsthyl ether vas 

drlcd over xodlur vire and tmtrahydrofuran (THP) vm freshly dlatllled froa 

sodlun bontophananc ketyl. Re-dlatllled llqht petroleum fb.p. 40-60.1 vaa used 

thr ouqhout . 

Methyl Z-rtldo-6-broro-2,6-dldeoxy-a-flu1 tropyranoslde f 8 1. To a solut lon of 

the atlde (7) (3.2 9, 10.4 rrol) In carbon tetrachlorlde (120 mL.1 vas added W- 

bromosucclnlmldc (2.4 9, 13.6 aal), barium carbonate (2.26 9, 11.5 nmol) and 

a fev crystala of benzoyl pacoxldo. The reaultlnq mixture vas heated under 

reflux for 2.5 h vhen t.1.c. (llqht petroleum-ethyl acetate, 1:l) shoved the 

presence of a sllqhtly faster-movlnq product. After fllterlnq the suspension 

throuqh Hyflo Supercell and evaporatlnq to dryness, the residue vas dissolved 

ln ether (150 mL), vaahed vlth vater (3 x 15 aLI, dried (MqSO,) and evapordted 

to a syrup. Flash chroaatoqraphy of the crude reactlon nlxture (llqht 

petroleum-ethyl acetate, l:l) produced tvo products correopondlnq to methyl 2.. 

azldo-3-O-benroyl- and methyl 2-azldo-4-O-bentoyl-6--broao-2,6-dideoxy~a-D- 

altropyranoslde (2.7 q, 678). The above mlxtura vas dissolved In dry methanol 

contalnlnq rufficlent sodiur aethoxldc tn 91ve a pH of 9 accordlnq to 

Unlversdl lndlcdtor paper. The reactlon mixture vas left for 1 h at room 

temperature vhen t.1.c. (‘llqht petroleum-ethyl acetate, 2: 1) shoved t hf* 

presence of d slnqle slaver-movlnq product. The reaction mixture va~i 

neutrallsed vlth Amberlftc CR-120 (H’) rasln, f lltcred and evaporated to 

dryness. llaah chrarstoqraphy vlth light petroleum-ethyl acetate (5:I) eluded 

methyl benzoate dnd sub8equently llqht petroleun-ethyl acetate (1:l) gave the 

6..brow-•lttoxlde (8) (1.6 q, 818) 6s a syrup, IolD t75.7. (c 1.1, 
-1 

chloroform). ulldx 2100 cm . (Found: C, 29.61; H, 4.10; N, 14.66. C71112BrN304 

raqulres: C, 29.80; H, 4.29; N, 14.908). 

Uethyl 3,4-dl-O-acetyl-2-azldo-6-broao-2,6-dlbsoxy-a-D-eltropyr~nouide (91. 

Acetylat1on of (8) vlth acetic anhydride and pyrldlne In the usual manner gave 

the dldcc?tste (9) ds d syrup, Icalf, +56.8* (c 1.1, chloroform). uwx 2110 cm . 1 

Mass spectrum: a/z 368, 366 (0.3, 0.4\), 336, 334 (13.0, 12.8). 306, 306 (2.9, 

2.7) and 266, 264 (3.6, 3.61. (Pound: C, 36.35; H, 4.42; N, 11.29. 

CllH16BrN306 requires: C, 36.06; H, 4.41; N, 11.468). 

Methyl 2-dceta~ldo-3,4-dl-O-eceLyl-6-broao-2,6-dldsoxy-cr-0-altropyranosIde 

(11). The azlda (6) (5 q) was dissolved In absolute ethanol and hydroqendted 

at 45 p.s.1. In the presence of lo\ palladium on charcoal for 3 h. The 

CdtdlySt vda fllteted off and the flltrdte eVdpOKdted to yleld the aalne (10) 

as a foam (4 q, 86%). ACetyldtlOn of the free dfnlne (10) 1n the usual vdy qdvc 

the bromo-amide (11) ds d crystdlllne solld, m.p. 130-132’ (from ethanol), 

ial0 t68.4. (c 1.1, chloroform). umx 3300, 1735, 1650, 1530 cm . -1 1 
H NMR 6 

6.19 cd, lH, NH, J2,“” 8.9 Hz), 5.25 (t, lH, H..3, J2,3 3.5 Hz, J3,4 3.6 Hz), 

4.99 (dd, lH, H-4, J4 5 9.5 Hz), 4.62 ts, lH, H-l), 4.33 (dd, lH, H-2, Jl 2 0 
, 

Hz I, 4.31 (ddd, 
, 

lH, H-5, J5,6d 2.7 Hz, J5,6b 6.6 Hz), 3.57 (dd, lH, H-6a, 

Jga 6b 11.2 Hz), 3.45 fdd, IH, H-6b), 3.45 (6, 3H, OMe), 2.12 (a, 3H, NAc) and 

2.0; (0, 6H, Ohc). Mass spectrum: m/t 384, 382 (5.6, 6.081, 352, 350 (1.1, 
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1.3) and 264, 262 (1.4, J.6). (Pound: C, 40.901 H, 5.111~ Y, 3.37. C13H20BrY07 

requlr.8: C, 40.85J N, 5.24; N, 3.678). 

Jfethyl 3,4-dl-O-a~tyl-Z,6-acetyllrlno-Z,6-dldooxy-a-D-eltropyrenoalde (13). 

To the syrupy ftoe amino (10) (3.4 91, dlaaolvod Ln l baoluto l thnol (150 mLJr 

vaa added aodlun acetate (1.7 9) and the mixture vaa heated under reflux 

overnight ulth atirrlnp. The solvent we8 eveporeted, tha realdue extracted 

thrice with bolllng ethyl acetate, fllterad and the flltrata concentrated to 

yield l yrupy methyl 2,6-dldeoxy-2,6-lrino-o-D-•ltropyranoalda (12). 

The ImIno-auger (12) uaa lordlately l cetylated ln the usual way to 9lve 

syrupy (13). Clutlon from a l lllca 901 column vlth ethyl acetate-light 

petroleum (2rl) 9ava the analytical l eaple, Iolb t7.6. (c 0.6, chloroform). 

Y 

C& 

1740, 1655 cm-l. Naaa apactrurr m/a 302 (0.9%), 301, 270 (0.6) and 43 

. (Pound: C, 51.23; H, 6.20; N, 4.41. C13HlgN07 requlraat C, 51.62; H, 

6.36; N, 4.6%). 

Nethyl 2,6-•cxtyllalno-2,6-dldeoxy-a-D-•ltropyranoslde (14). Raactlon of the 

2,6-lalno-•ltroaldc (12) vlth acetic l nhydrlda ln ethanol, followed by 

purlflcatlon by flash chroaatopraphy (chloroform-mthanol, 1O:l) 9ave the 

W-acatyl derlvatlve (14) aa a cryatrlllne aolld, m.p. 146-14S*, IoIL. -13.5. (c 
-1 0.6, chloroform). umx 3520, 3360, 1620 cm . (Pound: C, 49.93; H, 7.031 N, 

6.26. CgH15N05 requlrca: C, 49.76; H, 6.96; N, 6.451). 

Methyl 2,6-benzyloxycarbonyl Imlno-2, C-dldeoxy-o-D-al ttopyranoalde ( 6 J . To a 

chlllcd solutlon of 2,6-lmlno-eltroalda (12) (I.2 9) In SON l queoua ethanol 

(20 mLJ contalnlng aodlua bicarbonate (0.9 9) we8 added benryl chloroforvte 

(0.7 mLt). After atlrrlnq for 2 h t.1.c. (athyl acetate) l howd tha presence of 

a aajor faster-moving product together vlth several rlnor faster-moving 

producta. The reaction rlxture was poured lnto vater and extracted ulth ethyl 

acetate (4 x 15 mL), dried (N9S04J and evaporated to dryneaa. The realdue was 

purlfled by flash chromatography (ethyl acetate-acetone, 9:lJ to 9lve syrupy 

(6) Il.05 9, 678 overall from (lO)l, [aID -9.6. (c 1.2, chloroform). (Pound: 

C, 56.10; N, 6.26; N, 4.11. C15HlgN06 requlrea: C, 50.25; H, 6.19; N, 4.53%). 

Methyl 2-•+Ido-2-dooxy-a-D-•ltropyranoalde (16). The l zide (7) (20 9) vaa 

suspended In 20% aqueous scetlc acid (250 mL) and heated at 60. for 1 h, vhen 

t.1.c. (chloroform-methanol, 5:l) lndlcated tha presence of l alngle slover- 

rovlnq product. Bvaporatlon and finally co-evaporatlon vlth toluene gave the 

2-azldo-•ltroalde (16) (10.8 9, 7681, vhlch cryatalllaed from ethyl acetate. 

Recryatalllaatlon from the same solvent qave the pure azlde, r.p. 137-138*, 

lOID +64.1’ 
8 

2100 co-l. 

(c 1.0, methanol). Llt. l .p. 137-130’, loID +42.5’ (DMSO). urmx 

Jfethyl 2-axido-2-deoxy-6-O-toayl-a-D-•ltropyranoalde (17). To a chilled 

aolutlon of the 2-azldo-•ltroalde (161 (7.3 9, 33 -1) In anhydrous pyrldlne 

(75 a&J vea added dropwlae a aolutlon of toluene-p-•ulphonyl chloride (7.9 9, 

41 mm011 In pyrldlne, and the mixture uea atlrzed overnight. T.1.c. (ethyl 

acetate) shoved a asjor faatar-roving product end 801~ l tartln9 mterlal. 

After pourlnq lnto lea-water the reaction slxture vaa extracted vlth 

chloroforn 0 x 50 mL) and vaahed l ucceaalvoly wlth IO\ aqueous hydrochloric 



Nethyl 2,C-~nryloxycarbonylIrlno-2,6-dIdooxy-a-D-altrop~ano8ido (6). The 

l zlde (17) (7.8 91 w8 dlasolved In ethanol and hydrogenated at 45 0.8.1. In 

the presence of 10% palladium on charcoal overnlqht. After this tlw t.1.c. 

(ethyl acetate) ahowd a non-rlqratlnq component to be pre8ent. The cataly8t 

vaa tllterod off and the flItrat 8vaporated to afford tha l alna (18) a8 a 

foam (6.6 9, 91%). To a 8olutlon of the above l alne (16) In ethanol vas added 

sodium acetate 0.3 9) and the rlxture uaa heated under reflux overnlqht. 

T.1.c. (butanol-pyrldlne-water, 10:3:3) showd a slowr-aovlnq product. The 

8olvent w8 evaporated, the residue cxtractod thrice vlth bolllnq ethyl 

acetate, filtered and the filtrate evaporated to afford syrupy (12) (4.7 9). 

To a solution of (12) (4.7 9) In 508 aqueous ethanol (50 mL) containlnq 8odlum 

blcarbonatc (3.3 9) vaa added benryl chloroforute (2.7 mL). After stirrIng 

for 2 h t.1.c. (ethyl acetate) lndlcated the pre8cnce of a major faster-movlnq 

product to98ther ulth 8evetal other minor faster-rovlnq components. The 

solvent va8 evaporated, the residue extracted vlth ethanol, flltered and the 

f lltrato evaporated to dryness. The residue was purlfled by elutlon from a 

column of alllca gel with ethyl acetate-l lqht petroleum (3:2) to qIve syrupy 

(6) 14.1 9, 70% overall yield from (18)1, (c 1 .O, chloroform). 

Yyx 1700 cm-l. 

lalb -9.3. 

(Pound: C, 58.10; H, 6.26 ; N, 4.11. C15HlqN06 raquire8: C, 

50.25; H, 6.19; N, 4.53%). 

6161 Polybydroxykd indolizadina m!r~cd to casun~oe 

acid, raturated sodium blcarbonato 8olutlon and finally water. The comblnod 

chloroform layer8 tmro dried (Mq80,) 8nd evaporated to 8 8yzup. The crud8 

8yrup ~8 cbroutoqraphsd vlth 8thyl l C8t8te-light petroloua (3:2) a8 8olvent 

to 9ive th8 cry8tallIno to8ylate (171 (7.0 9, 6X), l .p. 90-91*, IalD tSl.lI* 

(c 1.0, chloroform). us_ 3440, 2110, 1590, 1360, 1190. (?ound: C, 44.94; H, 

5.14; N, 11.30. C14H19N307S requir.8: C, 45.04; X, 5.13; N, 11.258). 

Uethyl 3,4-dl-O-acetyl-Z,6-benryloxycarbonylialno-2,6-dldeoxy-o-D-aItro- 

pyranosldc (15). Lretylatlon of (6) ln the usual mnner gave a syrup which 

va8 purlfled by flash chroautography (light petroleum-ethyl acetate, 1:1) to 

yield the dl-O-•cctyl derlvatlve (15) a8 a crystalline solid, uhlch had 

a.p. 70-72’ 

1705 cm-l. 

(from ethanol), Ial -8.6’ (c 0.6, chloroform). umax 1740, 

Ha8a mpactrum: m/z 393 (O.l\), 362 (0.2), 334 (0.21, 273 (4.81, 91 

(100) and 43 (27.9). (Found: C, 57.05; H, 5.91; N, 3.24. C19H23NOg requlres: 

C, 58.01; H, 5.89; N, 3.5681. 

2,6-Bsnzyloxycarbonyllmlno-2,6-dldeoxy-D-altrose dlethyl dlthloacetal (19). TO 

a chilled solutlon of the 2,6-lmlno-alttoeldt (7) (1.0 9) In chloroform (5 prt) 

uaa added 8thanethlol (1.0 mL) followd by concentrated hydrochloric acid (0.4 

&I. The teactlon mixture Va8 8tlrred for 7-9 h uhen t.1.c. (ethyl acetat8) 

shoved a faster-moving product and the l b8ence of 8tartlnq nsterlal. The 

reaction alxture ua8 neutIali8Od by the l ddltlon of Ice and saturated l odium 

bicarbonate solution, extracted ulth chloroform 0 x 15 mL) and finally dried 

(N990,l to 91~ the syrupy dlethyl dlthloacetal (19). Plaah chroutoqraphy of 

the syrup (ether) qave the l nalytlc81 8aw1e (1.0 9, 778), (al,, t75.1. (c 1.1, 

chloroform). (Pound: C, 53.68; W, 6.69; N, 3.29. C18H27N05S2 requires: C, 

53.84; H, 6.78; N, 3.498). 

Acetylatlon of the dletyl dlthloacotal (19) according to the u8ual 
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procedure qave the syrupy trl-O-•cetyl berlvatlve (201, vhlch van purlflod by 

flaeh chrovtoqraphy lllqht patroloum-•thar, l:l), lal,, l 913.3= (c 1.0, 

chloroform). vmx 1740, 1700 cm -1 . l4e.s spectrum: m/t 526, 467 (5.783, 393 

(7.3), 135 (26.6), 91 (100) and 43 (24.7). (Pound: C, 54.50; H, 6.36; N, 2.52. 

C24H33NOg62 requires: C, 54.63; H, 6.30; N, 2.668). 

4,S-Dl-O-acetyl-2,6-bensylox)rtarbony~lmlno-2,3,6-trIdeoxy-aldehydo-D-erythro- 

hex-2-enose (21). To a solution of the acetylated dlthloacetal (20) (1.0 q, 

1.90 -1) In acetone (20 mL) and vatcr (2 mL) we added mercuric chlorldo 

(1.25 q, 4.60 mm011 and cadrlum carbonate (0.65 q, 4.93 mmol) and the mlxture 

vaa heated under rcflux (80*) for 30 mln., vhen t.1.c. (ether-llqht petroleum, 

3:l) shomd the presence of a clover-movlnq component. After coollnq, the 

reaction mixture vae flltered through Hyflo Supercell to remove lnorqanlc 

material and the flltrate evaporated. The resldue vae extracted vlth warm 

chlorofora and filtered. The flltrate vas vashed vlth 108 aqueous potaoelur 

lodlde solutlon (2 x 10 mL3, vater (10 mL1, dried (MqSO,) and concentrated to 

a syrup. T.1.c. shoved that the eyrup consisted of tvo coaponents vhlch wre 

converted Into a single compound on standlnq. Flash chronatoqrdphy (ether- 

llqht petroleum, 2:l) qeve the a,/Sun8aturated aldehyde (II), IolD t92.S. (c 

1.1, chloroform). umx 1745, 1705, 1640 cm-l. ‘H NM 6 9.46 (s, lH, H-13, 5.66 

(dd, lH, H-3, J3,3 3.7 Hz, J3,5 0.8 Hz), 5.59 (t, lH, H-4, J4,5 3.9 Hz), 5.25 

(a, lH, H-S, J5,6a 6.7 HZ, J5,6b 2.6 Hz), 5.24 (d, lH, PhCH2), 5.19 Id, lH, 

PhCH23, 4.00 (ad, lH, H-6a, J6a 6b 13.6 HZ), 3.79 (da, lH, H-6b), 2.1 (8, 3H, 

OAcc) and 2.0 (8, 3H, Ok). “C ktR 6 185.4 (C-l), 140.7 (C-31, 116.7 (C-21, 

65.2 (C-43, 64.9 (C-5) and 45.3 (C-6). Mass spectrum: m/z 362, 301 (1.481, 91 

(100) and 43 (16.6). (Pound: C, 59.74; H, 5.45; H, 3.70. C18HlqN07 requires: 

C, 59.63; H, 5.30; N, 3.668). 

Condensaton of (21) vlth carboethoxynthylene trlphenylphosphorane. To a 

solution of the crude aldehyde rPIxturc (21) (1.76 q, 4.93 -1) In 

acetonltrlle (50 mL) vaa added carboethoxyrthylene trlphenylphosphorane (2.60 

q, 7.26 -1). The mlxture van heated under reflux for 1 h vhen t.1.c. (ether- 

llqht petroleum, 3:l) showd a slnqle faster-movlnq major product. After 

concentration, the reaction product vas fractionated on a dry-packed column of 

elllca gel. Elutlon vith llqht petroleum-ether (3:23 qave the syrupy e8ter 

(22) (1.65 q, 7081, [aID t134. (c 1, chloroform). umx 1730, 1700 cm-l. ‘H NHR 

6 7.32 (d, lH, H-3t, J2,3 15.6 Hz), 6.68 fbd, lH, H-3c, J2,3 11.9 Hr.), 6.03 

(d, lH, H-2t), 5.76 (d, lH, H-2~1, 5.55 (t, lH, H-6t, J5 6 4.2 Hz, J6 7 4.4 

Hz), 5.53 It, lH, H-6~) and 5.43 (d, lH, H-5t). Ma=8 spekrur: ~2 43; (0.483, 

371 (1.6), 91 (100) and 43 (53.2). (Pound: C, 61.23; H, 6.04; N, 2.96. 

C22H25N06 requlres: C, 61.25; H, 5.64; N, 3.258). 

De-0-•cetylatlon of the ester (20) (1.6 q) In methanol (6OmL) contalnlng a 

catalytic amount of sodlua methoxlde for 2 h afforded two slowr-moving 

products, an Judged by t.1.c. (chloroform-wthanol, 1O:l). The solutlon van 

filtered throuqh a pad of slllca gel and evaporated to glve the free enter 

(23) l 8 a crystalllne aolld (1.0 q, 7683, m.p. 124-126. (ethanol), folD +I13 

(c 0.5, chloroform). ~_~1725, 1690 CD -‘. ‘H NW 6 7.27 (d, lH, H-3, J2 3 15.6 
, 

Hz), 6.00 (d, lH, H-2), 5.54 (d, lH, H-5, J5,6 3.9 Hz), 5.16 (6, 2H, PhCh2), 

4.26 It, lH, H-6, J6,, 4.3 Hz, J5,6 3.9 Hz), 4.20 (q, ZH, C02St), 3.92 (m, lH, 

H-7, J7,6a 2.7 Hz, J7,6b 6.3 Hz), 3.64 (da, lH, H-Oa, J6a,9b 12.9 Hz), 3.59 



Pobbydroxylatcd mdolbdina rclrced IO ustrnospcrmmc 6163 

[dd, lH, H-Bbl and 1.25 (t, Hi, C02Et). (?ound: C, 61.88; H, 6.01; N, 3.94. 

c~,,H~~I+D~ requlrss: C, 62.24; H, 6.09; N, 4.03%). 

2,3,4,5,8-Pentadeoxy-4,6-lafno-D-arablno-otono-l, 4-lactia (24 1. the eater 

(23) (1.0 9) was dlssolvad In ethanol and hydrogenated at 45 p.s.1. In the 

presence of 10% palladlun on ChdrCodl for 6 h. T.1.c. (butdnol-pyridfne-water, 

10:3:3) showed the db8dncc of stdrtlng matcrkal and the presence of two major 

and one minor products. After filtcrlng off the catalyst, sodlua acetate (0.4 

9) vds added dnd the rasultIng solutlon bolled overnlqht, after vhich time 

t.1.c. (chloroform-methanol, 2:l) revealed the presence of d fd8ter-moving 

minor product dnd a SloWI-mOVlnq major product. Flash chronatogrdphy 

(chloroform-nthdnol, 5:l) gave d minor product (261, vhlch was subsequently 

dcetyldted (see below). Further frdctionatlon dfforded the crystalline ldctan 

(24) I510 mq, 718 froa the rcetyldted Vlttig adduct I2211 as the major 

product, n.p. 136-137’, falb -2.4’ (c 0.5, rethdnol). ‘Ii NHR (pyridine-d5 t 

D20) 6 4.55 (dd, lH, H-Seq, J 
5dX, 5eq 13.6 Hz, J5eq,6 2.6 Hz), 4.30 (m, lH, 

H-6, J5dx,6 0 Hz, J6,7 2.7 Hz), 4.05 (ddd, lH, H-7, J7,6ax 11.3 Hz, J7,6eq 4.6 

Hz), 3.46 (m, LH, H-8d, Jgdx 6d 11.6 Hz, J 
0eq,6a 

2.89 (k!, lH, H-sax), 2:34 (m, ZH, H-Zd, 
7 ‘=’ Jld 8d 

Hz), H-Zb), 2.11 ;q, 
’ Hz’ Jlb,8d 7 
lH, H-Bax, 

JSdX, Ileg 
11.6 Hz) and 1.40 (m, lH, H-lb, Jld Ib 13 Hz). (Found: C, 55.77; H, 

, 
7.51; N, 7.99. C6H13N03 requires: C, 56.13; H, 7.65; N, 8.16\). 

6, ?-Di-O-dcety~-2,3,4,5,8-pentddeoxy-4,8-fmfno-D-drdbino-octono-l, I-lactam 

(25). Acetyldtion of the ldctdm (20 in the conventlondl way qdva the 

didcetdte (25) do d solld. Puriflcatlon by flash chronatogrdphy afforded the 

dndlytical sdmple (564 mg, 60% from the dcetyldted Ulttlg adduct (2211, m.p. 

130-132*, (ether) fa1D -22.1. (c 0.6, chloroform). v-x 1730, 1685 cm-‘. ‘H 

NMR (Inter slid) 6 5.27 (a, lH, H-6, JSdx 6 1.0 Hz, J 

lH, H-7, J7 Rco 4.6 Hz, J; Rax 
5eq, 6 

2.6 Hz, J6 7 2.6 

HaI, 4.99 (ddd, 12.1 Hz), 4.27 (dd, 1H: H-Sag, 

Jsax, 5cq 14.7 Hz), 3.66 (.,‘iR; H-ad, Jsdx';;--11.5 Hz, 
Jeeq,llr 7.5 Hx, Jld,ed 

6.5 Hz), 2.92 (dd, lH, H-SdX), 2.44 (m ,2H: H-Za, H-2b I, 2.26 (m, lH, H-la) 

and 1.76 (q, lH, H-Bdx, J 
8dX, 8eq 

12 Hz). 13C NhE d 174 .I (C-31, 69.9 (C-61, 

66.2 (C-71, 55.0 (C-8d), 42.0 (C-51, 32.4 (C-81, 29.9 (C-2) dnd 24.2 (C-1). 

Mass spectrum: m/t 256 (7.1\1, 195 (9.11, 154 (23.21, 135 (60.1) dnd 43 (100). 

( Found : C, 56.51; H, 6.66; N, 5.47. C12H17N05 requires: C, 56.46; H, 6.71; N, 

5.4911. 

6,7-D1~~O-dcetyl-2,3,4,5,8-pcntadeoxy-4,6-lmlno-D-rlbo-octono-l,4-lactam (27). 

Conventlondl dcetyldtlon of the ldctda (26) yielded the syrupy dl-O-acetyl 

1dCtdm (271, Ial0 428.0' (c 0.4, chloroform). ‘H NHR (Inter d11d) 6 4.78 (ddd, 

lH, H-6, J5dx,6 11.3 Hz, J5eg,6 5.8 Hz, J6,7 2.7 Hz), 4.14 (dd, lH, H-Sea, 

J5eq, 5dX 
12.5 Hz), 3.78 (n, lH, H-&d, Jla 8d 3.5 Hz, Jib 8d 7 Hz, J 

8dX,8d l1 

Hxt J8eg,8d 7 Hz), 3.01 (t, lH, H-‘iax), 2:44 (01, 2H, H-26, H-Zb), 2.24 (a, lH, 

H-8dxl dnd 1.56 fn, lH, H-lb). Mdss spectrum: m/z 256 (22.78), 195 (2.61, 154 

(12.91, 135 (59.0 dnd 43 (100). (Pound: C, 56.61; H, 6.68; N, 5.69. C12H17N0, 

requlr.8: C, 56.46; H, 6.71; N, 5.49%). 

16R,7S,8dR)-6,7-Dlacetoxy-lndo~~zIdlne (28). To d solution of the dcdtyldted 

1dCtdm (251 (51 q, 0.2 arrol) In dry THP (10 Pt) Uds ddded bordne-dlmethyl- 

sulphlde complex (0.1 aL, 1.0 1~01) dnd the rddctlon rlxture vds kept under an 
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l tmoophete of nltroqen overnlqht. t.1.c. (liqht petroleum-ethyl acetate, 2:l) 

then revaaled a slnqlc faster-movlnq product. water uas carefully l 8dee to 

decompose l xcces raduclnq l qent, the aqucow phase extracted ulth chloroform, 

dried (FlqSO,) and concentrated to a syrup. Ihla van co-evaporated saveral 

tlmcs vlth methanol and then purlflad by column chromtoqraphy (llqht 

petroleum-ethyl acetate, 2:l) to qlve the dlacetoxy-Indollzidlne (28) as 

vhlto crystals (37 mq, 77\), m.p. El-83*, IolD 48.6. (c 0.6, chloroform). ‘H 

NW (Intor alla) (benzene-d61 6 5.61 (I, lH, H-6, J5ax 6 7.8 Hr, J 

Hz, J6,73.8 Hz), 5.13 (a, lH, H-7, J7 gax6.9 Hz, J ’ 3.6 Hz), 
Seq,C ‘*3 

, 7,8eq 
3.00 (ddd, 

lH, H-3a, J3a,3b 12 Hz, J2a,)a 7 Hz, J2b,3a 9.5 Hz), 2.90 (II, lN, H-3bl, 2.85 

(dd, lH, H-Seq, J 
5eq, sax 13.1 Hz) and 2.72 (dd, lH, H-5dx). 13C NMR 

(benxene-d6) 6 67.0 (C-6), 66.7 (C-71, 64.3 (C-Sal, 61.5 (C-51, 52.8 (C-31, 

28.6 (C-81, 27.0 (C-2) and 19.7 (C-1). Hasm spectrum: m/z 241 (1.081, 102 

(13.31, 181 (6.91, 140 (15.6J, 122 (74.6) and 43 (100). (Found: C, 59.601 H, 

7.02; N, 5.77. C12HlgN04 requires: C, 59.73; H, 7.94; N, 5.80\). 

(6R,7S,SaR~-6,7-Dihydzoxy-lndollzldine. 0). To a solution of the acetylated 

lndollzldlne (281 (37 mq, 0.15 mm011 In methanol vaa added a catalytic amount 

of sodlua methoxlde. After 1 h t.1.c. (chloroform-methanol, 15:l) lndlcattd a 

slnqle slaver-movlnq product. The teactlon mlxture van passed through a pad of 

silica gel and concentrated to afford dihydroxy-lndollzldlne (3) as a syrup 

(19 mq, 7981, (aID +10.4* (c 0.3, methanol). ‘H NMR (Inter l lia) (pyrldine-d5 

+ D20) 6 4.64 In, lH, H-6, J5ax 6 B Hz, J 

3.58 (dt, lH, H-3a, J;a 3a 
Seq, 6 

4.0 HI, J6 7 3 Hz), 4.25 (m, 

lH, H-71, 7 Hz, J2b 3a 7Hr, J ,: 3b 12 Hz), 3.46 

(dd, lti, H-Sax, J 
Sax, 5eq 

12.6 Hz)‘and 3.22 (dd: 1H , H-5sq;. Mass spectrum 

(PAB): m/z 158 (1008, H + HI, found: 158.1180. CgH15N02 requlree: 158.1181. 

3,4,5-Tr1-O-benzyl-2,6-benryloxytarbonyllofno-2,6-dldeoxy-D-aItrose dfethyl 

dIthloecetal (29). to an Ice-cold solution of the dlthloacetal (19) (1.9 q) in 

N,N-dlmethylfor~mlde (20 mL.1 vas added portionvIse sodlus hydride (1.4 g of a 

60% dlsperelon in 011) lmmedlately folloved by the dropvlse addltlon of benzyl 

bromide (4.0 aLI. The reactlon mixture vaa atlrred for 2 h vhen t.1.c. (1Lqht 

petroleum-ether, 3:l) shoved a aa)or faster-moving product. Ethanol vas added 

to decompose excess sodlum hydride and the reaction mlxture vas poured Into 

Ice-vater. The product van extracted vlth ether 0 x 40 mL1 and the coablned 

ethereal extracts vote vashed vlth vater, dried (HqS04) and concentrated. The 

resulting syrup vas purlfled by passage through a column of slllcd gel. Bxcese 

bcntyl bromlde van elutcd vlth llqht petroleum-ether (15:l); light 

petroleum-ether (11:2) l luted the trl-O-bentyl derlvatlve (29) as a syrup (2.5 
-1 

q, 79%), IolD +71.6* (c 1.0, chloroform). vIyx 1690 cm . (Pound: C, 69.921 H, 

6.83; N, 1.78. C3gH45H05S2 requires: C, 69.72; H, 6.75; N, 2.098). 

3,4,5-trl-O-benzyl-2,6-benzy~oxycarbonyllmlno-2,6-d1deoxy-aldehydo-D-altro~e 

1301. To a aolutlon of the dlthloscetal (29) (0.6 q, 0.89 uol) In acetone 

(12 mL) and vater (1 mL) vas added nrcurlc chlorlda (0.6 9, 2.21 -1) and 

cadnlum cerbonete (0.4 9, 2.32 mall. The mixture vas heated under reflux for 

1 h vhen t.1.c. (light petroleum-ether, 2:l) shoved the presence of a elnqle 

slover-rovlnq product. After coollnq, the reaction alxture van filtered 

through Hyflo Supercell and the filtrate co-evaporated vIth toluena. The 

rasldue vas extracted vIth vara chloroform, filtered, vashed succrn8Ively vlth 



6165 

108 l quaou8 potamiur iodide solution, vatar and f lnally dried (Mq80,l. 

Concontratlon of the filtrato gave the l ldehyde (301 as a a0114 (0.47 q, 9381, 

r.p. 
-1 

103-105. (othanoll, (aID t59.6. (c 1.1, chAoroform1. u-x 1715, 1690 

CD . (?ouadt C, 14.34; H, 6.11; N, 2.30. Cj5Hj5W06 requires: C, 74.32; it, 

6.24; N, 2.468). 

Pthyl 5,6,7-trl-O-~nzyl-4,B-bcnzyloxycarbonyllrPlno-2,3,4,(l-tetradeoxy-D- 

altro-act-2-8noate ( 311. To a solution of tha aldohyde (301 (1.2 q, 2.12 -11 

In acetonltrlle (30 aLI was added cacboethoxymethylene triphanylphosphorsne 

(1.5 q, 4.31 1~11 and the reaction olxtura vas heated under reflux for 16 h. 

After thls time t.1.c. (light petroleua-ethyl acetate, 5:ll showd a faster 

rovlnq product toqother with triphonylphoephlne oxlde and excess Vlttlq 

reagent. Ether was added to preclpltate ttlphonylphosphlne oxide, vhlch was 

filtered and the flltrate concentrated to dryness. Flash chroutoqraphy (llqht 

petroleum-ether, 3:21 qave the syrupy a,l)-unsaturated eater (311 as the 
-1 

B,Z-mlxturo (1.1 9, 0281, [aID t38.2’ (c 1.0, chloroform). wmax 1700 cm . 

tlasn spectrum: a/z 635, 544 (1.381 and 91 (1001. (Pound: C, 73.48; H, 6.54; N, 

2.09. C39H41N0., requires: C, 73.68; H, 6.50; N, 2.2081. 

5,6,?-Trl-0-bcnzyl-2,3,4,~-tetradeoxy-4,~-lmino-D-altro-octono-l,4~~lactam 

021. The a,+unsatorated ester 011 (2.0 ql was dissolved in ethanol and 

hydroqenated (45 p.s.1.) In the presence of 108 palladlum on charcoal for 18 

h, when t.1.c. (ethyl acetate-acetone, 3:11 showd two products to ba present. 

After flltetlnq off the catalyst sodium acetate (0.3 91 vas added and the 

mixture bolled for 20 h. T.1.c. then revealed the prearnce of a slnqle 

component. After removal of the solvent the tesldue was extracted ulth bolllnq 

ethyl acetate (3 x 25 aL1, flltered and the combined flltratcs concentrated. 

Flash chromatoqtaphy (ethyl acetate-acetone, 3:l) qave the lactdo 021 as a 

syrup which cryatalllsed on standlnq (0.9 9, 6381, n.p. 60-62. (ether-1Lqht 
-1 petroleum), [al, -26.1. (c 0.6, chloroform). vlldx 1675 cm . ‘H NMR 6 4.54 

(dd, lH, H-Seq, J 
Sax, 5eq 

14 Hz, J 
5eq,6 

2.0 Hz), 3.93 (m, lH, H-6, Jgax,6 0 HZ, 

J6 , 2.7 Hz), 

J& 9 Hxl, 

3.83 (a, lH, H-8, J7 6 2.7 Hz, J, Ra2 Hz), 3.58 (dt, lH, II-8a, 

3.52 (t, lH, H-71, 2I66 (bd, 1X, ;(-Sax), 2.54 (a lH, H-2a, 

J2a,2b 17 Hz), 2.27 (m, lH, H-Zb, Jib 2b 1 Hrl, 2.10 (n, lH, H-la, Jla Ba 

3.4Hzl and 1.98 (m, lH, H-lb). Haso sbctrum: a/z 450, 366 (2.9%) and 41 

(1001. (Found : C, 75.82; H, 6.19; N, 3.06. C19HJlH04 requires: C, 76.12; H, 

6.63; N, 3.0681. 

(6R,7R,86,daR)-6,7,8-Trlbcnzyloxy-lndolltldIne-borane coaplex (331. To a 

solutlon of the trl-O-benzyl-lactam (32) (0.4 g, 0.88 mall In dry THP was 

added botane-dlmethylsulphlde complex (4.4 mL, 8.8 mol of a 2 I4 solution in 

THPI and the reaction mlxtule was stirred overnlqht under an at-sphere of 

nltroqen. T.1.c. (llqht petroleum-ether, 3:11 revealed the presence of a 

alngle faster-wvlng product. Uater vas carefully added to destroy excess 

reagent and the reaction mixture van concentrated to a syrup. Thle -II co- 

evaporated savetal tlws vlth methanol. Purlflcatlon by fla8h chrowtoqtaphy 

(llqht pet~oleur-ether, 3:11 gave the tribentyloxy-lndolizldlne-borsnc as a 

syrup (0.35 q, 6881, vhlch crystallloed on ttlturatlon with ethanol. 

Recrystalllsatlon from the aamn solvent afforded 031 as vhlto crystals, m.p. 

60-62’, IaID t13.6. (c 0.6, chloroform). ‘H WKR 6 4,21 (ddd, lH, H-6, Jgax 6 
, 
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(m, lH, R-3bI and 2.56 ft, lH, H-5axI. 13C Yl4R fbenrene-d6I 6 67.0 (C-71, 66.5 

(C-81, 65.6 (C-6), 65.4 (C-OaI, 64.6 (C-51, 50.6 (C-31, 24.8 (C-2) and 19.5 

(C-1). nass spectrum: m/z 300 (14.2\), 299 (0.41, 240 (41.51, 239 (11.5) and 

180 01.5). (Pound: C, 55.89; H, 7.23; N, 4.63. C14H21N06 rcqulrcs: C, 56.18; 

H, 7.07; N, 4.68%). 

~6R,7R,8S,l7aR~-6,7,8-Trihydtoxyindolfzldlnc (0. To a solution of the trl- 

acctoxy-lndolitldlnc (36) (90 mq) In methanol was added a catalytic amount of 

sodium uzthoxldc. After 1 h t.1.c. (chloroform-methanol, 5:l) revealed only a 

slnqle slover-movlnq conponcnt. The solutlon was passed through a pad of 

slllca qel and the flltrate concentrated. Flash chromatography (chloroform- 

methanol, 5:lI gave the trlhydroxy-lndolltldlne (4) as a syrup (48 x19, 92 \I, 

la), *10.1* (c 0.9, methanol 1. 1 H HMR (Inter alla) (pyridine-d5) 6 4.26 (m, 

lH, H-6, J5ax,6 1.5 Hz, J5eq,6 2.8 Hz, J6,7 3.2 Hz), 4.15 (m, lH, H-E, J7,S 

3.2 Hz, Je,SdO Hz), 3.74 (t, lH, H-7), 2.39 (dd, lH, H-Seq, J5ey,5ax 11.7 Hz), 

3.04 It, lH, H-3d, Jld Sd 8.4 Hz, Jib 6d 8.4 Hz), 2.21 (dd, lH, H-5ex) and 

1.62 (II, lH, H-lb). haie spectrum (PA;)): m/z 174 (1008, I4 + HI found: 

174.1132. C8H15N03 requires: 174.1130. 
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