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Ã,BSTR.ACT

A new anthracycline, r-deoxy-N,N-bís-denethyl-pyrromycin

(xo) was synthesized by coupring naturar aklavinone (55) with
prot,ected l-brono- ( 49) and l-chroro-arninosugar (50) under Koenigs-

Knorr condition. The coupling process is highly stereoselective
presumably due to the fonnation of the 7-membered ring nitroben-
zoyloxoniun intennediate (s9) t,o give the"c-oríented glycosÍde (s6)

as the predomínant product.

Aklavinone (55) was obtained by acid hydroJ_ysis of a piginent

compound Ísolated from the culture of Streptomyces GaIilaeus Var.
siwenensis (68) , The st,ructural assignment of (s5) was achievedby
comparleon of all chemical and physical data with 1iteraÈure values
and further proved by high resol-ution p.m.r. spectrurn (Fig. 1B)

which is not avallable 1n the literature. The structures of cornporrnds

56 and 57 were also unarnbiguousJ-y assigned by their two dimensional
p.m.r. spectrun (Figs. 58), 13c spectrum (Fig. 5D) andhighresolu-
tion p.m.r. spectrum (Fig. 68) as we1l"

l-Deoxy-N, N-bis-dernethyl-pyrronycin ( 10) shows remarkable

ant,itumor actÍvity comparabre to those of adriarnycin (z) and

aclacinomycin A (6), (1) 
"

compound methyl 3-N- (benzyl-carboxamido) -2 ,3 ,4,6-tetradeoxlr-
DL-threo-hexopyranose (zg) and it,s 3-epimer 80, are considered as

intennediates for the tot,ar synthesis of nover aminosugars 2 ,3,4,6-
tetradeoxy- 3 -N-aminomeLhyl-Dtrthreo-hexopyranose ( 92 ) and 2 t 3, 4, 6-

t etra - 3 -N - am inornethyl - Dl-erlthro-hexopyranose ( 9 3 ) . Intermediates

-L-



78 and 8o were al-so converted to new amínosugars g6 and g?.

The structures, rerat,ive st,ereochenist,ry and the preferred
conformations of the four anomers, gz, 93, g4 and. g5 of the key

int'ermediates 78 and 8O q¡ere positively deternined by detailed
exarnination of theír infrared spectra, (Figs. L4A, r5.A, r7A and 1BA) ,

high resolut,ion p,rno ro spectra (rigs, r4B, lsB, 178 and 1gB) andmass

spectra, (Figs " tLc, 15c I L7c and lBC) , incruding high resorution
mass spectra, (Figs. 14D, ISD, L7D, lgD).
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IMTRODUqrTO}q

The work on the ant,itumor anthracyclines can be traced back to
the lat.e 1950us (2). Later on, rhodomycÍn A (4) and B (5) , pyrro-

mycin (9) , cinerubins A (8) , aklavin (7) , and other anthracyclínes

hlere separated and characterized (3) . Anong this class ofpigunented

substances antibiotic and antitumor actívity was only displayedby

the glycosides . À detailed review of studies of the anthracyclines

during 1950ts was given by Brockmann (3).

In 1961, daunornycin (l-) was isolated from a culture of Strepto-

myces peucetius (4) . Some other daunomycin related analogues had

also been ísolated frommicrobial culture, suchas carminomycin (3),

(7), and duborimycin (8). The biological antiyumor activities of
daunomycin ( 1) , which demonst,rated superÍority over the previously

known anthracyclines such as rhodomycinA (4) and B (5) , notívated

the elucidation of the structural features of daunomycin and its
analogues.

The research strategy, concerned with the developrnent of new

anthracycline analogues with more potent antiturnor activities andr/or

less cardiotoxicit,ies than daunomycin (l-) , hrere originally carried out

on two lines: one having purpose of investígations of structure,
stereochemistry and structure-act ivity relationship ; and the other

having the purpose of search for new biosynthetic analogues in
cultures. [hese approaches essentially resulted in the isolation and

characterizationof adrÍarnycín (2) in1968 (5), aclacinomycÍnA (6) in

1



// \.
Al

\-z
B

,/\
lc
'rt.z-

D OH

o OH

oo
R2

Daunonycln (¡)

Àdrlanycln (A)

Caralnonycln (g)

Rhodonycln A (é)

Rhodonycln B (9)

R1

CH¡

cH3

H

R

x

H

R2

H

OH

E

I

I

æ/
I N(cH"),
I
OH

2



NRs&

A,cl-aclnotrycln À

Àklavln

Cinerubin Ã,

Pyrronycln

1-Deoxy-N, N-ble-

denethyl-pyrronycln

lø

(g)

(z)

(g)

(g)

( 10)

R1

H

F

OH

OH

H

R3

cH3

cH3

cH3

cH3

H

R4

cH3

cH3

cH3

cH3

H

R2

Y

H

Y

H



I97 5 ( 6 ) and the developrnent of some new synthetic analogues whích

displayed better biological antitunor activities and/or less cardio-

toxicities than daunomycin (]-).

Daunomycin (r), as well as adrianycin (2) and acracinomycin A

( 6) , are being used clinically in the treaLment of acute leukemia and

solid tumors in man. unfortunately, these compounds have some

undesirable side effect,s, the most seríous being dose-related

cardiotoxicities to various extents (9), which harnpers their
therapeut ical appl i cations . Hoïtever, such dose re lated carråf oLoxicities

are not observed l¡ith the adrnlnistrat,ion of other anticancer drtgs
(10).

The mechanisms of antitumor propert,ies of these drugs seem to
be related with anthraeycrine glycosíde-DNÀ intercaration (lr) ,

bioreductive aIþlation ( 12 ), and anthracycl ine glycos ide-cel1 surface

interaction (13 ) " The X-ray diffraction study of the daunomycin-DNA

complex revealed that the daunornycin aglycone chromophore in the
DNA complex is orient,ed at, right angles to the rong axis between

base pairs of ÐNA. The ring D rest,s in the minor groove of the
double helix (14) . The oxygen on c7 is in a guasi axial position in
which the oxygen is projected further away. conseguent,ly the

oxygen on c7 and the hydroxy hydrogen on cg can no longer fonn

an intramolecular hydrogen bond, in contrast to those observed in
other crystal st,ructures of anttrracycline ant,ibiotics, (14, tS) . Thre

C9-OH forms hydrogen bonds with the nitrogens of an adjacent base

Ín DNA double helix (14). Interestingly, in a series of related
anthracycline glycoside dmgs, tTre card iotoxicity can not be related
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to the antitunor activftyo suggestlng a unique mode of action (]6) "

Sone reports suggested correlation of this cardiotoxlcityr*Íth an

anthracycl ine glycos lde-mitochodrial membrane Ínteraction ( 17 ) . In

t,erms of biochenistry, the cardiotoxicíty is assumed t.o be a

consequence of a redox process lnvolving the quinone moleÈy of the

aglycone whlch generates superoxide and hydroxide radlcals,

These radicals are highly toxic to the heart, cell in which

superoxide disnutase or cataLase concentration is very 1ow compard

t,o the }lver and kidney ceIls ( 18 ) . In addition, mubagenicity did not,

seem to relate wíth the cytotoxic activÍty I ëogn antitumor activity,
(19).

The che¡uLcal investigation of new analogrres of daunomycin ( I-)

mafnly focusee on four obJectlves: 1) structural and stereoctrernical

investigations of anthraq¡clines; 2 ) nodification and total slmttreses

of aglycone noletles; 3) nodfficatlon and total syntheses of
amfnosugar mofetles ; and 4 ) nethodology of coupllng aglycones wlth

amJ.nosugarmofetieE. So farmore than 500 analogues of daunonycin

have been synthesized or Isolated from nature and tested for
blological actlvity, (20) .

I ) Structura I and Stereochemical Investigat,ions of Ànttrracycl ines

The structural and stereochemical investigatlons of tt¡e anLhra-

cyclines show that the slte on C9 in ring D bears the two different
carbon aton slde chain, either an acetyl group in daunornycin or an

ethyl group v¡ith an extra carbomethoxy side chain on Cto in
aclacinonycln A, In addit.lon, a tertiary hydroxy on C9 and

secondary hydroNy on C7 have a cis geonetry relat ionship with each



other. All of theee are characterLst,fc features of tÏ¡e anthracryclfnes

v¡Ith elgnlf icant antftumor activiLy. Fìr:therrore, ring D contalns tåe

slt,e of sugar attachmene, e, g " the benzytic posÍtlon at, c7. Therefore

two aslmnetric centers at, c9 and c7 reside fn rlng D of dauno-

nycin (å) and adrlamycin (2). Aclacfnomycin A (6) has an eNt^ra

asynmet,ric centre at, CLO. The format,Íon of a hydrogen bond

between the hydroxy group on C9 and oxygen atorn on C7, which

was confirmed by X-ray dlffraction studies of anthracycline, appa-

rent,ly sbabilized ttre half-chair conforrration (24) of ring D (Fig.1 ) "

HlOe
cocH2oH

The Half-chaLr Conformatlon of Rlng D

1n Adrlanycln (I5).

Daunosanlne (21) and rhodosamine (22) , present inanthracycli-:ne

antlbfotics, are L-lyxo-hexoses withd-gLycos ldlc l inkages to tbe

C7 benzyl ic positlon. Four chiral centers in these arninosugars are

assignedthe ]u (R), 3, (S), 4, (S) arrd 5t (S) configuration correspondirg

toa(-glycosidic llnked glycosides. Theø(-glycosldes rnay show

Ffg. 1
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antitumor activities while f-í=o^"rs are only weakly active or

completely inactiy" (40) . The special feature of Daunosamine (ZL) ,

( 3 -amino -2 ,3, 6-trideoxy-L-lyxo-hexopyranose) , with tTre config:ura-

tional and structural differences from other amínosugars present in
anthracyclÍnes, seems to account for the remarkable antitumor

activity of the anthracycline glycosides, such as daunomycin (1) and

adríamycin (2) . In addition to daunosamine (ZL), other 3-amino-z t3 | 6-

trideoxy hexoses such as L-rhodosamine (ZZ), 3-N,N-d.imethylamíno-

2 , 3 ,6 -trideo>qf-L-lyxo-hexopyranose, from rhod.omycin and Aklavin ( 6) ;

aco samine ( 23 ), 3 -amino -2, 3, 6-trideoxy-L-arabino-hexopyranose, from

actinoidin; vancosamine (24) , 3-amino-3-C-methyl-2, 3 , 6-trid.eoxy-L-

lyxo-hexopyranose, fromvancomycin; L-megosamine (ZS), 3-dimethyl-

amino- 2, 3, 6 -t.rideo>q¿-L-ribo-hexopyranose, from megalomycins ; ango-

losamine (26), 3-dimethylamino-2, 3, 6-Erid.eoxy-D-arabino-hexo-

pyranose, from angolamycT-n ; actinosamine (27), 3-amíno-4-O-methyl-

2, 3, 6-trideoxy-L-arabino-hexopyranose, from actinoid.in and ris-
tosamine (28) ¡ 3-amíno-2, 3,6-trideoxy-L-ribo-hexopyranose, from

ristomycin, have been found as components of other antibiotic
molecules.

2) " Modificatíon and Total Synthesís of Aqlycone Moieties

A huge number of chemically modified analogues of the antitumor

anthracyclines have been obtained by ex¡rloration of the reactivity of

analogues modified in ring D substitution and those modified in the

anthraquinone chromophore (2I) , such as 19c. Themodifications of

ring D were mainly focused on: the modification of the side chaj-ns

on C13 and C14 by oxidative degradation; thevariation of the side

11
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chains at. c9 and c19; the substitution at. cg; and construction of a
new skeleton of ring D. Modification of the guinone moiety an¿ the
anthraguinone chromophore at positions of c4r c5 and. c11 vrere

al-so investigated extensívery by: a) synthesis of 4-demethoxy-

daunomycin ( l-1), 4-demethoxyadriarnycin (Lz), rl-d.eoxydaunomycin

(13), lI-deoxyadriamycin (14), the 6-o-methyr andthe It-o-mettryl
derivaLives; b) replacement of 4-O-methyl with other a1þl groups;

and c) themodificationof the guinonemoiety (21) andthe skeleton
of ring D (22, 23) .

Some significant results of stmcture-act,ivíty-toxicíty study are

worth mentioning. Alternation of the groups at,tached to c9 produced

profound effects on the biological antitunor activities (20) . Absence

of 4-methoxy or II-hydroxy groups seemed to dispray higher
ant,icancer act,ivity and/or lower cardiotoxicÍty (2s) . The guinone

moiety seems to be responsible for both antitu¡nor act,ivity and

cardiotoxicity (20b) . A summary of studies on anthracyclínes during
the 1960rs and Lg7}rs r¡ras given by f . Acarmone (4c).

The total syntheses of the aglycone rnoietíes of daunomycin,

adriamycÍn, acÌacinomycin .å, and their analogues have arso been

exteneively studled (4c, 26-36). Ttle first total slmttresis of daunomy-

cinone (20) in ]-97l andheteroanthracyclinones, such as, 6 ,7,g,r!-
tetrahydroxy-9-acetyl-7 ,8 ,9 ,lO-tetrahydrobenzo (b)ttrio:antåen-I2rcne-

S-oxide ( 33a), the S-dioxide analogue 3_3 ; their corresponding regio-
isomers 34a and 34 in 1984 i and the aglycone 35 wíth five membered

ring D in L987 r¡rere reported by wong and coworkers , (22 | 33 , 37 ,

3 I ) . The total slmtheses of anthraq¡clinones, while quite different in

l_3



conception, all involved the construct,ion of either ring B or C frorn

a bicycric precursor as a key step. The charlenge related to the
construction of the aglycone is: the regiospecific connection of the
ring A, to the CD uniti the functionalization of ring D; and the
stereospecific Íntroduct,ion of two hydroxy groups on c9, c7 and-

COOCH3 on C1g in the case of aklavinone.

3) Modification and Totat Syntheses of Anínosugar MoÍeties
The presence of the amínosugar residue in the anthracycline

antibiotícs is an ímportant structural reguirement for biological
activity, since biological activity of the isolated aglycone moiety has

never been reported. The results also índicat,e that themutagenesis

of anthracycline ís closely related to the structure difference in the
sugar moiety (19). The 3r-amino groups in the anthracycline
analogiues are involved in electrostatic interaction between the
amínosugar and the phosphat,e çtroups of DNA (39) and therefore are
responsible for significant, antitumor activities (43) " As such it has

been the object of extensive synthetÍc investigation.
A number of ¡nodif ied amino sugar analog'ues have been

comprehensively evaluated through the investigation of stnrcture-
activÍty relationship of a nunber of systems includingi 4t -epidauno-
rnycin (15), 4t-epiadriamycin (16), 4r-deoxydaunomycin (17) , 4r-
deoxyadriarnycin (rg), 4t-methyr derivatives, 4r-c-methylated
anal-ogues, and other configurational anaÌogues such as L-ribo
ana 1 ogues, L-xyr o - analogues, conf igurational analogues beronging to
the D-series and N-acyr derivatives, NrN-dimethyl daunomycin (l_9)

and non sugar derivat,ives (4c) .

14
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The stnrcture-activity-toxicity study revealed that 4 ¡ -deo4¿dar¡no-

mycin (L7) , 4'-epidaunomycín (15) , 4 t -deoxyadriarnycin (l-B) and 4¡-
epíadriamycin ( 16) all have lower cardiotoxicity, presumably due to a

lower level of superoxide produced, which was dírectly related to
the absence of 4r-deoxy groups of these compounds, (4I, 42) . NrN-

dÍakylation of daunomycin ( l-9 ) seems to enhance the ef f icacy against

test tumour cells but it was found, however, to be marked.ry rnore

cardiotoxic than adriamycin (z) (44). This conclusion could be

further supported by the biological antitumor activity of 3 t -deamino-

3 ¡ - ( 3 -cyano-4-rnorphorinyl ) -adriamycin ( rgb), which was much more

active than daunomycin (r) but, with extraordinarily higher car-
diotoxicity (45) than that of daunornycin (r). configurationar
analogues belonging to D-series, such as 7-o-(3-amino-2,3,6-

trideoxy-D-arabino-hexopyranosyr) -daunonycin (r9a), show weak

activity (46).

The syntheses of both racemic and chiral daunosamine, 4 -deo4¿-

daunosamine and other related analogues have been reported. fhe

idea of using 4-deoxydaunosamine was orÍginarly suggested by wong

et al", who firstpresentedthetotal synthesísof (Rrs) daunosamine

and (RrS) 4-deoxydaunosamine fromnon-sugarprecursors in 1975 and

1978 respect,ively (47, 48). ?üongrs synthesís of 4-deoxy-Dl-dauno-

samine is illustrated in Scheme 1.

Oxazolinoru*pyrone (41), obtained in four steps from compound

(36), was hydrogenated Ín the presence of Adamrs catalyst to a

mixture of (42a) and (42b), or to only (42b), the relative stereo-

chemistry of the products being ascertained by the analysis of the

L6



p,m.r. spectra, Both (42a) and (42b) r¡rere converted to 3-amino-

2, 3, 4, 6-EeLradeoxy-D-threo-hexopyranose (44) by reduction of the

lactone function to the hemiacetal as in (43e) and (49Þ) , followedby

hydrolysls with hydrogen bromide.

Since then, a great number of report,s dealing with total
syntheses of racemic daunosamine (49) and L-daunosamine have been

publ ished ( 50 ) . Various efforts have been made to increase stereo-

selectivity in the synthetic processes.

The first total synthesis of optically active daunosamine from Lr

fucose waa accomplished by Marsh et al (st) " varlous other chlral
materlals larere also employed as precursors, such as less expensive

D-sugars (52), fermentatsion fntermedlata (53), D-threonfne and

tartaric acid (54) and other sugarpresursors (55) . sugarprecursors

were arso used t,o synthesize 4-deoxydaunosamine (56) " Dyong and

Weiman (50) reported the first use of asymmetric induction to
accomplísh a chiral total synthesis of daunosamine. Other novel

asymmetric synthesis (57) andthe chÍrar pool syntheses of deriva-
tives of daunosamine (58) rr¡ere also achj-eved.

L-Daunosarnine, prepared through asymmetric synthesis via an

enantioselect,ive intramolecular [3+2] q¡cloaddition of a nitrone to an

olefine, vlas reportedby PeterM. I^Iovkulich et aI . (57 ). FrankM.

Hauser et al . carried out a stereoselective slmthesis of N-trichlor-

acetyl derivatives of (R, S) daunosamine starting fron simple acyclic

precursor via a Pummerer rearrangement of the corresponding

sulfoxide isomers (59) . L-Daunosamine obtained frorn the opt,ically
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actíve slmthet,ic intermediate, 7 -oxa-bicyclo- lz " 2 .1 1 -hept-S-enes was

reported by Pierre vogel et, ar" (60), ín 21.8 g overarl yieId.
4 ) Methodolocry of Coupling Aglycones ïrith Aminosugar Moieties
The first glycosidic coupling of daunomycinone with protect,ed

daunosamine under Koenigs-Knorr reaction h¡as reported by Àcton et
aI " (61) . The presence of silver trifluoromethane sulfonate, whictr

assisted glycosidation of aglycone with sugar halide, has been proved

to be particularly useful for the preparation of glycosides (62) . To

dat'e, alrnost all glycosidation processes Ínvolved in the chemical
synfheses of the anthracyclines have been carried out by the
classical Koenlgs-Knorr reaction or modified procedure (62) . The

acid cataryzed condensat,lon of an agrycone and a protected. hex-l-
enopyranose, such as 32, trras carried out in the presence of p-
toluenesulfoníc acid at room ternperature to give, sÈereoselectively,

only the4-glycoside ( 63 ) . The high-yield enzynatic glycosidation of
aklavinone ( 55) wÍth corresponding sugars to give aclacinonycin A

(6), r¡¡as achieved by H. Umezawa and coworkers (65).

Based on these ext,ensively fundamental_ studies, many new

anthracycline analogues, both of natural and slmthetic origin, such

as 4-demethoxydaunomycin (1r), 4-demethoxyadriamycin (Lz) , 4t-
deoxyadriamycin ( 18), 4 t -deoxydaunomycin (17), Ir-demetho4¿dauno-

mycin (13), 1I-deoxyadrianycin (14), 4r-epiadriamycin (16), and.

aclacinomycin A ( 6) , exhibit greater antitunor activity andr/or less

cardiotoxicity (45, 65). sone of then are being used in crinical
studies.
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It was observed that removal of the 1I-hydroxy function group

reduces cardiotoxÍcity as in the cases of aclacj-nomycinA (6) , 11-

deoxydaunomycin (13) and It-deoxyadriamycin (14) analogous" The

daunomycin derivative, in which daunosamine (21) was substituted.

with its natural analogue rhodosamine (22), reducedmutagenicityand

enhanced antitumor activity, but was markedly more cardiotoxic. ft
was also observed that 4r-deoxydaunosamine (29) v/as responsibl-e for
the increase in ef f icacy. rn the case of.4t -deoxydaunornycin (l-7) and

4t-deoxyadriamycin (18) analogues, which have not been found in
natural product,s, hence are superior to daunomycin (I) and

adriamycin (2) themselves"

(23)

cwfu/ru
cH2NH2

(e2)

Therefore, it is of great interest to further investigate the struc-

ture - a ct iv i ty re I at i onsh ip o f 1 -deo4¡-N, N-b is -dernethyl -pyrrornyc in

(10). However, based on literature survey, its physical and its
preparation data hlere not reported before. Its biological property

was only very casually mentj-oned as mutagenic in the S. typhimuriurn

test by K. Umezawa et al. (90) . It is also of great value to create
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Schene 6 Synthesls of rnethyl 3-N-(benzyl-carboxamido)-

2, 3, 4, 6-tetradeoxy-Dl_threo_hexopyranose (7g)

and its 3-epirner 8o

NH2CH2Ph
CH3CHOHCH2- CH- CH2CH=CH2

I
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,/ (z5e)

,/ column chromaography
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CHí
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+
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+

coNHCH2Ph

I
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+
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t. l. c.
Q!) 

-+

CH¡

(92)

cH2NHCH2Ph

(93)

(95)(91)

coNHCH2Ph

CH2NHCH,Ph CH2NHCH2Ph

l" H I ?"",
(se) t't'c' * ""tbocH,* csrfufn

Scheme 7 IsoLation of the Ànomers (gZ¡, (83), (84) and (gq)

f ro¡n nethyr 3-N- (benzyl-carboxamido) -2 ,3 ,4,6-tetrade-
oxy-Dl-threo-hexopyranose (78) and its 3-epirner Bo
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an approach for total syntheses of 7E and 8o, which are the inter-
mediates for the new aminosugars 3-N-aminomethyl-2,3,4, 6-tetra
deoxy-DL-threo-hexopyranose (92) and its 3-epímer, 3-N-amino-

nethyl-2 ,3 ,4 ,6-tetradeo4¿-Dl-erTthro-hexopyranose (93) . Cornpound 78

and 8O were also converted to the new amino sugars 86 and 97.

These new amíno sugars will be coupled with different agrycone

noieties for additional study of structure-activity relationship.

The preparation of protected 1-chloro- and 1-bromo-daunosamine

5O and 49 (Scheme 2 and 3), I-deoxy-N,N-bis-demethyl-pyrromycin

(10) (Scherne 4) , the new aminosugar derivatlves ?B and BO (Schene

5-6) and new aminosugars 86 and 87 (scheme 5-8), are described in
full detail in this thesis.

.Akravinone (55) , used as a precursor, for the synthesis of towas

obtained by acidic hydrolysis of a yellow pigrment which r¡/as

originally isolated from the cultured broth and mycelial cake of
Streptonyces Ga1ilaeus var. Siwenensis at Sichuan Industríal fnstitute
of AntibÍotics (china) (66) . Its stnrcture was positively identifiedby
conparlng all ít,s physÍcal and spectroscopic data with those reported

in literature (67, 68).

Glycosidation of aklavinone ( 55) with l--chloro-aminosugar 5o and

I-bromo-aminosugar 49 under Koenigs-Knorr condition gave&-
glycoside 56 as a major product and p isomer 57 as the minor

product. The result,s showed that the yierd of"(-glycosidation with
1-chloro-aminosugar !¡as superior to that of r-bromo-aminosugar.

The structure of 5 e i s unequivocally established by d.etailed analysis

of its two dirnensionar p.il. r. spectrrrm (Fig. sB) . Basichydrolysis of
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+
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scheme 8 Preparation of methyl 3-N- (benzylamino-methyl) -2,3 t4 16-

tetr^adeo4¡- DL-threo-hexopyranose (86) and; 3-epimer Bz.
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56 gave the final product l-0, which displays strong ant,itumor

activity paralleling that of adriamycin and aclacinomycinA, (TabJ-e

2), (1)"

The preparation of inethyl 3-N- (benzyl-carboxamido) -2,3 | 4 | 6-

t,et.radeoxy-Dl-threo-hexopyranose (78) and its 3-epimer 80, are

presented in part B of the experiment sect,ion" The syntheses of 78

and BO start,ed from diethylnal-onate (63) (Scheine 5-6) " Alþlation of

diethylnalonate with allyl brornide foltowed by acidic hydrolysis and

decarboxylation gave compound 66. Cyclization of 66 in tÏre solution

of hexane, p-toluenesulfonic acid and water eventually gave 2-a11y1-

4-nethyl-t-butyrolactone (67) as a mixture of two diastereomers

which failed to be separated from each other. Each of these

diastereomers contains a pair of enantíomers which have been not

resolved. The reaction tt tt with benzylamine and. sodium hydride

gave two diastereoisomers, 75 and 77 (Schene 6).

Ozonolysis of 75 and 77 in anhydrous methanol followed by

treatment. with reducing agent trirnethyl phosphite gave compounds

78 and 8O, respectively (Scheme 6) . Their anomeric isomers 82, 83,

84 and 85 v¡ere isolated upon column chromatography over silica,
(Scheme 7), and their structures, relative stereochemistry and

preferred conformations !ìrere, positively identified by d.etailed

examination of the infrared spectra, (Figs" 144,, 15À, 17Aand18À),

high resolutionp"m.r. spectra (Figs. 148, 158, 17Band 188) andmass

spectra, (Figs" 14C, 15C, l7C and 18C) , including high resolution

mass spectra, (Figs. l4D, LsD, l-7D, 18D).
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Reduction of 78 and 80 with lithiun aluminum hydrÍde (LiAIHa) r

gave new aminosugars 86 and 87 respectively, (scheme B) . Their four

anomers, 88, 89, 90 and 9I, v¡ere also isolated by preparative layer
chromatography upon silica gel and HPLC.
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RESULTS AND DTSCUSSIONS

PÃRT A,: SY¡flTHESIS OF 1-DEOKf-}{'"hT-BIS-DEB{BTHfL-

PYRROSfiYCnq (1O)

The synthesis of 1-chloro-Z ,3, 6-trideo4¡-4-O- (p-nitrobenzoyl) -3-
N-trifluoroacetamido-L-11xo-hexopyranose, [ 1-chloro-4-O- (p-nitrroben-

zoyl) -3-N-trifluoroacetyl-daunosaminel (5O) was achíeved. by two

rouLes.

Treatment of 3-N-trifluoroacetyl daunosamine (53) with p-

nitrobenzoyl chloride in methylene chloride in presence of p1æidine,

gave 1r 4-di-o- (p-nitrobenzoyl) -N-trifruoroacetyl daunosamj¡e (s) , æ
a cryst,alline solid, in 80 t yield. fhe product was furtherpurified
by recrystallization from chloroform as white crystalsr m.p. = l_98-

Lg7 'C, LÍt. tg7 .0-198.5 oC, (53) , (Scheme 3) .

This process was developed by modification of the similar one

reported by snith et aI . (7o) in order to obtain an acceptabreyield

in smaLl scale reparatÍon.

Conversíon of Ê1, 4-di-o- (p-nitrobenzoyl ) -N-tríf luoroacetyl

daunosamine ( 54) to the verlf unstable l-chloro-4-O- (p-nitrobenzoyl) -
N-trifluoroacetyl daunosamine (50) \¡/as achieved by anhydrous

hydrogen chloríde followed by filtration to remove tJ:e insoluble p-

nitrobenzoíc acid. Since 5O is very moisture sensitive, the whole

reaction procedure was conducted in a sealed flask under anhydrous

condition "
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A,n alternative approach, starting from methyl N-trifluoroacetyl
daunosamine (a5) , for preparationof I-chloro-aminosugar (so), !¡as

also explored, (Scheme 3).

Reaction of 45 with p-nitrobenzoyl chloride in a solution of
methylene chloride and pyridine gave methyl 4-o- (p-nÍtrobenzoyl) -
3-N-trifluoroacetyl-daunosamine (46) as an amorphous so1id. from

ether, n"p. = 70-74 oC, in 96.4 å yie'd.
The i.r. spectrum of 46, (rig. 3A) , reveals the carbonyl stretching

at I73O cm-I, the aromatic C=C at, 1610 cm-l, the No2 bending

vibratíon at 1530 cm-l and OCH3 at 2BS0 cm-f.

The further preparative layer chromatography of 45upon siríca
geJ- gave two anomers, 47 and 48, as the syrupy compounds, (solvent
A). The compound 47 and 48 were assigned. to l,andpglycoside
respectÍvery " Their p.m, r. and mass spectra are presented in Figs. 38,

48, 3C and 4C.

The p.m.r. spectruro of 42, Fig" 38, shows the C5-CH3 at I.2O
ppm as a doublet, and the two nethylene protons on c2 at 2"00 ppm

as a nultipret. A three proton singret at, 3.40 ppm correspond.s to
the c1-ocH3. The cs-H appears at 4.2o ppm as a quartet. The

presence of a nult,iplet, at 4,7O ppn is assigned to the C3-H.

Ä one proton broad singlet at 4.95 pprn with t{H = 5.6 Hz is
attributed to the hydrogen on c1. rts snalI coupling indicates the

eguat,orial oríentation of the anomeric hydrogen, (7O) 
"

One methine proton on C4 is at 5.45 ppm, as a barely resolved

doublet. As expect,ed, it is shiftedto lowerfieldthanothermethine

protons in the rnolecule, most likeIy due to the desheildinq effect, of
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t,he carboxyl group on c4 . one proton signal at 6. 37 ppm, as a broad

doublet, corresponds t,o the NH proton. The four protons on p-
nitrobenzoyr group appears at B,28 ppn as a typical A.A,rBB¡ spin
system.

rn the mass spectrum of 47, Fig. 3c, ross of cH3o from the
molecurar ion gives the fragment tt+¡z zzs. The fragrnent atu+/z
150 is due t,o the p-nitrobenzoyl ion,

The p.m.r. spectrum of 48, Fig. 48, shows threenethyl protons,
at 1.25 ppm, as a doubret and two methylene protons on c2, at 1.gS

ppn and 2.Ls ppm, as two sets of a murtipJ-et,. The methoxy protons
appear at, 3 . 58 ppru as a slngret. one proton signar at 3 . 97 ppm as a
guartet and one proton sÍgnal- at 4.40 pprn as a rnultiplet may be

assigned to the two methine prot,ons on c5 and c3 respectÍveIy. The

axía1 proton on c1 occurs at 4"56 pprn as a double of doubrets. one

proton on c4 is at 5.36 ppm as a poorry resolved doublet. one

proton signal at 6.35 ppm, as a barely resolved dor¡b]et, correspond.s

to the NH" The four aromatic protons are at g.3o ppn as the
symruetric multiplet of a typical A.A,'BB¡ spín systen.

The mass spect,rum of 48, Fig. 4c, shows that the fragment losing
one proton from the molecular Íon is al-u+/z 405. The fragment of
the p-nitrobenzoyl ion is aE tt+/z lbo.

Further treatment, of 46 with dry hydrogen chloride in methylene

chloride solution at ternperature of o 
oc for 4 hrs followed by

evaporation of the solution to dryness gave 5O, (Scherne 2), as a

foamy amorphous solid from ether. The residue was dissolved in
rnethylene chloride, evaporated t,o dryness. These operat,ions was
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repeated once more until the residue was free of hydrryen chloride,

ft is a precaut,ion against, possible cleavage of the glycosidicbond.

under acidic condition, (scherne 9) " This residue was permitted to
couple with aklavinone without, further purification.

Aklavinone (55) was obtained by acidic hydrolysis of a yel1ow

amorphous soIíd, which exhibited potent antitumor activity , 
'(66). 

llhis

solid qras separated from the cultured broth andmycelial cakes of
Streptonyces GaIilaeus var. Siwenensis. ThÍs amorphous solidwas

further purified by preparative layer chromatography upon silica ger

(Solvent A) and recrystaLlized from chloroform. The purified yellow

crystal shows that it,s physical and spectroscopic properties are

paralIel those of Àcl-acinomycin A, reported by H. umezawa et aI.
(71).

The purífied yeIlow pigment was hydrolyzedwith 0"3 M sulfuric
acid t.o give orange crystalline need.les, after recrystallization from

chloroform. This orange material u¡as ldentified as akLavinone (55) by

cornparing lts physlcal and spectroscopic data wittr those reported in
Literature (67, 68) , and further confirmed by the high resorution
p.il"r. spectrumwhichwas not availabre in riterature (Fig. 1B-1).

rn the p.m.r. spectrum of 55, Fí9. rB-r, shows the smarr coupling

between the proton on c7r at 2.35 ppn and the two protons on cg,

aE 2 "45 ppn and the long range coupling between Cg-He and C19-H"

of 55 based on a expended p.m.r. spectrum.

DoubÌe irradiation studies (rig" 1B-2) further reveared the

relationship among C7-He, Cg-H¿Hs and C1O-H. $Ihen frequency

sweep douþ1e irradiat,ion was applied at 5 , 38 ppm, corresponding to
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€he !I7 -!Ie ¡ Bpêcbral s lmpl Lf lca€lon due to tha decouplinE of Cg-H¿He

from the C7-!Ie was observed" Decouplfng of the proton of the Cg-

Hu from the C1O-H* was also obsen¡ed by t^he double irradlation on

the C1g-He at' 4"L3 PPn.

Thls operation converts the original broad doublet aE 2 ' I0 ppn,

correÉponding to the Cg-Il¿r t,o a fairly sharp doublet whicl¡ clearly

indicates the decoupling fromthe c16-He. All thesep.m.r. spectro-

Scopic data can only be accornmodated to the half chair form of tb'e

preferred conformation of D rlng as shown Ín Fig" 2 '

Fig. z

cH3ooc

The Hatf-Chair Conformatlon of D ring

of Aklavlnone (55)

Thus these spectroscopic featuree readily distlngrished aklavinone

fron other epimers, €.9. aklavlnone I and aklavlnone II whichmay

also be lsolated from the culture medium, (67)'

The reactlon of aklavinone ( 55) wtth 5O in the presence of silver

t,rif luoro¡nethane sulfonate, follcwed by preparative layer ctrrornatog-
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raphy upon silica geJ-, gave 7-O-4 0-O-(p-nitrobenzoyl) -3 ¡-N-tri-

f luoroacetyl'eÉdauno s aminyl -aklavinone ( 56) as predominant, product

in 40 I yie1d, and a small amount of the p-isomer (SZ).

Introducing the 4-O-p-nit,robenzoyl group in a sugar moiety for
inp rov i ng st e reoselect ívity of coupl ing reaction under Koenigs -Knorr

condítions, was report,ed by Dejten-Juszyuskí, (73, 74) "

Thus it ís assumed that the high stereoselectivity of the Koenigs-

Knorr reaction of 5O and 49 with aklavinone (55) is at,t,ributed t,o

the presence of the p-nitrobenzoyl group at C-4 . The p-nitrobenzoyl

group most likeIy participates in this reactíon to form stable 7-

membered ring nít,robenzoyloxoniurn intennediat,e (59) . This inter-
medÍat,e probably facilit,ates the axial attack by the hydroxyl group

in the formation ofÁ-anomeric compound (s6), as illustrated in
Scheme 10, (74).

Acton et aI " (7 5) obtained the glycoside with more stereoselec-
t iv ity with 4 -O -p -n itrobenz oy1 - 3 -N-t,ri f luoroa cetyl-daunosaminyl

bronide over the chloro sugar, Hoïrever our experiment results
shows that I-chloro-aminosugar (5o) seems to be superior to 1-

bromo-aminosugar (49) in coupling with akravinone (55) to give -
isomer (56) Ín 40' 0 I yield, as opposed to the 2 6 "9 zyield obtained

from 1-bromo-aminosugar. These results paralle1 those contributed by

Acarmone et al" ín the preparation of analogues of adriamycin and

daunomycin (76) " The phenomenon may be well explained by the

HSAB principle (77) 
"

According to the IISAB principle, the C1 in 49 is a less hard

acidic centre than that in 5O, Conseguently the carbonyl oxygen,
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which is considered as a hard base, prefers to att,ack the harder

acidic centre at the C1 of l-chloro-aminosugar to form 7-rnembered

nitrobenzoyloxoniurn intermedj-ate (59) . Therefore the choice of 1-

chloro-amÍnosugar ( 50) may provide a more stereoselecLive approach

to gÍve the4.-glycosÍde (s6) in the higher yield than that. of 1-

bromo-aminosugar (49) 
"

The stereochemist,ry of both 56 and 57 are positively established

by det,ailed analysis of their two dimensional p.m.r. spectrum (Fíg.

58) , 13c n. m. r. spectrurn (Fig. SD) and high resolution p.m. r. , (Figs.

68) "

The i"r. spectrum of s6, Fig. sA, shows the oH stretching
absorption (non hydrogen bonding) at 3530 cm-I. The NH stretching
1s at 3430 cm-l and. cherated phenolic oH is at 3soo-3000 cm-l. The

carbonyl stretching absorptions of -coocH3, phcoo, and NHCocF3

occur at 1735 cm-l as a broad and intense band due to overlapping
with each other, The quinone carbonyl st.retching appears at 1680

cm-l and. the chelated carbonyr stretching is at 163o cm-r. The

arornatic c=c st,retching and the No2 absorption are at 1620 cm-I

and 1535 cm-I respectively,

The two dimensional p.¡n.r. spectrum of 56, F:-g. sB, shows one

proton singlet at 5.64 pprn with WH = 6 Hz, assignable to the

eguatorial hydrogen on ctr, whereas the proton on cr1 of 57 (Fig"

68) is assigned to the axial orientation on the basis of one proton

signal at 5.35 ppm, as a quintet, with WH = 13 Hz, (76).

fn the compound 56, the three proton triplet at 1"11 ppnwithJ

= 9"2 Hz corresponds to the C13-CHg. Three methyl protons (CS-
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cHg) are at J = 1"26 ppn as a doubret r¡ith J = 7.0 Hz due to the
coupling with Cu5-H.

Two chemically and magnet,ically non eguivalent, protons on c13

occur at 1.54 ppn and t.79 ppm as the AB part of an.A,Bca spin
syst,em due to the influence of the adjacent chirar cent.re (cg) 

"

The two methyrene protons (c'2-H¿Hs) appear aE 2"ro pprn as a

mult,iplet as the AB part of an ABxy systern. This concrusion is
supported by the anarysis of the two dimension spectrum (Fig. sB)

whích shows Ct2-H¿Hs coupling with Cul-H at 5.70 ppn and C¡3-H at
4.46 ppn. The Cg-H. is at 2.34 ppm as a broad doubLet with J8a8e =

15 tlz and JgaTe = 1Hz. The CB-H. appears at 2"62 ppn as a

doublet, of doubLet wlth Jgage = L5 Hz and JTeBe= S H?,. The two

dlmensfonal spectrum lndicat,es the coupring of Hg¿ with Hgg and

both coupÌlng with H7e. The smaIl coupling of JBaTe is due to the
proton of cg-oH forrning a hydrogen bond with the oxygen of c7-
o-sugari consequently the half chair form of the D ring is slightry
twiet,ed expanding the Hg¿-cg-cz-Hle díhedrat angre to about 25",

(15, 24).

The three protons of cr0-coocH3 appear at 3.7o ppn as a

sínglet. Ä broad singret at 3.84 ppm, which exchanges with deu-

terium, is assigned to the c9-oH. The two dimensionar spectrum

also reveals the coupling of c9-oH r,vith cto-H. one proton singlet
at 4.15 ppm is assigned t,o the c19-H.. This signal, in an expand.ed

spectrum, reveals broadening which indícates the presence of a !üeak

long range coupling. This assumption is alsoclearlyverifiedbythe
two dimensionar spectrum, which indicates the hydrogen on c1g (Hs)
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!{-type long-range coupling with the Cg-He. Thus the coupling
phenomenon is in agreement with the confonnation of the D ring, in
which the hydroxy groups on c7 and c9 have a relationshíp of the

guasi-diaxial cis orientation, and the CIO-COOCH3 group has a

guasi-axial orient,atíon ín cis position to the C9-CH2CH3.

The Ct3-Ha overlaps Cts-Ha at 4.47 ppm and the two dimensional

p.n. r. clearly shows that the C, 3-Ha is coupled to both ttre C, Z-HaHe

which appear at 2,10 pprn as a mult,iplet due to íts weak coupling to
the Ct-4-He. The CoS-Ha appears only as a quartet with JCng,Sa = 6

Hz" The Ct4-He is observed at 5.47ppn as a broad singlet.
The signal of C7-He occurs at 8.38 pprn as a broad singlet; a

resul-t of a weak coupling to both the cg-H. and cB-He. one proton

sígna1 which appears at the lowest field, S.7O ppm, among the
methine protons, is assignabre to the ctL-He u e6) . The NH at 6.2o

ppn appears as a broad doublet as a consequence of fast exchange

of the N-H proton (78), restrlcted rotation of the trifluoroacetamide

functl-on and guadropore relaxation of the nitrog'en (7g) " The

aromatic proton on c11 is at 7.73 ppm as a singlet with a smarl

coupling with the C19-H". The Cg-H is at 7.33 ppm wíth J2, 3 = 8

Hz and 7.85 ppm with J1, 3 = I Hz due to coupling with the C2-H

and the Ct-H respectively. The CZ-H, which appears at 7.22 ppn as

a triplet, is recognised as the couplíng with the C1-H and C3-H. The

typical AA ¡ BB¡ pattern at 8 . 3 3 ppm is assigned to the four aromatic

protons. Tr¡Io phenolic proton signals in the lowest, field at 12.00

ppn and 1-2"78 ppm corresponds to C4-OH and C5-OH respectively"
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The structure of s6 was further conf írmed by 13" n.m. r, spectrrrm

(Fig. 5D) . The assignnents of the carbons were listed. in Table 1-1

and Table L'2, (80). The FÄB mass spectrum (1) of s6 shows the
molecular íon at, M* = 786.

Removal of the protecting groups was achieved by the treatment

of 56 in a mixture of t,et,rahydrofuran, methanol, potassium carbonate

solution while stÍrríng at mild temperature. Then the reaction
solut,ion was adjusted to pH 9 with dilut,e hydrochloric acid and

usual workup afforded a dark orangie residue. This compound was

subj ected to preparative layer chromatography upon silica ger to give

an amorphous solid (10) in 32.9& yield,
h.p. = L32-L43 oc (decornposed).

The concentration of base and tine for the hydrolysÍs are cmcial
factors " Under stronger basic conditions, and longer reaction t,ime,

many other side products $¡ere observed, which night be caused by

the cleavage of ester bond and glycosidic bond of the glycosid.e. one

of these by-products was identified as compound 55a. (scheme tr).
The i.r. spectrurn of 1o (1) shows the oH stretching at 3600 cm-l

and 3520 cm-I. The prinary NH2 stretching is at, 3470 crn-1 and

3430 cm-r" The chelated oH stretchíng absorbs at 3500-3100 cm-l.

The guinone carbonyl stretching of COOCH3 appears at 1735 cm-l

and the carbonyl stretching absorption is at 1680 cn-l. The chelated

carbonyl stretching is at 1580 cm-I.

The turuour cell growth inhibition assay of tO shows its
signiflcant antitumor activity comparable with Adriarnycin (2) and

Aclacínomycin .å, (-€) (Table P ) .
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Table 1-1 Interpretation of l3C

(Trifluoroacetyl) -4'

aklavinone @), (Fig.

N. m. r. Spectrum of 7-O-3'-N-

- O- (p-nitrobenzoyl)- cr-daunosaminyl-

5D), (80).

t6
15 coocH3o

l4

ppm

125.0

126.0

12t.0

157.5

192.0

157.0

67.0

32.0

73.0

Assignment

cl
c2

c3

c4

ppm

131.0

143.0

r35.0

101.0

30.0

s8.0

72.5

72.0

17.0

Assignment

czo

czt

czz

c'1

c'1

C'3

C'4

c'5

C'6

c5

c6

q
c8

q
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Table I -2.

ppm

47.0

122.0

181.0

35.0

14.0

165.0

53.0

134.0

131.5

133.s

Assignment

cro

crr

ctz
cr¡

ct+

crs

cre

cn
crg

crg

ppm

t7t.0

115.0

116.0

117.0

118.0

161.5

161.0

138.0

132.0

t52.O

Assignment

C'7

C'o
Õ

C'9

c"l

C"2

c"3

ct'4
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coocH3

TTf
H2O, K2CO3

coocH3

+ cH3oH

of 1-Deoxy-N, N-bis-demethyl-

under Strong Basic Conditions

Scheme 11 The Hydrolysis

pyrronycin (lgl

NH2
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Table -ã. IDSO values

compound l-CI (1),

of Adrianycín (2), Aclacinornycin A (5) and

Adriarnycin (a)

Aclacinomycín A (6)

Compound 10

P388/S

6X1o"8M

7X1o-7M
3X1o-7M

P388/Ar

3xto-6M
6X10-6M

5X10-6M
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REST]LTS A3üD DTSC'USSTO$S

PART Es SY}üIffisIS OF ffiT¡rgL 3-N-(Bm{ZyL-CARBoXÃmrc}-

2 ,3, -4 " 
6-1ETRåDEOXY-DL-THREO-ImXOPYRAt{OSE (78)

ANDÏTS 3-EPIMER (8O)

compounds rnethyl 3 -N- ( benzyl -carboxamido) -2, 3, 4,6-tetradeoxy-

Dl-threo-hexopyranose (78) and its 3-epimer Bo, which are con-

sídered as intermediates for the total syntheses of novel amino-

Ëugars r 3 *amlnomethyl -2, 3, 4, 6-t et radeo>qr-Dl-threo-hexop)Ëanose ( 92 )

and 3 - aminomethyl-z, 3, 4, 6-tetradeo><y-DlreryLhro-hexopyranose ( 93 ),
are prepared in the acceptable overall yield starting from diethyl-
malonate (63). compound zB and go were also converted to new

aminosugars, e. g. methyl 3-N- (benzylamino-nethyr) -2,3, 4,6-teÐ:adeo4¿-

Dl-threo-hexopyranose (86) and methyl 3-N- (benzylamino-methyl) -
2, 3,4, 6-tetradeoxy-Dl-erythro-hexopyranose (gZ),

The carbanion of diethylrnalonate (63) , whích k¡as generated by

t'reatment' of ethylmalonate with finely ground potassium carbonate

in acetone, reacted with allyr bronide to give 2 , 2-díaIIyr diethyr-
malonate (64) as a colorless liquid afterdistillationunderreduced
pressure at 87-89 "c/t,S mm in 95t yie1d.

Predíctably, introduction of a second aIlyl group was more

difficult than that of the first one, since the first aI}yI group

int,roduced was considered as an electron donating group which could

decrease acidity of hydrogen to the carbonyl group" rn addition,
steric hindrance of the first group could also cause difficulty for
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further alkylation, Consequently, high temperature and relatively
long reaction time !¡ere reguired for completion of the reaction"
Monitoring reaction process by t"1.c. revealed the concurrent

consumption of the starting materiar (63) (Rf = 0.3) and the

formation of a monoalkylated internediate (63a), (Rf = 0.5), and

finaL product (64), (nf = 0.65), (So1vent, G).

The infrared spectrum of 64, Fig. 8À,, shor¡¡s the intense carbonyl

st.retching vibratÍon aE r72o cm-r, the weak absorption of the c=c

stret.ching vibration at l-640 cm-1, and the c-o-c bending vibration
at I2OO crn-l, âs a broad band.

Hcis

(Ø)

rn the p.n"r. spectrun of G4, (Fig. BB), the sixprotons of two

rnethyl groups in two chenically equivarent ethyr groups absorb at
r"32 ppm as a t,riplet. The fourmethylene protons in the two ethyl
groups appears at 4"17 ppn as a guartet due to the coupling with
nethyl protons as an Azxg spin system. The six orefinic protons in
the two eguivalent allyl groups absorb at 4.96-6.00 pprn as anABx

spín system. The absorpt,ion at,5.lB ppm as a broad singlet was
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assigned to the olefinl-c prot,on in trans position to the proton on

the same carbon with the alkyI side chain (Htrans) and the
absorption at 5.00 ppn as a broad singlet berongs to the proton in
cis position to the hydrogen on the same carbon with the alkyl side
chain (Hcis) . Amultipret, at 5. 35-6. 0o ppm in a row fierd. is assig-
nable to the orefinic proton on the same carbon with the arkyl
proton (Hgen) . The four aIIyIic prot,ons absorb at 2 .55 ppn as a

broad doublet due to their coupl ing with the ad.j acent Hg"o' and. long

rang,e coupling with the H¡r.'r" and H"i=.
2 , 2-dia1ly1-diethylet.tlylnalonate ( 64) was hydrolyzed in a solutíon

of potassium hydroxide (KoH), methanor and water und.er reflux
followed by adding concentrate hydrochloric acid at low temperature

(o"c) to neutratize the solution to pH 6-7 to gave corresponding
2,2-dia].lyl-nalonic acid (5s) in 919 yieId, as a white crystalline
product after recrystallization from chloroform. m.p. = 126-128oC.

During the neutralization, if the local concentration of the acid in
the solution was high and the solution was stirred under room

femperature , unidentified by-products could be detectable by t. I . c, .

This is probabty caused by polymerization and/or decarboxylation.

The í. r. spectrum and pomo Ë. spect,rum of 65 are presented in Figs.

9A and 98 respectively. The i.r. spectrum shows the oH stretchÍng
vibration at 3sso cm-I due to non hydrogen bonding monomer. The

oH stretching absorption of a dimmer occurs at 35oo-3000 cm-1.

The carbonyl st,retching absorption of a monomer is at, tZ6Ocm-l

and the carbonyr absorption of a dimmer appears in lower freguency

at 1710 cm-I due to intermolecurar hydrogen bonding, (81) . The c=c
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absorbs at 1650 cm-f as a weak band. As expect,ed, the st,rong

broad band at 1200 cm-I correspondíng t,o c-o-c bendíng vibration
of the ester $¡as nonapparent compared to the spect,rum of 64 , ( Fig.
8A) .

Tn the p.m. r. spectrum of compound 65, (Fig. 98), Ltre fourallyric
protons appear at 2 " 7 L ppn as a doublet. The two eguívalent olefinic
protons (Hgern) ' in Fig. 5, are at 5.70 pprn as a multiplet. [hetr¡o
proton signal at 5.16 ppm, as apoorryresolved. sext.et, corresponds

t,o the two oref inic protons (Hcis) . The two protons (Hgrans) appear

at 5.22 ppm as a poorly resolved doublet. There are no signals at a
lower field for the two hydroxyr protons probably due to the fast
exchange of these protons.

rn the mass spectrum of 65, (Fig. 9c) , M+/z 185 is visualized as

a M+I species in which the ¡nolecular ion may abstract one proton

from the neutral molecule in the inter¡nolecularprocess. tú/= 166 is
recognized as arising by the loss of H2o from the molecular ion.
The formation of the iont'f¡z 125 is d.ue to the seguential l-oss of
H2o" The formatíon of the basic fragment ionu+/z 79 presurnably

results from the seguent,ial loss of H2o , coz and co molecules frorn

Lontf ¡z 185 (M+I) , These fragroent patterns rÂrere conf irmed by hígh

resolution mass spectrun"

The decarboxylation of 65 proceeded at about Sooc in a solution
of acetic acid, water and NrN-dinethyl fonnanide (DMF) with the

evolution of carbon dioxÍde. ThÍs eventually led to -€_6 as a colorless

liguid in 95? yield after distillation under reduced pressure at 98-I0O
oc / 2.5 ¡nm.

51



The Ínfrared spectrumof 66, rig. J-oA, shows similaritywiththat
of 65 ín the region of carbonyr stretching absorption. But the
carbonyl absorptions of monomer and dimmer are shifted to
freguency lower than those of 66 at L74z cm-l and. rToz cm-I

respectively. The OH st,retching of themonomer absorbs at 3500 cm-

1 and oH stretching of dimmer is at a regíon of 35oo-3ooo cm-I.

The much more intense absorption of c=c is observed. at 1650 cm-1

compared to that, of compound 65 at t 640 cil -1, (Fig. 9A) . This is
probably because of the diminishment of interplay of dipole-dipole
int,eractíon of the two carbonyr groups ín 65 whlch tends to
suppress bond polarizatlon, (82).

The p.m.r. spectrum of 66, FÍg. tOB, shows the four a1Iylic
protons at 2.37 ppm as a broad doubret índicating their smarr

coupling with the Hgem and the long range coupling with the Hg""r.=

and H"is" The absorptions of the six orefinic protons Ín the two

chenically eguivalent allyl groups occur at, 4.96 pprn (Hcis) , 5. 20 ppm

(H¿rans), and 5.83 ppn (Hgen) as an ABx spin system. The

carboxyric proton occurs at a lower fieId, at 11.8 ppm, as a singlet.
rn the mass spectrum of 66, (rig. 10c) , the molecular ion appears

ai-ld' ¡z 140. fhe loss of -CooH from the molecular íon presurnably

gives the fragment w+/z 9s. The formation of fragmenl M+/z gg

probably comes from the alIyIic fission of the rnoLecular ion by the

loss of CH3-CH=CH2. The basic ion occurs at ttt+/z 43.

Cyclization of 66 in a solut,ion ofhexane, p-toluenesulfonic acid
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tlueo (6!)
(2R,4R)

erythro (lQ)

(2R,4S)

Cñ -O

threo (69)

(2S,4S)

erythro (ll)
(2S,4R)

53



and proper amount of water under hexane-water azeotrope afford.ed

67 as a colorless liguid aft,er distillat,ion under reduced pressure at
87-gO "e/2.6 mm. The yield was 56.3 Z.

The presence of certain amount,s of water was a crucial- factor
for the formation of the ó-butyrolact,one (67). rn the absence of
wat,er the reaction gave, predominantry, high boiling by-product
whích was not characterized. rt, was suggested that water may

prevent' the formation of carbonium ion (72) which could inevitably
undergo íntrarno I ecu I ar and intermo I e cular nucleophil 1c react ion to
give the undesj-rabre by-product, rn addition, the yierd. of the
reactÍon was signíficantly improved by choosing hexane as a solvent
over benzene. Because benzene ring courd be attacked by the
carbonlum Lon (23) under acidlc condltions through a Friedel_-
crafts rike reaction mechanism to give the by-product.

The presumable mechanÍsm of the reaction was elucidated in
Scherne 12. In the presence of water, the reaction would favour the
formation of -butyroractone (62), even through water may cause the
ring opening to give the carboxylíc acid (74) in the meantime.

Rernovar of water by hexane water azeotrope could eventualry
reverse the reaction to reform thef-¡utlaoractone (62) . consequent-

ly, the int,ramolecular att,ack of the hydroxy group of 66 on either
carbonium ion (73), created by protonation of two equívalent olefines
in acidic condition, gave 67 as a mixture of two diastereoisomers.
Each of these diastereomers contains a pair of enanteomers t è.g.
threo isomer (2Rr45) 68 or (2Sr4R) 69; and erythro isomer (25,45) 70

or (2Rr4R) 7L. The attempts to separate one
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+

- cH¡ - coz
M+/z = 96

CH¡

molecular ion = 140

(67)

co2, -cH3

M+/7 = g1

Possible pathways for Formation of the
Fragment,s in the Mass Spectrum of 2_å,11y-4_

hydroxyl-4 -methyl-T -butyrolactone (fl ) .

M*/, = 125

J

Scheme 1,3
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diastereoisomer from the other failed" Their existence are only
verified bythe p.m,r. spectrum of 67, (Fig. rrB), which shows that
the rat,io of two diastereoÍsomers is about 2:1. The threo isomer is
probably amajorproduct since it is more thermodynamically stable
than that of erythro isomer due to its less steric interaction
between the aI1yI group and the nethyl group, (83).

The i.r. spectrurn of.67, Fig. 11Ã,, shou¡s the carbonyr stretching
absorption at ]-762 cm-r as a strong sharp band and a weak c=c

stretching absorption at 164O cm-I. The C-O-C asymmetric stretch-
ing absorbs at 1180 cm-l as a strong sharp band..

(q)

The porn,r" spectrum of 62, Fig. 1rB, indicates three rnethyl
protons at 1.38 pprn as a doublet. The three proton signal at r.28
ppn is probably due to another diastereoisomer. The two ally1ic
protons, the one rnethine prot,on on cz, and the two meÈhylene

protons on c3, occur aE 2.00-3.00 ppm, as a nu1tiplet,. The one

nethine proton appears at 4.Eo ppm as a sextet and the three
olefinic protons is observed at s"00-6.20 ppm as an ABX spin
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system. The chemical shift of these protons are coincident except

t,he nethyl protons of the two diastereoisomers.

The mass spectrum of 67, rig. 1lc, shows the molecular ion
at m+/z: 140 which is further proved by the high resorutj-on mass

spectrum (rig" 11D) . The basi-c fragment ion at vf /, = 81, is due to
the loss of both carbon díoxíde and the methyr group. The loss of
carbon dioxide probabry gives the peak M+/z = 96. The fragment

M+/z 125 is visuaLized as raising by loss of the rnethyr group. The

presumed fragment patterns are erucidat,ed ín scheme 13.

Compound 67, as a míxture of the two diastereoisomers, $ras

allowed to react with benzylamine and. sodium hydride at 50 oc 
Lo

afford a brown-ye]low syrup. This syrup contained armost an egual

amount, of the two díastereomers visualÍzed by t. I . c. The syrup 1¡¡as

subj ect.ed to corumn chromatography over silica ( sorvent r) to give,

in order of eIut,ion, z5 as a slight yelrow syrup in 19. s å yield and

77 as whit,e crystals in 25å yield, after sorvent evaporation. the
recrystallizatÍon of 77, from a solution of ether and chloroform
( 10 : 1 , v/v) , gave a r¡hite crystaIlÍne solíd as small needles, with m. p

= 69-70 oc.

The i.r. spectrum and the p,Ìn.r. spectrum of 75 and 77 are
presented in Fig. ]2A, 128 and 134, 138 respectively. These

molecules do not have one simple preferable conformation, but are,

in general, a mixture of various conformers. As a result, the
chemical shifts and the coupling constant, obtained frorn the
spectrum are the weighted averages of each conformer. However

their relat,ive stereocheinistry could be finally induced from analysis
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Scheme L4 The EpÍmerizat.f on of (R, S ,) Z-Al1yl-d -
hydroxyl-4 -rnethyl-erythro-^f -but,yrolacton (æ)

CHs

o¡urcHzpr,

(

"*/"#[.#]
erythro (70) 

rr

o
(ruÞ)
:l

coNHCH2Ph

(u)
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o f bhe p . m. r. spectra of their correspondíng cycl izatlon products 82,

83 and 84, 85 obtained in the next, st,ep"

The sane eguivalent.s of benzyramine and sodium hydride

were required t,o react with 68, Excess benzylarnine and sodiu¡n

hydríde 1ed to give more of 77 and less of Zb as judged by t,.1.c..
The rat,lo of the two diastereoisoners remained unchanged by

reducing the t,ernperature to about 35 oC,

It is assumed that an excess of benzylamine anion would

cause the epinerization of erythro 7o to gíve a more thermarry
stable threo isoner 69 through enolisat,Íon by rosing hydrogen ato¡n

to the carbonyl group, The Lsomer 69 ls eventualy attacked by

benzylamldo anlon to afford 77 o as a naJor compound, (schene t4) .

The ratio of 77 (Rf = 0"5) and ?5 (Rf = 0.6) is about 5sl as Judqed

by t.1oco, (sorventå). The infrarecl andp.m.r. spectra of zs are
presented in F.ig'. t2.A and IZB.

coNHCH2Ph
1

(7s)

The i.r. spectrum of 75 shows the st,retching absorption of
free hydrogen bonding OH at 3580 cm-} and the NH stretching
absorption at 3420 cm-l, The stretching absorption of hydrogen

4
OH
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bondíng oH is evident, at 3320 cro-f as abroadband. The stretching
vibration of -co-NH-, as a broad band, is at 1670 cn-I. The C=C

stret,ching vibration absorbs aE 1620 cm-I as a shourder and the-
HN-C bending vibration and anide II band are present at 1520 cm-l.

In the p.m.r. spectrum ot 75, Fig. 128, the three nethyl
protons on C5 are at 1. 19 ppm, as a doubl-et with J : 6 .2 Hz, due to
vicinic coupling with one methine proton on C4. The two al1ylic
protons are both magnetically and chemically non-eguivalent due to
the infl-uence of the adjacent chiral centre on c2 and can be

differentiated from the two rnethylene protons on cg by shoolery

eguation , (84 ) . Conseguently, these protons occur at, 1.57 and ]. g0

ppm, as two seLs of a doubl-et of trlplets, as the ÀB patt,ern of an

.ã,BcD spln systern. The hydroxyl proton appears at 1.97 pprn as a
doublet with J = 4"5 Hz due to coupling with the ad.jacent methine

proton on the C4' while in the spectrum of 77, the OH absorption is
at 2 . 10 ppn as a broad singlet. one methine proton on c2 , adj acent

to the carbonyr group, appears at 2.20 ppm as a multipret. The two

nethylene protons on C3 are al-2.45 ppm, as amu1t,ip]_et, as theAB

pattern of an .A.BCD spin system. One rnethine proton on C4 appears

at 3.85 ppm as a rnultiplet. The two benzylic protons, which are

nagnetically and chenically non-eguivalent, because of their
diastereotopic characters, absorb at 4.45 ppm, as a doublet of

guart,ets of the typical AB pattern with Jg", = ls Hz and Jg¡¡3 
, ¡¡¡

= 6 Hz. The two terminal olefinic protons absorb at 5.10 pprn as a

broad singlet (Htans) and 5,03 ppn as a broad doublet (H"1=). One

olefinic proton (Hqen) occurs at 5.750 ppm as a muLtiplet, in lower
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fierd. These experimentar data are in good agreement with the
values ' 4.97 ppm (Hs1s), 5.03 ppn (Htrans), and 5.70 ppm (Hgen)

calcurated by an eguation r,¡hich is derived. from an empirical
correlation based on an conpilat,ion of experi_mental data, (8s) . The

NH is at 6.00 ppn, as a broad singret, and the five aromatic protons

are observed aE 7 "30 ppn as a rnultiplet.
The mass spectrum of TS, (rig. lzc), shows the molecurar

ion at tn:+/z 247 and, a basic peak corresponding to the tropylium ion
aE tt+/z 9r. The loss of H2o from the molecurar ion probably gives
the fragment, ion u+/z 22g. The formation of the fragment íontrt+/z

189 (M-58) presumably came from the Mclaffery rearrangement of
the moLecular lon. The fragment ion at u+/z 202 is more IikeIy
attrlbutable to the loss of cH3cHoH by the cleavage of the
molecular ion.

The i. r. spectrum and p.m. r. spectrum of 7-l are presented in
Fig. 134 and 138. .å,s expected, the i.r. spectrum is similar in
character to that of 75 except for the weaker absorptÍon at 3320

cm-1, corresponding t,o intermol-ecular hydrogen bonding, and the
minor difference at, the fÍnger print region when compared. to the
spect,rum of 75" The free hydrogen bonding oH appears at 3580 cm-I

and the NH stretching absorpt,ion occurs at 3 4 3 o cm-l. The carbonyl
st,ret.ching absorption appears at r67o cm-1 as a broad band and the
c=c st,retching appears at 164o cm-I as a shoulder (medium) . The

amide II band and the aromatic skeleton absorption are overlapped

as a broad singlet at 1520 cm-l.

62



The p.m"r. spectrum shows of 77 the three rnethyl protons

on C4, at 1.19 ppm, as a aoJ¡fet with J = 6 .2 Hz. The two a1lylic
protons are observed at, 1.60 pprn and t"B5 pprn as a guintet and a

doublet of triprets as the ÀB part of an ÃBcD spin system. one

broad singlet , aE 2. OB ppm, is due to the hyd.roxyl group on C4. The

one methine proton on c2, adjacent to the carbonyl functional
group, appears at 2 " 2 5 ppn as a multiplet and two methylene protons

on c3 absorb at 2.35 ppm as a muIt,iplet" The urethine proton on c4

occurs at 3 . I 5 ppn as a multiplet . As expected, two magnetically and

chemicar Iy non-egu iva 1 ent benzyl ic protons are present, at 4, 50 pprn,

as a doublet of guartets of a typical AB spin system. Two proton

signalsi one at 5.10 pprn as a broad singlet, and the other at 5.03

ppm as a broad doubret, are assignable to the berminal- olefinic
proton Htrans and H"i" respectively. One otefinic proton (þe¡) is a

rnurtipret at 5.75 ppm. [he NH absorbs at 6.00 ppm as a broad

singret and the f ive aromatic protons are at 7 .73 ppn as a rnultiplet.
The mass spectrum of 77, (Fig. t3C) , shows the molecular

ion at M+/z 247" Tlne lost of water from the molecular ion forms a

fragment. íon tut+/z 229 (M-H2o) . The fragment, ion u+/z l-g9 is
obviously attributed to a Mclafferty rearrangement of the molecular

ion by the subseguent loss of neutral- molecule cH3coH=cH2. The

fornation of the fragment iontrt+/z 106 (NH-cH2-ph) T¡ras recognized

as the raising by creavage of the molecurar ion. À tropylium ion

appears aEU+/z 9L as a basic peak due to benzylic fission (Scherne

15).
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ozonolysis of 75 ín absolute methanor at -2oo to -2s oc,

followed by the Lreatment with t,rinethyr phosphíte under reftux,
gave a sright brown syrupy residue" rt. was subject,ed. to column

chromatography over silica (sorvent M) to give, in order of elution,
a white amorphous sorid (zg) as the mixed acetals in 74å yield, and

a minor amount of 79" cornpound TB could be further purified by

recrystalization from ether and petroleum to give white amorphous

sorids¡ rnop. = g4-gs oco compound. z9 was recrystarlized. from

methylene chloride as whíte crystalsr h.p. = 155-ISZ"C, which can

be converted to 78 in absorute methanol, ât pH = 3, almost
quantitatively.

The origínar p.n.r. spectrum of zB shows that the ratio of
4-lsomer 82 top-isomer 83 is about 3 : z. ThÍs phenomenon, in
which stereochenistry unfavored4-isomer gZ was predominant., can

be satisfactorily explained by anomeric effect principle.
Further preparatÍve layer chromat,ography of 78 upon sirica

ge1 (Solvent K) gave 82 (Rf = 0.6), m.p. = 75-78 oC and 93 (nf =

0. 5), ¡n.p. = rL7-r}o"c, both as white crystals afterbeing crystaII-
ízed from ether and petroleum ether. They rrrere unambiguously

assigned to,4andpanomers respectively by analysis of theirp.m.r,
spectra (Figs. 148 and 158).

over ozonolysis of 7s produced a series of side products,

which r¡¡ere detectable by t. 1 . c. , and caused extreme dif f iculty in
purifying the product. Ttrese unidentified side products probably T¡¡ere

produced by the oxidative breakage of the benzine ring in the
molecule. Forthis consideration, the amount of ozonewas carefully
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controlled in a smaLl scale preparation and the reactíonprocesswas

rnonítored by t. I . c. . AÈ each inten¡ar during t.1" c. , dla¡ nítrogen was
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M*/t = 106

M+lz =229+
cf,-cleavage coNHCH2Ph

(u)
molecula¡ ion=247

M+/z = 97

Schene 15

I

I 1) Mclafferty rearrangement
I

I 2) - cH3c=cH2
v0n

M+lz = 189

The Possible Pathways for Formation of the

Fragirnents in the Mass Spectrum of (R, S) Z-

A1 1y I - 4 -hydroxyl -N -b en z y 1 -threo-pentanaroide

(77) 
"
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bubbled into the react,ion solution, insteadofozone, toquenchthe

reaction temporarily"

Ozonolysis was considered completed when the spot

correspondent to the starting compound had nearly disappeared. on

the t. 1 ' c " prate, (solvent A) . The prate was viewed under trv lanp.

Water soluble trimethyl phosphate evolved in the reaction, urere

readily removed by washing the nethylene sol-utíon with 20å sodiun

carbonate solution.

The relative stereochemistry assignment, of compounds BZ,

83, 84 and 85 at c5 ¡ c3 and c1 r,rere achieved by the anarysis of
thelr p'm.r' spectra in Fig. 148, t5B, r7B and lBB respectively.
Each of these four isomers would be expected to adopt the two

possible chairconformations, where isomers g2t 83, g4andg5are in
their preferred conformations. The formatíon of intramolecular
hydrogen bond facilítates the preferred conformation of 85.

one proton signal, at 2.7r ppm, as a broad rnurtiplet with wH = 28

Hz in the spectrum of 82, and one proton multiplet signal , aE z.4s
ppn with wH = 26 Hz in the spectrum of 83, are assígnabte to the

axial protons on the c3 respectively" This wide spacing of the

murtiplet, either inthe spectra of 82 or 83, clearry indicates the

diaxial relationships with H2¿ and H4¿ and the axial-equatorial
relations with H2s and H4"" By contrast, glycoside 84 and. 85

displayed their eguatorial C3-H protons at 2.72 pprn and Z "7O ppm as

both a multiplet with l{H = 15 Hz and l{¡¡:14 Hz respecÈive1y.

These signals contain only small vicinal couplings due to the
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equator i a I - equator Í al
axial relations l+ith

relations luith H2s and H4s and. the equatoríal-
!I2¿ and H4a"

coNHCH2Ph

(gJ)

The i"r. and p.n.r. spectra of 82 are presented. in Figs 14.A.

and 148.

The i.r. spect,rum of 82 indicates that the NH and amino
carbonyl stretching vibrations are at 3450 cm-l and 1670 cn-l
respectively. The aro¡natic C=C absorption and the amlde rr band are
overlapped at 1S2O cm-l as a broad singlet.

The p'm.r. spectrum of g2 shows the three nethyl protons
(cs-cH3) absorpt,íon at 1,19 ppn as a doubletwithJ= 6.3H2 due to
the coupling with the nethine proton (c¿-H). The one methine
proton (cr-He), at 4.80 ppn and as a poorry resolved triplet with
I{H = 6 Hz, is assignabre t,o the eguatoriar prot,on on c1r. rts
shifting t,o a lower field can be visualized as arising fron the
erectronegative effect of two orygen aÈoms and iÈs equatorial
orientation, (86 , 87) , Additionally, the s¡naIl coupling i¡rdicates that
t'he dihedrar angle between Hs-c1-c2-HaHe is about 60 s cor-



respondlng t,o the proton v¿lth equatorial orientation, (g6b, gB) . As

expected, two diast,ereot,oplc nethylene prot,ons (cz-HaHe) are
observed at' 1.85 ppm as a doubret, of doubret,s with Jzaze= t6 Hz as

the Ã'B pat,t,ern of an ABXY spin system, (84,86, 89). For the tr¡o
methyrene protons on c4r H4¿ is at 1.55 ppm, as a quartet with
J4a4e = L2 Hz and H4. appears at, 1.75 ppn as a broad doubret with
J4e4a = LZ Hz, (84, 86, 89) . one methíne proton signar at 2.7r pprn,

with wH = 28 Hz, is assignable t,o the axiar hydrogen on c3 
"

The three methoxy protons are at, 3.34 ppn as a singret,. one proton
nultiplet, at 3.39 ppn with JS"rCH3 = 6 Hz is assignable to the C5-

H. compared to 83, this slgnar shifts to a rower field. as a conse-
quence of the deshell-ding effect of the 1r3-diaxlal interaction
between the c5-H and the cr-ocH3 , (87) , The two benzyl-ic protons,
appear at 4.43 ppm, as a doublet. Disappearance of the tlrpical
feature of a .aB syst,en is due to the decrease of the ratio otal¡l
which ls a response to the change of steric environment, in BZ

compared t,o those in 7s. The NH occurs at 5.77 pprn as a broad.

singlet, The f ive aromat,ic prot,ons appear aÈ z. 30 pprn as a multiplet.
The mass spectrum of gz, (Fig. l4c), shorrrs the molecurar

ion at t{/r 263 folrowed by the loss of thenethoxyl group givÍng
the fragment td./r z3z, The loss of the nethyr group froin the
moLecular lon by cleavage gives the fragirnent m/z 24g. The

fraginent ion tf ¡z 106 llkely attributes to the -NH-cH2-ph ion
through the simpte fisslon of thenolecular ion. The basicbenzylic
frag'rnent ion, predictably, appears at trt+¡z 9L, (scheme 16).
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compound 83 was assJ-gned t,o þ*anomeric alycoslde. rts I . r"
spectrum and p.mnr" spectra are presented in Figs" lbA and lsB.
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M+/z = 248 @-

- cH¡
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molecular ion = 263
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The Possible Pat,hways for Fornation of the

Fragment,s in the Mass Spectrum of rnethyl 3-(N--

benzyl-carboxamido) -2, 3, 4, 6-tetradeoxy-ø-DL-

threo-hexopyranose (gZ)
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The i"r, spectrum of 83 is similar bo that, of BZ except, for
the obviously difference in the finger prínt regÍon, The NH

stret,chíng is present, at 3450 cn-r. The aminocarbonyt stretching is
at 1680 cm-I. The aromatic stretching and the anide rr band are

overlapped at ]-52o cm-l as a strong singlet. The absorpt,ion

corresponding to the c-o-c bending vibration are at r02o cm-l and

1o8o cm-I.

The p.m.r. spectrum of 83, Fig. I5B, shows the threemethyl
protons at L.276 ppn with J = 6,2 Hz as a doublet. For two

diastereot,opic rnethyrene protons (c4-H¿Hs), one (H4¿) is at r.4s
ppmr as a quartet, and the other one (H¿e), is at r.55 ppmr asr a

quar€et, wlth J4e4a = 12 Hz, as the å,8 pat,t,ern of an ABCD spin
eyetem. Their obviously different appearance with those of 92 is
because of their dlfferent diastereotopic face of these two trydro-

gens. The H2u shifts to a slight higher field, at r. B0 pprn compared.

to 1'84 ppm of 82 as adoublet, probablya result of the shieJ_ding

effect, of equatorial nethoxy group on C1, (94, 96, 99).

å's expected, the signar of three rnethoxy protons on cr, as

a singlet at 3 .50 pprn, shifts to a lower fierd than those of 82, (97) .

one ¡nethine proton (c3-Ha) is aE 2,45 ppnr as a mult,iplet, rùith w¡¡ =

26 Hz. One proton rnultiplet at 3 " 55 pprn is assignable to the C5-H,

which shifts to a higher field compared to that of 82, probably due

to the absence of 1r3-diaxial interaction of the CS-H and the C1-

OCH3 , (86, 87). Consequently assignment, of the anomer for 83 Ís
further confirmed"
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^å,s for the two roethylene protons on C2r C2-Íte is at, I.g0
ppm as a broad doublet ç+ith Jg"* = rz Hz. The c2-H" Ís at 1.45

ppur as a seNtet with Jgur : 12 Hz. one axiar proton (c1-H¿)

appears at 4"33 ppm as a doublet of doubtets with WH = 9 Hz.

Predíctabfy, this proton shifts to a higher field compared. to that in
82, (87, 89) . Two benzylic protons are at 4.45ppn with J : S,6 Hz

as a doublet, due to the coupring with the proton on nitrogen. The

NH absorption appears at 5.70 pprn as a broad singlet" The five
aromatic protons are aE 7.ZS ppn as a rnu1tip1et,.

rn the mass spectrum of 83, Fig" Isc, the rnolecular ion
occurs ae lf 1z 263. The fragment ton tf ¡z 231 corresponds t,o the
loss of the cH3oH from t,he mol-ecurar ion. The formatfon of
fragment, lon ld./, 106 (NH-cI{2-ph) ie presumabry prod.uced by

cleavage of the morecurar ion. Atropyliun fragment Íon appears at,

tù/, 91 as a basic ion.

An analogous sequence of reactions described in the
preparation of 78 was ¡rerformed in the 3-epiureric isomer (77) ,

(scheme 7 ) , giving a nixed acetal grycoside (90) as r,¡hite amorphous

crystals Ín 70 * yierd and a snall amount of Br. compound 8o was

recrystallized from ether and chloroform to give whíte amorphous

crystals, D.Þ. = 57-59 o 
C"

Conpound 80 was subjected to column chromatography over

silica (solvent M) to afford 84, which was collected at earrier
fract,ion, and 85 after solvent evaporatÍon. Both 84 and 85 are white

amorphous crystals, with m.p. = 57-58 tC and n.p. = 55-56 oC

respectively after being crystallized from ethyl acetate. Compound
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E4 and E5 were asslgned based on the analysls of tlreir p"m" r, spectra
tfane(glycosides respect,ívely" The infrared and p.m"r. spectra of
84 are present in nigs IZA and t7B.

The 1.r. spectrurn of Bd, Fig. 174, revears theNH stretching
vibration at 34bo cm-l and the vibrat,ion of -coNi{- at 16?o cm-l.
The bending vibration of aromatic C=C and anide rI band is present,

at 1520 c¡n-1. The absorption of c-o-c bending vibration appears as

an intense sharp signal at 1050 cm-I.

The p.m"r. spectrum of 84, Fig. rzB, shows the threemethyl
protons shifted to a higher field, as a doublet at r, 21 ppm, wÍthJ=
6 Hz compared to that of 85, The c2-Ha is at 1.6s ppmr as a heptet
wit'h Jgen = ro Hz. The cz-He appears at z. o0 ppm, as a barety
resolved hept,et v¡1th Jg.r = L2 Hz. The c4-Ha appears at r.55 ppn,
as an octet with Jg.r = ra Hz. The c4-H. at r.gs ppmr Jg", = 14

Hz, as a poorry resorved guintet. The c¡-He was observed aE 2.72
ppm as a narrow nultiplet wlth WH = l_5 Hz, which indÍcates its
eguatorlar orÍentatlon. The three nethoxy protons are at 3 . 43 ppn,

as a slnglet" The Cl-Ha at 4.26 ppn, wlth JZ^,Ia = 7 "SHz andJ2g,

La = 2.5 Hz (wH = LZ Hz), aE a doublet of doublet,s, shifts to a

lower field than that of 85 and thus ís assignable topanorneric
orientation. The c5-H is observed at 3.98 ppn as a doubret, of
quintet which predictabry appears at a rower field compared to 83

and 85, (86, 87 ) . The two benzylic protons become a doubret at 4.37
ppm with ,r = 5,7 Hz and the NH occurs at 6,20 ppm as a broad

singret. The fíve aromatic protons are at 7 .30 ppn as a rnultípl_et.
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rn the mass spectrum of 84, rig. L7c, the mol_ecuLar ion
occurs at tf¡z 263. The 10ss of cH30H from the molecuLar ion
probabry produces the fragment ion tf /r 23r- " A tropyliun ion is at
yt+/r 9r. The basic fragment íonw+/z 1s7 is presumably due t,o the
loss of the NH-CH2-ph group from morecurar ion by cleavage. The

molecular ion tf /r 263 and fragiroent iontf ¡z 231 are conf irmed. by
the high resolution mass spectrurn (Fig,l7D).

The infrared and p.m. r. spectra of 85 are presented in Figs.
18À and 188" rnthe i.r. spectrumof 85, Fig. lgÃ,, the absorptionof
the NH st'retching vibration shifts to a lower fregue¡Cy, frorn 34s0

cn-I to 33Zo cm-I, compared to that of 84.

The p.m.r. spectrum of 95, Flg. 1gB, reveals three ruethyl
protons (c5-cH3) at 1"14 ppm as a doublet wíth J = 6 .z Hz due to
coupling with cE-Ha. The two nethylene protons (c2-HaHe) appear
at 1.97 ppm as a sextet in the ÀB pattern of an ABCD spin systen.
The c4-Hêr ês an octet, 1s at 1.85 ppm wiÈh Jg", = 10 Hz, and the
c4-He, as a broad doublet,, appears at 2.10 ppn with Jguro = ro Hz,
The one prot,on murt,ipret,, aE 2.72 ppn and with !{H = 14 Hz, is
attributed to the c3 -He . Three rnethoxy protons appear at 3 . rB ppn,
as a slnglet and the one methlne proton on c5 (cs-Hf) ¡ appears at
3.80 pÞD, as a doublet of sextets" The roethoxy proton signal
observably shifts to a hlgher field courpared to those of BZ, probably
because of the shielding effect of the benzene ring and its axÍa1
orientation, (95, g6) . The two benzylic protons split at 4.40 ppm, as

a doublet of quartets with Jg.r = 15 Hz, and JCHgrlfH = 4 Hz, of a

tlpical AB spin systeru.
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The eqrrat,orial proton on c1 ls at 4.7o ppmr a poorry
resolved t,riplet wfth wH = g.s Hz. The five aromatic protons are
appears at, 7 . 3 0 ppn as a multiplet, " one proton sígnal corresponding

to the NH, which shlfted t,o a lower flerd compared to 83, clearry
indicates hydrogen bonding with the oxygen atom of the nethoxyl
group"

The mass spectrun of 95, rig. l-gc, shor¿ the frag:ment ion
v+/z 231 corresponding to the loss of CH3oH frorn the molecular
ion, which 1s unegulvocally identifled by the hlgh resolutlon mass

spectruro, (Flg. tgD) . rt is not surprising thatthere is no signat of
the molecurar lon at tf/,263. since the formation of the hydrogen
bondíng between the c1-ocH3 and the NH (Fig. r2c) facilitates the
hydrogen rearrangemenÈ, Èhe rnolecular ion is very unst,able in the
applied electron field and losts a nethanol molecule to give fragment

tf /, 231. FormaÈion of the fragrnent, iontû¡z 97 is presumably due

t,o Èhe loss of the co-NH-cHz-ph group from fragment tf /r 23t. À

t,ropylium lon 1s at tf /, 9t as a basic peak"

Treatment of 78 with lithium alumlnum hydride in methylene
chlorlde eventuaLly gave g6 as a syrup. Further preparative rayer
chromatography of 86 (sorvent t) afforded two anomers. The

compound, vrith Rf = o,26, was assigned as thedanomer (gB) while
the other one, with Rf = 0. 17, was identified as the p-anomer (g9) .

The i. r. , p.ur.r. and mass spect.rum of gg are presented in
Figs. 194, I9B, 19C.

rn the i.r. spectrumof gB, the c-N stretching is aÈ 1r30 cm

76



-1 and the c-o stret,chfng is at, 1o5o cm-l. The aromat,ic c=c
absorpt,ion appears at, 1600 cm-l as a weak band.

The p. m. r. spectrum of 88 shov¡s the three methyl protons at
1.16 ppn as a doublet, The fíve prot,on signal aÈ 1.7F ppm as a
nultipJ-et, ls probabry at,tributed to the tv¡o protons on c4, the two
protons on c2 and the one proton on c3. TheMHappears at,2.10
ppm as a broad signet" The two methyÌene protons adJacent to the
nitrogen are present at a"as ppn. The three rrethoxy protons are at
3.34 ppm as a singlet. The two benzyric protons are at j "76ppm as

a singret. The proton on c5 is at 3.95 ppnas arnultipret" The one

equatorial proton on C1 is at 4.75 pprn with WH = 7.5 Hz. The five
aromatic protons are at 7.3a ppn as a nurtipret. The two benzylic
prot,ons shift to a higher field and turn to be a singret at, 3,76 ppn

comparing t,o BZ 
"

rn the mass spectrum of BB, M + 1 fraginent, is at tf /r zso.
The loss of methyl group gave tf,,/r 234. The fragment tf/r 120 is
presumably due to the fragiment of the cH2NHcH2ph. The tropylíuru
ion is at t{¡z 91 as a basic peak.

rn the i. r. spectrum of 99, The c-o-c stretching is obsen¡ed

at 1o8o 
"m-1 and the c-N-c stretching appears at r13o cm-f.

The p. m ' r. spectrun of 89 shot¡s the three rnethyl protons at
l. 24 ppm as a doublet. The síx proton signals, at l.z5 as a multiplet,
are probably corresponding to the tv¡onethyleneprotons on c2, the
two ¡nethylene protons on c4, Èhe one methÍne proton on c3 and the
one proton on nitrogen. Predlctably, the three protons on equatorial
rnethoxyl group shift to a lower field, at 3.48 ppn , comparing to
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t'hose of 8E " The t'wo methylene prot,ons adj acent to the nitrogen are
ax 2.55 ppn, which turn out, to be a doublet coroparing to that, in
88. The axial proÈon on c1 is present at,4.35 ppn as a doublet of
doublets, with l{H = L4 Hz. The two benzylíc protons are at 3.Bo
ppm as a singlet.

rn the mass spectrum of 89, the rnolecurar ion is attd.¡z
249, M-l 1s attd' ¡z 248. The loss of the nethyl group is present at
tf/, 234. The fragment ion cI{2NHcH2ph is at tf/, 1zo. the
t'ropyliun ion is atld. ¡z 91. These fragrment lon are confirned by
hlgh resolution mass spect,rum, (FlE, aoD) . The preeumed. pattern of
fragrment, l-ons are lllust.rated Ln Scheme lZ.

The treatment of BO q¡ith the sirûilar reduction procedure as

for 78, (scherae 9), gave BZ Ín 64.7 t, as a colorless syrup, After
HPLC of 87 over silica (solvent: N) o two anorners, 9o (Rf = 0. 3 ) , and

91 (Rf = 0.25), were obtained" The compound. 9o was corlected at
early fractlon followed by 91. Compounds 9o and 9I- are assigned to

p and4glycosides respectively based on the analysis of their p. n. r,
spectra, Figs. ZIB and 228.

rn the i.r. spectrum of 90, Fig. zrL, the strong c-o-c
stretchlng absorpt,ion is present at, to50 

"m-1 and the c-N-c
stretching appears at IIlo cm-I"

The pom.E' spectrum of 9o, Fig. zrB, show the three nethyl
protons at 1.25 ppn, as a doubleE with J = 6 Hz. A five proton

multiplet at 1.5-l- " 6 ppn is assumabry due to the two protons on c4,

two protons on the c2 and one proton on the NH. The equat,orial
proton on c3 is at 2.15 ppm as a rourtÍpret. A two proton signar, at,
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2.65 ppm as a doublet, is at,t,ributed to the two rnethylene prot,ons

adj acent, to nitrogen " The three nethoxy protons are at 3 . 44 ppm as

a singret,. The twoproton signal, at, 3. gl- ppn as a singlet, is dueto
the two benzylic protons, The one methine proton on c4 is at 3.25
ppn as a nultiplet and parÈiarry overlapped the benzyric protons.
The one proton signar at 4 " 50 ppnn, as a doublet and doubrets, with
wH = L4 Hz, corresponds to the ct-Ha" The five aronatic protons
are at 7 "3O ppn as a nu1t,iplet,.

The mass spectrum of go, Flg, zrc, demongtrates amolecule
lon at, tù/r 249, The tû/r 234 and tf /r 218 correspond to the Loss

of the nethyl group and the nethoxyr group respecÈively, The m+/z

120 Ís due to the fragmenÈ cH2NHCH2ph. The t,ropyrium ion ls at
v+/z 91. These fragment,s are aì.1 proved by high resolution mass

spectrum (Fig. 2lD) andthepresumed fussÍonpattern is elucidated
in Scheine L7.

The i. r. spectrum of gL is sinilar to that of 9o. The strong
c-N-c stretching vibration is aÈ 1120 cm-l and the c-o-c appears
at 1O5O cm-I.

The p' m. r. spectrum of 9t shows the three nethyl protons
at 1.L5 ppn as a doubret wíth J = 6 Hz. The tr¡o methylene protons

on c4 overlap the two nethylene protons on c2 and the proton on

the nitrogen at r.45-r.85 ppm. The two methyrene prot.ons adjacent
to nÍtrogêD, are evident, at, 2"Bo ppm as a tripret v¡hich shift to a
higher fíerd comparingto that in zB" The axiar ¡rethoxy group, as

expecÈed, shifts t,o a higher field conpared to its equatorial anomer

(9o), at 3.31 ppn, as a singlet. oneproton singlet at 3,9b pprnis
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due to the c5-Hu" The equat,orlal prot,on on c1 is present at 4,65
ppm as a broad singlet, t*ith WH = 7 Hz" The tv¡o benzylic protons
are at 3.80 ppn as a singret," A five proton multipret signal, at 7.30
ppm, attributes to the aronatic protons.

The mass spectrun of g1 shows a similar fragment pattern
to that of 90" The nolecular ion is at tq+/z 249. The M+/z 234 and
m+/z 2rB are visuarized by arising as a consequence of rosing the
rnethyl and rnethoxyr group respectively. The m+/z 120 corresponds
to the fragment cH2NHcH2ph. rne *f ¡z 91 is due to the tropyliurn
ion.
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cf,-cleavage

- ocH, , (2q)

' -/ molecular ion249

M*/t = 218

Scheme L7 The PossÍb1e Pathways for For¡ratlon of t'he

Fragiments in the Mass SPectrum of

Methyl-3 -N- (benzylamino-methyl)'2'3' 4, 6'

tetradeoxy- p-DL-erythro-hexopyranose (90)

II M{CH2Ph

| ø-cleavage

$ M+1, = 106

M+/z = 120
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EKPERIft[ENT

All melting points were recorded on a Fischer-Johns nelt,ing
point apparatus and were uncorrected. Infrared. spectra l¡ere taken
on a Perkin Elmer Infracord 710 spectrometer, using sodiurnchloride

cell with methylene chroride as a sorvent. Mass spectra hrere

recorded on a V.G"7 070EHF mass spectrometer with a ZO FAB syst,ern.

A Brucker ÀM-300 spectrometer was used to make all p"m.r. spectra
and 13C n.m.r. spectrum r'¡ith CDCI3 as a solvent and tetrarnethyl-
silane (tBfs) as an Lnternal reference except tiose presented Ín figs.
84, 108, 118, which were made on a varfan EM-360 spect,rometer.
The anomere (9o) and (9r) were lsolated on a HpLc instrument,
spectra-Physics 30008, w1Èh a Modle 230 uv detector and silica
column.

Preparative layer chromatograms were obtained on 2 o x 20 cm

(prate thíckness: 0. 2 crn) silica ger plates (E. Merck) , which r^rere

activated at 12o%. w light and iodine were used. for visualization.
Thin layer chromatograms were obtained on 0.2 mm sirica ger 60

Fzs+ plates. (8. Merck, Darnstadt, Germany). corumn chromatog-

raphy was performed with silica ger 60 (8. Merck Darmstadt,

Germany) ' ^å'bso1ut,e nethanol was distilled from magnesium metal

im¡nediat.ely prior to use. Tetrahydrofuran (TtIF) was freshly dísti1led
from sodiun rnetal " Solutions $¡ere concentrated und.er reduced

presure using a rot,ary evaporator.

The 0,5 Mpotassiumphosphat,ebuffer solution (pH= 7) was used

to prepare buffered plates for preparative layer chrornatography.
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The solvent, systems used for the experiments are lísted as

follows:

Solvent A; chloroform-aceLone, 9zJ., v/v.

Solvent B: chloroform:acetone, 90:5, v/v"

Solvent C: methylene chloride:acetone, 10:O.3, v/v"

Solvent D: benzene:acetone:t-butanol, 10:0"5:0.5, v/v"

solvent E: benzene:ethylacetat,e, 2.L, v/v.
Solvent G: petroleum ether:acetone, 3:1, v/v"

Solvent H: chloroform:acetone 10:I, v/v"

Solvent I: chloroform.

Solvent J: benzene:acetone, LOzZ, v/v"
Sol-vent, K: methylene chLoride.

Solvent L¡ ethyl acetate.

Solvenf M: cyclohexane:acetone, 2.52J-, v/v"
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tsXPERffiENT

PÃRT Ã,: sY}flrHsrs oF t-DEoxY-l{,$r-Brs-Dffi{ETHyt-pvRRoMfcrN (58)

ISOLATIOI{ OF åKIÃVInTOME (55)

A pigmenbed compound s¡as obtained from the ethyr acet,ate

extracts of cultured and raycelial cakes of Streptomyces Galilaeus
var" siwenensis, (68). Further purification of this compound by

preparative I ayer chromatography ( sorvent, À) gave orange amorphous

sollds of which physf cal and spectroscopic propert,íes vrere similar to
aclacinomycin .å, reported by H. Umezawa et aI., (76).

By acid hydrorysis of this amorphous sorids (Boo ng) in sulfuric
acid (0.3 N, 50n1) at 85"c for 3 hr, a ye1low precipitate was

collected by filtration. This ye11ow precipitate was v¡ashed with
water (20 mI, three times) , and then colrected by filtrat,ion. The

ye 1 1 ow compound wa s recrysta I 1 i z ed from acetone-etrrer, yielding 3 3 O

mg of aklavinone (55), as orange crystallíne needles.

The physicar and spect,roscopic data of 55 is identicar to the

literature, (77-79).

m"p. = 169-173oC, Lit. m.p. = 171"c.

i.r. (cn-rr, Fi9. LA:

3550 (oH), 3475 (chelated phenolic oH) ,L73o (-coocH3) r L67s

(C=O) , L62O (chelated C=O) "
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p.m.r" (ppm), 1coCl3), Fig" IB-I:
1.10 (t, 3H, OCH3), 1.50-L.?0 (m, 2H¡ C13-2H), Z"ZS (broadd, LH,

Hga) ,2.60 (dd, lH, Hee), 3.50 (s, IH, Ca-OH) ,3,7O (s,3H, OCH3),

3.92 (s, lH, C7-OH) | 4.I3 (s, IH, CIO-H),5.35 (s, broad, lH, H7s),

7.3o (d, lH' H11), 7 "7o (m, 3H, aromaticprotons), 11,90 (s, rH, 3-

OH) , J-2"70 (s, IH, 6-OH).

Double rrradiation p.m,r. spectrun (ppm), (CDCI3), Fig. tB-2"

PREPARÃ.TTON OF 1-CHLORO-4-O- (P:NTTRO-BENZOYL) -3.}ü-TRI-
FürroRoå,cETyL DArI¡[osÃMrNB (sO]

Â) To a solut,ion of 3-N-trifluoroacetyl d.aunosamine (s3) (530 ng)

ln methyl-ene chlorl-de (70 nr) , nas added p-nitrobenzyr chlorlde (r.35
gl and pyrldine (1.5 rnl) at room ternperature. The sorution was

stirred magnetically at 4ooc in an oil bath under anhydrous condi-
tion for a period of 15 hr.

The solution !'¡as concent,rated under the reduced pressure and

extracted with anhydrous ether (100 rn1). Àfter filtrat,ion of the
sorutlon, a white sorid residue was corrected and washed with
anhydrous ether (100 nr) . The combined ether sorut,ion was evapor-
ated to dryness under reduced pressure. The residue was purified by

flash column chromatography over silica (Solvent L) to give in ord.er

of erution, p-Nitrobenzoic anhydride and the protected. sugar s4 ( I . J_

g) ( 1, 4di-o- (p-nitrobenzoyl ) -3 -N-trifruoroacetyl-daunosamine) . The

yield was 808" The product 54 was further recrystaltized from
chloroform as white crystals.
The rnelting point and spectruscopic data for 54:
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n.p. = rg5-rg7oc, Llt. Lg7.0-198.5oC, (53).

i.r. (cn-l¡, Fig. zLz

3450 (NH), 1750 (C=O), 16f0 (aryl), 1540 (NOZ) .

p.m.r. (pp¡n), (CDC13) r rig. 2Bz

1.20 (d, 3H, CH3) r 2"2O (q, lH, C2-H¿) ,2.35 (d, IH, C2-He), 4.IO

(rn, lH, C5-H¿) ,4"55 (m, IH, C3-H¿) | 5.45 (s, lH, C¿-He), 6,15 (d,

lH, C1-H¿) , 6"65 (s, lH, NH), 8.30 (n, 8H, aromatic protons)

B) To the stírred sorution of 54 (2r0 mg) in nethyrene chrorid.e

(20 mI) in a flask ín an Íce bath, q¡as passed anhydrous hydrogen

chloride through a gas díspersion tube for tomínutes. Afterbeing
stirred for an addltional 20 mín, while the tenperature remained

unchange (O"c) , the solutl-on was fíltered. The f iltrate $¡as evapor-

ated to dryness under the reduced pressure to give a white foamy

residue 5o. This unstable foamy residue 5O was dissolved in methyl-

ene chloríde ( 10 nI) and evaporated to dryness. This operation rras

repeated once more until the resÍdue is free of hydrogen chlorid.e.

Compound 5o, without further purlficat,ion, tr{as atlowed to condense

with aklavinone (55).

pRBPARATTON OF METHYTJ 4-O- (P-NTTRO-BENZOyL) -3-N-TRI-
FLrroRo- ACETYL-DAUNOSAT4IIü'E (46) AND Tffi TWO Ã}üOMERS,

47 ^A¡tD 48

To the st irred solution of nettryl 3 -N-tri f luoroacetyl-daurnosamine

(4s) (1.056g) innethylenechloride (Iorn1) andpyridine (Iûmt) was

added p-nitrobenzoyl chlorÍd e (966 nI) at ooc. .å,fter being stirred. at
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o 
oc for one hr, the solution r¡¡as aLlowed. to warm to 25 oc and

stirred for addítional 14 hr. Then the solutionv/as evâForatedunder

reduced pressure to gave a syrupy residue.

The resídue was dissolved in chlorof orm ( 3 0 nJ- ) and the solution

was washed by a dilute surfuric acid solution (3N, 1o nl, three
tines) , and then a ice cold saturated sodium carbonate solution (IO

ml, three times) andwater (10 mI, three times). The organic layer
was separated out, dried over rnagnesium sulfate (Mgso4) and then

filt'ered. The flltrate v¡as evaporat,ed to dryness to af ford d6 aE a

white amorphous solid (1.102 g), as a mixture of two anomeric

isomers from ether. The yleld was 96"4 Zo rnop. =7O-'14 C. prepara-

tive layer chromatogrphy of 46 over silica geI (solvent B) gave the

two anomers, e.g,"c.anomer 4T (Rf = 0.5) andpslycoside 49 (nt =

O.45), both as white amorphous solids from ether.
The spectroscoplc data for 46:

i. r. (cn-r¡, Fig. 3A:

3420 (NH), 1730 (coNHCF3), l72o (c=o), 153or1360 (No2), 1620

(phenyl nucleus), 1190 (C-O-c) , ZïSO (OCH3).

The spectroscopic data for glycoside d7z

potnoro (ppn) , (CDCl3) r l'ig" 3B:

L.2O (d, 3H, C5-CH3), I.98-2.05 (m, 2H, C2-HZ) t 3.41 (sr 3H, C5-

OCH3), 4"20 (dd, lH, CS-H) ' 4"68 (m, IH, Cg-H) , 4.93 (s, broad,

IH, Wh = 6Hz Cf-H) , 5"42 (s, broad, lH, C¿-H) , 6.46 (d, broad,

lH, NH) , 8,28 (m, 4H, aromatic hydrogens) "

Mass spectrum (M+/z), Fig. 3C:

375 (M-OCH3), 304, L95, 150 (O2NC5H4CO¡ 100å), 58,

87



The spectroscopic data for the glycoside 48:

p.m.r, (ppm), Fig" 48:

l-28 (d, 3H, CH3), 1,85 and 2.IS (two sets of doublet, 2H, CH2),

3,58 (s, 3H, OCH3),3.87 (9., 1H, C5-H), 4"70 (m, IH, CaH) ,4.9s
(s, lH, C4H) , 5"45 (s, lHo CtH), 6.20 (d, IH, NH), B.30 (q, 4H,

aromatic protons).

Mass spectrum G{l+/z), Fig, LCz

375 (M-OCH3)r 3O4, 195, L50 (O2NC5H4CO, 1OO8), 58.

PR.EPAR.â'Tro3{ oF L-BRoMo-4-o- (P-3{rrRo-BEN'zoYr,) -3-}ü-TR.r-
Fr.rroRoa.cETyL-DArn{osÃKr$B (49 }

fo the etirred solutlon of 46 (3oo rog) lnmethyrene chroride (30

m1) ln a frask was bubbled anhydrous hydrogen bromide through a

gas dispersion tube for 3o min, at o"c. After that,, the reacLion
solut,ion was evaporated under reduced presure to remove methylene

chloride, HBr and methanol evolved in react,ion to dryness. The

residue t¡as dissolved in urethylene chloride (30 nl) , and ttre solution
s¡as evaporated to dryness. This operation was repeated once more

untll the residue 49 was free of hydrogen bromÍde. This compound,

without further purifícatíon, was pernitted directly to undergo

glycosidation with aklavinone (55) .

PRBPAR.ATIO$ OF 7-O-4 c -O- (P-NITRO-Bm{ZOyI,) -3 I -t{- (TRIFLITORO-

ÃCETYL) -ø< -D.a.uì{osåHIhTYL-A.KLAvINotdE (56) A}dD TEE

GLYCþSID 57

Method A:
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To the f lask, cont,aining crystalline aktavinone (s5) (120 mg) , the r-
chlorosugar 5o (100 ng) and freshrygroundmolecular sieve 3A (3oo

ng), was injected anhydrous rnethylene chLorid.e (35 mI) through a

rubber stopper followed by silver trifiuoromethane sulfonate (BO mg)

addition in anhydrous ether (10 ml) in the same manner" The

solution was stirred at room temperature ín darkness for 4 hr and

then filtered. The filt,rate was washed with 5 å NaCl solut,ion (10

mI, two tines), The organic layer was dried (Naso4) and firtered
through a But'ch funnel. The f iltrate r¡ras evaporat,ed to dryness

under reduced pressure t,o glve a orangie foamy residue. The residue
rÁras separated by a column chromatography over sillca (solvent c) to
give 56 as a maJor product and a smarl amount of s7. conpound 56

wa s s l owly crysta L i s ed frcm methylene chloride and ether, yieldÍng 9 0

mg of orange crystalline needles. n.p. = L74 - ;-77e1. The yield was

40 I aft,er crystallÍzation.
The spectroscopic data for 56:

i.r. (cn-r¡, Flg. sA:

3540 (oH),3420 (NH), t73s (broadandintense, -coocH3, -c6H4-

coo-, NHcocF3) ' 1690 (c=o), l-630 (cherated c=o), 1620

(arornat,ic), 1535 (NO2) .

p"m,r" (ppn), Fig. 5B-13

1"1I (t, 3H, J = 6 "2 Hz, C13-CH3) , 1.26 (d, 3H, J = 7.O Hz, C5t-

CH3), 1"54 and L"79 (two sets of m, 2H¡ C13-H2), 2"IO (m, 2H,

C2r-HaHe), 2,34 (broad, d, 1H¡ ,Tg¿ge = 15 Hz, JgaTe = 1Hz, Cg-

H¿) r 2.62 (ddr lHr Jgage = 15 Hz, J7¿ge = 5 Hz, Cg-He) g.70 (s,

3H¡ C19-COOCH3),4"20 (s, lH, Cg-OH) ,4.05 (s, lH, C1g-Hs) ,4"47

89



(m, 2H, C3r-H¿ and C5¡-Ha, JCS¡-lIrCH3 = 7 Hzl-, 5"47 (broad s,

IH¡ C4r-Ifs) , 5.64 (broad s, l-H, C1r-Hs), 5.38 (broadd¡ J_H, C7-

Hs), 6"2o (broaddoublet, IH, ffi), 7 "73 (s, lH, Clt-H) ,7.33 (d,

lH¡ J2,3 = I Hz, C3-H), 7.85 (d, IH, Jl,3= l-Hz, Cf-H) , 7 "72 (8,

lH¡ C2-H) , 8.33 (m, 4H, four aromatic prot,ons) , IZ. OO (s, IH¡ C4-

OH), 12.78 (s, lH, C6-OH).

13c n.n.r. spect,rum (ppm), Fig. 5B-2:

L25 (s, C1) , L26 (s, CZ), L21 (s, C3) r L57.5 (s, C4) , L92 (s, C5),

157 (s, C6), 67 (s, Czl , 32 (s, CB) ,73 (s, C9) ,47 (s, C1g), t22 (s,

C11), 181 (s, C¡.z), 35 (s, CI3), 14 (s, C14), 165 (s, CtS), 53 (s,

C16), J.34 (s ' C!Z), 131.5 (s, ClB), 133.5 (s, C19), 131 (s, C29),

143 (s, CZL), 135 (s, C22),101 (s, CrI), 30 (s, Ct2),58 (s, Cr3),

72"5 (s, Cu 4) ,72 (s, CtS), 17 (s, Ct6), I71 (s, Ct7), J-15, l_16, !I7
and 118 (guartet, Ctg), 16I.5 (s, C¡9), 161 (s, Ct ul), 138 (s, Ctr),
J-32 (s, Ct ,3) and J-52 (s, Ct t4) ,

Mass specLrum (M+/zl , (1) :

M+ = 786 (FAB mass-spectrun)

The spectroscopic data for 57:

í"r, (cn-l¡, (1) 3

3600 , 3520 (OH) , 3470, 3430 (NHa) , 3500 to 3100 (chetated oH) ,

7-735 (COOCH3) r 1680 (C=O), l-635 (chelated C:O), 16I0, l_SgO

(arornatic) .

p"m,r, (ppm), Fig. 683

l-.10 (t, 3H, C13-CH3), 1.51 (d, 3H¡ C5r-CH3), I.52 and1.55 (two

sets of multiplet, 2H, Ctg-HZ), 2 "3 and 2.0 (two sets of multiplet,

C'2-HZ) , 2.30 and 2.60 (two sets of multiplet,, 2H¡ Cg-H2) ¡ 3.7O
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(s, 3H, OCI{3), 3.9 (s, lH¡ C16-H), 4.2 (s, 1I{, Cg-H) , 4.5 (d, lH,

C05-H) o 4.7 (m, IH, Ct3-H)r 5,4 (dd, ffi, Cul)r 5.65 (d, J-H, Ct4-H),

5"75 (s, IH, Cl) ,7.35 (d, 1H¡ C3-H'),7.6 (d, 1H, C2-H) r 7.75 (s, H,

Cff-H) ,7.9 (d, lH, Cl-H) , 8.5 (q, 4H, benzeneprotons), 11.86 (s,

IH, Ca-OH) , 13"LZ (s, lH, C6-OH) .

Method B:

Aklavinone (50) (200 ng) , silver trifluronethane sulfonate (3gO

ng) and finely powdered molecuLar sieve 3A (5 g) was praced in
stirred anhydrous methylene chloride (100 rn1). The solutlon was

magnetícaIIy st,irred at 40 - 45oc for 20 hr in darkness. Three one

equivalent portíons of freshly prepared I-bromosugar 49 were added

at 0, 5 and 10 hr Ínt,erva1 andthe addÍtional silvertrifluoromethane

sulfonate (100 ng) was added at ro hr interval. The reaction
completed as judged by toI.c. (Solvent D).

^â,fter being cooled to ooC, the solution was f iltered and. the solld
residue wae washed with rnethyrene chroride (15n1, 2 t,imes), The

fåltrate and washÍng were conbined, and evaporated. to dryness t,o
give a orange residue. Then the residue was d.issolved in cHCt3 (30

nl) forlowed by washing with 20 I Kr solution (15 nl, tÌ{o times)

and water ( 10n1, tsro tirnes ) . The organic layer was separated, dried
over anhydrous sodium sulfate and filtered, The filtratehras evapo-

rate under red.uced pressure to dryness t,o give a orange residue. Ttre

preparat,ive layer chromatography of ttre residue upon buffered silica
ger (sorvent E) afforded 56 as a major compound. compound 56 was

recryst,alrized fron nethyrene chloride and ether, yielding 9s rng of
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yellow crystallíne needles, Ttre yleld v/as 26" 9 * after recrystalllza-
t,ion.

92



PREPÃRÃ'TIO$ OF I--DEOXY-ÂI'3{-EIS-Dffi{ETIÍYL-PVRROMYCIS{ (1O}

To a stirred sorution of methanol (B nI), saturated potassiun

carbonate solution (3 rnl) and v¡ater (3 mr) was add.ed s6 (90 ng) in
tetrahydrofuran (8 nI) . Themixturewas stirred atroomtemperature

for 15 hr and then cooled in an ice bath. The solution was adjusted

to pH = 9 by dilute hydrochloric acid (o. s a) , and then exaustively
extracted by chloroform (30 mI, three times) " The combined extract
was dried over anhydrous magnesium sulfate and filtered. Afterthe
filtrate being evaporated t,o dryness, a dark orange residue was

obtained.. The resid.ue was subj ected to preparative layer chromatog-

raphy upon silica gel to give 1-deoxy-N, N-demethyl-plncronycin (l-o)

( 2 5 mg) in 3 7 . 9å yield, as an arnorphous solid after being crystalised
from methylene chloride and ether"

The physical and spectroscopic data for IO:

m. p:132-143 C (decomposed).

i.r. ("*-1), (rig. 6A), (r) :

3600 , 3520 (OH) , 347O, 3430 (NH2) , 3500-3100 (chelatedOH) , I73S

(coocH3) r 1680 (c=o), 1635 (chelated c=o), t61o,l-596 (aryl).
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ffiERTKENT

PÃRT B: FREPARåTIÕN OF ffiTH"gt 3-Iü-(BENZVL-

C.AMX-MÞ) -2 " 3 " 4 4_6-ffiEOW-DL-THREO_
MXOP}TRANOSE (78} A¡{D TTS 3-EPIHER (8O)

PREPAR.ÞrTIOSü OF 2, 2-ÐIALLY-DIETFyIMIÐNATE (64't

To a stirred solution of acetone (6 litre) , diethyrmaronate (63)

(607 mI, 4 moles) and powdered potassium carbonate (2800 g, zo

moles) was added allyl bronide (1384 ml, 16 moles) in one por:tionat
room temperafure. Then the react,lon solutionwas heated to reflux
with viEorously stlrring over a perJ_od of 4 days.

Duríng the reaction, a rubber balroon $¡as made on the top of
condenser and nercury seal was required so that a little pressure
was creat'ed inside of the flaskto enhance the reactionrate. After4
days, the reaction was completed as judgedbyt.l.c., (solvent G) .

Àfter being cooledto ooc, the reactíon solutionwas filteredto
remove the potassium carbonate residue. The cake of potassium

carbonate was washed with acetone (400 urI, three tirnes). The

filtrate and washing were conbined and then evaporated to remove

acetone to give a slight, yello* liguid. After distillation of the liqqid
under red,uced pressure at gz-89"c/t "5 mm, a colorress riqui d, 6q (g:rz

g) was obtained in 958 yield"

The spectruscopic data for 64:

i. r. (cm-I¡ Fig. BA:
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L72O (int,ense singlet, COOET) , 1640 (weak, C=C) , t2OO (broad

slnglet, C-O-C).

p.m,r" (ppn), Fig. BB3

L"32 (t, 6H, two CH3) , 2" 55 (d, 4H, fourallylicprotons) , 4.I7 (q,

4H, two CH2) , 4"86-5.80 (rn, 6H, six olefiníc protons) .

PREPARATTOM OF 2,2-DIALLY-Må[ô¡{IC åcID (65}

2,Z'díarly1-rnalonate (4 rnor , 960 g) (64) was added to the stirred
solution of methanot ( z. a L), water (4. 3 L) and potassiumhydroxÍde

(16 mo1 , 896 g) . The soLutlonwas heated to refIuxwlth st,lrring for
15 hr. "A,fter beÍng cooled to room temperature, the solutíon was

carefully neut,rallzed and adJusted to pH z-3 by addlng dropwlse
cooled concentrat,ed HCr wtth efflcient stirring at about ot. rnen
t'he solutÍon was extracted completely with methylene chloride (500

[1, three tines). The extracts were combined and dried over
anhydrous magnes iurn suI f ate follor,rred by filtration. Ttre filtrate was

evaporated under reduced presure to dryness to give 65 (669 g) , in
9 f I yie1d, as white crystals after being recrystallized from chlorof-
or¡n.

The spectruscopic data for 65:

m.P' = L26-128 oc

i,r. (cn-r¡ , Fig. 9A3

3550 (oH monomers) , 3300-3000 (oH dirnmers) , 1760 (c=o

monomers) , 1710 (C=O dirnmers) , 1650 (C=C weak) .

p,m.r, (ppn), Fig. 98;
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2.7o (d, 4H, four alIyIíc protons) , s. t6 (poorly resorved se>rtet, 2H,

two Hgr.ns) , 5.20 (poorry resorved doublet , zH, two H.i" ) | 5.70

(m, ZH, two Hgern) .

Mass spectra Gf /z), Fig. 9C:

185 (M+1) , 166 (M-H2O) | I25 [M-(H2o)-(CHr=s1¡CH2) J, 7s [M+1-

(Hzo)-(coz)-(co)1.

mEPåRATIOt{', Or 2-ALT,y1,-4-pEMrm{oIc a.cID (66)

2,2-diallylmalonic acid (6s) (2 rnol, z}og) was placed into a

solutionof aceticacid (r"sL), water (600mr) andDMF (1.rL). The

míxture was stírred under reflux for 2 5 hr, rhe reaction process was

monitored by t.1"c. (solvent H). Then the reaction sorution was

exaust,lvel-y extracted with chloroforn (4oo ml, three times) . The

exfracts werê conbined and evaporated under reduced pressure to
give a liquid. The riquidwas distilred at 98-roo"c¡z.snmtogive 66

(266 g) as a colourless llguid" The yiej-d was 95 g.

The spectroscopic data for 66:

i.r. (cn-r¡ , Fig. toA:

3500 (oH monomers), 3300-3ooo (oH din:ners), t742 (c=o monom-

ers), I7O2 (C=O dimmers), L6SO (mediate, C=C).

p,m.r. (ppn), Fig" 1083

2"37 (broadd,4H, fourallylicprotons) ,4"96 (broads, 2H, two

Hcis) , 5"20 (poorly resolved broad doublet, 2H, two olefinic
Htrans), 5.83 (m, 2H, two olefinic Hg"r), 11.s (s, 1H, one

carboxylic proton).

Mass spectrum (fr/"), Fig. 10C:
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yf /, 140 (molecular ion) , 95 (M-cooH, Lq&) , ss [M-(cH2-
CH=CH2) J, 44 (18 &) , 43 (100 e) .

PREPARA,TION' OF (Ru S']. Z-å,LLYL-4-KETHYI'- I -BUTTYROIÃeFO}{E

(,6V't

2-411y1-4-pentenoic acid (66) (16 g) was addedinoneportionto

a stirred solution of hexane (9OO nI) , p-toluenesulfonic acidmonohy-

drate (16 g) and v¡at,er (10 ml) in a 3 litre round-bottomed frask
fixed with a 50 ml Black-stock water trap and a condenser.

The reaction solution was heated t,o reflux wíth st,irring for 2

days, The reaction process was monit,ored. by t. 1.c., which revealed
formation of compound 67, (Rf = 0.65), and high boillng point by-
producLs, (Rf = o.7 ) , (solvent, N) , .âfter corling to room temperature,

the solution was transferred to a separatory funner. rhe organic
hexane layer r¡as separated from a small amount of solvated brov¡n

p-toluenesulfonic acid which could be used for recycle, The hexane

solution q¡as evaporated under red.uced pressure to red.uce the total
volume of the solution to about 200 ¡rl.

llhe remained solution was washed with an ice cold solution of
sodiunbicarbonate (508, Íil/v), (30 mr, two tines), andthen ice cold
water (30 nl, two tines) . The organic rayer v¡as separat,ed from the
aqueous solut,ion, dried over anhydrous magnesium sulfate (Mgso¿)

and f iltered. The f ilt,rate was evaporated to dryness to give a pale

brown liquid. The distíLlation of the liguid under reduced pressure

ß7-goøc/2.6 mm) gave the colorless viscous liquid 67 (g g) in s6,3g

yield.
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The spectroscopic data for 6?:

i.r. (cn-r¡ , F!9. tra,:

L762 (very intense, coo- stretching), 1640 (mediate shourder,

C:C) , 1180 (int,ense, CO-O-C bending) 
"

p.m"r" (ppn), Fig. lIB:
1.38 (d, 3H, C4-CH3) r 2,00-3.00 (m, 5H, C3-CH2 , C2-H and the
two ally1ic protons) , 4, S0 (si>rtet,, tH, C4-H) , S.OO (s, broad, IH,

Hcis) , 5"20 (broad doubLet, IH, Htrans), S.50-6.00 (m, IH, the
olefinic Hgem).

Mass spect,rum çû/e), Fig. Itc;
140 (nrorecular ion) , L4L (M+r) , rzs (M-cH3), 96 (M-co2).

High resolution mass spect,rurn (M+/z), Fig. lID:
egH12o2¡ calcurated 140. 0837324, observed: 140 .o94244"

PREPÃRå'TIO¡I oF (R'S) 2-å,LtYL-I{-BElfzTL-4-HYDRoxy-ERyTH-

R'O-PEÊ{TA¡Û-ÃWDE (7s} A$ID (RoS) THREO DIjA,STEREOHER zz

sodiun hydride (9 " 6 g, 0. 4 moI) , which was r*ashed with pet,roleun

ether, was immediately placed into the stirred solution of absolute

t,etrahydrofuran (THF) , (1.8 L), andbenzylarnine (37.4 9, 0.35mol) at
room tenperature. ^ã'fter being stirred at room teroperature for one

hr, Lhe solution was heated to reflux and stirred for additional 2 hr.
During the reaction, nitrogen baÌroon was made at top of condenser

to avoid any possibilíty of the oxidation of benzylamine by air.
To this solution, 2-a11yr-4-hydroxy{-butyrolactone (67) (42 g,

0.30 nol) in 500 ¡nI of tetrahydrofuran (TTIF) was added dropwise,

over a period of one hr, with stirring under reflux. The additional
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15 hrs. was perrnitted to complet,e the reaction. The reaction process

was monitored by t,1.c. (So1vent A) 
"

After being coored to Ooc, hydrochloric acid. (10 N) was added

dropwise with effícient stirring to neutrallze the solution to pH 7-6.

The solution tdas evaporated under reduced pressure to remove THF

solvent " To the renained solut,ion, lOO ml- of methylene chloride v¡as

added. The solution ç+as r¡ashed wíth ice cold saturated sodium

chloride solution (20 n1, ttruo tímes) . Then the organic layer was

separated, dried over anhydrous sodíum sulfate and filtered. The

fíltrate rdas evaporated under reduced pressure to dryness to give a

pare brown Éyrup (45 g), whlch was subJected to column chromatog-

raphy over silica, (Solvent, I) " Compound 75 was first eluted out and

was a pale yel}ow syrup (15 g) after sorvent evaporation. compound

77 was collected at a 1aÈter fractÍon , after solvent, evaporation and

recrystallized from a solution of ether and chroroform (10:1 v/v) ,

yielding 18 g of white cryst,als, D.p. = 69-7OuC. Tt"totatyieldof 75

and 77 was 44"5 I after column chromatography.

The spectroscopic data for 75:

-1i. r. (cn-r¡ Fig. 12å,

3580 (nonorner oH stretching) , 3430 (dirnmer oH and NH stretch-
ing) , 3320 (polymer OH and NH stret,ching) , 167O (CONH, broad) ,

L62O (C=C, weak shoulder), 1520 (broad, aromatíc C=C and the

anide II band).

p.m"r" (ppn), Fig. 128:

t. 19 (d, 3H, -CHg , J =6 "2 Hz ) , I.57 and 1.80 (two sets of a double

of triplets, 2H, tr*o allylicprotore), 1 "97 (d, IH, oH, J=4. SHz),
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2.2O (m, IH, ¡nethine proton t,o carbonyl group, CZ-H) , 2.45 (m,

2H, Ewo nethylene protons on C3), 3.95 (m, lH, C4-H) , 4.45 (d,q,

2H, two benzylíc protons, Jgem: 15 Hz, Jgg2rNH = 6Hz), 5.lO
(s, broad, lH, one olefinic Htrans), 5.03 (d, broad, IH, one

olefinicHcis) , 5"75 (m, rH, oneorefiniclfuern), 6.oo (s, broad, lH,

ffi) , 7 "73 (m, 5H, five aromatic protons) ,

Mass spectra (M/e), Fi9. I2C:

247 (nolecular ion) , 229 (M-H2o) , zo2 [M- (cH3cH2oH] , rg9 (M-

58, 308), L49r L06 (NHCHAPh, 488), 9L (CHA-Ph, tOOg).

The spectroscopic data for 772

1.r. (cn-l¡ , Flg. r3.a:

3580 (oH st,retchfng, free H bonding) , 3430 (dirnrner oH and.

monomer NH stretching) , 33zo (oH and NH streÈching, Ínter-
molecularHbonding), 167o (coNH, broad, intense), 1640 (shoul-

der, urediat,e, c=c st,ret,ching overraps with coNH absorptioil),
L520 (arornatic C=C and anide fI band) .

p.m"r. (ppn), Fig" 138:

1.19 (d, 3H, cH3 r J = 6 .2 Hz) , r. 60 and r. g5 (pentet and doubre of
triplets , 2H, two alrylic protore) , 2 .25 (m, lH, one ¡nethine proton

adjacent to carbonyl group, CZ-H), Z.3S (m, 2H, two roethylene

protonsonC3),2.08 (s, broad, 1H, OH), 3.BS (m, IH, C¿-H) ,4,45O
(dq, 2H, twobenzylícprotons), 5.03 (d, broad, IH, oneHsis), S.10

(s, broad, lH, one H¡runs), S.7S (m, IH, one Hgem), 6.OO (s,

broad, lH, ffi) , 7.73 (m, 5H, five aromatic protons) .

Mass spect,rurn (M+/e) Fig. t3C:
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247 (M+ nolecuLar ion) , 2Zg (M - H2O) , ZOZ (M - CH3CHOH) , 1g9

(M- CH3COH=CH2) r 106 (NH-CH2-Ph 5o&), 91 (CHz-ph, IOOå).

PR.EPARA,TTO&T OF WETEYL 3-3{-(BE3üZYLAHTNO-CAR.BOSTYL)-

2 o3 o 4 u 6-TETRA,DEOXY-ÐL-THREO-HEXOPYRANOSB (78) Ã,ND

AruOMERS 82 A¡üD 83

To the solution of (R, s) 2-a11y1-N-benzyr-4-hydroxy-erythro-
pentanamide (75) (r,5 g) inabsolut,emethanol (rsonl) wasbubbled

dry ozone (oe ) , through a gas dispersion tube, wittr a stirring at -20

to -25 c. The reaction tine kras permitted to be 17 minutes as

judged by t,1.c. . During the interval of t.I.c., drynitrogeng:aslrras

passed Ínto the react,ion solution ínstead of ozone (03 ) t,o stop the
reaction temporarily. Then 3 rnl of freshry dist,írled trimethyl
phosphite IP(OcHg ) s ] was added into the solution. fhen ttre solution
was heated to reflux with a stirring for 16 hr. After cooling to
room temperature, the solution !üas evaporated under reduced

pressure to remove methanol to give a paÌe brown syrupy residue.
The residuewas dissolved inmethylene chloride (50ml) followed

by washing with the 208 (w/v), and then Na2co3 sorution, (20 rnl,

two tines) , and finalrywater (15 nr, two times) . The organic rayer
was separat,ed, dried over anhydrous magnesium sulfate, and filtered.
After solvent evaporation to dryness under reduced pressure, a pale

yellow syrupy residue was obtained. This residue was subjected to
frash chromatography over silica (solvent r) to give 78 (650rng), in
74* yierd as a mixture of"l.andpanorners, and a small amount, of 79

(95 ng) after solvent evaporat,ion. compound 78 was collected at
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earLier fraction and gave white amorphous solids after recrysta-
llization from a solution of ether andpetroreum (7 z3 v/v), h.p. = 94-
95oc. The 79 was eluted out at latter fraction and. coLl-ected after
solvent evaporation. The recrystallization of 79 from a solution of
rnethylene chlorÍde and ether (10:r, v/v) gave white needres.
conpound T9 was converted to ?g ar-most, guantit,at,ively in absorute
methanol at pH = 3.

Further preparative layer chrornatography over sirica gel (solvent
J) of 78 gave two anorners, 82 (Rf = 0.65) and 83 (Rf = 0.55) " Both
of them gave anorphous sorids from a solution of ether and
petroleum ether (5:1, v/v), and were uneguivocally assigned Eo{-82

andp83 glycosides respectively by analysis of theirp.m.r. spectra.
The nelting point and spectroscopic data for d, anomer Bz:

m.P. = 75-80oc

i.r. (cn-r¡ , Fig. l4A:

3450 (oH stretching) , L67o (-coNH-) , rszo (arornatic skeleton),
p.n.r. (ppn), Fig, t4Bs

1.19 (d, 3H, J= 6 "3H2, CH3), I.55 (q, IH¡ H4¿, J4a,4e=L2Hz),
1.75 (broaddoublet, lH, HAe,J4u,4a=f6Hz), 1- 95 (dd.¡ 2H¡H2¿

and H2s) | 2"7I (m, IH, WH = 28t|z, H3a) , 3.34 (s, 3H, C1_oCH3) r

3.85 (n, lH, CS-H) ,4"43 (dr 2H, twobenzylicprotons, J=6Hz),
4.80 (broad singlet, rH, wh= 6Hz, cr-He) , s.77 (s, broad, rH,
ffi), 7.30 (m, 5H, five aromatic protons).
Mass spectrum (M+/z) , Fig. 14C¡

263 (nolecular ion) , z4B (M-15), 232 (M-ocH3) r 160, 106 (NH-

CH2-Ph) , 97, 91 (CH2Ph, 10OB).
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The melting point, and spectroscopic data f.or [9 anomer 83:

Il'P" = I1-7-L1O"C.

-'ti,r, (cn-r¡, Fig. 15å,:

3450 (NH stret,ching) , l-680 (-CONH-) , LSZO (aromatic C = C

stretching and a¡nide II band), LO2O, IO8O (C-O-C and. C-N-C

bending vibration).
p.m.r. (ppur), Fig. 158:

L"28 (d, 3H, C5-CH3, J = 6"2H2), 1.45 (q, IH¡ H4a, J4âr4ê=L2

Hz), l-.55 (q, IH, H4è, J4e4a=12Hz), 1,80 (broadd, IH, C2-H¿r

JZa,2e= 11 Hzl ,2"OO (d, broad, lH, CZ-He, JZe,2a= 11 Hz), Z"45

(m, J-H, C3-Ha, l{h =26H2), 3.50 (s, 3H, C1-OCH3), 3.55 (m, IH,

CS-H, J = 6"2H2), 4.33 (dd, IH¡ C1-Ha, Vith =9Hz), 4"4S (d, ZH,

two benzyllc protons, J = 6 tlz) , S"7O (s, broad, IH, NH), 7.25 (m,

5H, five aromatic protons).

Mass Spectra (Iq/z), Fig. 15C;

263 (molecular ion), 248 (M-Me) , 231 (M-CH3OH), 106 (NHcH2ph),

97, 91 (CH2Ph, 1008).

High resolutíon masa spectrum ßú/z) , Fig. tSD:

c14H17N1o2r calculated 23]..1259328, observed z3L"1267o9oi

c7HgN1: calculated 106.0656760, observed: 106"o6erooo i c7tr7z

calculated 91 "0547764, observed: 91.0543820"

The merting poínt and spectroscopic data for 29 (mlxture of two

anomers) :

m'P = 155-157oc

i.r. (crn-I¡, Fig. 16.A 3

3570 (OH), 3450 (ffi), 1680 ( -coNH-), 1520 (benzine ring )
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p"m"r. (pp¡n), FÍg. t6B: (referable t,o Figs. L4.B and. tSB)

Mass Spectrun Gf/e), Fig. I6C:

249 (utolecular ion ) , 23L ( M-lB ), l-49, 106,9r (rooa, tropyliuro
ion) .

CO}üVERSïold OF 3-Ìü- (BEìûZYL-CARBOXA-Ï4TDO) -2 o 3, 4, 6-TETR.â-

DEOXY-DI,.TEREO-ffiXOPYRANOSE (79') TO ZB

To the stirred solutÍon of 200 rng ot, 79 in absolut,e methanol

(1,00 nl) was bubbled anhydrous hyrogen chloride gas untir pH 3,

through a gas dispersion tube, at 0 c" The solution was st,irred
under this condition for 3 hr" The usual work up gave a whÍte
amorphous crystal (203 ng), in 96 & yieId. rts physicar and spectro-
scopic properties are identical to those of ZB.

pREpA,Rjå,TrOt{ oF $ETEYI, 3- (I{-BEAIZYL-CÃ,BOX.å¡{IDo) -2 u3, 4, 6_

TETR'ADEoXY-DL-BRYTERo-HEXoPYR.ähIoSE (so) A$D THE Tt{o

å$oMERS 84 AlrD 85

To the solution of absolut,e nethanol (]oo nI) and 2-allyl-N-
benzyl-

4-hydroxy-pentanarnide (72) (r g) was passed dry ozone through a

gas dispersion tube with st,irríng at -20 to -25 c. Äfter 15 roinutes,

the reactionú¡as completed as judgedbyt"l.c. (solventÀ) " During
t. I . c. , dry nit,rogen gas $¡as bubbred into the reaction sorut,ion to
prevent further ozonolysis temporarily.

The 2 nr of trinethyl phosphite Ip(ocH3) g] was added into the
reaction solution. The solut,ion was heated to refl¡x with a stirring
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for addítional 15 hr, and then evaporat,ed under red.uced pressure to
remove methanol" the residue was dÍssolved ín methylene chLoride
(50 mI) followed by washing with 208 sodium carbonate solution (20

mI, two times) and water (15 nl, two tines) " The organic solution
was separated and dried over anhydrous magnesiu¡n sulfate followed
by filt,ration. The f iltrate r*¡as evaporated to dryness under reduced.

pressure t,o give a pale yeIlow syrup. The flash col_lum chromatog-

raphy (solvent K) of thÍe syrupy gave Bo (s2o mg) in 70* yield, and

as white amorphous solÍds from solution of ether and petroler¡r (7 23,

v/v)r tn.P. = 57 59eC.

Further preparative layer chromat,ography of Bo over silica gel
(solvent, J) gave two anomers, g4 (Rf = 0.65) and g5 (Rf = 0.5) and

both as whlte amorphous sol-ids frorn a solution of ether and

petroleurn ether (v/v 5:1) with m.p. = 57-5BeC and m.p. = 55-56ôC

respectivery. They were unanbiguously assigned top-g4 ando(g5

grycosides respectively by analysis of their p.m.r. spectra"
The nelting point and spectroscopíc data f.or¡lanomer 84:

m.P. = 57-59oc

i.r, (cm-1), Fig. 17^A,:

3450 (ffi) , L67o (-coNH-, stretching) t LszO (arornatic c=c

bending and the amide II band), 1OSO (-NH-C- bending).

p,m.r. (ppn), Fig. 178:

1.2I (d, 3H, J = 6.2 Hz, C5-CH3) r 1.4S (m, 1H, C4-Ha), 1"gO

(broad doublet, IH, C4-He, J4e,4a=L4Hz) , I.56 (rn, IH, C2-H¿) r

1.90 (broad d, lH, C2He, JHeHa =12Hz),2.72 (m, lH¡ C3-Her Wh

= f3.5 Hz) , 3"43 (s, 3H, C1-OCH3), 3.98 (m, tH, CS-H) , 4"37 (d,
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2H,benzylicprotons, J= 5"4H2),4"76 (dd, l_H, Wh=B.S Hz, Cy-

H¿) , 6.2O (s, broad, IH, NH) , 7 "3O (m, 5H, aromatichydrogens).

Mass Spect,ra (M+/z)), F'ig. 17C:

91 (tropylÍum Íon), 97 (z7Z) , 106 (NHcHzph), Is7 (lOoA), L6z

(472) , 23I (M-CH3OH) ¡ 262 (M-t) , 263 (motecular íon).
High resol-ution Mass spect,rurn Gf /z) , Fig. t7D:

C15H21O3N1: calculated obsen¡ed: 263 .ISZ7 7l_0.

The ¡nelting point and spectroscopic data foroc anomer 85:

Ilnpo = 55 S6oC,

i.r. (cn-}), Fig. 1BA:

3450 (free hydrogen bonding NH stretcfring) , 3310 (intramolecular
hydrogen bonding NH stretching), 1660 (-coNH-), 1560 (benzine
ring ekelet,on and amide II) , I-SZO, I-OSO (-NH-C-) .

p 
" m. r. (pp¡n) , Fig. 1BB:

1.14 (d, 3H, C5-CH3, J = 6,2 Hz), I.55 (m, lH, C4-H¿) , Z.Os

(broad doublet, tH, C4-Hs) , I"g7 (poor E I ZH, CZ-Ha and C2_Hs) ,

2.73 (m, lH, cg-Her $rh= 1r-Hz), 3.19 (s,3H, c1-ocH3), 3.80 (m,

lH¡ C5-H) , 4 " 40 (d , ZH, two benzylic protons) , 4.7O (d, IH, C1_H¿r

Wh= 7"5 Hz), 7 "30 (rn, 5H, five aromat,icprotons) | 7.85 (s, broad.,

IH, NH) .

Mass Spectra $q/z), Fig. IgC:

9L (100*, tropyliun ion) | 97 (97&), 106 (tlHCHzph), L62, 231 (M-

MeOH) .

High resoLut,ion Mass spect,rum Gù/z), Fig. lBD:

C14H17O2N1; calculat,ed 23L"1259328; observed 2] t .I,2SS9S0"
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PREPARA'TIOPü oF METHYT, 3- (hT-Bm{zYrÃ&tr}üo-ffiTEYL} -Z u3 u4 u6-

TETRADEOXY.DL-THREO-HEXOPYRANOSE (86} A¡{D THE TÌdO

A$OffiS 88 AltD E9

To the sorution of anhydrous t,etrahydrofuran (THr) (50 mI) and

lithiun aruminiun hydride (80 mg) was ad.d.ed 86 (roo mg) at ooc.

After being stirred f.or z0 nin at ooc, the reaction solution was

heated to 50oC and stírred for addit,ional 15 hr. The solutionwas
coored to roorn temperature followed by adding water (30 nI), and

then stirred at room ternperature for 40 mln. The solutlon r¡¡as

fíltered to remove some alumínium hydroxide resid.ue evolved fn Lhe

react'lon" The filtrate $tas evaporabe t,o reduce the t,otal volurne of
the solution t,o about, 30 nl" Then ft was extracted with methylene

chLoride (20 nI, two t,ines) exaustively. The conbined extract was

dried over anhydrous magnesíum sulfaÈe, filtered and evaporated to
dryness t,o give a syrupy resldue" The frash colrum chromatography

of the residue over sirica grave 86 (70 m9), as a colourless syrup.
The yieJ-d was 7 4z . The further preparative layer chromatography of
S6uponsilicagel (sorventM) gavetwoanoners, gg (Rf =o.26) and

89 (Rf = 0.17), which are assigned to"Ca¡¿panomer respectíve]y.
The spectroscopic data for*-anomer BB:

i"r, (cn-1¡, Fig. t9A:

2850 (-OCH3), lI30 (c-o-C), 1060.

p.m.r. (ppn), Fig. 198:

1.L6 (d, 3H, -CH¡), 1.75 (m, 5H, C4-HaHe, C2-H¿Hs and C3-H¿),

2.IO (broads, 1H, NH)r 2"45 (t"2\1, CHZ-N-),3.34 (sr 3H, -OCII3),
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3"76 (s,2H, twobenzylicprotons), 3.85 (m, IH, C5-Ha),4.75 (d,

IH, Ct-He) , 7 .34 (m, 5H, five aromatic protons) .

Mass spectrum $q+/z), Fig. 19c:

25o (M+1) , 234 (M-CH3) r zts (M-oCH3), I2o (cH2NHcH2Ph), 91

(cH2Ph, loog).

The spectroscopic data forpisomer 89:

i.r. (cn-1¡, Fig. 2oA:

2850 (-OCH3)r 1390, 1130, 1080 (-C-O-C-), lOOO"

p.m.r. (ppm), Fig. 208:

1.24 (d, 3H, -CH3) r 1"75 (m, 6H, C2-H¿Hs, C4-H¿Hsr C3-H. and

NH), 2.55 (d, 2H, twomethyleneprotons ¡ C-CH2-N-), 3.48 (s, 3H,

-oCH3), 3.55 (m, IH¡ C5-Ha), 3 "79 (s,2H, twobenzylicprotons-
CH2-Ph) | 4"35 (dd, lH, Cf-Ha) , 7.35 (m, SH, five aromatic
protons).

Mass spectrum (u+/z) , Fig. 20C:

249 (nolecular ion) , 248 (M-H) , 234 (M-cH3 ) , t2o (cH2NHCH2ph) ¡

9l- (tropylium ion, l-OO 8) ,

High resolution Mass spectrum (M+/z), Fig. 20D:

CtSHZgOeNt: calculated 249.I72884O I observed, 249 "167587Oi
C¡¿HZOOZN1. calculated 234.I494O84, observed 234.L4BI020;

CgH19N1. calculated 120.08L3264, observed 120. OBO4Z}O 
"

PRBPåRA'TIO¡{ oF METEYL 3-N- (Bm{zYIAffiNo-ffiTHYT"l -2,3 ø4 s6-

TETRå,DEOXY-DL-ERYTHRO-HEXOPYRÄNOSE (87) Ã,ND THE TWO

A.NOMER 90 A,ND 91

108



compound 8o (150 ng) røas placed lnto stirred the solutfon of
tet,rahydrofurane (50 rnr) and rithiurn aruminiunhydride (80 mg) at o

"c. Ãfter being st,irred for z0 nrin at ooc, the sorution was heated. to
sooc and stirred for 3hr. Then the solution was cooled to room

temperature and stirred. for add,itional 15 hr. The solution was cooled

to 0'c followed by wat,er addit,ion (30 nr) and. stirred for 30 min,
then f iltered. The filtrate h¡as evaporated under reduced pressure to
reduce total volume to about 40 nL and was extracted with methyl-
ene chloride (20 rnl, two t,imes). The ext,ract, was dried over an-
hydrous magnesiurn sulfate, filtered. and evaporated to dryness to
give a colourLess syrupy resídue. The frash chromatography of the
syrupy resÍdue over silíca gave g7 (g2 ng) , as a col0urless symp, i_n

64"7 8. Preparative rayerchromatography of 87 over siricagelgave
90 (Rf = 0.3) and 9r (Rf = o"25), as a pair of anomers, withpand,t
glycosidic bond respectively.
The spectroscopÍc data forp Lsoner 9O:

1.r. (crn-f ) , Fig. 2IA:

3050 (weak shoulder, aronat,ic c-H) , zgs0 (-ocHg) , r_oso (tense,-
NH-C-), 1000.

p.m.r. (ppn), Fig. 218B

1.25 (d, 3H, -CHg, J = 6 Hz), t.SO to t.ZO (n, 5H, C4-H¿Hs¡ C2_

HaHeandNH) , Z"LS (n, lH, C3-Hs) ,2.65 (d, 2H, CH2_N) ,3.44 (s,
3H¡ CH3O), 3,81 (s, ZH, twobenzylichydrogens), 3.75 (m, IH, C4_

H), 4.50 (dd, IH, CI-Ha, I{h = 7,5 Hz), 7.3O (m, 5H, aromatic
protons).

Mass spectrum $q+/z), Fig. 2l_C:
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249 (molecurar ion) | z3a (M-cH3) r 219 (M-ocH3) r rzo (CH2NH-

cHzph) , 106 (IrHCH2ph) , 91 (CHzph, loo&)

High resolut,ion mass spectrum, (M+/z) , rig" 2ID:

clsHzgNloz: calcurated 249 "17zg840, observed 24g.t7tg14o;
ct+HzoNtoz: cal-culated 234.L494094, observed , 234. rstb66o,
ctaÏJzoNtot: carculated zr9,Ls44g34, obsen¡ed I zlg.Ls44340,
cTHgNr: carcurated r06.062997o, observed lo6.o6so33o;
cgH19N1: calcurated Lzo.0796360, observed r2o.0796360t

CZHT: calculated 9I.0547764, observed 91.OS3OO9O.

The specbroscopic data for¿óanomer gJ.:

i.r. (crn-r¡ , Fig. 22Az

3050 (weak shoulder, benzene) , 28so (-ocH3), trzo, 1o5o (c-o-c).
p.m. r, (ppn) , Fig " 2ZBz

1.15 (d, 3H, -CHg), 1.4S-l.BS (m, 5H, C4-HaHe, C2-H¿HsandNH),

1.95 (n, lH, NH) ,2.90 (t, 2H¡ -CH2-N-)r 3.31_ (s,3H, *Or),3.80
(s, zH, twobenzyricprotons), 3.95 (m, rH, c5-H¿) ,4.6s (broads,
IH, Cf-He) , 7.3O (m, 5H, five aromatic hydrogens) .

Mass spectrurn $f /z) , rig. 22cz

249 (nolecular ion) , z3a (M-cH3), zr1 (M-ocH3), rzo (CH2NH-

cHzPh), 91 (CH2Ph, Loog).
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SPEETRA,

A,l-1 nerting points were recorded on a Fischer-Johns nelting
point apparatus and h/ere uncorrected. fnfrared spectra h¡ere taken

on a Perkin Elmer Infracord 7 10 spect,rometer, using sodiun chloride
celI with methylene chloride as a solvent. Mass spectra were

recorded on a v.G.707 OEHF mass spectrometer with a 70 FAB system.

A Brucker AM-300 spectrometer was used to make arr p.m.r. spectra

and 13c n.m,r. spectrun with cDC13 as a sorvent and tetranethyl-
silane (Tl{s ) as an internal reference except those presented. in figs.
84, 108, rrB, which were made on a varian EM-360 spectromet.er.
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