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SUMMARY OF Ph,D. THESIS

ARCHIBALD J. BAKER.

Part I - 2-Deoxy-DL-ribose.

Synthetic routes to 2-deoxy-DL-ribose from non-carbohydrate
precursors have been investigated and an eight stage synthesis from
propargyl alcohol is describéd. Kojic acid has been elaborated, via a
known intermediate, to 2-deoxy-DIL-ribose.

As an extension of this work a route to the 2,6-dideoxyhexoses

from acetylenic precursors is described.

Appendix I.
The selective addition of hypobromous acid to hex-5-en-2-yn—~1-ol

is discussed.

Appendix II.
Some unsuccessful approaches to Dl-ribulose from acetylenic

precursors have been explored.

Part II - Apiose and Cordycepose.

A wide variety of synthetic approaches to the branched-chain
sugars apiose and cordycepose, from non-carbohydrate precursors, has been
studied. The synthesis of 2-phenyl-5-carboxy-1,3-dioxan, a derivative of
the saccharinic acid, 4-hydroxy-3-hydroxymethyl propanoic acid which has not

hitherto been synthesised, is described.

Part III - Rhodosamine.

Routes to the amino-sugar rhodosamine from acetylenic precursors
are described. An approach from hept-1-en-4-yn-6-ol has given a compound
with the gross structure of DL-aldehydo "rhodosamine' diacetate.

Anomalous oxidation of an intermediate amine is discussed in the

light of recent investigations.
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INTRODUCTION,

Carbohydrate Chemistry as w@ know it
today can be attributed in the beginning to the
prodlgous efforts of Emil Fischer whose work
must trank for all times as one of the greatest
contributions made by any single person to our
understanding of Chemistry. The two papers by
Fischerl In 1891 establishing the configuration
of the Individual monosaccharides laid the
foundations on which this branch of chemistry
stands firmly today, With the publication by
Haworth2 In 1926 of his proof of the pyranose ring
structure for the common glucosides* carboyhdrate
chemistry was truly established. The constitution
of the better known oligosaccharides was -unravelled
within a few years followed by structural studies
on polysaccharides which placed the chemistry of
these compounds on a sound basiso Thanks to the
vast effort by the many workers In the carbohydrate
field there is new at oar disposal a store of
knowledge of the intricate reactions of the suga:es

and their derivatives which has helped considerably

in the elucidation of the biochemistry of living

mattero



From the synthetic viewpoint there are many*
examples of the transCoiteation of one sugar into
another and in this way stocks of rare sugars have
been built up from commonly occurring ones * Ascorbic
acid (Vitamin C) is made commercially from L ~ Sorbose
which in turn is prepared from D = glucosevia D «
Sorbitolo The synthesis3 of the disaccharide sucrose
has been achieved by condensation of 1D 2 ~ .anhydyo
* D - glucopyranose triacetate with X, 3, 4, 6- tetra
- 9 ~ acetylfruotose«

In contrast with ths wvast amount of intQRr~
conversion work whereby sugars have been synthesised
from naturally occurring starting materials it is
remarkable that Bo little has been achieved by way
of total synthesis from simple synthetic intermediateso
This approach to the synthesis of carboyhydratee is
worthy of investigation in view of the increasing
frequency with which sugars of new and altogether
unconventional structure, such as branch®d-chain sugars 9
are being Isolated from products of great biological
Importance e«go, streptomycin and other antibiotics®
In a recent article Overend4 has reviewed some new
sugars and discussed their structures and some
methods of synthesis« It is possible and not

unreasonable to suggest that'for at-least some of

these/



the so/

new sugars tholr synthesis will he hast aehioved by

a total synthetic approach rather than by conventional

transformation reactionso

a

5
As far back as 1890 Fischer achieved, by

non-rational and non~stereoselective method, the

total synthesis of glucose, fructose and mannose by

the condensation of acrolein dibromid® with

glyceraldehyde«

The mixture of raeemic hezosa”ones -

acrosagone - were resolved at various stages by means

of either fermentation procedures or by fractional

oryatalliaations of strychnin® salts and eventually

D - glucose, D - and L - fructose @&xidD - and L «

mannose wore isolated* This constituted the first

total synthesis of a carbohydrateo

The total synthesis of any sugar can fee

rationally reduced to four individual problems?

1*

3«

6o

The construction of the carbon skeleton of the
sugar molecule including carbon « carbon branching
if requiredo

The stereoselective incorporation of the hydroxyl
groups into the carbon skeleton®

The introduction of the carbonyl functions at

0 or 0O
(1) (25%



rage 4,
4. The resolution into optical enantiomorphs,

In the following paragraphs features (1), (2) and
(3) are discussed in some detail. Feature (4) will
not be discussed since at the present time very
little work lms been recorded on this aspect; on
this point research will have to be done before the
total synthetic method caen compete effectively with
the conventlonal trandormation methods,

Owing to the polyhydroxy nature of carbohydrates
the»essence of a frultful syntheslis lies in the
stereospecific introduction of hydroxyl groups. The
general rule that trans addition to a trans double
bond or gig addition to e gig double bond leads to
the erythro arrangement of the added groups while
trons addition to a g¢is double bond or cig addition to
a Egggg_double bond produces the thres conflgurstion
is the key consideration in the sterecoselective

introduction of pairs of hydroxyl groups.

~ thieo
C=gts hydioxylation

T= 'l‘-m!;g n "
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From this genaralisation it follows that in
building the carbon skeleton it is always desirabdle
to have an unsaturated centre of known
stereochenmistry - or at least to have an arrgngement
whereby such a centre can be generated - at the site
which will eventually bear the hydroxyl groups.

, At this point it. 1s pertinent to dlscuss the
methods availebls for the preparation or inproduction
of ethyleaic centres.

Gornforthfhas described a general
stereospecific synthesis of olefins-from aliphgtic
_X - chlorocarbonyl compounds. The addition of
R?Mg Br or RL1 to ¢ - chlorocarbonyl compounds
R‘lcoc(cl)‘r’ial:t:5 is a stereospecific process, the
ohlorohydrin RRlc(OII)G(Cl)Rgﬁ5 containing mostly
the isomer in which R is antl to the larger of the
groups R2 and R3 when OH and Cl are ant! to each
other. The chlowvohydrins are converted te
epoxidesrby alkali, the epoxides to iodohydrins
by sodium lodide 1in a mixture of acetic and proplonic
acids at loﬁ teﬁperature, and the iodohydrins to
olefins by treatment with stannous chloride -
phosphoruS‘oxychlogide in pyridins.

These three stages are stereocspecific,
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Partial reduction of acetylenes offers &
convenient route to ethylenes of known steric
configuration. Catalytic sexnihydrogenation of a
triple bond with palladium or with Haney nickel catalysts
geiGrally gives the cis « ethylene as the major productO
The proportion of the trans - ethylene produced in
the reaction varies with the catalyst used but with
palladium is usually of the order of five per cento

8
Also there are reports that temperature s speed of

hydrogenation9 or of the medium10 may influence
the configuration of the product. However a catalyst
has now been evolved which is specific for the partial
catalytic hydrogenation of the triple bond in any
molecular environment. It comprises a palladium =

calcium carbonate catalyst which is partially

Inactivated by treatment with lead acetate $ the
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tha/ |
specificity 1s further enhanced by the addition of
quinolineu. The powsrs of this Lindlar catalyst
have been strikixigiy demonstrated in the synthesis
of vitamin A and the carotenoids. |
Apart from éatalytic hydrogenation, other
methods for producing gig - ethylenes from acetylenes
ere avallable. Electrolytic' reduction 12 of
acetylenmes at spongy nickel cathodes gives gisg -
ethylenes in good yields. Reduction with a copper
zine couplels in rafluxing ethanol (conteining a
little water) is reported to give the gis - ethylens
in high yield and purity. The hydroboration
reacts.onM presents a new and conveanient method for

the conversion of disubstituted acetylenss to cig -

olefins in high y!61ld and complete stereochemiecal

parity.
. , R¢, R
R-CamCR ----)[R CH=C R-]B vome ¢
| | s H “n

Diethyl aluminium hydride has also been used to
) 156

reduce acétylenes to 0is - oleins. o
The partial reduction of an acetylene to the
corresponding trans - ethylene can be carried out by

16 -
chemical reduction s Boo, Bodlum in liquid ammonia.
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This procedure is highly specific for fea partial
reduction of an isolated triple bond {no saturated
product is formed) and the ethylene produced always
possesses tbs truns configuration. For an ethynyl
group the presence of ammonium sulphate is necessary17c
Metal - ammonia reductions have been successfully
performed on acetylenic alcoholslos amines19
and urethaneszo* In the case of hydroxyaeetylenes
reductive fission of the propargylie hydroxyl group
is a frequent side reaction but this can be overcome
by reducing the preformed sodium salt of the
alcoholl6« This refinement is of obvious advantage
in sugar synthesis. Furtherytrans - ethylenes may be
obtained in excellent yield by reduction of acetylenes
with lithium aluminium, hydride provided the triple bond
is flanked by a propargylie hydroxyl grouplG«
Dehydration offers a means of generating an
ethylene but there is no general rule for the accurate
prediction of the sterO©chemistry of the double bond
produced. Many cases are known where dehydration of
hydroxy compounds has given Jjis - tréns mixture821$
- hydroxy carbonyl compounds do* however* give trans
0i$ - uneaturated carbonyl O©ompoimds on dehydration.
Elimination of bromine 229 with metallic sin®

or iodide ions » from a dibromide of known configuration

proceeds by a trans stereospecific reaction* an EZ2~type*



Page Y.

type/

elimination ms chanism being suggested.-
Dehydrohalogenation can give rise to ethylenes but
generalisati ons as to the stereochemistry of
ethylenesas produced by elimination reactions
must be accepted with reserve. |

Boord24 has developed a methbd by which'a pnré
trans - or gig - ethylene can be converted to its
antip;)de in high purity. The method involves
chlorination, dehydrochlorination and dechlorination,
all of which are stereospecific. The procedure

‘18 outlined below:=

R H R’
\C -.C -—> [Q_"‘jt.’.!:!.o dtchl«mbz] —— p\c-_- C’
o

_ .R Rf
a /
c = € [ thio dichlonde ]&¥— C=¢
’ ' / \
(¥ H H

The stereospecific production of oig - and
trans - ethylenss leads directly to the'pOSSibility
of obtaining,wlth g similar degree of speeificity,
the coarresponding erythro = and threo - dihydroxy -

derivatives,
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Among the reagents whilch result in gig - addition may

be mentioned alkaline potassium permanganste
26 - ,
osmium tetroxide , osmium tetroxide - hydrogen
27 ‘
peroRide ,(Milas reagent), osmium tetroxide - catalysed

metal chlorates (e.g., barium chloratei28 , sodium
chloratezg) , osmium tetroxide - vanadium pentoxide, and
ohromium trioxids - catslysed t - butyl hydroperoxide
and iodine - silver écetate in wet acetic acid‘slo

The permanganate hydroxylation gives especially
good results at low tempsrature if the reaction mixture
is buffersd, either by the addition of magnesium

32
sulphate or by the inbroduction of a current of

33
- carbon dioxide |

The reagents resulting in trans - hydroxylatiown
or 1its equivalent include peracids followed by fission
of the expoxide ring first producedgé, the lodine -
sl lver benzoate complex (Prevést reagent)ss, and
hypobalous acids%° A review on hydroxylation
methods has appearedos7

For most purposes - and particularly in the
case of synthesis of reducing sugars where the
potential aldehyde is present as an acebal -
the action on the double bond of sthereal perbenzoic

acid gives the corresponding epoxide In good yisld.



Similarly vhen the double bond is flanked by a

hydroxyl group good ylelds of epoxide are obtained.

The use of calcium hydroxide in working up facllitites
38

the isolation of water soluble epoxides .
39
Epoxidation sometimes proves sluggish , especially

when the ethylenlc centre is in conjugation with
a strong electron-attracting group. Howsver o -
unsaturated esters have teen epozidised in good

yield by means of hydrogen peroxide and sodium
41
tungstate at pH 4 = 5.5. Glycidaldehyde , has been

obtained by treatment of acrolein with hydrogen

peroxide at p.H 7.4:

o
CH,=CH CHO — CH,—CH CHO

Recently o - unsaturated nitriles have

been epoxidised with hydrogen peroxide under controlled

2
pH. conditions. The major products are epoxyamides ,

o

CHy=CHCN ——> Cl-tHConn,  (70%)
pHI-*s

Tx CH3= CHCN W C‘qa"’\CH co NH& . (70%)

room LOMPSY mpoatment of - unsaturated aldehydes at
=18 '
corresponding epoxides bul in poor yield . 5;_;,3-

unsaturated ketones can bs epoxidised by means of t -
44 g

butyl - hydroperoxide , In %ke presence of Triton B,

but there are spatial requirements for ths reaction

to proceed,
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_ The use of hypohalous acid is particularly
useful in the case of terminal double bonds which
are normally rather resistant to attack by pera&idsés.
Subsequent replacement of the halogen (e.g. by acetoxyl)
can be used to g ve diols. The replacement of
halogen ﬁy acetoxyl can be achieved with
retention or inversion of configuration depending
on .whether wet or dry solvent 1s used46° This is
due to nel ghbouring group participation in the
reaction of the halogen. Thus, the threg -
bromoacatate'(l) with sl lver @ potassium acetats
in dry scetic acld gave the threp - diacetate (6); with
moist acetic acid or ethanol as solvent the'
erythro - discetate (5) was obtained (See Flowsheet
No.l.,Seleme (@) ). The initiel #=p in each case
involves tis abstraction of bromide ion with
simultaneous Walden inversion to give the }
acetoxonium ion (2). In dry acetic acid this is
attacked by acetate ion at the rear of Cj or 02
vwith a second inversion producing the threo -
diacetate(6) with overall retent ion of
configuration. However, in moist acetic acid or
ethanol, (2) is aftacked by a water molecule with
expulsion of a proton to furnish the unstable

orthomonoacatate (3), the wng of which then opsens

to/



H (‘)Ac Oc cii\.c OH Gie
58 I e s A
OAc H H g feow g H
(6) (5) (4)
HO\T
PN e
H OAc 0@ %0 0 0
—C—C— 6.—-—6-___?“@ (-
! [ —> | i -H ] I
Br H H H H H
(1 (2) (3)
Scheme (a).
CM
P |
@0 O ORC QAc  OH
<
H Ci— C.~—C—CH.0Ac —> AcoCHs(~—— C—CH,OAc
2’1 2 2 arC 2 i 2
H H ! H H
(2a) (43) | fecom
_ v
- & Erythritol tetraacetate
B OH
AcOCH3 é—n C“-CHZOAc —_—> AcOCH-C(-}:-CHZOAc
Br H ~HBy H H
(1a) (3a)

Threitol tetraacetate
Scheme (b).

( = signifies occurrence of a Valden inversion).

Flowsheet No. I
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to/
give the monoacetate (4)esterification of which
gives tWB O©l"thro.- dlacetate (5) o

A more complex case has been discussed by.

47
Raphael , Addition of hypobromous acid to cjls
and trans - but - 2 -ejje- 1,4 - diol diacebates -
gave tireo - (la) and erythfo “ 2 - bxomobutane e-

1, 3, 4 - fcrlol ~ 1, 4 < diacetates respectively.
Treatment of tba erythro - bromohydrin with
potassium acetate in dry acetic acid gavO
exclusively threitol tetraacetate % the same
reagent in moist ofchanol gave, after aeetylation,
erythritol tetra®acetate as the sole product®
The thrgo - bromohyarin (la) on similar treatment
gave mainly erythritol tetra-acefcate in dry acetic
acid and threitol tetra®acetate in moist es&hanol
(see Scheme P, How Sheet Nod.) /

Abstraction of the bromide ion by potassium
acetate in dry acetic acid results in the fornation
of the cyeclic acetoxonium ion (2a) with inversion

of configuration at 0 Attack by acetate ion then

N2}
takes place at the non«‘asymmetric O.1 6 which is
sterlcally less hindered than G s overall
inversion of configuration has éigurred to give,
after acetylafcion, erythritol tefcra~acebate, «

Reaction in moist- alcohol, however., gives rise to

the formation, with Walden inversion, of the epoxide/
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@poxide/
(3a) vhich on treatment with acetic anhydride, -
undergoes ring opening, again with Walden inversion,
to glve threitol tetra-acetate. The net result is
retention of cm figuration. |

Before d scussing the methods available faor
the production of sn aldehyde group it seems pertinent
at this point to review tre total synthetic approach
to carbohyurates from simple precursors.

iMuch of the early synthetic work in the
carbohydrate field was carried out by the French
chemist Lespleau. In very early work vL'espieau&8
synthe sised threonic acid as shown in fldw sheet Ko.2.
This synthesis employs dehydration as a means of
genereting a trens - ethylens. 1In a similaer manner
Glattfie ld49 synthesised erythronic acid and threonic
acid starting from allyl alcohol; by Rosenmund
Beduction of threonic acid chloride, (IL) threose was
obtained, albeit in poor yeld.

Icspieausolater tumed his attention to the
synthesis of hexitods and pentitols. Starting from
divinyl glycol(7) which was prepared by the |
reductive coupling of acrolein (by meens of a zinéw
coppér counle in acebtic acid) a éuccessful
synthesis of &llitol and mannitol was accomplished

(see flowsheet Noes. ).
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CLCH, CH(OH)CH,C1-ESts> kew BN, c1.0m,CH(0H) CH,ON

ClCHzcﬂ( OH) CH200 21‘}“&“‘"} C1CH

,CH; CHOCO Bt ——>
C1CH,CH:CH CO,H -36219'9-97——-)
‘I.
a3 g
— -0, . H———>CH
26am 2 z | 2 oma )

Synthesis of threonic acid. (Lespieau).

CH

:CH CH,OH —> CH2:GB CHZCN

v

2 2

CH

2:CH CHZCOZH ——->CH20H(OH)CH200 —_—

0
OH OH

CI-IZCH :CH SO —-——-——-)CHZC-O-

Synthésis of erythonic acid. (Glattfield).

Elowsheet No. 2.



CHZ:CH CHO

Zn-Cu,
AcOH.Y

OH
§
CH,: CH(IJH-—-(I}HCH: CH, + CHy: CH?H—— CHCH: CH,,
OH OH (7) OH

OsO4

HHHH ‘v
=C=~(~=C-~C~CH,OH

HOCH 5
OH OH OH OH

2

Allitol.

HOCH o OHgH—-%oa |
2OHOHH H

Mannitol.

Synthesis of hexitols(Lespieau).

Flowsheet No. 3.



Page 150

* The use of acetylenic compounds for ths
synthesis of carbohydrates was first exploited
by Lespieau5oo This 1is illustrated by his synthesis
of the hexitols allitol and dulcitol as shown in
Flowsheet No*4.

The acetylenic glycol (8) obtained by
condensation of chloroacetal«fehyde with acetylene
dimagnesimn bromide-was converted to the epoxide
(9) on treatment with base* hydrolysis of the

epoxide to the acetylenic tefcrol (10) followed

by catalytic hydrogenation gave the cis - ethylenie
tetrol (11)* ois - Hyaroxylation gave mainly
allitol .”hlie cis - hydroxylation of the tetra
acetate of (11) gave mainly dulcitol*

Using a similar approach Lespieau5O
extended his work to the synthesis of pent!tols
(see Flowsheet No*5)* The acetylenic carblnol (12)
from the condensation of dichloroprooionaldehyde
with sodium acetylide was converted via th®©
apox3.de (13) to the acetylenic triacetate (14) and
then to the correspondihgefchylehic triacetate
(15)* Hydroxylation and acetylation gave a product

(16) separable into two penta acetates* hydrolysis

ofwhich gave ribitol and arabitol*



CLCHEHO + BrMgC=CHgBr + OHCCH2C].

l

C1CH,CHCECCHCH,CL (8)
on j'OH
HOCH,,CHC=CCHCH,,0H - (10)
g m |
HOCH,,CHC : CCHCH,0H - (11)
R
HOCH,8 —~C—C—&-CH, .08
2y 2
OH OH OH OH
Allitol. +
H OHOHH
HOCH,.&— ¢ —C—C~CH..0H
CHZA i) 2
OHH H OH
Dulecitol,

Synthesis of hexitols(Lespieau).

~

Flowsheet No. 4.



ClCHZGH(Cl)CHO + NaC=CH

¥
- CLCH,CH(CL)CH(OH) C=CH (12)
¥ -
Glcxizcggnqscn (13)
AcOCH,,CH —CHC=CH (14)
OAcl?Ac
AcOCH,,(H— CHOH=CH, - (15)
OAc OAc

l

AeOCHQ?H-?HCH(OH)CH20H
OAc OAc

!

AcOCHZ?H-CHCH(OAe)CHZOAO (16)

OAc OAc

|

HOGH,,& —Bmsbi0H, 0 H
T 2%m 0m dE 2

Ribitol

H H OH
HOCH,C —C —écnzon
] i
OH 0H K

Arabitol
Acetylenic route to pentitols (Lespieaun).

Flowsheet No. 5.
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Since tks time of Lespleau's pionsering
work on sugar synthesis,acetylens clemistry has
been extensively expsnded with the result that
simpier and mare efficient methods of preparing
acetyienic,precursorsAare now gvailabls. Raphael o
has elaborated pent-2-(tramns) - en - ¢ -yn -1 - 01
(i?) (made by condensation of epichlorohydrin-wi th sodiuxw
acetylide) imto arabitol and ribitol ( see Flowshest
No.6. Scheme (a).). trams - hydroxylation of (17) with
| performic acid gave the acetylenic triol (18) with ths
erythro configuretion. 1i& iz of interest and of
considerable synthetic value Lhat the triple bond
was unattecked by this reagent. Acebylaetion and
oartial reuuetioé‘gava tk2 ethylenic ﬁriaaetate
(19). Treatment with hypobromous seid (from -
4éQueous.§_ &‘broszuccinimide) gave a mixture of
two separable dimsterdoisomerlc bromohydrius,
acetylation and hydiblysis of which gave ribitol and
arabitol. 7 . - ;

4 Asipinallsa’,- has used but-2-yn-1,4 - diol Lo
prepare'Giﬁysaccharinolactone (22), an élkali degradetion
produch of xylem. Hydretion of bub-2-yn-l, %%diol |
digcetete {(80) pave 1, 4 - (lacetoxybubanone (21},

The earbon branching et () was inbroduced by rsans/



HOCH,,CH=CHC=CH _— HOCHZ?H-—C,}HC’-:CH

OH OH
() I///I;Acg()
AcOCH,,CH—CHCH=CH,
dAc OAc

[

ACOCH,,CH—CH—CHCH
2t o
OAc OAoc OH

(18)

- (19)

AGOCHZCH —-gﬂ -—CHCHZBr
Ae

\ 4
Ribitol Arabitol

Scheme(a).

Synthesis of ribitol ang srabitel(Raphael).

AcOCH20§CCH20Ac -7 AGOCH20H200CHZOA0

(20) (21)
HCN

QH 0e CHyOAe

O-—-—-éo CN
(22) - Scheme(b).

Synthesis of isosaccharinolactone(Aspinal).

Flowsheet No.6.
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means/ |
of the cyanohydrin reaction. Hydrolysis gave the
desired lactone as shown in Flowshéet No.6. (Scheme b).
The syntlsse€s so far described have dealt
wilth the sugar derivatives only.
The syntle sis of the reducing'sugars
themselves poses a problém in regard to the timing of
the introdaction of the recessary carbonyl funptionsa
If introduced at an early stags 1f1 the
synthesls, the aldehyde grouping must be protected
throughout the subsequent reaotiohs. For this purpose
conversion into the acetal is a suitable means of
protection but this introduces a limitation in that
subsequent stsgges must avoid the use of acidic reagentss
However almost all the published synthesés of reducing
sugars use the early introduction'of an acetal as
tre source of the eventual reducing group of the sugar.
Raphael and Roxburgh Ss»in ﬁheir synthesis of
tle kranched -chain sugars apiose and dordycépose‘
introduced the aldehyde function in the initial stage
(see Flowshe et Ho.7). Condensation of bromoacetal
with malonic ester gave ethyl - 2, 2 - diethoxyethylmalon-
ate (23) which on reduction with 1ithium aluminium
hydride followed by acetylation afforded the
diacetoxyacetal (24). This on rapid distillation
from sodium bisulphate gave the ether (25) which/
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which/

provided the rreans of introducing a hydroxyl group
at 0(2). Elaboration of theenolether as outlined
gave apiose and eordyeenose.

Weygand and Leube54 also used the early
introduction of an acetal as the source of the
aldehyde group in their synthesis of 2-deoxyribosee
Treatment of 1 - methoxybut-l-en-3~yne (26) with
formaldehyde and methanol in the presence of
potassium hydroxide gave thbe acetylenic hydroxyacetal
(27)5 partial catalytic hydrogenation of which gave
the cis - efchylenic acetal (28). Hydroxylstion
procedures and hydrolysis of the acetal grouping gave
2 - deoxyribose and 2 - deoxyxylose» The synthesis
is outlined on Flowsheet No»3 Scheme (a)0

Raphael’855 synthesis of 2 - deoxyribose used a
double Curtlus rearrangeme nt to produce the
aldehyde group (Flowsheet &o,»8* Scheme (b)) 0 But~2«*yrx»l
4=dlol was ffiono-bensoylated-, giving (89)« This with
phosphorus tribromide in pyridine afforded 1 - benzoylo
4-bromd~bufc~2~yne (30) 5 which on condensation with
malonic estergav@© tte acetylenic diester (31)0
Treatment with hyarazine followed by nitrous acid and
ethanol gave the acetylenic bisurethane (92) by the
Curtlus rearrangemrfo . The usual procedure of partial

catalytic hydrogenation to the c*s - ethylerxic bisureth

M(33) ,fi> 1lowed by hydroxylation”etCo” gave/



HC=CCH=CHOMe ——> HOCHZCECCHZCH(OMe) 2

(26) u/// (27)

Hocnzcngcacnzcn(om)2 (28)
. om
HOCH,¢H~-CH CH,,CHO HOCH gﬂ—éﬁ CH,CHO
OH OH
2-Deoxyribose. 2-Deoxyxylose.
Scheme(a).

Synxhesis‘of 2-Deoxypentoses (Weygand).

H10020320:-':CCHZOH _— PhCO CH C"CCHzBr

(29) L{///,,//” (30)

Ph00203205CCHZCH( Co 2E‘t;) o™ HOCH20’=CCHZOB(‘RHOO2E‘B ) 2

(31) k(////’ (32)

HOCH203=CH(?HZGB(N3002Et) >

l (33)

2?1-1 Cl}HCHzCI‘I(NHC%OZIE'-";)2
OH OH

d

HOCH,CH CHCHzcl-IO
6H OH

HOCH

2-Deoxyribose,
Scheme(b).

Synthesis of 2-Deoxyribose (Raphael).

Plowsheet No.S8.
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gave/ -7
2 - dooxyribose in low yield©

Gl&fitfiéld49 in his synthesis of threose left
the introduction of the reducing group until <
virtually the last stage® Synthetic threonie acid
chloride was subjected to Roserirnund reduction whereby
threose was obtained in very poor yield©

In view of the fact that new methods are
available for the conversion of carboxylie acids to
aldehydes it is probable that they will be used more
and more In total carbohydrate synthesis© Furthermore
.fran the point of view of optical resolution
carboxylic acids are eminently suitable for this
purpose®© Acid chlorldesmay be reduced to aldehydes
bi.fféatment with lithium triAtAbutoxanum{nohy&ride58@
at - 78°+ Reduction of lactones with so&feum
borohydride§?7 or sodium a%algam58 affords hydroxy «
aldehydes directly®

Weygand59 has described a method whereby

the methylanillde of a carboxylic aeld can be
ccnverted to th8 corresponding aldehyde by reduction
with lith%%ﬂlaluminium hydride and this has been

extended to provide a means of preparation of the

homologous aldehyde fran the acid®



RCHgCON(CHj)PK

/8) (%)

RCO”H >RCOCHMES RCHACHO

RCH”Co set

(ss;

The acid is converted to the corresponding
diazo-kefcone which 1is then photolysed in the presence
of N - methylaniline (route a) producing the homologous
N - methylanilide (54) which on reduction gives the
aldehyde. Alternatively the diazolcatone may be
converted to the homologous thi©-ester (35),
reduction of which affords the aldehyde (route b) ,

Weygand6%as also described a method
whereby the homologons « hydroxysIdehyde can be
prepared fiom an acid via the corresponding

diasofsatone as shown belowO

RCOCHNA RCOCH{a)SR' A RCOCH(SI*"

RCH(OH)C.H(SR'} h* -» RCH(OH)CHO.

Reduction of thi®G-esters with Raney
UL
nickel in da®© presence of X. 2 -dl&nillnoethane also

gives ths correspond! ng aldehyde via the inters®diate/
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Interr/Bdiabe/

di-anil3.de 0

Rcostt - R,CH I > RCHO
\|— CH,

The above conversions of carfoosylie acids
to homologous aldehydes may find application in the
synthesis of 2 - deoxy sugars sime the reaction
conditions are extremely mild. In this connection
two other aldehyde syntheses seem promising®
Both involve the abnomal hydration of a terminal
acetylene,,

Terminal acetylenes react with thMkoefcie
acid in the presence of a peroxide catalyst to
produce an enol-thiolacetate (36) which can he
transformed to an aldehyde by treatment with the
usual carbonyl reagezt s (e.g., 254~dinlItrophenyi«

63*64 *
hydrazine)

RCsCH ------ “"RCH-CHSRc > RCH, cho
(3b)

The second method involves the
14
hydroboration reaction < Treatment of a terminal
acetylene with a dialkyl taoron gives a

dialkyXborofethylene (37)* oxidation of #?,ich with

hydrogen peroxide gives an aldehyde®



RC=CH ———> RCH=CH BR -———> RCH,CHO

(@7)

These two reactlons have been applied to
,sugar ‘synthesis (see,Part 1) W1thout success.

For the preparation of" c(xg -unsaturated
acetals of known double bond confib guration the acetylenic
route 15 pnabably'the %eét method. Treatument of
an qvotylenwc Grignard reagént with ethy? erthoforyate

65
gives the acetylenic acetal (38).

cH(oEY);

RC=CMgX > RC=C cu(o €y),

@e)

reduction of wich can give rise %o eii‘her'ths cis
br t rans ethylenic acetal. in this menner (39) has

: , 66
bsen prepared from propargyl alcohol. Reduwetion,

Q—-—ocu,_c =C cu(oee)z
L

hydroxy'tac ion and hydrolysis should glve threose |
or .ez‘ythyroseg

| With regard to the synthe sis of
’b'mmhed-c‘hain sugars newer methods whereby a
ketone may e converted to & branched-chain aldelyde
may W menbt ionsd. Urestmnt of a ketone with

ethoxyacetylene mag nesiun womlde gives an/
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) /
etboxyacetylenic carbinoi(40) redw tion of which
gives the corresponding enol ether (41). This on
Lreatment with dllute acid affords the o(ﬁfﬁ_,__ o

67.
unsatur ated aldehyds,

R\
Ré\c_o * BVM&C =COELt —» C"C”C Ottt

R’ on
A/N" (4-0)

‘C-CH=CH-OEt

KL,
) 3’ HzS0
1o'] xS0 \ AT
. X /

Ay R\
C=CHCO,EL £ =ClHCHO
Ro/ : R’ _

Treatment of (41) with stronger acid
glves ths ?_‘_é" uneaturated'esf.er; |

Anotber method for coaverting a ketons
to & branched-chain aldehyde involves the littig
condensation of methoxymethylene - triphenylphosphoraneag
with a ketons to give the enol ether (42) hydrolysis of whick

gl ves the aldehyde.

R\ h\aP;—'CHO”e R\ ! R
, C=0 > € =CH OMC -2, CH ¢cHo
R” Qs R’

@
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Branching of a carbon chain can be accomplished
by the action of diazomothane on & sultably activated
ketone. It has teen tahom69 that fructose
pentaacetate reacts with diazomethane to give the branched-

chain epoxide (43) in high ylelds.

ﬁ:ﬂ,_oﬁ: C H,0Rc
o
Rc 0 —C—H . A cO-C—H
W —c‘: _one M H——(':—-°OH¢
H—lt —Ofc H. (l. —O Rc
C H0Ac | é:u,‘oﬁ c

#2)

This reaction has been successfully applied, by
Weygandr'i,o to the synthesis of L -~ aplose from
(+) - tartasic acld (seeFlowsheet No.9.) (+) -
Tartaric acid on treatment with acetic anhydride gave
(+) - diacetoxy - tartaric aﬁhydride (44) which with

one mole of methanol gave the half ester (45, R20H),
This was comverted to the corresponding acid chloride
(45, E=ONW) reaction of which with diazomethane gave
the dlazoketone (46). %ith acetic acid the.
triacetoxyketo-ester (47) was obbtained which gave

the branched chain epgoxide (48) on treatment with
diszomethane. Thse spoxide on hydrclysis and 8uff de-

gradation gave L =~ g 1086,



(fozﬁ ?m—— C')OZI;ie
H-G-OH ..,  H-C-Ohc H-C-CAc
] —_— i o — |
HO- c':-n AcO —C-H AcO-C-H

i |
CO,H co___| COR
(44) (45)
CHaN,
?02Me ?OZMe ?°2M¢
H-C-OAc H-Cll-OAc H-cl:_OAc
CiyN
AcO-é-H MAeon Aco-cl:-n o8 Ace—C-H
| I
R S
CHN2 20Ac CHZOAc
(46) (47) (48)
?°2H 00H
n—clz-on B—(i:—OH
HO-C-H > Ho-c':-n
|
?\- o,czﬁ2 HO—?-CHZOH
CH,,0H / CH,0H
(!:ao
HO C H
C(OH)
N\
HOCH, CH,OH

Synthesis of L-Apiose (Weygand).

Flowsheet No.9.
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71
The cyanohydrin reaction can be used to

produce _oX - hydroxy branched-ciein aldehydes:

R | R‘ /OH R

=o ———>‘C' —, C(on)cuo
R \CN é’ CH=Nn R
9 (o

The cy’anbhjrdrin is partially reduced with

& palladium oxide - barium suiphate_ catalyst in the
presence of dilute acid totke imine (49), hydrolysis
of which' gives tke ¢ - hydroxy aldehyde (50)
in good yield. |

~The aldol reaction of formaldehyde with e
sultable active methylene compound provides a means
of introducing a hydroxymethyl group with simulteneous

carbon bran chfi.ng'!'1

CH3CO CHy ————> CH3CO C(CHgDH)s

A synthesis of L - apiose from a glucose
derivative using this reaction has been recently
anncuncedvs.

With the great surge of development of
newer clemical reagert 8 and methods now in progréss
the stage would nos seem to be set for a rational
attack on carbohydrate synthesis by the total

syntie tie route. The combents of this thesis dessribe/




deseribe/ |
oxperiments towerds this end in the field of
e 2 ~ deoxy-, 2, 6 - dideoxy-, branched-chain-

and amino-sugars.




PART 1, .

2 - DEOXY - DL - RIBOSE.
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HBISTORICAL.

2 - Deoxy-D-ribose was recognised as the
sugar component of the bidogically important
'substance, deoxribonuélaié acid but for many years
the nature of this sugar remained a mystery due
mainly to its e xtreme instability. In 1920 Levene
and I-nondon‘74 succeeded in isolating the sugar from
guanine nuclcotide by careful ‘nydﬁolysis and showed
that it was a 2 - deoxy psntose. 'Levene75 showed
that the sugar was in fact 2 - deoxy - D - ribose
by comparison with synthetic 2 - deoxy- L -ribose
with which it was identical In all but optical
rotetlon. With the isolation and idenbification
of 2 ~ deoxyribose as a constituent of nucleic acids
atter; ion was directed towards methods of synthesising
this blologically impbrtant carbohydrate, ‘l;heae will

be described in the following paragra'phsa

Two methods are avallable for the synthesis
of 2 = deoxy sugars generally snd of 2 = deoxy = D =
ribose in particular; These are the Fiacher glycal

T6, 7 | 78,79
method, and the nitro olefin wmethod .
~ Other miscellansous methods sre available and those arve

discussed later.
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The glycal method, the essentlsl
stages of which are shown below, has been thoroughly

explored.
H-C I —£ | 'S

I'OH fco H S zn £" o‘ H ‘H(oa) o\
H-C-ou | vex H—c-oec | WeRe HE ‘ |

The mathod was first used by
Melsenheimer and Jungaobo prepare 2 - deoxy-L-rlbose
and was adapted bty levene and dori 4in 1929
to prepare this sugar for comparison with the
deoxy sugar obteined from thymus gland tissue.
The overall yields were, however, very low ( about
1%). In 1935 Felton & B‘reudenbergsl modified the
technique and imreased the overall yield to 5%.
More recentlj' Stacey and coworkers o2 improved

the yield to 10%.

The nitro-olefin route to z-deoxy~
D«-ribose employed D-erythrose or derivatives
83,84
thereof astls initial material °

This scheme is oublined disgrammetically be low.

CHy No CHNO, Hluo CHO
) qogé
H-}‘:-Oﬂc > C“( W Naucao; e x g GHa

wC-OHc. —%‘. ORc H'-? Of. H -(;:DH
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. 84
This method as applied by Stacey gave

aystalline 2 - deoxy-D-ribose in 0.5% yleld. It

was later improved by §owden85 wh_o showed that

overall yiélds'bf 20% could be oﬁtaihed. This

method has been ado pted by Murrey and But:].er'85

for the preparation of 2 = deoxy-D—ribqse -1 - 014.,
The two methods just described, while giving

pure 2-deoxy=-LC-ribose are not conducive to the

large gcalepreparation of the swar. To fhis end

Stacey md his ooILJ.eagus.?,g6 investigated ths

action of hydrobromic acid on ﬁethyl 2, :5=anhydro‘§=

Doribosadé asshown below. This gave mainly mthyl-g 3-

bromo-s-deoxyeé—D-xyloside and only a small amount

(10%) of methyl 2 abmmo-z—aeoxyaﬁ-D»arabinosideo ‘

This on hydrogenolysis affordsd methylozedeoxj £-D-

riboside which on hydrolysis gave 2-deoxy-L-ribose

in low overall yield.

o
Meo_ ., MeOs ., Me °”~c':u

|
H—C B'l--C"'—H ' " CHA

I\O ey { M!.g ]
H—C” o ',"'*Cl-f""" o H—C—OH © —>
M -C-OH H-C—OH H”?”c’"

I L -




A wnvenlent large scals synthesis

of 2-deoxy-L-ribose is now ava;lablc startmg from
87

D-glucose ‘.Il.LCh was converted to :’: - 0= tosy1~

or & - 0 ~ mesyl - D - Glucose. 'I‘his on

treatment with aqueous base underwent facile

eliminati on ofthe corresponding sulphonic acid
to give 2 - deoxy - D - ribose as shoﬁn be low. The -

variation on this theme described by Recondo &:
87c
Rinderknecht s
- — -
i
H—-C-oH : . CHo

:l I | ,
H"'""OH CH R CH;_ !

—

| v

RSDO-—(‘.‘." H—é-0H H=-C-oun
' .
’ -
H ¥ "{’ OH | H —C-O0H
. H=-C~OCHO |
i | CH0H
CH,O0H CHoH

gave 2 = deoxy-Dambose in 45/6 yleld from 3 - 0 -
mesvl - D =« Glucose. ;
88

Hough  hes out‘.llmd 8 1esaproduct1ve
method for the synthesis of 2 ~ deoxy - D - ribose,
An excess of allyl magm 'siumbrcmid'e was allowed %o
react with 2, 3 - isopropylidene = D - glyccraldehyde
in ethereal solution and, syrupy 5, 6 - isopropy 1Qenehaxg

1l -ene ~ 4, 5, 6 - triol was obtained in exeellent
/
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yield. This reaction produced a

4
CH,— CH Cno + B, MgCrCHzCH, —> <‘:H,_-cu €H CH,CH =CH,

sz | A . the
- (#) | |
new asymmetric centre at carbon stom 4.
Hydroxylation by thé Milas tgchniqueég afforded
a fraetion, aeparatéd on av column of’céllﬁldse,
cont aining 5, 6 - iscvpro‘-gaylidene - 57-. deoxyhexitols
which on pe_z"iodate oxidation ‘gav.e, aft_erécid
hydrolysis; 2 - deoxy - D = ribose as the major
component. From this it warld abpear that an
asymmetric syntha sis had occurred. .
Another method for the preparation of
2 - deoky - D - ribese using 2, 3 - isopropylidene = D =
.g‘wceraldehydc as an initial material has been
outlined briefly by Overend & Staceygo. The
glyceraldohydc de“ivative was oondensed with
acetaldehyde and afforaecxa mixture of 4, 5 -
1sopr0pyhdene - 2 - deoxy =D = x ylose and 4, 5 --
isopropylio.ene -2 - deoxy =D = ribtbse, the two
sugars obteained on acld hydrolysis bel ng separated

by chromatographic means.

The two previoué synthesis of 2 - deoxy =

DL - ribose from non- carbohydrate precursors are
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discussed in detail in the general inbtroduction.
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DIS CUS SION.

The synthesis of 2 - depxyribose.is
Acompl:!c ated by .th'e fact tln t the deoxypentose 1s
a very sensitive aldol and is readily destroyed
by aeid or alkali- even standiling at room temperature
w1ll bring ebout a slow transformation to a green
polymer. Any synthasis nus b, therefore, of f
necessity involve very mlld reaction conditions as
the goal 1s neared. The role dfnacatylenic'_
co mpounds as;précursors is partigularly advan?agepus '
from this point of view. |

. The mos ¢ obvious total eyntheticvroﬁte:,
(soe Flowsheet No.10) to 2 = éeoxﬁv - DL - ribose (A4)
centred on tte greparation of the hydroxyacetylenic
acetal (A3). %The OOﬂr98pondﬁng dimethyl acetal
has been_prcpareu by Weygand and Leﬁbeg?, in low
yield by interaction of 1 - methoxybﬁt - 1 -'eﬁ -
3 - yne with farmaldehyde in methenolic pobasslum
hydroxide solu: ton end has beon conver®d into 2 -
deoxy -~ DL - ribose and 2 - deoxy - DL - xyiosé in
good yield es described in the int_mdueti.on. The
most direct rarte to the 'aoei;ylegic acotal (43) and
thus to 2 - deoxy - DL - ribose wauld involve the

condensation of ba;moacetal.with.a suitable




Q—OCHzcst'}H (A1)

v
E;J‘OCHZCECCHZCH(OEt)Z (42)
|
|
'
v .
HOOHzcsccﬂacH(OEt)z (A3)

t
[
!

v
Hocnzcl:n-—-cncazcn(ost)z
OH OH
l
|
i
v
nocazclm——cncnacno (24)
OH OH

2-Deoxy~-DL-ribose

Flowsheet No.IO.
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suitablﬁ/

92 _
derivatlve of pz'opargylalcohol. Smﬁ:h s in his
3ynthaais of DL - ricinolelc acid condensed
bromoacetal with the lithium derivative of 1 -
Bgioroctyndand obtaime d t‘he cdxfesponding wpy -
acetylenic o cetal in 30% yisld. Durend end
Piauxgo reported tUat 1ithimn_ acetylidés condense wi th
bromoacetal in boiling dfoxan contain.{ng a trace
of copper powder to give ®f3¥- aée’tjlenic acotals
in fair yield. | : | o v

In view of ths gbove evidence for the
previous success’ of this process, 3 - (2‘ -
netrehyuropyranyloxy) = prop = 1 -~ yne (Al) was
conve rted intc its lithium dafivative and treated
with bromoaceta1 in boiling dioxan during thirty
hours, the soles product of the_reaction being |
unchanged 3 - (2' - ta’brahydfopyrgnyloxy) - prop -

1 - yne vhich was recovered in 70% yleld. The
fallure of the reoaction in thi s case might ‘poasibly
be related to the presonce of the oxygen function «
to the acetylene | gfdup; |

| The secmd approach to 2 - deoxy - DL - |
ribose started from DL - erythro =~ pent - 4 - yn = 1,
2, 3 - triol (A8) as shown in Flowsheet Noo1l.

94
Raphael  hed shown that (46) was the® produet from

the/
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' the/

pérfd:mic acld oxidation of trang - pent - 2 - on -
4 - yn ~ 101 (A5). This trid hd the carbon

skole ton required for the construction of a
Adeoxypentose togethar with the stereospeeific ally ,
inc arporated hydroxyl groups. All that remsimpd to
complete f;he syntha sis was to effect the abnormal
hydration od the t riple bond.

Untll 1949, hydration rcactions of
monosubstituted acetylem s had invariably resulted
in the production of methyl ketcnes or theilr
derivatives unless the triple bond was flanked by
a earbonyl'group. In view of analogous fr-ee‘-
radlcal adations of thiols to ethylenesgé,
Heilbmngv, and his school imtestigated th® addition
reactions of - thiolacetic acid with monosubstituted
ascetylenes. Mono - and di - adducts (A8) and

(A9) were obtained in ressonsble ylelds.

ReH=cus Ac  ReEu(SRc) CH SAc
(Re) (Ra)

The monoadducts were converted by the usual
carbonyl reagemt s inmbo the derivatives of the
correspond. ng sjaturateda ldeydes, while the diadducts

under similar conditions, yielded 1, 2 - dithiols.

/




CH;GHCH,CL + NaCZCH
NS/ '

o

HOCH20H§CH%C‘H (45)
HOCH,,CH —CHC=CH (A6)
OH OH '
HOCH,,CH—CHCH=CHSA¢ (AT)

OH OH
|
) | |
HOCH,,CH—CHCH,,CHO - (A4)
o dm -
L—> AcOCH,CH—CHC=CH (AI0)
Ac OAc o '
|
|
]
v ,
AcOCH,,CH— CHCH=CHSAc (AII)
Ac OAc

Flowsheet No.II.




Bader®> extended the scope of this reaction to
cover ethyn'yl carbinols and showsd tha v the mONno=
‘adducts could te converted ink o aldols and gé_
unsdtwrated a ldehydes. Although this reaction
has e en‘used sﬁq éessfully in a synthasis of
linolelc acmgg,‘ the mohod hss not been as
widely used es might b expected in vliew of the
availabllity of acetylenic compounds,

The addition of thiolacetic acid to the
acetylenic triol (AG) was studied under a. variety
of cond tions buh the yield of mono - adduct (47)
was very low. iPurthermore t_he thiol and its mono-
addust had very aimi 1a1" high boiling zﬁoiﬁté thus
making the purificati on of tke latter extremsly
Gif flaalt. A large amount of undistillable material
was always cobbtained and ﬁhis may have cont e.ined any
dioadduct formed, although none was ever isolatedo

In an atcempt to overcome the dif.‘f‘multy of
separating the mono- adduct from the acety“l enic triol,
tls addition ofthiolacotic aeld to the acetylenic
triol triacetate' (A10) was shudied under conditions
similer 0 those employed for the garenttriolo No
add;i..ion product (All) was obi;ained. (The diwadduat

to be exp cted from thils addition had already been
100
prepa red by Owen by the reaction of erythro 4, 5 -
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5 -/ |
~dlbromopentane - i, 2, 3 - triol triacetate
wiﬁh potassium thiolacetate).

The monoadduct, DL - ggxg___ pent - 6 -
enylthiolacetate ~ 1, 2, 3 ~ triol (A7), was
troated w ma" 2, 4 - dinitro pheylhydrazine, &e =
benzylphenylhydrazire and aniline respéctively,Aunder
the canditions described by Bédei, However no
derivative of 2 - deoxy - DL - ribose could be
isolated althowh much hydrogen sulphide was
evolved in each case. An attempt was made %o
eonvert the mono-adduct directly to 2 - daoiy -

DL - ribose by hﬁdrolysis.with.diluﬁe barium
hydroxi de solution, conditions to which the
deoxypentose is khown to e stablqlla, The
roaction was followed by titratipn of aliquots with
hydrochloric acid snd was virtqally~§oﬁélete
after forty%eight hours at noom'temperaturao
The deionlsea solution on evaporation gave a syrup
which on paper chromauography showad no spot
corresponding t0 & deoxypsnbose. With the Dische
reagent 2 gfeen colour was obbained instead of ths
Intense blue colour exps cied from 8 2 - deoxypentose,
Since tha abnormallhydration of acetylenic
carvinols had worked reasonably well, tho addition

reacticn was next tried on the isopropylidens/




HOCHz?H—-'- CHO=CH (46)
OH OH

|

HOCH ,CH— CHO=CH - (AI2)
Q

'

~
o3,

/ N

J N
HOCH,(H—CHCB=CHSAc  HOCH,GH — GHOR=CHER,
X, c§> om
R B

 H _
R= ~C~,~CH(CH3) 5

3

Flowsheet No.I2.
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isopropylidens/ |

derivative (A12) of4DL - erythro - pent - 4 ~ yne -
‘1, 2, 3 - triol, the structure of which is discus sed
later. %hsn treated with thiolacetic acid in
the presencs of asoéri»dole as catalyst, at room
temperature, the acetonlde was recovered,in high
yield togettsr with e smell amount of a mixture of
DL - erythro pent - 4 = jn - 1, 2; 3 = tr191 and
its ocorresponding mono»addﬁét} Thésevﬁrodﬁbts hadv
obvicusly been formed by acld hydrolysis of the
acetonide followed by poroxide catalysed

addition of thiolacetic acid to the vesulting
triol. Repetition at a higher temperature gave
similar results. | _

In Wiew of ﬁhese unpromising results this
appreaeh to the synthesis of 2 - deoxy - DL - ribose
was abandoned.

A more recent méthod'for effecting the
abnormal hydration of4monoaubstituted acétylenes is
the hydroboration technique which has been situdied
by Brown and his ¢o=workbr81016 They have shewn
that & bulky.dialkylbbréne Buch-as'ghi = (1 = methyl
‘ngbutyl) porare will, for steric reasons, give only
a mono-addwe t m&th.acetylaneés7 Tho resulting
dialkylboro@thylene (Al3) om treaﬁménﬁ with hydrogen

neroxlde/
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perozxide/
in basic medium gave the ‘saturated”_aildehyde (A14).
Vhen treated i:ith acetic acid the product was the
ethylene (Al5). With a disubstitubed acetylens
the e xtrem 1y pu're‘ccrrésponding cis -~ ethylens
(A18) was obtained. 86 fer tie reaction has
been appliedr oﬁly ‘t o. acetylenic hydrocarbons.
R Me, C=CHMe + % (B43) —>(Me,cn-cn M) BH ¥ K

|
R,BH + Rcwch ——> TRCR=CHBR, (A®m)

e T \Hoﬂc.

R'cu,cro R'cH'=cH, (A16)

L] o (nu‘) ] C-‘ll "
RC=cR —> Rcu=cuR (Aw)

The reaotion waes therefore extended
to DL - erythro pent - 4 - yne - 1l, 2, 3 - triol
triscetate (A10) and to the 'aéetbnide_ (a12) of
tre acetylenic triol. In both cases starting
materisl was recovered.in high yleld indlcating
that addit ion 6f‘1‘:ho dialkyborane to the triple
bond had net ccourred. (Vhen applied to hex = 1 -
yne, the coz'r*espondir.g aldehyd.e was isolated in
72% yield). It wouldl appear thercfore that the
pressence of a propargylic substituent provides
enough steric repulsion, e ven at this distance s Lo

prevent the approach of the bulky dialkylborane to/
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to/ . '
the aceﬁyléniclcentreu

To summarise the work already déécri‘bed, the
fir st route to 2 - deoxy - DL =~ xibose envisaged
the cmmiensabion.of’a twc carbon unit conbaining
en aldehyde fune tion with a three carbon unit
6on£a1n1ng a,hydroxyi gréup together with an
uﬁéatﬁrated contre sultable for the stergochemically
corb rolled introductlon of a 419 diol' grouping.
The second attempt started from a fivéa carbon unit
incorporating the required number of hydroxyl grbups
havirg the correct stercochemisbry. The_third-and
successful raite o tbe-deoxypéntose'(see Flowsheet
No.13) involved initially the condenéation of two -
three-ca:bon units one of which éontaihed an acetylenio
centre for the introduction of the erythro diol
'groupihg;~the other containing an ethylenic contre
as the potentiai-aldehyde funection.

The six carbon unit‘employed hex - 5 = en -
2 -yn - 1-o01 (A7, R=H), the syn£hesis of which
had e en reported by Colonge snd 3?a1_cdtétlog- who
Obtained.it in 2% yieid by the condensation of the
copper derivative of propargyl aléo&ol ﬁith allyl
bromide . From a prepavative vieWpoint,vthié method

was not very attbactive and cther methods.of

103
preparation were investigated. Nieuwwland had

/



ROCH, C=CCH,,CH=CH,,

HOCH,C=CCH=CHCH,
(AI8) i
HOCH,,CH=CHCH,,CE=CH,,
OHCCH=CHCH=CHCH,
(A20) | |
HOCHZCH:&CHCH CH=CH,
v
ROCH, 0H— cncn CH=CH,,
S on
Howagﬁ—cncazca l
H
(a23)
CH5~CHCHCH,,CH=CH,
~q20 CH
CH; ~CH, 1
CHé'({)HCHCHzcﬂgQg}ggon
0 OH :
G
CH,, CH, l
caé—cn-cgcazcao
o ,o or{
cﬁ CH,

2-Deoxy-DL~-ribose,

Flowsheet No.I13.

(AIT)

(A19)

(QI)'i .

(a22)
(26)
(25)

(Aze)f'
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had/
shown © hat Grignaré derivatives of acetylenes
condensed with allyl‘haiides in the preéence of
catalybic amounts of cuprcus'sélté to give 1,4 -
snynes in g od yleld. Aeccfdingly ﬁhé.Grignard depr-
ivative of 3 - (2! » tetrahydrdpyraﬁyloiy)-propale
yne (A1) was cond ensed with 211yl bromide in'thé
presence of cuprous chlorides 1 - (2°F fAtetfahydrop-
yranyloxy) - hex - & -~ on = 2 -‘yne (A17; R = c:]; )
‘was obtelned in 80%'yield° " When repeated on a molér
scale, the tetrshydrcpyranyl éﬁherpwas obtained in
45% yield, togpther with' hex -5 = ¢cn - 2 - yn - 1«4l
(Al?, R~H) itself, formed by tie acid catalysed ‘
hydrolysia of the tetrahydfogyranyl groupo Attempted
reroval of the protectlng group by equilibvation
with methancl in tha presence of sulphuric aeid104
refulted in thg fomation of polymeric material,
while with dilute mineral'acid a mixture of hex = 5 -
en - 2 - yn » 1 - o} (ﬁl?, R=H) gnd the eonjugated
isomsyr hex - 4 - en - 2 -yn =1 = ol (A18) was
obnalined, fhase two isomers could not be ssparated
by mlgt;1LiL%on Hhcn t e tetr&hyaropyfanyT derivative
of ‘AlV) was rezluxed.wi&h dry acetic acld _

conaalning acetic anhydrias sz - 5 - en - 2 - yn

-~ 1 = ol acevate (Al7, RaAc) was obtaxnad in good yield.
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Hex'- 5] F-'evn -2 - yo - 1 -'-_"igl (A1¥, R=H) was
finally obtainad directlJ in 67% yiela by condensation of
the cd. - Gmc*nard derivatlvems of‘ p:gparg,;l{aloohol
wWth allyl bromlde in the . presénee of cuprous chloride
a8 cat«lyst.f The acctylenlc alcohél was characterised
as its crystalllne 0‘. - naphtn:ylurothé_neo |

he@uctlnn of hex =% = en - 2 = yn = 1  1 with
lithium Jum nium nydmoe in ether solution aff ded
hexe - 2 (umw‘:g 5 - dlen - l - ol UXIS)), r’hamaeteriseé
~as 1ts o nephtiylurethene , in 8tﬁ/o *'ield° F‘tiri;her m"ovof
.sf the structure of (Al9) was obtained by oxidation ‘with
m_anganbse uiOliL@)WhiC}J "s,;e cifically oxidises benzylic,
allylic and ‘prc\»pgrgylic slcoho¥l to the r&o,r_resbonding
carbonyl compounds. 1In the casc of hexa - 2(trans),
§ - alen - 1 - ol the oxidation product wae shown, by
its infra-red absorptioncharacteristics, to be the all
trans hox - 2, 4 - dlen - 1 - al (A20) which was
charaoteriqed as its 2, 4 -~ dinltrophenylhydrazone
( A max(CHC1z) 391 Moy ( € = 38,000).

vith perbenzoic aecid in chloroform solution
hexa - 2 (trans), 5 - dien -1 -0l rapidl‘y. consumed
one mole to give trans -2, 3 - opoxyhex - 6 - om - 1 -pl
(421) in bigh yield. The selective epoxidaf:;ion of the "
- disubstitiuted double ’pond was depe’ndent on its
greater nucleophilic character compared w th

that of the monosubatituted double bond.
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It has beon SROWR tha t the felative fates of
additlon of porbenzolc 2 cid to monosubstituted and
ey.am,tp callg u&su’ostltuted doublb bonds is aboutb
| 1:20100 Wita ethereal monopurphtnalic acid no
epoxidull co ovourred vhile with performic .aci‘d
a complux mixtur el of hy‘.ciro;i;-,r—compounds Wag
obtginod wWilech was nbt_,further investigéte,d. From
this result it ..oul’ appesr that atteck by performie
acid is for less selcctive vdth regard to double
tond type. o - | |

Hydrolysis of trans - 2, 3 - epox:yhex -
5-en « 1 -0l with dilutc su 1phu.mc acid afforded
DL - erythro - hox - 5 - @n ;' 1, 2, 3 - trid (Azz’;' R=H)
‘1n‘ high yicld as a.r'olo ;r’le ss vi..ccus 1iqu1d vhich
solidified én storaba ab 00 for several weeks. The
corrogpondin&-, tjzi“ tzte (A2‘> R=Ac) was obtained
as & mobile liquid on tfcau;:zcnu cf the triol with
acetic anhydrids In pyr :‘i nes On catalytic
hydz;ogenation,‘DL - ex’*‘{t‘ ro = hex - & - en - 1, 2,
3 - triol gavo crystalline DL - erythro - hoxane = 1, 2,
5 - triol (A23) vhich was idontical with an suthontlc
- speclmen, ' |

mn treatw ent with ao\,mnc in the preseéence
oi’ &nﬂVdI’OU.u comxar sulphate, I)L-c;@h PO - heX = 5 - 81 =
1, 2, 3 = triol gave an isop opyluﬂnc derivat@ this

was shown to be 2, 2 - dimethyl - 4 -(1'-h3urox but -
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3 .. Ljnh) - dloxolan (A24) by oomnaflaon'with
the lsomeric 2 2 - dimethgl -4 - hydroxgmethyl =
5 + allyl dioxolan (A&l) which has been
synthasised by Riobe end Heraultloqby an
un&mbiguous route(bae flowshoet No.14.).

On cacaldtic hwdrogénation at 700 and
10b atmosphefos pressure, kojieg acid (A7) gav&
ttp hoxahydro - derivative {A28) whlch with
acotom was convefted to the acetonide (A29)°
The ranaining free hydroxyl group of this
compound was replace§ by chlorine on treatment
with thﬁony chlorida in pyridine giving the
chloro- -compound (Aéo) This _B8 thoro=ether

on treatnent with a mizxture of atomiéed sodium

and potassiuﬁ_in e ther gave 2,-é - divnethyl =
4 - hydroxymethyl - S'a allyldiox&lan'(Aél)e
Acid hydrolysis of (A31) gave DL - erxﬁhro = hex -
5 ~en =1, 2 3 - triol identical igith that
preparsd from Trans - 2, 3 = 8poxyhex - S.o en -
1 -al, | | |

Since the structre of the acebonids
(ﬁsl)”prepared'frOm.kojic acld was unambigéqﬁsly
proved by its mode of synthesis, the isomeric
scetonide mepared from DL = srythro - hex = 5 -

en - 1, 2, 3 - triol wmust have the structure /




0H

HO
> 0 CHZOH

(A28)
Cﬂk iz
by 5o
| 0
SOCIL
Oca g ’\/jCHZCI
0~ CH0H ~0
(A29) (A30)
N&'KI (I X )
HOCH,,CE— CHCH,,CE=CH, (A31)
\c/o
offy TH, |
/ _,  (a22)
Hocnzc‘m——?acnzcn(on)cazon . (423)
a A
-G (A32)
CHy CHy
B S
e
3 73 _ J/
HOCE,,CH — CHCH,CHO (44)
OH OH

- Flowsheet No,I4,




struc ture/

108

(A24) as shown. Furbhermore the general rules
‘governing the formation of cyclic acetals and ketals
of polyols allowed the prediction to e made that
the triol concerned would farm an 1é0propy11doa§

derivative in which tis C( 1) gnd C hydroxyl’

groups wore inw lved. That the twgzice.tor_ndes

were not identi cal was shéwn by the fact that:

a) the two acetonides differed in refractive
index wvalues, |

D) both acetonldes formed a 3, 5 = dinit.robehzoate

derivative, timt from (A24) mélted at 87 - 889

while thaot from (A31) melted &t 82.5 - 83°;

the mixed melting point was 65 - 780,

IR E & i 2 8 % 5 6
i ? —?H &ﬁcﬁ =CH, HOCHKQH"'CH CHRCH"-'»'CH;
_© on . o, ,
. - CMe
C Rt X
% (qu) . ;(93!)

A mass spectroms t.;riiicAénalysis'of the two acetonides
provided sn incdopendent proof of the éﬁ:cucf.ure
assigned to (A24) sime its brenkclowﬁ on elsctron
bombardment was radieally difzerent from that of
(A31) derived from kojic acids The first fragm ntation
of each acetonide resulted in the loss of a methyl
group frox the gém dimethyl gmup; This gave rise

to a peak in the spectrum st 157 mass units/
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units/ |

(1.6:, 172 - -15) Both (A24) and (A3l) gave
fragmmts due to the bresking of the weak .
allylic bond btetween c(a) and c( ‘). (A24) gave
~riseto a fragmnh édw to the cleawage of the
Cig) - C(s)bond while (A31l) gave a fragment due

( 2)
A31 could not break between 0(2) and 0(5) and

to clearage of the C(l) ' bond . Since

(A24) e tweon C(l) ard C(z)the structure of
each acetonids was proved unambiguoualyo

The conversion 6f hex - 5 = en = 1, 2, 3 =
triol o its derivetives to 2 - deﬁxy « DL - ribose
necessitated the cleavage of the € ) double bond.
Several methods were investégated.  Ozonolysis of
DL - erythro = hex - 5 - én = 1, 2, 3 - triol,
its triacetate or acetonlds gave o complex ' |
miture from which no derivative of the deoxypentcse
could be obbteimed (See Table No.2. in the
expsrimn'c al section. for reaction condi‘tiéns)‘.
2, 2 - Dimethyl - 4 - hydroxymethyl - 5 - allyl
dioxolan (A31) on ozonolysms in ethyl acetate - _t-
~ butanol, (conditlons used in the synthesismg
of mevalonic acld from a _B hydroxy ethylens)
gave a minute yiélci of 2 -~ deoxy -~ DL - ribose

isolated as its anilide, after removal of 4i:he/<
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the/ |
isoprqpy.lidené gréup‘ Attempts to cleave the
double. bond using the periodate - osmium,teﬁrgxide
reagent developed by Lemieuxno were, unfortunately,
unsucecessful, ' . ‘
The conversion of LL - eprythro - he:i - 5
en - 1, 2, 3 ~4riol to 2 - deoxy - DL - ribose was
finally achieved indirectly by hydroxylation followsd
by cleavege of the re’sﬁlﬁing dlol with sodium
periodate. 2, 2 - Dimethyl - 4 - (1' hydroxybut - 3' -
enyl) - dioxolan (£24) on ﬁydmxylation with hydrogen
peroxide and osmium tetrcxide in _t- butanol gave -
the deoxyisopropylidenehexitol (A25) in low yield.
Oxidation of (A25) with sodium metaperiodate in =
vhosphate buf fer ylelded 4, 56 - 0 -~ iéopropylidene
- 2 = deoxy - DL - ritose V(A"26) from which 2 - deoxy -
DL - ribose (A44) wasjobtained. on mild acid hydrolysis,
Ths déoxypent cs2 was charactised as its crystalline

anilide, m.p. 154 - 1589,

In & similar 'mmnér, the .’isoms ric 2, 2 =
dimethyl ~ 4 - hydroxymethyl - 5 - allyldioxolan (431)
was converted to 2 - deoxy - DL - ribose thus -
coms tituting a s:y"nthes:ls of the latter from i{ojic

acid.

As an extension of this work a rpoute to/
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to/
the 2, 6 - dideoxyhexoses, cons tituhnts of the cardiae

 glycosides, has beefn. explorod (see flowsheet No.ls) but.
- 111,112
not completed. D = Digltoxose (2,6 - didsoxy -
A 13
D - ribohexose) (A54) end D - bolvinode (2,6 -

dldeoxy - D - lahexose) (ASS; are examples of this
: 114 o
cla ss of sugars. )

CHo CHo
CHa CH,,
H-:C-OH H --?.—-OH :

H..?-OH HO-C‘.'-H
H.-?-OH : H -_?-- OH
CHy CHy
(A3W) (ASS)

trams - 3, 4 - Epaxyheﬁt -6~-6e -2- 01 (.-ASS),
prepared in comection v;ith the sz}nf.he.sie of

rhodosamine (See Part 111), on hydrolysi@ with dilute
acld gave o colourless viscous 1liguid vhich was

probebly a mixture of the two isomeric heptens triols
(A37) and (A3 ). Although this would appeat most likely,
the fact tlmt a sherp boiling acetonide (A39) was formed
on treatment with acetone snd the fact that this
ace‘bonide f‘ormsd a‘shér’*p re 1ting 3, 5 = dinitrobenzoate
(mepoll2 ~ 1159) sysgested that in fact a homogeneous
triol md been obtai.ne‘d from the epoxide (A36).

The acetonide (A39) was converted to a mixture of isomeric

3,7 - dideoxy - isopropylideneheptitols (A40) okidation/



CH3CH(OH) GE—/ GHCHZCH-'-CHZ

|
Triol;
Homogeneous Acetonide,

Hy0, t-BuoH l 0x0,

CHBGH(OH) CH — CHCH,,CH(OH) cnzoﬁ

l ) rlq'[o,, w) HY
HHE OHE H
CH.C —¢ —CCH_CHO + CH,C—& —cca?_cao

3163!2 3i

OH OH H OH OH

(A34) (A41)

Flowsheet No.I5.

(A36)

(A37,A38)

(440)
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oxidation/
of which with sodium metaperlodate in a phosphate
buffer followsd by acld hydrolysis afforded a colourless
syrup vaich was cons idered to be & mixture of DL -
‘dlgitoxose (A34) armdthe isomeric DL - sugar (A4l),
.Examination of this syrup by paper chromaﬁbgraphy
revealed only one spot with an RF value simiiar to that
of D - @ pgitogose. This fact strengthened the belief that
only ore heptene triol was obtained from trans -45, 4 -
epoxyhept - 6 = 6n - 2 = ole B

It is hoped that repétitién of this work
on a larger scalevwiil emble the purifieaiion and

identification of the praiuct to be made.
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APPENDIX 1.

Selective 'additi.on of hypobromous

acid to hex - 6 - en ~ 2 ~« yn-1 - ‘!"31.
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The eddition of hypobromous acid to
double bonds omnstitues s method for the
introduction of a glol group, It has slso been
shown115 that hypobromous acid adds’ readily t6

8 triple tond with the formation of a dibromoketoneo

> Rcoc(Br), R

o It was of interest, in connsetion with
carbohydrate synthe sis, t‘o' study the poésibilii;y
of selectivitj in the addition of pypobromous
acld to a molecule cataining an unconjugated
doubsle andﬁ'x'iple bord. Such a seléctivity in
fact occurred in the case of hex -« 5 - en = 2 = yn
-1 -0l (Al‘? , R3H) whlch by treatdent with one
mole of N‘ - bromosuccinlmldc in wator gave 6 =
‘bromohex - 2 - 'yn - 1,5 - diol (A42) as an
unstsble liquid. Treatment of this product with
acetlc ‘acid - potassium acetate—acetlc anhycride
afforded hox - 2 = yo - 1 5, 6 = triol triacetate
(A43) which on catalytic nﬁro enai;:x.on nroducec}
hexene - 1, 2, 6 = triol triacetate (A44,°
Hydrolysis by ¢t ® Zemplen technique furnished
eyrupy hexane = 1, 2, 6 = triol (A45) which was
identified as its dicyclohéxylamine '-add{mt. These

clathrate compounds have proved invaluable for the/




HOCHZCECCI\T

Hocxazcsccném(omcnznr (A42)

CH=CH,, (AIT)

v '
AcOCH,C=CCH,CH(OAe)CH,0he  (443)

i
%
5

v
Ac'OCHzCBzCHZCHQCH(OAe) CH,0Ac (A44)

menzcxzcnz(mzcn(on)cnaoﬂ (a45)

Flowsheet No.I6.
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the/
, 116,117
characterisation and mrification of diols and triols
The fact that hypobromous acid has been
found to add selectively to a double bonc in a molecule
also contalining a triple bond is an observation

which may findpossible application, in the futufe,

to the synthesls of carbohydrate molecules.
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Synthetic Avproaches to DL - Ribulose

(DL - erythro Pentulose) R




D - Ribulose (A50), a metabolie
product of yeasts and many abher organiéma has been
recognised, fof many years, as‘ an intermediate
in photogynﬁhesis and in the ieomerisé.tion, and
1nterconversion of aldopentoses in biological

119
systems °

?H;OH |

?so
H-C-0OKH

H—C— OH
CHyOH

(A 50)
120
Cohen showed that Esche: nichia co}i

contalned an acaptive isomerase ‘which catalysed ths

equilibrium D - arabinose — D - ribulose and that

the equilibrium, mormally established at ebout 13 - 17%

D - ribulose,‘ could te shifted further towards D - ribulose.
Chemically D - ribulosé has been |

syntie sised in 23% yield by 1somerisation of D - arabinose

in pymdineml. L - ribulose has been prepared from

L - ribitol by enzymic oxidation with Acetobacter
122

Suboxydans. -

In view of the importance of ribulose
ib biosyntiesis, a synthesis of DL - ribulose was

investigated.



The first approach envisaged the
6labaorati on 'of.DL - erythro - wnt - 4 -~ yn - 1,
2, 3 - triol triscetate (A10) as shown in flow-
sheet No.1l7. _Hydration of the .acety.lenic triacetate
(A10) by the standard rethod gave DL - erythro -
pentasn-4-one - 1, 2, 3 - triol triacetate (A48)

as a pale yellow oil in poor yield. In an
g i2

€

effort to improve the yield .'of' ké tone, the method
employing a nmercury impregﬁated resin was trieds;
no impvovement was' obtained, |

When boron tr_'ifluoride in acetic acid
was used in the hydration reactioﬁ$ a. conmpound
igsomeric with t he expéctec‘i ketone was obtained.
This compoun& showed no ke toniec absorptionvi‘n
its infra-red spectrum but absorption at 1080
cm-l, characteristic of a tet‘rahydrofuran,
was observed. Accofdingly, on this and
analytical data the compound was formulated as
2 -~ methyl tetrahydrofuran - 2, - 3, 4 (erythro)
triol triacetate (A47). Attempts to confirm
this strwtur‘e by pyrolysis to a known furan
derivative proved uhsuccessful as the pyrolysis

product polymerised rapidly.



AcOOHZCH—~?HCECH
OAc OAc

|

AcOCHz?H—-CHCOCH3
OAc OAc

AcOCHz?H——$HCOCHaBr
OAc OAc

|

'

i

v
Acocﬂz?ﬂ—'?HCOCHZOAc

OAc OAc

|

]

i

¥
HDCHz?Hf—CHCOCHzoﬂ

OH OH

DL-Ribulose.

Flowsheetbﬂb.17

(ATIO)

(A46)
(A48)
(A49)
(A50)
v
Re ORe
Hy Aec
CH,
(A+7)
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Bromination of DL - m - pentan -
4 - one - 1, 2, 3 - tz'idl triacetate (Al0) in
carboﬁ tetrachlofide gave a product which could not
be purified because of its ready decomposition, and
no derivative could be pre ‘pared. Although it was
thought that this compound was in fact DL - erythro-
5 - bromo‘pontan -4 -o0ne -1, 2, 3~ triol triacetate
(A48), tregtrent.of it with potassiuﬁz acetate in
acetic acid failed to give DL - swmbess - ribulose
tetraacetate (A48},

In view of the se unpromising results a |
second r‘oﬁte to DL - ribulose from DL - erythro - pent
4 - yne = 1, 2, 3 - triol triacetate (Aio) was
Investigated. It has been shown124 that a triple
bond reacts with two moles of ethyl hypobromite with
the formation of the diethyl ketal of fhe |
corresponiing XX - dibromo ketone,

Accordingly DL - erythro - pent - 4 -
yne - 1, 2, & - triol triascetate (Al0) was treated
with two .moles of ethyl hypobromite (from ¥ -
bromosuccinimide in ethanol); ths prodvet which
could not be purified be_cause of its instability,
showed no acetylenic absorption in its infra-red

spectrum armdl was cmsidered to be 1, 1 -~ dibrowo -

2, 2 - diethoxyrentane - 3, 4, 5 = triol triacete { 51).



AcQCHzgﬁngCaCH
OAc OAc

AcOCHZ?H——-?HC( 0E%) > CIIE»:}z
OAc OAc

R
AcOCH, —?HC(OEt)a-CHBr
Ac OAc

¥
AcOCH2 - -—XHCOGH2OA0
Ac OAc

i
¥

HOCH,,CH—CHCOCH,0H
Lo

Flowsheet No,I8. -

(ATO)
(451)
(A52)

(A53)_

(A50)



When treated with activated =zinc
inetbanol, carditions under which ethyl hypobromite
is eliminated from an o<oi - dibromodiethylketa1124,
no pure product was isolated# Repetition of this
reaction using zinc in dioxan gave similar results#

With the failure of this approach to
DL - ribulose attention was directed towards a
bhirci possible synthetic route from DL - erythro «
pent - 4 - yne - 1* 2« 5 - triol. Jones and
Stephenson125 showed thai.: tie acetylenic triol (A56)7]>

isolated froin the B&sidiomycete Coprinus quadrifidus

was transformed into the cyclic enoi ether (A57) on

treatment with base# ~
H H
HC*C-C5?0CSC-C- C-CHgOM HCSC<3CCH=L /
OH OH (o)
(Kst)
126
It has been shown that pent - 1

yn - 5 -0l (A58) gave 2 - methyleneteirahydrofuran

(A59) on treatment with base#

HOCH3CH1CHRC®CH [ JL
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The pryposed route (see flov}sheet No.19)
envisaged the cyciisation of DL - erz‘ thro - perit - 4 -
yne - 1, 2, 3 = triol (46) 'or a derivative to thé
corre sponding methylenctstrahydrofuran derivative.
followed by epoxidation and hydrolysis to DL - ribulose.
Unfortunately DL - erythro - pent - 4 - yne - 1, 2, 3 =
triol failed to umdergo the cyclisation reaction.

Accordingly the acetonide (Al12) was made
by the reaction of DL - erythro - pent - 4 - yne - 1, 2,
3 - triol with acetone in the presence of anhydrois_ |
copper sulphate. Cortraey to Barker's mleslgvfor ‘the
formatli on of cyelic derivatives 6f pblyols, the acetonide
formed was cm clus:}.vely shown to be 2, 2 - dimethyl - 4
- hydroxymethyl - 5 - ethymyl dioxolan (A12) and not

the acetonide in which the hydroxyl groups on C,_ . and

1
0(2) were involved. The preferential formatio:l <)>f
(A12) was probsbly governed by the fact ghat the
propargylic hydroxyl group had a greater acidlty than

the other two. '

"The structure of the acetonide was
proved by the fact that it did not give sn ethynyl ketone
on treatment with mangané se dioxide or chromium trioxide,
fFurther. &he corresponding methyl e ther (AB3) on removal
of te isopropylidene g;éup and oxidation with sodium
periodate gave p’fopargyialdehyde and methoxyaéetaldehyde
respe ctively/ |



HOCH,CH—CHC=CH (A6)
ba dm

o X

-gﬂ | | (A55)

HOCHZ(IZH -'("}HOOCHZOH (450)
OH OH

Flowsheet No,I9.
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respsctively/ |

lsolated end ‘cha raétefised as their 2, 4 - dinitro
phenylhydrazones (This acetonide has beén very
recently reported by 'E»oh].marml28 who used it as an

int ermediate in his synthesis of (AS57)).

Whm treated with base, under a variety
of conditions, the acetonide (A12) was recovered
unchanged. In v‘iew of these unpromising results,

the gynthesis of DL - ridbulose was abandom d.



KXPERIMENTAL.

All infra-red spectra were meadured

as liquid films unless otherwise specified.,
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BXPER LBl AL .

Attempted yprozaration of 5 - (2! -

Tetrahydropyz ranyloxy) = 1, 1 -~ diethoxy -« pent - 3 -
- yne.

a) A solution of 3 - (21 - tetrahydropyranya
loxy) - prop - 1 - yne ( 70 g., 0.5 mole) in dry ether
(150 ml) was addod dring 1 nr. to a stirred suspension
of 1ithamide (from lithium, 3.65g) in liquid ammonia
(1000 ml). | Stirring was continued for e further four
hows aftcr thich timé the am::%onia was feﬁoved by
évaporation‘in a strecam of nihtroggen. g Puz'e dry dioxan
(1100 ml) was scdcd and the mixture pefluxed for 1 hre
‘ijliile a sl ow.jstmam of nit’roggen.swept out thé

rémaini.ng mnmoni.a. Redistilied bromoacetal (118 g. 0.6
mole) in arfy d oxan (50 ml) was added- slowly with
stirring end the mixture was rofluxed forisol hrs under
nitrogen. Aftsr removal of \mos't of the dloxan the
rem&inc’eﬂ was pou red into water (500 ml) and the
prec:n‘i.,ated cile.wﬂacued vmth ether. The combined
ether ¢z tnacus vere washed with vaad;er and dried ( MQSO )
and evapora\‘;ed;_ _The residual dark brown oil on
distillation g‘ave.-und;anged 3 - (2'etetrahydropuranjfloxy)

- prop - 1 - yne (60g) bepe 74 - 75°/18 mum., 25 1 sees
D -]

as sols prodicto
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v) liethod of Durand 2 Plaux.

To & stirred refludng solution of the
lithivim de%étive of 3 = (2' - tetrahydropyranyloxy)
- prop - 1 - yﬁe'(14'g. 0.1 mole) in dry disgan (100 ml)
under nitrogen was added copper powder (1.0g) followed
by bromoacetal (19.67 g, 0.l mole) in dry dioxan
(20 m1). The m&xture was refluxed for 23 hrs end
worked up as described in the previous eiperiment°'
The sols procuct was 3 - (2' tetrahydropyranyloxy)

prop - 1 - yne (12.3 g.).

Pent - 2 - en - 4 - yn - 1 - -al.(AB).

To a soluwbim of sodium acétylide-in 1iguid
ammenia (1750 ml) prop ared from'sodium (89 g°)
eplchlorekhydrin (139g.) was run in.ﬂu}ing 2 hrs.
with stirring andfcooiing (”othaﬁbl - Drikold).
Nitrogen was pasuoq in during Lhe adﬁLLIOQ and
the_subsequsnt.lo hrs. stirring after which
emmenivm chloride (165 g.) was added dﬁring 2% hrs.

poratsd on the steam bath and

The amuonia was Ccvup:
ether (750 ml) addad. Ths solid residue obbtained

on T1ltoring was diséalvcd'in water and a small
quant ity of Lor r*;ovc& by filtration.
”The’aqueous £1ltrate wes eﬁther‘egtracgﬁd and the
combined etts r exbtracts wore washed with dilute

/
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sulphuric acid arid water. The dried solution on
evaoor.:.licn and. cisti ilafcion of the rea’dual oil
under nitrogen afforded pent - 2 —on - 4 - ;;n *

1 -0l 143 s) ]1?.p. 71-73° / 1C ra.m. r?>* 1.4940.

94,
DL y orythro - Pent ~4 - yn - 1,2,5 ~ tr3cilo(Ao)

A solution oT trans pent -2-en-4L-yn
-1 rol (22 g») in W fcrrr.ie acid 1116 ml.) was
treated vritli hydro gen peroxide (35t;e 100 vcl.) added
in OHY9 portion* The initially purple solution
slowly decolourised and. Its temperature rose slowly
to 50° at which point it was maintained by external
cooling* After 13 hours the solution was evaporated
under reduced pressure and the residual straw
coloured liquid (tricl monoformate) was stea,m -
distilled unflilthe distillate was no longer acid*
ihe cistilland was evaporated under reduced pressure
and the residual syrup distilled togive DL -erythro
pent - 4 - yne - 1, 2, 3 - triol asa viscous pale

yvellcw liquid b.p. 118 - 110° (9.6S x iflaum.

1.4977. Lit. b.p. 120 °/0.1mn* 1.5000
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ol - erythro -Pent ~ 4 - vne - 1, 2, 3 « triol
54
triacetate .(A10)

Yrepared by the sclion of acetic anhydride

on the avove Lt riol had b.p. 980/0.1 mem. ng}
‘ .

1.4407. Crystallisation from light petroleum
(bepe 60-800) gave the triscetats as prisms mep. 52 -

53°,
11

Lit- bop. 10§/008|m0m0;nlop0 52‘"—" 530, ')b 1045250

DL - erythrs - Pent - 5 - enylthislacetate = 1, 2, 3 -

triol (A7)

a) Thiolaecstic gecid (2 25 g ) was ddéd
slovly to a mixture of DL - grythro - pent -4 -
yne - 1, 2, 3 = triol (5 43g. ) and Disazclsobutﬂronite
rite (0.1066 g.) at 00“. The mixture.wam haqted
gently until reac tion occurred after Lmlch 1t was
heated at 1u0° far 1% houvrs. After COOlLﬂ? and
starding fdr 24 hfs at 1o om temcerature the éixtﬁfe
was distilled giving unchanged (1) thiol ascetic
acid (0.2 go)o

11) A yellow mobile liguid (0.82g.) which
had en nauseating odour, b.p. 116 - 119°/0.15 -
0.175 m.m. and | |

111/ unchanged triol (10 g.) bep. 120 =/
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120 - 140%/0,16 m.n. Frachionsl distillation of
fraction (11 gave DL ;ggmgygg‘- pent - 5 - enylthiol-
adqtatc -1,2, 3 - triol (0.52 g.) b.p. 116 -

1189/ C©,.15 m.m.,

Difficulty was encountered 1n§btaining a pure

analytical sampleo owing §o ths similarity in boiling

pcints of the adduct and the starting triol.

Furtle r cxperiments on t k¢ addition of

.t%l”laﬁtt{L4QP1@AtO gant -4 - yne - 1, 2, 3 - triocil

are dsscribed in %he fbllow1ng table (Table No 1.)e
Table No.l,

iriol Thiolacetic ae¢id Gatalgst Tempo Time., Honos

8. . Be °e, m%
3.26 2,20 a 70-110 3 0,50
7.8 5011 a 110 5 1,10
3.43 2.25 b 110 2 770,55
3043 2325 b 0=17 30  0.72
3 .88 2.25 e 17 20 ..o

‘‘‘‘‘

a, bis azoisnbhtyrcnitrile b, ascaridsls ¢, u.v.light,
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Attempted addition of thiolacstic acid to pent - 4 -
yne - 1* 2* 5 r triol triacetate to give (All).
Thiolacetic acid (1.33 g«) was added to a
mixture of pent - 4 - yne - 1, 2, 3 — triol ..
triacetate (4*0g.) and ascaridcle (0.10g.) at 2o0s
The tempor&ture rose slowly to 25° and an exothermic
reaction occurred. The’ temperature was maintained
at 40° until tho reaction subsided then raised to and
maintained at 100° *fcr three hours. Removal of
unchanged tl'>1>iol;cetic acic{ and fractional
distillation of .the 'residual liquid gave the following

fractions : *

1* 0*2lg. b.p. 90-100° / O*1 rfr.* ry* 1.4557

2. 0*25q. 100-104° / 0.1 ran. = 1.4493
3. 0*l2g. 104-118° / 0.1 rum. 1*4533
4* 0.51qg. 133-140° / 0.1 ram 1.43(59

Reaction of Thi?lacetic acid* with 23 2 - dimethyl ~
4 - hydroxy methyl > 5 - ethynyldioxoiane.

To a mixture of 2, 2 - dimethyl - 4 - hydroxymethyl
- 5 - ethynyl dioxolane (3.12 g.) and ascaridole (0.1g.)
at 0°C, thiolacetic acid (1.52, g.) and ascarioole
(O.1g.) were added during 10 mine. After 30 hrs at
17° the mixture-was distilled giving unchanged
dioxolane (2.41 g.) b.p. 86 - 90°/1 wur.m,
104590 and a fraction (0082 g«) b.p. 120 - 130°/

0.2 num. \'3 1.4296 which appeared,to consist/



consist/

of pent - 4-- yne - 1, 2, 3, - triol (formed toy
acid hydro lysis of the 0 - isopropylidene group)
cont aining pent - 5 - enykhiolacetate - 1, 2, 3 -
triol to the extent of about 4%, by spectroscopic

measurements ( g 3 )0

The above reaction was rqgaated at 40°o fpr 30 hrs
Distillation gave unchanged dioxolan (0.73 g.)
and a fraction (1.7l1g.) b.p. 118-132°/ 0.2.m.m.,

r?r 1.4987. Thiswas a mixture of pent - 4 - yne
-1, 2, 3, —*triol and pent - 5 - enylthiolacetate -
1, 2, 3 - triol. Fractional distillation of this
.fraction gave almost pure enol thiolacetate (0.32g.)
b.p. 11G - 118°/ 0.1 m.m. 1*4923 and acctylenic
triol (1.14 go) bop. 120 - 122°/ Ool. m.m. ~ 1.4983
fractions (1) end (2) solidified on standing and
v.ere identical with pent -4 - yne - 1, 2, 3 * trial
triacetate. Fraction (3) showed strong terminal
acetylene absorption in the infra-red.

Fraction (4) on redistillation gave a yellow mobile
liquid b.p. 136°/ 0«T m.m.” 1.4662 and showed
strong absorption in the infra-red spectrum for the
presence of a terminal acetylene.

gound : C, 53.64; 11, 6.29S%

The analytical figures suggested that this material

was impure pent - 4 - yne - 1, 2, 3, triol triacetate
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rttempted warut* on of 2 - dcoxy - DL - ribose -

2, 4 - alnltronh *Wlhyaz*azoneo

A ..,olm, ifcn of DL - crgthro .— rent
-5 = enykh‘ol;wmtc -1, 2, 3 - triol (145 mg.)
aud 2, 4 - dinity oph"adlhjuruuine (300 mg.) in
absolute cthanol (10 ml.) wRS re fluxed for 4 hours
durirg which tirc hydrogen sul hiue was evolved. The
cooled solutl cn was flltered "hmug,h a column of
bentonite‘, -kieselguhr (4:1 W/W) and the elusnt
evaporatcd to o dark red 011. (97 mg.) This, in
chloroform, chronatographed on bentonie -
},{ioselg‘,uhfa (431 n/w) .as_om' band. An oil (89 mg o)
whidi could not e indwed to cz*:;stalllse was
obtaire doThe 0il was vtaken(up in ethanol (2m1, )
and stared at 00 far two months. No crystalline

material was obtained.

Attengted pregaration of 2 - deoxy = DL = ribose'

AKX =~ benzyl phonylhydrazsnso

A solu ton of DL - erythro u_mn‘c -
5 - enylth*‘-olama;a & -~ 1;2,3 = tz:»iol (436 mg.)
AKX - benzyl phenylhyd: 1"zine hydrochloride
(800 nmg.) ard sodlum aoetate(SOO mg.) in ethanoi
(20 ml.) was fefluxed for 6 hours. On cooling
brownish vellow crystals (14 mge.) m.p. 95 - 1CQ°

were obtalmd./
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Threc recrycballisatib*ﬂ from ethanol railsed the
mpe tc 107 = 108°. The mother. 1iqaor gave no
orystul line mterial °

(Lit: @2 dep;ty = DL - ribose - AKX - benz:;iphenjflé
hydrazoné tepe 115-116%),

Atterpted mreparation of 2 .f" deoxy - DL - ribose snilide,

A mixture of DL = egt_hr - peht -5 -
enythiolacotate ~ 1, 2, 3 - tricl (120 Eng.) aniline
(200 mée)ugda cététe (400 mg.) in cthanol (10 ml).,
was refiuxed for 4 hours. A black _précipitate
of lead sulrhide was obtained. On‘filt‘ration and
removal of"wloot of tle solvent a while solid (10 Mg s )
MePo 172 = 1'740 Was btairia'd.', . On combustion
this material left a residue whids proved to be lead.
The mother liquofs .afférded no crystalline nﬁatoriah

(Tit: 2 = deoxy - DL - ibose vanilide MeDe 154 - 1569} .

Attergpted pr*epara’cion of 2 - deo,qy' - DL - ribose. .

DL - ergghro - Pent -5 - cnylthiolacetate -
'1, 2, 3 triol (243.1 mg. ) barlum hydroxide solution
(68025 ml. of 0.051753.) and eﬁhanol (5 ml.) were

shaken at room -’temperature for 100 hours and the
reaction folléixad by btitration with 0.050 ¥ hydrochlorie:
acid. After 48 hrs. hydrolvsis was 97% complete. The
'solmzion was delonised on ion =- exchanﬁe resins and

coneentrated to & pale ;;ellow syrup (22 mg.) which/
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which/
was shown by mpr chrbmatbgmphj to contain no
2 - déoxy - DL - ribose. With the Dische reagent

a falnt green colour was obbained.

Attézpted preparation of aldehydo - 2 - deoxy - DL -

ribose tréacetate by the hydrobdratibn reécticn,
To a mixture of R - methyl - but - 2 - ene (3,36

go 0,048 mble)'anc godium torohydride (0,68 g.) 0. 18
mole) in diglyme (15 ml.) at 00C under nitrogen
boron triflucride - éthérate (2;84 ge 0,02 ﬁole)
wac oadded during 1 hour and tle mixture stirred for
a further half hour. DL - erYthroko'pent - 4 - yne
-1, 2 3 - triol triacotate (4.84 g., 0.02 mole) in
' dii,lyne (5 ml. ) was auded during 30 minutcs and the
mxxture was stirrea for a furth r 13 hrs. Ethylene
glycol ( 2 ml.) waszxddea to cestroy any remaining
sodiwn borohydride followed by hydrdgen peroxide
(20 ml. 100 vol), and suf flcient sodium hydroxide
so;l.ﬁtion‘- to maintain the é‘l’:ﬁ-iinity 6f the sblﬁtion,'
béﬁﬁéen pd, 8 - 9. mhe pxidation was allowed to

: water
contwnue for 15 minutes at 0°C., after WhlGh/WaS
added and the solution was extracted with ether. The

5

combined cthor extracts were dried and evaporated to
a pale yellow liguid ( woﬁlge). The infra-red’

spectrum showed strong SCQtV1cne absorption at /
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at/

3300 cm. and ZL0O cria but 1o absorpt1§n due to
the resence of an aldehyae group. Distillation
gave DL - erythro - pgnt ~_4 ~ yne - 1, 2, 3 -
triol triacetate (4.31 o) 5.p. 98%/ .1 m.m,

qﬁ: 1.4482 as sole prodwct.

Attempted premration of 3, 4 - 0 - isopropylidene

-2 - deoxy - DL = ribose.

- The method anployed was tnat aescribed in
the preceding experirento The acetylenic component
‘was 2, 2 - dimethyl -4 - hydroxymethyl -5 -
ethynyldioxolane (preparation p.95.. ).

The acetylene was recovered.unchanged from the

reaction.

1l -~ (2'cTetrahydropxranyloxy) - hex = 5 ~-en - 2 -
yne (A17. R= T ).

a). To ethyl magnésium‘bromide {from
magnesium (2,65g. 0.11 mole) and ethyl bromide
12.0g. 0.11 mole)) in etker (15 nl.) under niﬁrdgen,
a solution of 3 - (2'- totrahy fopyranyloxy) -
prop - 1. - yne - (14.0 go 0 10 mole) in dry
tutrahyurofuran (20 ml) was added s lowly with
stir ring. When ﬁhe reaction was complete, the
solutioﬁ was refluxed for 1 hour while a stream

of nitrogen removed any remaining ethane and/
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and/

ethylvbromide.‘ Freshly'pfebaréd anhydrous

‘ew prous chloride (0.2g.) was added ‘and the

mixture allowea.to cool to room temperatureo
Freshly distilled allyl romide (13.3g. 0.1l mole)
was added during 5 minutes, (by which time a
flocculent greéniéh yellow precipitate‘had formed)
and the mixture was then refluxed for 1 hour.

The éoolédAmizture was poured into iceacoldidilute
hydrochiloric acid end rapidly ether extréctedo

The combinéd etlp v extraéts'were.washed with sodium
bicarbomate solution and water, dried ( MSSO;, ) |
and evaporated. The residual oil on distillation
gave 1 - (27 - tetrahydropyre anyloxy) - hex - 5 -
en - 2 - yne (14,7 g. 80%) b.p. 1250/20 Moo ﬂ»

1. 47580

(Found. G, 7281; H,8.92. C H O requires C,7330;
o 11 18 2

. tm ’
H,8,95%) . U, 392005 2010 (w) 1640(m)

980(8) 910(S).
b) The above experiment, repested on a

molar scale gave:

1) ‘Hex - 5 -en -2 - yn - 1 - 01 (21g. 22%)

bep. 80 - 82° /18 m.m, q’;‘ 1.4786.
2) 1 - (2' - tetrshydropyranyloxy ) - hex = 5 =

en - 2 -~ yne (81 g. 45%) b.p. 120°/18 m.m. -
% 1.4760.



Hey - 5 - g -2 - yn - 1 - 9l (Al7, R=H).

a) Attompted prem ration from 1l -(2' - tetrshydropgranylox:

‘hex = 5 - en =2 - yne.

’i?he tetr"ahydrop‘fqvanyl'etm r (Bg.) was agided
- to e scv)lutiéln‘of one érmtrated sulphuric acid (4ml)
in mcthenol (90 ml.) and the mixture, which slowly
darkened in colowr, wa's’ 8l ].vo'v‘ve.d to stand &t.room
temperature for for ty%iéjht hours. The mixture was
_ neutrali.s ed with o thanolic sodium methoxide, the
methanol removed e d fhe black residue extracted
with ethyl, ncetate. No material was obtained on

evaporation. =

b) The tetrahydropyranyl ei.ther (5g.) in dilute
sulrhuric acid (50 ml. 0.1 N) was heated at 50°

for }2 hour.sﬂ= ~ The mixture was extracted wi th

ethyl acetate and tke combined extracts were washed
:with, sodi.um uicarbonate solution and water then |
dried ( Mas%). Evaporation and distillation gave
a ecnstant boilihg mixtﬁre (2.,'7go) bepﬁa - 819/

18 m.m..,, .qz; 1.4338, which could not be .separated |
by fractional ai st 111ationo ”

ot
151:; 5200(S) 5040(V) QBOO(M) 1645(k) 1oso(s)

980(8) 970(8) 910(s)

 Aman223 mypa(ron) (£ 6,470) 0
The mixture ‘contained hex - 5 - en = 2 -yn -1 = 01

andhex—é-en-z-yn-l-f)lo



~rd
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(c) Hex = 5 -~ en = 2 = ya --1 = &1 (417, R=H),

'To s 9olwbion of ethyl mignesium bromlde
“( £rom magneéium (49.0 Ges 201 mole} and” ethyl bromide
(218'g§ 2.0 mole) in tétrah&drofuran'(éoovmll under
nitrogen, §ropargy1 albph§1 (B6.0 g, 1.0:mole) wag
addod et o rate such 4mt the temps rature d1d not
excood 300, When the 8ddib ion was ¢ omplete the mixture
was f&fiui@d.fcrig hes. Cuprous chloride {2g.)
wes added and the Qixﬁuéafallcwed-to cool, to room
tempe?atufo..'Allyl bﬁdﬁide (121 g. 1.0 mole)was addsd
dur ing 10 mihﬁtes snd the mixbure was then heated
under reflux for 12 h0ﬁfs, After cooling to - 50
wator (150 mla).folldwad:byAcold'diluﬁe.hydrochlorie
';aCid (o0 ml;)'%as a&déda The mixture wassaturated with
aait apd extracted with ether. The comﬁiﬁed' dried
obhor extracis on‘évaéoration and distillaéibnﬁof’tbﬁ
residual liquid gavel‘hex. -«""5 -en - 2w gn-1- ol
(65 o 7). | L
bup. 9L - 920/50 mem. s 1,4‘73'60

0 vequires G, 74,97

(Found: €, 71.173 U, 8.87. gl

- H, 8.39%) ,
v:“:; ;54;006,':3‘}5 3040(W), 2:1,00(155)5 1645(:-&,') 1050(s8),
890I8), 910(3).
,{Qi@mcntai snalysls on compounds conbaining a terminal
doubls houd ga?é,cumsistenlynlow carbon valus. Solid

deyivates analysed satisfactorily).
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The Ok - mrpivth;/luretbane was obtained as
oolourXecs siIkly ne8dins, my»p . 67° from light
petroleum (b.p. 40 - 60°)..

(Founds 0, 76.00, 76,793 H, 5.94, 6.55. C17H1gNOg

requirec G, 76.96, H 5.70%).

Hex - ~J23ijrn ° 1 - Ol acetate (ArP.Rghe).

a) Hex - 5 en - 2.-yn - 1 - 01 (5.0go) and
acetic anhydride (8'ml) in pyridine (20 ml.) was
allowed to stand for* 24- hrs then worked up in the
usual manner. Hex ~5-en~8-yn~1~01 acetate

(5.6 g.7 b.p. 89°/ 28 m.m., 1.4539 was obtained*

(Founds G, ©8.36) H, 6.92* ~8710"2 re(Tu“res 9,69.54)

H,7.309%).
b) 1- (23 ~ Tetrahydropyranyloxy) - hex - 5 «
en 8»yne (5.0 g.) in dry acetic acid (25 ml.)

containing acetic, anhydride (5 ml.) was refluxed for
10 hrs. The cooled solution was 'poured into water
and war ked up 5n tHe wusual way to give hex - 5 - en ~
2 ~yn ~X -0l acetate £2.7'g. 649).

b..p.89°/ 28 m.m. 1.4539 identical with that
prepared by the first method.

titf]gc, 3040 <*pb SSI10fM) j 1755(3), 1640 (H),
1240 (3), 990(3) '910(3) .
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‘Hexa = 2 (trans), & - dlen - 1 -§1-‘A(A19)o

_ To a stirred suspe nsion. of 1ithium aluminium
fhydrideu(soz g.) in dry ether (100 ml) under nitrogen
a solutlon of hex -~ 5 - en = 2 = yn = 1 - $1(28.3g.)
in ethor £Cml.) was addéd at a rate such as to
maintéi’n. sert 1e>»ref1ux. After the addition was
complete, the mixture was refluxed for 2 hrs then
cooled to - 10° and éthyl acetate (10 ml) added to
destroy e.xees-s hjdride present. Water (20 ml) and
20% agueous ammonium chloride solution (50 ml) was
added md the mizture stirred for 1 hr. = The ether
laycr was sepéréted and the aqueéus layer-ether
extructed. The conbined ethe r eitr-aéts were dried
and evaporateda Distillatién of the residual -
1iquid gave hoxa - Z(tréns), 5 - dgien - 1 - o1 (2—5095") N
88. p.b. 78-809/30 m.m. s 1;4571;..

-l ’
o 3400 (s), 3040(w), 1645(M), 990(S), 970(8),

- 910(8).

The o~naphthylurethane was obtained as colourless

Silky needles, m.p. 73.5 - 749, from light petroleum
(bop. 40 = 600°)

(Founds C, 78.60; H, 8.26. 01‘?H17N02 requires C,
T6o.38; K, 6.41%).



Page Td.

Trung - Foxo - 2, 4 ~dien = 1 -ol. (AR0).

Hoza 2, 5 - dien - 1 - Bl (10g.) was
‘-shdccr. witk active 'nanganese dioxide (10g.) in
mcthylcne chloride (:50 mle) at room temparature
for 42 hre. The filtered solutiqn on evaporation
gave on o1l (0.85g:) Whosve‘infr.a'-red. spaotrum
proved 1t to be ths all trans hexa - 23 4 - dien
1 - bl. The 2:4 - dinitrophenylhydrazone,

smll dark red needles from ethyl acetate had m.p.
1921930 .'_)\v;n'i.sgl mp ( €= 35,000)

(ﬁdund: G, 52.05; 1,4.64. C__ H N O requires G,

_ . 12 12 4 4
- B2.17; H,4.38%).

Trans = 2, 3, EpoxLﬁéx -5 - en -1 - 91 _(A21).

a) ' Hexa ~ Q(traﬂs); 5 ~dien -1 = gl (S.Og )
wes zdded to a solu Lon of pbrbenzo:s.c acid (7.04g.) ..
in ea'ioroform (??ﬂ ml ) at 0°C and the consumption
6f peracid followed 1odpmetriea11Jeﬁfcer 64 hrs

ﬁl's reacﬁibn'was virﬁually complete, Solid calecium
hydroxide (20g.) was addéd -and the solution was

stir red until neutr-éi. After Filtering and
evaporating .’i;hes solution, distillation of the
fesidual 1iguid gave trans rand - 2, 3 - 6pOXy - hox = 5 =
en = 1 = 91 (4.1g5.) b,p. 96 - 980/30 Mmema, ']b
1.4590.
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(round: G,57.487 H,8.81, Gew requires C, 63.13;

_ 10" 2
H,2.82%).
owi!
"V wmaz,

860(M) .

3400(8), 8040(w), le45(k), 990(s), 910(s),

Reactinn of Hoxa = 2 (Erans) - 5 - dien - 1 - @1 with

Derfo mnic & 61(3. o

Hoxa - 2(trans) -5 -dien -1 - a1 (16.2@) |
was added 0 & mlui;ion of hydrogexw'peroxide (5.62.18.6
gm. of 100 vol) in formic scid (100m1). The i:smperax;um
rose slowly to 50° st whicﬂ 1% was mailntained by
coolir:gi. After 3 hours the solut;.on was. evaporateo
unde rodﬂnc,- pressurs to o syrup (18.9g.) which was
steam disti 1led unill the “’istlllate was nsutral.
Evaporat ion of the d.istilland gave a vigcous liquid
(17.2.). On dlstillation ths main fraction (12.8g.)
aistilled ab 120 - 134% O.2.mam. ¥ 1.4918.

Tho inﬁaurcd‘speé‘driﬁn showed that this material
was o mivture of pélyhjdréiy_j compounds. Vinyl

. and 85

‘c.,'<
t‘;
C‘.'i

double hond absorpbion was present. .

LL = eprythro - Hsx <5 = en -3, 2, 5 = priol i&aza Re=H) o,

T

Leans - 2, 3 - Bpoxy-hex - 5 -en -1 a@l ?Z”‘.,SQ;}
in 2,84 m:sor_vf:,w 2 @id ('E;Oml,) ﬁ'ég shaken 'fo.f 24 hrs. ‘bw(
shhnp 05—:1 rasted Ho remove any unrsacted epoxide. o
The aqueous pnase was neubtralised with solid barium

carbonate, . filbtered and evaporated to a pale/



pale/ |

yelloW'éyfup (5;25g). Listillation gave DL - erythro
- hex - 5 - en - 1, 2, 3 - tricl as a colourless
syfup bop. 126 - 130°/0.2 mm. % 1.4883.

Vmaze, 3600 ~ 3100 om (S), 1645(&) 990(8) 910(3)
49 ‘

Tit. P.p. 172 - 173°%/ 25 m.m. v‘, 1.4870, m.p. 40 - 419
A portion (I.Cg) vas taken ﬁp_in ethandl‘(O.Sml) and
storod ot 0°. This doposited crystals (0.7g.) m.p.

39-410 aftor two weeks,

Trigectzte | bep. 1109/0.1 m.m., fp 1.4420.

(Found: C, 55.50H, 7.26. C._ H O requires C, 55.80;3
< 12 18 5 . o

H, 7.03%). .

DL - erythro - Hexane - 1, 2, 3 - triol (A23)

DL - erythro - Mex - 5 - e ~ 1,2 5 - triol
(I.Og) in ethyl acetate(lo ml) was hydrogenated over
a 10% palledium - daarcoal catalyst untll absarption
of hydrn&c; soased. The solutioﬁ after flltration
and evaporation afforded an 0il (0.95g) which

solidified. Crystallisation from ethyi acetate gave

DL - eprybthro - hexane - 1, 2, 3, - triol as colouriess
micro-prisms fiepe and mized in p. 66°,

(FPound: C 53.51; H. 10.52. 06H1405 requires C 53 71°
H,10.54%)
-}

1;*w“ 3800 - 3100(8), 1100 -« 1000(S),
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2,2 - Dimsthyl - ¢ - {1' - hycroxybut - 3' - enyl)

dioxolan (A24).,

A mixtuw of_-'_ DL - gx thro - hex - 5 - en -
1, 2, 3 - triol (2.0@; )and am:ydrous eopper sulphate
(15g.) in dry ccelcne (40 ml) was sh_aken at room
temys rature Lor 24 hrSo  The éolutiér;- .é:as filteéred,
8X0C53 ac”ssno e oaed by "filt'ﬂati'onﬁ and the residual
- 0ill & stillcﬁ o give 2,2 - oimechyl - 4 (1 |
hydroxybut - 5?_ - enyl) ioxolan ( Bga) bope 107 - |
1080 /20 w.m. ny 1.4509. |
{ Founds C, 61.01;“, 9 .34, ;Ggﬁleos requires C, 62,763
He 9.36%). ‘
Moleculcr Weight ( by mass s;act;mw’cry ) 172 Cale.
172.

The gzs_mdini.tzzcléo’nioate _prepared in 86% yielad
was cbialined es ‘prisus mc‘p.' 87 - 88° from othanol.

(Wound: G, 52.28; H, 4.66. G, H N 0 vequires C,

16
52,463 H;4.95%%.

DL - et =hro - 2 - !Lvdroxvmetlgl tetr*ahydro;wran = 4,8

" diol }‘owm QR Mic aexd) {A28)

Do

Kojic acid (98.4 v;«,:w,f”'in s thanol (65’) mi} wAg
hydrogensicd oTvor a Revey nic i&ﬁ“& (W) Catalyst

at; 700 2ndt 100 sus ,.i‘cz? 4 hours. )ma solubion was
filter~d nnd th thanou ranoved by evapioiaat-ion;

Ths residual liguid on disbillation gave hexahydro-

‘ S, ; e
4) Bon. 17821779/0 85 mom  ner e
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1.5084., |
(Lit. b.ps 212 - 215/.135ndng,§f1.5075.y

ne th:
. e ot 70 L
totrahvdror yran, (A29) .

bL - 2 « Hyarcx

1 ._-‘4 5 - iso o lidensdloxy

| Hexahyurokojic acid (100g), aoetone (.’500 ml)

petra1 czm. cther (300 ml. 40 - 60 rraction) and
P -——:_ tolucncsulphonic acid (33.) wore heated
.-und:or roflux for 43 hours md thé water.formed

‘1n thr roection removed as its avebtvope

v'itb ‘g,ctmlcuu e..t}hs r. After cooling, potassium
, earbon-g,i-e (10g.) was =ddad and t‘he mixture stirred
for 10 hm; _The solui:ion_waé'filtered, ~and |
evépéraiéd 5o an oi 1 which on dis tillation é.ffor—dad
the acctonide (80.4g) b.p. 116 - 118° /0.8 m.m.

Ns 1.4695, B
(Lit. b.p. 149 - 351°/17 mem. q» 104695)o

DL - 2 ~ Cﬂoromechvl = 4, 5 - isopropylidenedioxy
‘ B 107. . o
tetruhydrop yren. (ASO)

‘f‘o 2 solution of LL - ? - hydroxymeth;y”i

- -4, 5 - isop@opylldenedlcw uetr&hydropymﬁ (60g, 0.32.
mle) in pyridine (31.6g.) freshly distilled thionyl
ehlur‘clo (é%l"@u 0.34 mole) was added at a rate
~such ot ths tomporatwe remz;1ned beiow 600. After

the addit .’mr Tas complete the m?.xtvre was stirred

for a fuwrtler 4 bours then poured into water and/
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and/ | |

the chloro - compound extracted Wlth ether. The
comﬁin-ca c:;tfr-.ct;s wére dried_and evaporatéd to a brown
vicacus liguid. Distillation gave ‘the ohloro-compound
(325., 24%) bup. 134 - 136%/20 mem. 1'; 1.4705.

(Lit. n.p. 154 - 1350 / 20 m.m. pf:.loé'705).

2, 2 -Dimothyl - 4 - hydrogymethyl - 5 - allyldioxolan.

(A31.)

‘.’l‘o a stirred r.nixture‘-of atomised sodium
(4.29g.) and potas‘siﬁm (2.15 go.) in ether, DL - 2 =
'éhléroz.-{cth:fl -4, b = ,ispropylideneéioxytetrahydropyran
:(35A.4g. 0.145 mele) was adde'dA dropwise. The mixture
was gtirrod'fdr a fupthef 8 inours efter the addition
théri'dcéanﬁed from residual alkali metal into_‘ ice water.
v‘l‘he' precipltoted oil was isolated bg} ether extraétion,
The, dricd oxtrects on o vaporation and distillati'dn' of
the i*usic’..vgal.i:‘i.quic‘z gave 2, 2 - dimethyl - 4 -
hjdro;:j:ucthyl -5 = ailjldibxolén (21.3g.) bep. 115 -

1160 /20 mam. Ny 1.4563.

{Lit. b.p. 115 = 116° /20 m.m., =f‘£§s 1.4560)

" (Found: C, 61.63; H.9.18. Cale.for CglHyg0s; G, 62.76;
H, 9.36%) . | | |
Molecular wt'._b‘mmd (by mass "spe"ctrometry") 172. Calec.172.

The 3, 5_= dinitrobonzoate wes obtalrsd as colourless.

needles, me.p. 82.5 = 83° from e thanol. .
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(Foupd.. C, uzul, He4.65. C 16H1gN50g requires C, 52.46;
H. 4.95%). |

Mizedmep. with the 3, 5 - dinit o'bcnzoate of 2, 2 -
dimethyl ¢ - (1' - hydroxybut - 3! =~ enyl) -

cloxolan, 65 .~ 78°,

DL - orytro - Hex = 5 - en -*1, 2, 3, - triol (A22).

2, 2 - dimeth;yl - 4 - hydrokymethyl - 5 -

all yldioxolan (2.,0g°) in 01N sulphuric acid (2e0 mi)
wes hea*cé e 50° fcr so minutes by which time the

. solut ien ‘wac how cgeneous. Tha so lution was

neutreall scd v:itL bariu:m carbonate, filtered, and
evaporatcd to a viscous liguid (1.82g.) the infra-
red spectrum of which was identical mth tha% of.
hex -5 =-9en -1, 2, 3, —}tri_ol prepared as described
. earlicr. Catalytic nydrogenation gave DL Qerxthro
= hexezo = 1, 2, 3 - triol m.p. 66° undspressed

on admixture with (A22) from I8Xx ~ 5 ~en = 2 = yn -

1 - 81,

Ozonolyseis of 2, 2 - dimethyl - 4 « hydroxymethyl - § -

allyldioxclan,

(A tyricel &chnolysis experiment is described below.
Other cttempt ed ozonclysis experiments ars summarised

in Table No.2.),
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' A eolution of 2,2 - dimethyl - 4 -
hydroxyme’chyl -5- allyldioxolan (l.Og ) in
ethyl acetate (26 ml) conteining & - butanol (6 wml)
at - 40° wae ozonised for 40 minutes. The
solution was hydrogonzted over 104 palladium -
charicmal et-200, filtered anl evaporated to a .
coloufléss 3iguid (0.82g.) (The infra-red spectrum
| of this liguid showed comp].ex ,absorptiox; in t_he_
caxfbonyl region) o ‘Tfhi_s. iiquid was teated with

o-o1N sulphﬁric kac_'_id at SOO for 1 hour, neutralised

with Ab,ar.ium ca rbonate, filsered aﬁd evaporated to
a yellow syrug. (O '71g;)a The syrup (0.‘71@.) in dry
ethanol (10 nl. ) conuaim_nc aniline (1l.2g) was |
refluxed 5 hours, then evaporated to a thick bse¥n
Syrup. | This was taken up in ethanol (2ml) and
stored at 0% for 4 days. The 2 - deoxy - DL =
ribose gnilide (14 mg.,). which 'orystaiiised ou
was removed ‘by fi ltration and recrystallised from
ethanol. Pure 2 - deoxj— DL - ribose anilide
(12 mg.) mep. 154 = 156° was obtained.



TABIE NO.8,

Compound

Cm‘

uocx;zgl—d‘z-cuzcﬂ

. ( 1.0 g samples

in each ense )

| GllyeCB-C 1&;)01;,5:11,r CH,
b\ d o

A
CMe,

- um,-gg-c'wnqcn. ;
o

AcQCTy ;gH-GBQ(}‘- :G‘{z

CyCly

Tempe

Solvent
CHyC1g =700

| C,Clywpyridine =70°
EtAost=Bulll  w70°

(26 .35 ml. =400 -
- 20 ml. 116 mlo)
Cp0lymtBuOH  =50°
pyridine =20°
EtAost=PuoH |
95ml. Gml. «20°
20mle 15ml. w0
0,01, ryridine =30°
BtAo «20°

- EtAg=$-BuCH o
25ml. Brle =70
20mi. Onl. aso“
10rl. . 10ml.  =20°
FtAoet=BaOH  «70°.

w0’

20

30
25

20

38

15

20

30
40

130

© 57 me.
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Attempted preparation of 3, 4 - C - isopropylidene -

2 - deoxy - DL - ribose,

To a‘muzture of 2,2 - dimethyl - 4 -
hydroxymethyl -5 - allylaioxolan (0.86g 0. 005 mole)
and.osmium_tetroxide'(0.01271 go» 5 x 10 5mole) in a
mixtuﬁ%’of ether ( 15_m1) md water (15 ml), sodium
metaperiodate (2,24 g., 0.0105 mole) was added during
2 hours Wiﬁh stgrringo’ After an adﬁitibnal 4 hours
stirring tle mixture was extracte& withréthyl acetate,
the'cambined:éxtracts'dried and:c§aporétéd to a pale 
brown oil (0. 79g ). Distillation gave 2,2 - dimethyl - 4 -
hydroaymethyl - 5 - allyl dioxolan (0.72g) b,p. 115 =
116° /20 Mol e ?& 1.4563. as sole product,

DL - 4 , 5~ 0 - Isopropylidene = 3 - deoxyhexzitol(A32),

A mixture of 2,2 - dimethyl - 4 - hydrogymethyl
- 5 - allyl dioxolan (2.8g.), osmium tetroxide (:{3@11° of
a2 0.5% solution in t- butanol) andimydrogen peroxide‘
(12 ml. of a 6.4% solution in t- buténdl) was allerdto
- stand at roomutemperature for 24 hours;'Potaésium
carbonaté (1g.) was added and the‘mixture_was évépcrated
to drjness, The residue was extracted with écetoﬁe,
filtered aﬁd<3vap0rated to dryness. Lvaporative
distillation at 100° and O.1. m.m. gave unreacted.
acetoﬁide (l.2g.) The residual syrup on chromatography

On a cellulose'column using n- butanol - light petroleum/
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petroleum/
(b.p. 86-100'°)(~40:60-V/V) gave the deoxyisopropylidene
hexitel (0.71g.)as a pale ye'_llow syrup.

\5::;; 3400 - 3200(S), 1378(8), 1100-1000(S).

LL - 5, 6 - 0 - Isopropylidene - 3 - deoxyhexitol(A25).

%hen treated as in the ‘preceding experinent
2, 2 - dimethyl - 4 - (1' - hydroxybut - 3! - enyl)-
dioxolan (2.8g.) gave the *correspa'ndi’n‘g deoxylisoprop-

ylidenehexitol (0.74g.) as a pale yellow syrup.

3 4 ~ 0 = Isopropylidene - 2 -~ deoxy - DL - ribose(A33).

The stereoisomeric 4, 5 ~ 0 - isopropylidene -
3 - deoxy hexitols (0.71g.) were oxldised with sodium
metaperiodate (27 ml. 0.17 i) in a phosphate buffer -
(pH‘_7.4; 35 ml) at room temperature in darkness.
Afterhz' hrs. the solub ion was extracted with |
chloroform (3 x 75 ml). The combined extracts
were dI'i‘O:i‘KQCOg',) and évapbrated to give 3, 4 - 0 -
1soprdpylidéne -2 - deoxy - LL - ribose (0.33 go)

as a palk yellow syrup.
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4, 5= 0 = lbopnapvlldene ~ 2 - deoxy = DL - ribose
(a%6) . | | |

This was obtained from thé‘5, 6 - 2 -.
isopropylidene 3 - deoxyhexitols by the procedure

descr"ibed .in tl® previous experiment.

2 - deogx,— DL - ribose_LAé).

’ 5, 4 - Or 4, 5 -0 - 1sopropy11dene -2 -
deoxy - DL - ribOSe (0 385) was hydrolysed. in 0.01N
sulphurlc’ scid (25 ml) for 1L hour at 100°, The
cooled solution ,Was neutralis ed with barium
carbonéte, filtered and evaporated to glve 2-deoxy-

DL = ribose (0.29g) as a pale ye 1low sSyrup.

2 - deoxy - DL - ri bose anilide.,

2 - deoxy - DL - ribose (0. 29g) in ethanol
(4 ml) containing aniline (1.0g) was heated under
reflux fdrvé houréo The anilide (142 mg) which
precipitated on @ oling was recrystallised
from‘ethanol as prisms m.p. 154 - 15869,
(Found: C, 63.13; H, 7.00; #l, 6,77. Calc., for
CyaH,5N05: C, 63.14, H.7.253; N.6.69%)
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Acetonidé of heot -« 6 - en - 4,5«{crythro) - triol(A38.)
a§§t7='6 - @me - 4, 5 - erythro - 6, - tp;§1 (1.4g)
" end sahdrous co’pioer sulphats (203.) in acetone (150m1)
was shaken at room temperature during 24 hrs. |
Filﬁrétion evaporation and distillztion gave the
triol as a colourless liquid (1l.1g) b.p. 1029/
20 m.m. 'l" 1.4485.

'\)‘ 3400(5), 3040(%), 1635(#) 13’78(3) 990(S)
910(8)

Th,e '3;5 - _Gimltrobenzoatg formed in 81% j’i@ld ’_
crystaliised as prisms m.p. 112 - 115° from ethyl
acetate - pet - ether (40-60).
(Fownd: C, 53.50; He5.16. Cy,HyN 0

2% regquires C,
53.68; H, 5.30%).

The Conversion of the acetonide (A39) to a mixture

of deoxyhexame thyloses. ,
A mixture of the acetonide (A39) (0.9g),

osmium tetroide (0.5 ml. of & 0.5% 50/ int -

but anol) and hydrogen percxide ( Sml. of & 6.4%
BOJ™ in % - butancl) was allowed to stand at foom
tempe raturs fcr 24 hours. The solution was
worked up as described earlior to give the 0 -
isopré'pylidene - 3, 7 - dideoxyhep-itol‘sj'

(2311). (0.18g.) as a colourless syjrup. This/
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This/>
 was oxidised with sodlum melapcriodate (10 wl.
O 1'7 M) in e phos*hauc buifer ( ol 7.4 12 ml)
at rcom'bempofbturc incxaﬁknesso The solutioa’cn
work up 1n.the usue l mmner,gave the cruce 0 -
isqpropylidmne - 2 6 - dideozyhexomcthyloses
(Sszmg;), This on hydrslysis with_oéolﬂ
sulphu'ri"c acid (Bml)‘ 2t 100° for 1 hour followed
by neutnalisatién (soli&ybarium.carbdnate) end
evéﬁofétion gave & colourless syrup (55vmgo)
Exemim tlon by paper chromateography @n Whatman
Noola _paper using the qolvcﬁ;cvntem In-butanol -
pyriqine = water (3:1: 3) revealed only one spob
Rf 0068 D - Glocose run under similar conditlons
‘had Ry 0022 (Aniline phtnalate was used as

developer.)

Addition of HoBr to hex =5 -en = 2 = yn = 1 = ol

6 - bromohex - 2 - yn - 1, 5 = diol (A42),

A mixturc of hox 5 - en = 2 - yn - 1- 0l
(2.0g,) and N - rvcmo““ccﬂn1w1ue (3070%0) 1n
water (#0 ml) cdﬁtaﬂﬁhg three drops of_glacial
acetic acid was»ﬁnak@n for 16 nours &t room
tem;erafursg The solution was extracted with
ether snd the combired ethor extract washed with

sodi%m bicarbonato solution and driedo/
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dried/

( ﬁ4350*), E#aporatibn.lsft a pale brown oll (2.15g.)
Deccmpoéi’ci on occurred on attempted ‘distillationo
ui:}4oobv ., 2210(W) No. C=C.

absorption.

Hex ~ 4 = yne = 1, 2, 6 triol triscetate (443.)

6 Bromohox - 2 - yn - 1, 5 - diol (2.0g) and
pot&issium adetate'(BQOg,) in a mixture of acetic
acld (10 ml.) and acetic anhydride (20:m1) wezne
heated under feflux for 16 hours thén evaporated |
to dryness at 20 MeMe 'Water(20'ﬁia)-and'ethér
(50 ml1.) were auded. The ether iayer'waS»separated,
dried and evaporated to a brcwn oil’ wb%an on
dlstillatl on gave hex - 4 - yne = 1 2, 6 - trid
. triscetate (2°8go) bep. 128=1300/0.35 m.ms ’ln

1.4606. ' o |
(Found: C, 55.50: H. 643, C__H 06 requires C,

12 18
560,24, H, 6.29%)

Hexane - 1, 2, 6 - triol (A45).

Hydwolysls of hexane - 1, 8 6 - triol &
triacetate (0.95 g.) by the Zemplen method afforded
hexane - 1, 2, 6 triol (0.47g.) bops 156 - 1589/
5x 10 ~ % mom. ’l’ 1.47720.



The dieyclohoxylamine adduet* colourless ailky
needles "map, 52 - 55° from acetone was shown
by analysis to be’a 1; X - adduet and not a Is3

116
adduet as described in the literature *

(Founds 0, 68*86* H*12*G8$ N* 4.93. Gale, for

G18H37K °3o °»> 68.57J7 8,4.44%)

Attempted hydration- of DL - erythro ~ Fgnt” 47

yn ~ ls 2r h ~ triple

a) To a solution of DL ~ erythro - pant ~ 4
»ya - 19 2, 3 e triol (2.0g*) in 90$ acetic acid
<100 ml*) disrcurlc acetate (1.0g) and concentrated
sulphuric acid (0*5.ml) were added, and the mixture
was refluxed for 5 hours* The solution was
evaporated to small bulk .at 0.1 xx?ru Water was
added, and the solution after neutralisation with
sodium bicarbonate was deionised on Amberlite

ion exchange resins and concentrated to a pale
yellow syrup which showed acetyIonic- but no
carbonyl absorption in the infra-red spectrum*

Distillation gave pent - 4 <« yn - X* 2* 3 « triol

(1.21 g.) bop* 1200/ 0*1 m.m. as sole product*
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b) A solﬁiiéﬁ of the acetylenic triol (2;0g°) in
ethenol (10 ml) was added to a mixture of mercuric exide
(0.6 go) trichloroscetic acid (5 mgo.) and borontrifluoride
- etherate (0.3 ml) in ethanol (50 ml.). The mixture

was refluxed for 5 hours, ihen évapofated to & pale

 brown oil (2.1g ) This was di ssolved in water and
neutralised on ion @xchan-e resins° hkvaporation
and.distLllation.gaVb unchangea pent ~ 4 = yn - 1;%39 -
triol (1.42 go) Dopo 1209/ 0.l mem. ‘as sole produeio

DL - erzthro - Pentan = 4 = one - 1, 2, 3 = triol

triacetate (A46; ,

a) Toa solwim of_DI-w grithro - ?ent -4 - yn
-1, 2, 3 - trol triacetate (2.0g.) in 90% acetic acid
(100 ml.) mercur ic acetate (Oaggo) and‘cdncentratéd
sulphurie acid (0.4 ml.) were added and the mdxture was
refluxed.ftp five haurs; The cooled solution was poured
"into water srd exmraetod with ether. The combined ether
‘extracts were washed with sodiumvbicarbonate solution
and dried MqSoy ). Evaporation and distlllation of the
residual oil gave DL = ggzgggg - pentan - 4 - one -~ 1, 2,
3 - triol triacetate (Oeégo) as a ple yellow 0il. D.Do
104 - 106 /0.1 meme Ny 1.4459.

(Found: C, 50.92; H. 6.20. G H O requires, C, 50.77,
| - 11 16 7
Ho6,14%), .
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et
Voaw.  1735(8) 1710(8) 1240(s8) .

Mmax.

A 2, 4 - dinitrophenylhydrezone or semi carbazone

could not be obtaimd.,

b). Mercury imprognated resin method.

A solusion of the acetylenic triacetate (2g.) in
acetic acid (100 ml,) contéiining me reury iﬁapregnated
Amberlite IR120(H ) resin (10g.) was heated under
| refluf,cv for. }two hours. The solution was filtered and
the resin washed wlith e ther. The combined filtrates
were poured into water snd the mixture axtracted
with ether. The combined extracts were washed
. with sodium bicarbonate solution, dried and evap-
orated. The residual liquid after acetylation gave
on distill tion D.u = emthro - pentan - 4 - one - 1,
2, 3 = triol triacetate (0.7g0) bope 104-=-106°/0 1 memo
’\b 1.4439,

_c) A solution of tle acetylenlc triacetate (2g.)
in ethanol (10 ml) was added to a mixture of mercuric
oxide (0.5g.) , trichloroacetic acid (5 mg.) and
borontrifluoride etherate (0.3 ml. of 45% solution)
in ethanol (50ml) at 409, The mix‘cwfé was shaken af

room temperature for 24 hours and refliuxed for a

further 2 hours. The mixture was poured into sulphuric

acid (100 ml, 2V ) and the ketone isolated with ethﬁro
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' The erude material which had suffered partial

'deacetylatlon was- reacetylated (Ac 0 - pyridine)

-acld distilled to give DL - egxthrg = pentan - 4 - one
~ 1, 2, 3 -« triol triacetate (0.4g.) bep. 104-1060/

0ol mom,

2 - Methyltetrahvdrofuran - 2, 3, 4 -(erythro)- triol

Triacetate §A47 ) o

A solution of DL - erythro - pent = 4 - yn - 1, 2

/D

3 - triol triacebal 2o {2502 in scetic acid (10 ml) was

qddéd fg & mixture bf'merctric oxide (1.0g), trichlor-

oacetic acid (5 m.g.) and boron trifluoxide - acetic

acid complex (0.4 ml). in acetic acid (15 ml). After

the initial exothermic reaction had subsided, the

mixturé was poured into water and e xtracted with

ethér, The combinéd ether extracts were washed with

sddium'bicarbonate solution and dried. Evaporation

of the solvent and distillation of the reslidual liquid

gave - 2 - methyl ;‘tetrahydfofuranAe 1, 2, 3 = erythro

- triol triacetate (1.74g.) bop. 125 - 1280/0035 MoMo
A 1.4391.

(Found: C, 50.58: H, 6.10. C H O psquires, C, 50,77

11 16 7
H, 6.20%)

-l

¥ 1735(s) 1240(8) 1058(S)..
Bay, o
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Attempted Fyrolysis of 2 - methyl tetrahydrofuran -

1, 2, 3 -(erythrol)triol triacetate.

. The tetrahydrofuran (2g.) in diethyl phthalate
(20 m1) was heated slowly under nitrogen at O.1 mm. to
150°, A colourless liquid was obtalned dn distillatién.
By the time this matorial reached the receiver it was
dark‘brown in colour. No pure compounﬁ.wés obtained fromv

this reaction.

5 - Bromopentan = 4 - one = 1, 2, 3 « triol triscetate(Ad48,)

A solusion of the triacetoxyketone (2.5g.) in
dry’carbon tetrachloride (10 ml)'was treated drobwise with
a solution of bromine (0.8g.) in carbon tetréchloridé
(5 m.1.) Removal of-splvent gave'thé brombketone as a
.paie brown oil (QoGg,) vhich decomposed on distillation
at 0.1 mom. | |

This compound failed to give é thiouronium

pierate,

Attempted preperation of DL - ribulose tetracetate (A49).

Crude 5 - bromopentan - 4 ~ one -1, 2, 3 = triol
triscetate (2.5g) in acetic acid (20 ml.) and acetic
anhydride (LO ml) containing fused potassium acetate
(3g.) was refluxed for 16 hours. The solution was
evaporated to dryness'aﬂdwsthef sng water were added.

The dark brawn étherblayer'was washed with sodium
bicarbonate so lubion, dried and evaporated to a dark

brown vi scous 0il (2.1g.) No pure compound wes isoldted/



from this material*

PL r If 1 ~ Dibromo - 2* & ~ diethoxyerythro -peatane
~'ém An 5 triol triacetate (A51*)

, A solution of DL %eryfchro = pent - 4 « yne
« 1* 2% 3 ~ txlol triacetate (7.1g) in dry ethanol

*{50 ml) at B 10° was treated with M, bromosuceinimid®

(X1.0g.) during 10 hours and stirred for a further
10 hours. The solution was filtered, diluted with

water and extracted with ether. The dried extracts

onevaporation gave, a colourless oil (7.6 g.) willah
decomposed slowly on standing and rapidly on
attempted distillation.

\ ' 1735(3), 1240(3) 1200 - 1000(3)o

Attempted preparation of 1 « Promo - 2 ~ ethoxypeht <

1 ~en ° ' 4, 5 ~ triol triacetate (A52).

A solution of crude 15 1 - dibromo - 2* 2 «

diethoxypaatana ~ 3 *4* 5 - triol triacetate (1i0Og.)

JIn othanol (50 ml) containing activated zinc (5 c0g]

was refluxed for 4 hours. The. cooled solution was
11 Tforedand evaporated to a pale yellow syrup (0*87g.)

from which no pure compound could be isolated.
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2, 2 - Dimethyl - 4 - hydroxymethyl - & - ethynyldiox-

olan ( A12 o )

A mixture of DL - erythro - pent - 4 - yn -1, 2,

3 - triol (4.7g.) and anhydrous copper sulphate(80g.)
“in dry'. acotone (1000 mi) was shaken at room
- temperature for four days after which time the
- soluw ioh was filtered and ;the excess acetone
removed by distillation. The residual 1iquid on
dstillation gave 2, 2 - dimethyl ~ 4 - hydroxymethyl
- 5 - ethynyl dioxolah (5.29g, 85%) bop. 93 - 940
/2 meme  ny 1.4595,
(Found: C, 59.71, §0.32; He 7.22, .84, C " 0

' 8 12 3
requires C, 61.52 H, 7.75%) |

u‘;m 3400(s) 3250(S) 2100(H), |

This ‘acdbﬁide was unaffected by treatment with (a)
active manganese dloxide in light petrolsum, (b)
_chromium trioxide in pyridine or (c) oxygen in
the p:résenee of a ‘platinium cai‘.al‘ysto_

The pheng;urétmﬁep forme d in 93% yield was obtained

 as ¢ olourless needles me.p. 133 - 134° from 1light

petroleum {60-809) ,

(Founds G, 65.39; H, 6.34. C_ H N 0 pequires C,
o i5 17 4

65.44; H.6.22%.)

e 3, 5 - dlnitrobenzoate formed in 88% yield was

OBTAINed o5 white plates mepe 1155 - 116° from/
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squeous ebthanol.
(Found: G, 51.10: H, 4.7, C H N O requires
' ' ' 15 142 8
C, 51.43; H,4,00%).
The seme acotmide was formed using sulphuric
hydrochloric, or p »tolaengsulphonic acld as

eatalyst._. Iho yields were eonmderably lower.

gyclohexfj‘iidene'ke' tal formed by pent - 4 - yn -

1, 2p 3 = triol.

A mmtufe of DAJ - e:y_‘@;;g_«» pem - 4— - yn,
1, 2 3 = triol (&55;) cyclohexanona(S 0g.) and
_p - bedwene sulphonic secid \OQSg) in benzone
(50 ml) was refluxed for ten hours and the
water h.berq'ced wes removeci as its benzene
ézeof?bpg. The cooled solution was washed with
sodium b:i'cax#aonater solublon and dried. Rerﬁ&véi |
of the solvent aml distillation of the residual
o1l gave the cyclohexylideme ketsl (2.8g.) bip.
109 - 1100/ 0.6 m.m.uﬁf 1.4961,
Z(Foun"d:.c', 70;'76 3 H,A 8.41' ¢ B 0 requires

11 18 3 -

C, 67.32; H, 8.22%), |
This compound was not oxidised by active manganese

dioxidge.
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2, 2 - Limethyl - 4 - btenzoyloxymethyl - 5 = ethynyl.

dioxolan (a61) .

Prepared by the action of benzoylchloride on.
2,2 - dimethyl -4 - hydroxymethyl - - ethynyldioxo= ‘
lan 1n pyridine this compound was obtained as a
colomrless oil bop. 114-116° /0,15 mem. 5 105231,
(Found: G, 69.52;: i, 6.56.- C H O requires |

_ ' 15 16 4

C, 6921; H, 6.20%)
: ob

1;:;; 3250(S) 2100(M) 1725(s( 1250(5).
DL - erythio = Pont = 4 - yn = 1, 2, 3 = triol = 1

- benzoate (AB2.

2, 2 - dmethyl - 4 - benzoyloxymethyl - 5 =
ethynyl@iozolan (2.0g) in 2§ sﬁigﬁhﬁrién acid (25 ml)
was heated at 900 for thirty minutes. The cooléd
sdlutibn was extracted with chloroform;',the
combined extracts washed with sodium bisarbonate
a‘mlutioﬁ, drie d, an;l e vapor-aizéd. to a g.olouriess
viscous oil {1.75g.) ’l’he,infraa:f"ed spectrum of this

material was consistent with the above formulatlon.

!

mox,
1250(8) .

B 3500(3), 3250(S.sh), 2100(x#) 1725(8)

The %rfol monobenzoate on complete benzoylabion with
bené&oyl chioride in pyridine affarded Apent - 4 = yn
=1, 2 3, - tricl tribenzoete m.p. and mized MeDPo

110-111° resolicifying and remeliing at 118;119‘50
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Pemodate oxidairl on of DL = erybthro = pent - 4 =

- Zl.3 2, S - triol = 1 = benaoatee

A mixbure of‘ DL - erythro - pent - 4 = yn - 1,
2, 3 ~triol ~ 1 - benzoate (0.50g.) and sodium |
metaper#odate (0.68g) in 50% aqueous diozan (50ml)
was al lowedvto sfand at -room temper ature for
elg hteen hows, by which time 0.96 moieﬂ of
periodate had been consumed (iodometric
tiftration}‘; The solubion was stsam distiiled into
afx a.queoﬁs solution of 2, 4 - dinitrophenylhydrazine
sulphate. Tie réddish%ye}laﬁ precipita‘bé was
collected and cwied; r‘hﬁomatoromphy on bentonite-
kieselguhr (4:1 ©/8) usﬁ;no chloroform. as eluant
afforded propargylaldehyde = 2 s 4 = dinitropheny-‘
1hdrazone (0. 36g) (Theory 0.46g.) orange-yellow
starlets, m.p. smi mixed MePo 121 = 1220 from

aqueous ethanol,

2y, 2 - Dimethyl - 4 - methoxymethyl - 5 - ethyny-

ldioxolan (A63) . .

| &) Dimethyl sulphate (9.0g) was added slowly to
é miz ture of 2, 2 - dimethyl - 4 - hydroxymethyl

= 5 = gthyayl ~ doxolen (4.9g) and potassium
carbonate (20g) in acetons (1501:11) o .The.mixture was

refluxed for eighs een hours. Most of the solvent

/
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solvent/ | |
‘was removed by Gisti llation, water(100 ml) was added
and the mixtwe was extracted with ether. The dried
extracts on evapprati on and distillation gave

‘unchanged acetonide (4.51g).

b) Toa aoiﬁtion of 3 2 - dmethbyl - 4 - hydr-
oxymethyl -5 = et.hyny'ldi.oxo‘ian (5 Og) in methyl iodide
(20 ml) silvez? ox.de {20g) was added and the
mixt-ure was shaken at room Lemoerature for 24 hours.
More silve:e oxide (15g.) was addea/%gg m.‘;xture was
sha ken for ) mrtmr 24 hours. Lther (3,00 ml)
was added and the mix turs was filtered. The
flltrate was evaporated and ti» wesidual 0il
aistilled to giv e 2, 2 - dimethyl - 4 - methoxymethyl
=5 - ethynyldioz“colan“ (1.7g.) Dopol30° (path temp)
(0.3 mam.  fp 1.4654,

ow! ‘

Vpax. 5250 (S) 2100 (M) 1378(8) 1200 - 1000 (8). .

‘DL - orythro - Pent - 4-yn=1,2 5 =trdol -1

- methvletha:r? {AB4) .

2, 2 -~ dimethyl = 4 - xﬁethoxymethyl -5 <
etb.ynyldioxolan' (1.6g) in 2N sulphuric acid (20 ml)
was Ipated at 909 for thirty minutes and cooled. |
The solution was extractod with chloroform end

the combined extracts after washing with sor um/
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sod um/ |
biearbomte soluslon were drisd and evaporated to a

viscous liguid (0.72g.)
Qm-.

Vo, 3500(S) 3250(S.sh) 2100(M(,

Pericdate oxidation of DL - erythro Jénf- «4 «3yn =
1, 2, 3 = trlol = 1 - methyl ether.

Crude DL ~ erythro - pent -~ 4 - yn = 1, 2, &
- triol - 1 ~ we thyl ether (0.71g; 0.00546 mole) in
 B0% aqueous & oxem (50 ml) was treatead with a solutlon
of sodigzﬁ"mé'baaperiodéﬁe (0.1176g; 0.0055 mole)
in water (10 ml) and the mixtwe allowsd to stand
at room 'i:iempe:r?ai‘,ure far 16 hours, th\en steam
distilled into m ﬁquécus salui; ionof 2, 4 =
dinitrophnenylhydrazins ‘m léhgte. The reddishcorange
precipitcate ‘was' cvo.vllected andn dried (2.42g.) thse
mixture of 2,‘ 4 - diniércéhenyihydrazoﬁes (0.5g)was
chromatographed on e odumn of bentonite-kieselguhr
wsing chloroform as eluant o give methoxyacetalde~
hyde -2 » 4 = dimitrophenylhydrazone (0.22g) orange
plates mop. end mized rin@ 125 - 1289 fr-ém_ ethanol
and pnbpar@ylﬁldehyda - 2, 4 = dinii:rs:aphenyihydrazone
(0.20z) @ange yellow starlets m.p. and mixed m.p.
I8l - 1220 from agueous chanol..
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Attemptéd preparation of 2 - methyleme = 3, 4 =

isopropylidene dioxytetrahydrofuran (A54).

a) To freshly prepared sodamide (frbm’éédium
'(o.:sg)) 2,'2 - dimethyl - 4 - hydroxymethyl - 5 =
ethynyldioxolan (1.0g.) was added and the
‘mixture kept a{: room temperature under nitrogen
for 24 hows. The mixture was extracted with
benzene and the combimed extracts e vaporated to
a pale yellow oil (0.95g.) which gave unchanged
acetonide on distiliation. -

When hegted with sodamide at 500 the mixture
decomposed violently.

b) A mixture of the acetonide (1.0g) and
sodemide(0.1lg.) in benzerm (80 ml) was refluxed
under ynit'z"ogan for eight hours. Vork izp as above
gave unchang ed acetonide as sole product. |

e) A mixture of the acetonids (1.0g.) in 0.1N
sodium hydroxide solwtion (100 ml) was refluxed
under nitz;ogen for 24 hours. The straw-coloured
solution was e xtrected with ether, the combined
extracts dried anmd evaporated to give unreacted

acetonide (0.92g) as sole product.
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d) The sbove reaction was repsated using 1N and
3 N sodium hydroxide .80 lution. No cyclisation

| product was oltaineds

‘ Reaction (b) wds remated using potasaium t -
butoxide or sodlum hydride as catalyst. No

cyclisation occurred.

'Attenp;ted preparation of 2 - nethylene - tetrahydrofuran-

3¢ 4 (erythr8) - diol (A60).
DL~6£E -pent - 4 = yn - 1, 2, 3 = triol

(1.0g.) in 4N solium hydroxide solution (50M1) was
refluxed under nitrogen far 10 houwrs. Thé cooled
solution was deionised on Amberiite ion=exchange
resi_ns'and concentrated to a yellow syrup (0.93g)
distl llation of which gave DL - e’rxthfo=pent”~ 4 -
ym =1, 2, 3 - triol (0,91gy b.p. 1209 /0.1 m.m.

a3 sole praduct,



PART II.

APIOSE and CORDYCEPOSE.
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| Branchedochain sugars have been |
lsolated from vafied sourceé of natural origin.
Until about 1950 ﬁha only natural products which
were lmown to contein a branched-chain sugar were
the flavone glycoside of the parsley plant (apiose)@al)
and the hamamelictannin obtainable from the bark
of witch-hazel (hamameloée). The search, during
the last decade, for new antibliotics has led to the
isolation of new branched-chain sugars, e.g.

Streptos&seﬁozb, sohydroxystreptoselsz(B05),

cordycepose od), noviose o5), mycaroselsé(Boe)
and cladinosel®®(B.7).

The idenﬁification of these new branchsd-
chaln sugars as components of natural p’oducts has
stimulated interest in methods for their synthesis.
Hough and Joneém%ava suggested that the biosynﬁhesis
of aplose, hamameolose and atreopbose might result from
the condensatiéns respectively of dihydroxyaceton&
with glycollic aldehyds, glyceraldshyde with itself

and/
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and tartaric dialdehyde with acetaldeshyde. There
are some chemical analogies for the formation of
branched-chain sugars by aldol condensations.
For example Utkint®® nas reported the chemical
‘synthesis of a branchsd-chain ketose, dendroketose(B.8)
by the self condensation of dihydrozyaéetone in
alkali, fH;OH
c=o
éH@H}
'c(ou)
/7 \
HoCH, CHOH
| - (my
The oyanobydrin reactlon has been appliéd to fructoss
to furnish branched-chain sugars containing seven
carbonatoms which have been uééd as inte#mddiates in
the preparation of other branchsd-chain derivativeso
Using this method Perlin and Gorin 39 converted
3=0=benzyl=D-fructose into Dwapiosé; Attempts have
been made to apply the Oxo reaction to unsaturated
8ugérsl4°° A new seven carbon Dranchedechain
carbohydrate has been obbteined by treating 394;6=tr1c
Omacetylmbmgalactal (B.9) ﬁith carbon monoxide and
hydrogah in the presence of preformed dicobalt-

octacarbonyl and ethyl orthoformate at an elevated

tempe raturse/
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temperature. Two produsts (B.10) and (B.1l) are
pbssible and it has been demonstrated that in fact
(B.10) is formed.

CH,0Rc

(B4.) (B10)
The opening of anhydro sugars by Grignard rsagents

providée a method of preparing branchedm\éhain sugars.
Thus methyl-4, Gaoebenzylideneasndeoxya3=»caéthy 1= =
Daé.ltroside «{B,13) has been prepared from methyl-2,3-
anhydro-4,6-0-benzylidene- ¢ =D-mannoside (B.12) 141,

O~C Hy,

e

PhCH

. ] .
(B} (813)
The action of Grignard reagents has also

been used to produce branched-chain sugars.
Overendl_42 has prepared methyl 3,4-0-isopropylidene-
2-0x0- 8 -I~arabinoside,and from it & series of branched-

chain sugars (B.14) by reaction with sultable Grignard

reagents,.
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(B1y)

(B.14 R = =CH==CH;) on ozonolysis afforded the
2=0=formyl-3,4=-0-1sopropylidens- 8 -L-pentoside (B.15).

H
v
Me C H
F]
H Otte
™ Ho CHQ ) 1] = Y‘e
(B1S) (Bib.)

(B.14 , R =Me) formed a monotosylate which or.l'_:
reduction with lithium aluminium hydride aff;rded
the 2-deoxy-3,4-0-1sopropylidene-28=C-methyl-f <L
pentoside (B.16). |

In a similay way & 3=0=isopropylidene=
5«=»0=»methy1 novionic acid (B.18) has been synthesisadma
from methyl-2,3-0-izopropyli denealpx'hamnofuranoaide
(Bol’?)' a8 shéwn below. This was identical with the
corresponding derivative of novionic acid obtained

from novioss,
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H o ©
n
W H,O0Me > “ W ) HyOMe
o= \ .
O -
HOOH \ A 4N\
]
m;\c Me, € ea
(1)

| CMC;
n-—-f'l-°
CHo—C—H
c(orw

CH, \H;

(r12)
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DISCUSSION,

Although the synthesis of apiosé and
cordycepoée described in 'bhei 1htroduction rigidly
proved the constitusions of these two sugars, the
method of synthesls was long and the lyield loﬁ and
‘- thus was not applicable to the relatively lé.rga
scale production of the racemlc sugars vwhich were
required for resolution studies.

o * Accordingly new and more direct synthetic
routes were investigated with this object in view.
This sectlion 1s concerned with thess investigabtions.

In the first spproach to aplose (see

. flowsheet No.20), the essence of the synthesis
centred on'the preparation of 1,l-diethoxy-2,3-0poxy-
4-gcetoxymethylbutan=4- 51 acesate (B,24} from which

aplose should be obtalned on acid hydrolysis. -

With aldehydes and ketones, waich have
electrophilic groups attaehed to the « -carbon atom or
atoms diazomethane 1is known to give the epoxide rather
than the homologous oldehyds or ketone. |

N CHad \_,©° \_ 5
C=o “"‘"’[/C N —2C ey,

Thus/
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Thus keto-D=-fructose psntaacetate gives the

corresponding epoxide in high yleld:

CH,ORc

E 2 o fﬂlonc

|C=o ) RNR S ?:;’CHA
HOR

(‘ €3 (euone),

By analogy with this resction 1t was
considersd posasible that discetoxyacetons (B.23)
wuld react with diazoacetaldshyde diethyl acetal
(B§22) to produce (B.24) dirsctly. As diazoacetal
had not hitherto been reporied, a synthesis of this
compound had first to be establishsd. |
| ~ Aminoacetal (B.if) on treatment with
msthyi chlorcformate gave an almost quantitative
yield of 1;1=diethoxy=2=methoxycarbonylaminbethana
(B,20) which was characterised as its corresponding
2, 4-dinitrophenyinydrazone. The preparation of the
Nenitroscurethane (B.21) from (B.20) by ths action of
nitrous acid proved unsuccessful even when the reaction
was carried out &t low tempsraburs,
N=Hitros0-1,l-dlethoxy-2-
methoxycarbonyleminoethans (B.21) was finally prepared
by‘ths'aetion of the powerful niﬁroéating agent,
nitrosyl chloride on the urethans (B.20). Attempts

o/



HZNCHQCH(OE#:) o (B19)

EtOchHCHZCH(OFt)z (B20)
E$0,,CNCH,CH(OE$) , (B21)
NO 1
(Acocnz)zco +  N,CHCH(OE%), (B22)
i
(23) ]
|
4
(AcOCHz)ec\—(-);CHCH(OEt)Z (B24)
' |
i
2
(nocnz)zc(og)‘cn(on)cno
Apiose.

(AcOCH2)200 +  N,CHCO,Et

(—n—-—

(Acocaz)zc\—o-,cncoznt _ (B25)

Flowsheet No.20.
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to purify the N-nitroso compound wers unsuccessful,
‘a8 decomposition occurred on distilletion. The
crude ﬁsnitroso‘campound_on treatment with base,
affordad diazoacetaldehyde diethyl acetal (B.22) as
a yellow mobile liquid, the infra-red absorption of
wﬁich'waa consisbent with ths above formmlatlon.

Attempt s wers made %o condonse ths
diazoacetal (B.22) with diacetozyacetone (B.23) which
was preparsd from l,3-dichloroacetons by the method
of Weygand144° At room temperaturs in chloroform
solution no reaction ocourred and the ketons was
recovered. In carbon tetrachloride at 90° in the
preéence of coppsr powder, no pure compound was
obtained. This attractivé route to apioss had
therefore to be abandoned.

Howover, the reaction of diacetoxyaéﬁtone
with ethyl dlazcacetate was studled in the hope that
ethyl-gB -epoxy- g ~acotoxymethyl-Y -acetoxybutyrate
(B.25) might be obtained. This on hydrolysis would
furnish apionic acld and thsnce apiose (see Flowsheet
Ho.20) «

145 studied the reaction of

Kharasch
éyclohsxanens and ncetone with ethyl diazoacetate

and/
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~and succeeded in isolating four compounds from the
reaction. These were (B.26) - (B.29): yieldé
are shown in brackets.

O—o CHRCOREL (q,gﬂ,).

(8 &)
HCOJ&
O’ u>© (“‘ I )
©27)
_CHCO,EL
S=ESI
(& 28)

oCH o8 (o))
(}scozze
(& 29)

With diacetoxyacetone under similar reaction
cohditions, only one compound was isolated in poor
yield. This compound analysed for Cy Hyg0g »

showed infre-red absorption at 1735 and 1625 om™%, and
had an absorption meximum in the ultra-violet at

210/
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210 mp. ( €= 11,000) characteristic of an o(f-
unsaturated ester. On microhydrogenation ons mole
of hydrogen was absorbed. On the basis of this
information thls compound was formlated as ethyl
3-acetoxymethyl-4-acetoxybut-2=enoate (B.30) formed

RcOCHy RAc OCH,
N N0 L N —c
/c-—-—i__cn co,€c M@ 5 C=CHCO €t
RCOCHé = RcO Hz‘
I
(B 21) | (820

presumably by elimlination of nitrous oxide from the
postulated oxazolins intermediste (B.31). This
unsgaturated edter (B.30) if it could have been
prepared in sufficlent quantity, would have provided
a useful intermediate from which a synthesis of aplose
might have been achieved. However, an aitempt to
prepare it more conviently by a Reformatsky resction
between diascetoxyacetone and ethyl bromoacetate was
unsuccessful,

The next approach to aplose (see Flpwaheet
No.21) wtilised benzylidene dihydroxyacetone (B.32)
as starting material. This was prepared, according

to the method of Raphasl and Mareil%

s from
nitromethane as shmm in Flowsheet No.2l. Unfortunately

this/



CH3N02

|

(HOCH2)3N02

'2\ N0,
o——ca/ \cazon

L,

0—CH,
AN /NHQ
~\
o--cnz/ cnzon
2 0—CH

(LJLCH
X

- PhCH C=0 &---PhCH CHOH

\

Ph

/8

AN

Ph (

/8

| /

(B32) (B33)

/N
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this compound was very unstable and could not be
prepared in qﬁanﬁity by this method. As an -
alterriative me thod of prei)aratio_n was desirabls,
2=phehy1;5=nydrcxy~1,3;dioxan (1,3;0=benzy11dene |
glyéerol) (B.33) was prepared by ths method of Staoayl‘m’,
but unfortunately 1t was resistant to oxidation by
the chromium trioxide=pyridine complex or by manganese
dloxlds and so the initlal method of preparation was
used. |

Tt has been shown 148 that benz%}dens
dihydxéxyacetone sondsnsad normelly with |
ethynylmagnesium bromids to give 2-phenyl-5-hydroxy-
5=ethynyl-1,3=dioxan. With ethoxyeth;mylmagnésim
bromide, however, a complex mixbure was obtai‘ned from
which the desired compound, 2-phenyl-5-hydroxy-6-
ethoxyethynylalg 3=dioxan (B.34) could not be isolated.

This approach had therefore to be abandoned.,
' 149

in a recent papsr Dornow and Muller
have shown that vig chloro-nitrc compounds, in which
the mitro group is tortiary, lost mitrous acid on
treatment with sodium methoxide; <+ths product formsd
in good yield was the chloro-olefin,
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By'this reaction'laﬁitro=1achloromethyl cyclohsxane
was converted to chloromethylene cyclohexsne in 74%
yield.

The applicaebllity of this resction to
the synthesis of branched-chain sugars was considered
since the chloro-clefin could be converted to an «8 =
unsaturated acetal by reaction of its lithium

derivative with ethyl orthoformate. Hydroxylation

Ry ,No2 g R\ oey
C—c-CR —pCc=Cc—-ct —y c=c-culoee
f &
R/,l,' \R“ d’ \au é/ lﬁ "

followed by hydrolysis of the protecting groups
should then produce a branched-chain sugar.

The cempound chosen for this approaéh to
aplose (see Flowsheet No.22) was 2-phenyl-5-nitro-5-
hydroxymethyl-1,3=dloxan (B.35), an intermediate in
the synthesis of benzylidene dihydroxyacetone.
Howsever attempss to preéepars 2-phenyl=5-nitro-6-
chloromethyl-l,3-dioxan (B.38) from (B.35) by reaction
with thionyl chloride in pyridine resulted in the
formation ¢f 2-phenyl-5-nitro-1,3-dioxan (B.37) by a
retro-aldol reachtion. Sincs chlorination could not
be effectad-directly, attempts were made to prepare
the chloro-nltro compound (B.36) by halide exchange

reactions/
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reac}.uons with the tosylate (B.38) of 2-phenyl
=f-nitro-5-hydroxym thyl-1,3-dioxen. No exchange
ocourred when 11th1umvdhloriﬂe in ethanol or sodium
lodide in acstone were used.
| Since the synthesis of apiose or

cordycepose eauld not bs achieved by this attractive
routé attentioﬁ was directed to the possibility of
utilising 2-phenyl-5-tosyloxy-1,3-dlozsn (B.39) as a
aynthetic intermediate as outlined in Flowsheet No.23.
The toéylate, prepared from either cis orugggggél,sm
O=benzylideneglycerol (B.33) appeared to consist of"
only one isomer because of ita sharp melting point o

. However attempts to condense the tosylate
(Bo.39) with sodium acetylide, or diethyl malonate
proved unsuccessful, Attempt s to prepard a halide
from 2-phsnyl-5-tosyloxy-1,3-diozan by exchange
resctions were also sbortive, slthough in one
experiment using sodium iodide in acetone at 100° in
a sealed tube, the quantitative amount of sodium- p -
tolnenesulphsnate was precipitabed bu% benzaldehyde
was the sole ovganie product isolated.

With the failurs of these attempts Lo
synthesisge apiose and cordycepose an entirsly
different approach (sse Flowsheet No.24) was made in
which/
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which the aldol reaction was used to introduce
branching on a selected compound. The chosen
.compound was ethyl- ﬂ odiéthoxyacetoac_e‘tate (B.40)
-prepared by the condensation of eﬁh;yl dlethoxyacetate
with ethyl acstate.

, With fome.ldehgde in aqueous solutlon
ethyl- {§ -disthoxyacetoacetate gave ethyl-(q -
: g:_!._g_hydroxymethylwﬂ =diethoxyacetoacetate {B.41l) as
a colourlesa viscous oil. Ho attempt was made %o
purify this compound because of the known ready
rearrangemsnt of the correspondixﬁg derivative of ethyl
- acetoacetate on distillation. : .

The dlol, therefore, was .aomrerted to 1its
benzylidene scetal, Zaphenylmﬁmdiethoxyacevtyla& -
carbethoxy-1,3-dioxen (B.42 R =Et. ), On treatment
with wesk base 1t was hopsd thab this cémpound ‘would
undergo "ketonic hycirolysis'” with romoval of the
carbethoxy group to furnish B.43). However, since
it was known that ethyl-dx -dlethyl aceboscetate gave
& -ethylbubyric ecid under these conditions it was not
surprising to find that the product obteined from
(B.42, R~ Et. ) was zmphenylewcatboxyd,Sadioxan
{B.44) instead of Z-phenyl-5-diethoxyacetylel,3-
dioxan (B.43).

In/
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In an effort to overcome this difficulty
attempts were made to prepars the corresponding
bengyl ester (B.42, R = Ph CHg) by transesterification
‘of (B.42, R=Ev ), since Bowman'® has shown that:
hydrogenolysis of substituted benzyl acetoacetates
gave the corresponding ketones in good yleld.
'Unfbriunately, however, transesterification could not
be effected in thle case.

Tn the light of these investigations 1%
wuld appear that a gynthogls of cordycepose might
best be achieved from benzyla§§‘cdiethcxy acetoacetate,
which could be converted to (B.42, R = Fh CHp) and
thence to cordyceposs by hydrogenolysis, reduction
end hydrolyzis.

It was of inbterest to note that aéphenylm
5=carboxy-1,3-Diozan was the benzylidens acetal of
the saccharinic acid, 3ahydroxy=zmhydroxymsthylpropaﬁac
acid the synthesis of wich has never been achievedtdl-
Tha‘only other known derivative of this acid is the |
ethyl ester, the preparation of which has been reported
racently by Arenalsgs

At this point the reduction of 2-phenyl-5-
diethoxyacetyl-5-carbethoxy-1,3-dioxan (B,42) with -
mtal hydrldes was investigated. With sodium
borohydride/
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borohydride in aqueous methanol or dloxan 2-phenyl-
6-(1 -hydroxy-2' ,2' -diethoxyethyl)-6-carbethoxy-1,3-
dioxan (B.45) was obtained,

When treated with lithium aluminium hydride
in ether solutiom, {(B.42) afforded the diol, 2-phenyl-56-
(1 -hydroxy-¢ ,d -diethoxyethyl)-5-hydroxymethyl-l,3-
dloxan (B.46) as a viscous syrup, the infra-red spesctrum
of which waes consistent with this formulation.

Hydrolysis of (B.46) with dilute mineral
aci& gave g reducing sugar which was considered to be
3=-de0xy=-3-0=hydrozymethyl-Di~apiose (B.47).

Since '{.xfcmoval of the carbethoxy group from
(B-42) could not be effected a schome was devised (see
Flowsheet No.26) whereby it might be utilised in a
‘8ynthesis of apiose. |

It was known that lead tetraacetate reacted
with active methylene groups with the introduction of
an acetoxyl group. Ethyl acetoacetate gave ethyl- &~

acelo '
=acetox;g{aceta.te (B.49) in 30% yield.

CH 4 co cH(onc) COo, &t

(3 u9)
“Accordingly sthyl- XX -=diethoxyacetoacetate

(B.42) was trested with lead tetraaeetate’ undsr various

conditions/
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conditions . Ethyl-& aacetoxya Xx odiethoxjacetate
(B.47) was obtained, but in low yield. It waa
hopsd that reaction of (B.47) with fomaldekryde .
would produce, after acetylation, ethgla =aeetoxya
o¢ ~a.cetoxymethyl- g_x adiethoxyacetoacetate (3948)
which on.hydride reduction fcllowed by hydrolysis
would furnish DIl-apiose. However roaction of (804?)
with formaldehyde gave, afher acetylation, é giﬁturé
of unidsntifiabie compouhdso B . |

With the failure'of thiﬁ appréach to th§
branched-chain éugaré aplose énd cordyceposé a thiﬁd
and final apprdach,iﬁ this case to cordycepose, paing
the aldol reaction was investigatedo'j fhis is shown
in Flowsheet No.27. ‘»

The eim of this approach was to prepana
a bis hydroxymethyl derivative of ac»%oneg condensa.
ation of which with an aldehyde would prqdqee an |
gg§=ﬂu;aaturated kétone which could bs“élaboraﬁed_to
an & ohydi'oxyald@hyde by redﬁc‘bicn a.zid oéonoljaia. |

Acstone itself oeuld not be uaea as thsﬁ
atarting material for thia scheme sinc.w 1t was knom
that reaction of acetone with fbrmaldebyde could not
be stopped after the introduction of two hydroxy-
msthyl/
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72

methyl groups’'“, the product being the trighydroxy-

mothyl derivative (B.50). ILikewise acetaldehyde
gave |
(nocw,),cocny (Hocuy) C CHo
(8so.) 155, (es1)
: pentaerythxbse (B.51)
Accordingly acetylacetone (B.52) was
Achosénias storting material., This was reacﬁgd
with two moles of formaldehyde in very dliute
aqueous base, The produet, a viscous syrup, was
_cénverted directly into its benszylidene acetal, but
the structurse of this compound could not be
eétablishedo_ ‘The infra-red spechrum showed that
the compound wes & non-enciic ketons and the presencs
of benzenoid absorption indlcated that a bengylidense
acetal had bsen formed. These conclusions were
 confirmed chemically by the non-formation of &
copper enolate and by the fact that behzéldehydb was
diberated on treatment with dilute'acida
| The enalyticel data indicated an empirical
formule (®gf10%3), ; the analytical data on the
semicarbazone derivative indicated that the compound
waé a diketons since the derivative analyssd for a
bis semicarbazone of (CgH;09%3),  The structures of
these/ '
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these compounds are under investigation.

Finally, an approach was made to the
ayhthaais of cordyceposs using a keto-dlester of
the type R CO CH (COgEt )o. If R 1s a grouping
readily convertible to an aldehyde but resistant to
reduction by lithium aluminium hydride, it would
appsar thaé complete rednctioh of this keto=diester
with the latter reagent should glve a‘simple

deriVative of cordyceposec

Accordingly cinnamoyl malonic ester (B.53)
the dnubla bond of which would provids tha aldshyde
function of the sugar, was reduced with lithium
aluminium hydride. The product was dn intractable
 gum.

| The complexity found in the hydrids
reduction of B =keto esters has been obssrved in

154

simpler cases. Thus Dreiding and Hartman reported

that Eécarbethoxy cyclohexanone, on hydrids reduction,

- gave a mixzture of 2-methylenecyclohexancl,

lahydroxymethyl cyelonezens and 2-hydroxymethyleyclo
hexanol.

With sodium borchydride, even in buffered
solutlion, it was found that cleavage of the moleculs

ocourred/
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ococurred; the products isolated were cimmamoyl
alcohol and diethyl malonate.

An attempt was also made to utilise
cinnamoylmalonic ester in a synthesis of apiose.
Since non-enolic B -keto esters are reduced normally
by lithiuwm aluminium hydride it was the intention,
a8 shown in Flowshest N0.28, to replace the adctive
hydrogen atom of cinnsmoyl malonic ester by acetoxyl
by reactlon with' lead tetraacetate, The product
- {(B.558) which would have bsen non-enolic might poasibly
have afforded Di-apiose by the outlined route.

' However, reaction of cinnamoyl malonic ester with

lead tetraacetate gave no identifiadbls product.



KXPERIMENTAL.

All infra-red spectra were measured
as liquid films unless otherwise specified.
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1,1@Diethoxgﬁ2mmethoxycarbdqylaminoethane (B.20),

To a vigorously stirred solution of
aminoacetal (150 g.) in ethsr (150 ml,) at 0°,
methyl chloroformate (10 g.) and a solution of sodium
hydroxids (4 g.) in water (40 ml.} were added drop-
wise sirmltaneously. The ether phase was separated
and the aqueous phase was éther extracted. The
combined extracts were dried‘(xgcos) and evaporated.
Distillation of the residual oil gave 1,l-diethoxy-
2-me thoxycarbonylaminoethans (11°9 g.) bopo lslalsaQ/
20 mom, n3° 1-4320, |
(Found C, 48°76; H, 8.13. 05317304 requires
C, 50:25; H, 8:96%) ‘
wem=l  3410(s) 1750(s) 1650(s) 1200-1000(br.s)

The corresponding 294=din1trpphsnx;gxdr§zone, golden-
yellow needles from ethanol had m.p. 172-173°,
(Found: ©, 40.36; H, 3°39 : §J1),5:9 requires

C, 40+41; H, 3-73%),

N-Nitroso-1, 1-diethoxy-2-me thoxycarbonylamiroethans (B,21)
(a) Attempted preparation using nitrous acid. |

To a mixture of 1,1-dlethoxy-2-methoxy-
cairbonylamino ethane (10 g.), sodium nitrite (60 go),
crushed ice (10 go) and water {80 ml.} covered with
ethe v/
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ether (30 ml,) at 002, a cold solution of conc.
nitric acid (20 ml.) in water (30 ml.) was added
glowly from a dropping funnel, the .end of which was
inmersed in the aqueous phase. After the addition
was complete, the mixture was stirred for a further
20 minutes, after which the ether layer was separated
and the aqueous phase extracted with ether. The
combined ether extracte were washsd with cold sodium
bicarbonate solution, dried (NagSO4) and evaporated
to a pink coloured liquid.

The infra-red spectrum of the crude
material showed that no N-nitrosation had occurred,

Distillation gave unchangedurethane (85 g.)
as the sole product,

(b) The above reaction, repeated at 14° gave unchanged

umethane as sole product.

(¢) Preparation using nitrosyl chloride as nltrosating

agent:
Nitrosyl chloride (4¢3 g.) in acetic

anhydride (5.0 ml.) was added to a solution of 1,1-

diethoxy¢2=msthonycarbonylaminoethané (L g.) in
pyridine (5 ml.) at 0° and the mixture allowed to

atand/
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stand for 45 minutes. The mixbture was poured into
1ce (20 g.) and extracted wiih ether. . The combined
extracts on drying (KyC0g) and evaporation afforded
‘a brom o1l (08 g.) which dscomposed on distillation.
v gl a7s0(s) 1490(s) 1200-1000 (bres.).

Absence of sbsovptlon at 3410 and 1550 om~Li,

Diazoacetaldehyds diethyl acebal. (B.22)
NmNitrosooi,lmdiethcxyozamethoxyoarbonyla
eminoothane (0:65 g.) was added to a mixiburs of
pobassivm hydroxide (4 g.) webter (10 ml.) and other
{20 m1.) and the mizturs allowsd to stand st room
terparature for 30 minutes with occaesional shaking.
The yellow ether layer was removed and dried (KOH). -
Evaporation at 200 gave the diazoacetal (0-32 g.) as
e yellow oil,
.U.mm 1 2150(3);~ 1200=1000 (br.s.).

Propan-2-cmed. 3-diol diacotateld? (B, 23) {Diacetoxzy
. acotone) .

This was prepered {es describsd by
Weygénd) by the action of pobassium acetate in acetie
ecid on 1 5mdichloropr0panpzoonoo ‘The compound

obtained in 20% yield hed MoPo 47-48° (Lit, mo.p. QVO\

Attempted/
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Attempted preparation of 1,l-diethoxy-8,5-epoxy-

4-acetoxymethyl butan-4-ol acetate (B.24)

Propan-2-on-1,3-dlol diacetate (0+75 g.) in dry
ethanol (20 ml.) contaiﬁiqg dry potassium carbonate
(1 g.) was treated dropwise with the nitrosourethanse
{(B.21) (1°1 g.). There was no apparent evolution
of nitrogen and after 24 hours the solution was dark
brown in colour, The soiution was poured into water
and ether extractad. The combined, dried extracts
on avaporation gave a dark brown resinous material

from which no pure compound was isolated.

To a solution of prepanmzmoncml,sédial diacetate
(046 g.) in absolute chloroform {20 ml.) contalning
dry methanol (2 ml.) a solution of diazoacetaldshyds
dlethyl acetal (from 45 g. {(B.21) ) in chloroform

(7 ml.) was added. The mixture was allowsd to stand
at room tempsrature for 24 days. ‘Romoval of most
of the chloroform and addition of pstroleum ether
(40-60) gave diacetoxyacetone {0-38 g.) m.p. and
mixed m.pe. 46=471 No ethsesr product was isolatedo

Propan-2-one-1,3-dlol diacetate (2 g.), dlazoacetal-
dehyde diethyl acetal (4.3 g.) and copper poﬁ?r

(0-8)/
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(0.3 ge) in carbon tetrachloride (20 ml.) were
heated under reflux in an atmosphere of nitrogen
for 8 hours., The solution was filtered and
evaporated to a dark brown resinous maeterial from

which no puwres compound was isolated.

Condensation of propan-2-onc-1l,3-diol diacetate.

with ethyl diazoacetate. Ethyl-3-acetoxymethyl-

4-acetoxybut-2-onnate (B.30).

Propan-2-one-1,3-diol diacetate (2 g.), ethyl

dlazoacetate (1-40 g.) and copper powder (0¢3 g.)

in carbon tetrachloride (20 ml.) were heated under

reflux in an atmosphere of hitrogen for 8 hours.
Filltration, evaporation of solvent and distillation

of the residual liquid gave a colourless liquid

(046 g.) b.p. 126-127°/18 m.m. nZ° 1.4476.

(Found: €, 54-24; H, 636, C37H;50, requires

C, 54-00 3 H, 6°60%). |

v gu-l i735(s), 1625(s), 1240(s).

A mex, 210 mp., ( €, 11,000)

Microhydrogenati on revealed the presence of one

double bond.

Attempted/
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Attempted preparation of ethyl-3-acetoxymethyl-

ggacetoxy but-2-enocate (B.30).

To a mixture of propan=2=one=1,3=diol
diacetate (3 5 g. ) and freshly activated zinc wool
(132 go) in benzens (10 ml.) under nitrogen,
solution of ethylbromoacstate (534 g.) in benzene
(5 ml.) was added with stirring. The mixture was
heated under refluz for 48 hours, cooled gnd poured
on to a mixture of ice and dilute acetic aclid. The
solution was extracted with ether and the combined
extracts after being washed with cold dilute sodium
blcarbonate solution and water were dried and
evaporated to a brown oll. Distillation gave
unchanged ethyl bromoscetate (1.4 goi.and propénpza
6nca1,5=diol dlacetate (0°85 g,) b.p. 110-130/0-1 m.m,
which solidified ¢n standing. E

2=N1tro=2ehydrozgmethylepropaneal,5ad101155.

4 Prepared by the condsnsation of
fbrmaldehyde wlth nltromethane according to the
method of Schmidt end Wilkendorf, this compound had
m.p. 167-158°.

2=-Phenyl/
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156(B

2=Fhenyl-5=-nltro-5-hydroxymethyl-1,3-dioxan
Prepared according to the method of

«35)

Secattergood and Maclean,this compound had m.p.
126-127°, '

2=2§ggyln5aaminomsahyaroxgmetgyle1,Swdioxan146; "

Prepared according to the method of
Marel and Rapheel, thla compound was obtsined as
colourless needles, m.p. 114=115° from ethyl acetate.

2-Phonyl-5-keto-1,3-dioxan 46 (B.32).

Prepared according to the method of
Marel and Raphael, this compound was obtained as an -
unstable solid, m.p. 69=71° v max 1751 ou~1 (CHC1zsoln)

2,4wD1n1tropheny1hydrazohe mcpo174;175°

Semicarbazons m.p. 214-215°.

Attempted preparation of 2-phenyl-5-hydroxy-5-ethoxy

ethynyl-l,3-dioxan (B.34).

To a solution of ethoxyethynyl magnesium bromide67‘
(from magnesium (0-187 g.), ethyl bromide (24 g.)
end ethoxyacetylens (0-54 g.) ) in tetrahydrofuran
(10 ml.) under nitrogen at 0°, a solution of 2-
phenyl/ |
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phenyl=5-keto=1,3=dioxan (1°37 g.) in tetrahydrofuran

(10 ml.) was added during 30 minutes. After

~addition was complete the mixture was heated under

reflux for 4 hours. To the lce-cold solution
saturated ammonium chloride solution was added and
after stirring for one hour the mixture was extracted
with ether. The combined extracts were dried and
evaporated to a brown oil (082 g.) from whioch no
pure compound was obtained either by distilletion or
chromatography.

The above exporiment was repeated using a five-fold
excess of ethoxyethynyl magnesium bromide and a
reaction time of seven hours. No pure compound was

isolated.

1,350=Benzylidene_ggycero}4TB.53);A

Benzaldehyds (200 g.), giycerol (220 g.)
and concentrated sulphuric acid (05 ml.) was heated
at 960 while o current of air was blown through the
mixture. Benzens (275 ml.) was added and the water
of condensation removed as its aszeotrepe with
benzene. The benzene solution was jgshzd with agueous

ammonis,/
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ammﬁnia solutidn, dried and evaporated to a thick
yellow oll which slowly crystallised.

Chromatography on alumina gave the cia
1somer>m.po 83-84° followed by the trans isomer
mopo 64:5-65-5%, %

Attempted preparation of 2-phenyl-5-keto-=1,3-

dioxan (B.34) |

a) To a solution of cis-1,3-O-benzylidens glycerol
(1-8 go) in pyridine (5 ml.), a solution of the
chromium trioxide-=pyridine complex (from chromium
trioxide 1°4 g.) ), in pyridine (5 ml.) was added
and the mixturs set aside for sixty hours. Thev
mixture was diluted with wator and extracted with
ether. The combimd extracts were dried énd
evaporated to give unchanged benzylidsne glycerol
(1°3 g.) mop. 83-84° from methsnol.

Footnote:
Z This "trans" isomer has been shown to be a

cls-trans mixturelal.

b) /
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b) 1,3-0-benzylidene glycorol (2°0 g.) in methylene
chtoride (100 ml.) was treated with active mangemese
dloxide (40 g.) and the mixture shaken at room
temperature for 48 nours. Flltration and
evaporation of solvent gave unchanged bensylidens
glycerol (20 go) m.p. 83-84°.

1,3=-0-Benzylidene-2=0=-tosyl glycerol (B.39)

Prepared by the reaction of p-toluens -
sulphonyl chloride with oither cis or trans 1,5=0=

benzylidena glycsrol, the togylate was obtained as
prisms)mmpo 124-125° from methanol. '
(Found: C, 61°24; H, 5°563. Cale. for CynyH;gS0g,
C, 61:07: H, 543%).

Attempted éondensat;pn of 1,3-0=benzylidene=2-0-

tosyl-glycerol with diethyl malonate.-

a) To a solution of sodio diethyl malonate (from
dieth&l malonate (1°6 g.) ) in ethanol (50 ml.),
1,3-0-benzylidene-2-0=tosyl glycerol (3°33 g.) was
added and the mixture refluxed for five hours. The
cooled solution was poured into water and extracted .
with ether. The combinsd dry extracts on evaporation

gave/
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gave a solid mass which on trituration with
methanol afforded unchanged 1,3-0-benzylidens=2-0-
tosyl-glycerol (29 g.) m.p. 124-125°,

Attempted preparation of 2-phenyl-5-iocdo-1l,3-diloxan

a) A mixture of 1,3-0-benzylidene-2-0-tosyl glycerol
(1°0 g.) and sodium iodide (3¢0 g.) in acetone (756 ml.)
was refluxed for twantyfour hours. |
The solution on filtration and evaporation
gave unchanged tosylate (o~95 go) mop. 124-125°,

b) A mixture of toSylate (1-0 go) and sodium 1odide
(0°6 ‘g.) in acetone (20 ml.) was heated in a sealed
tube at 100° for two hours. The cooled, dark
solution was filtered gﬁﬂ the precipitatedsodiumapa
toluene sulphonate (O- 503 g° theoretical for complete
veplacemnt 0545 go).

The filtrate was washed with sodium _
thiosulphate solution and sodium bicarbonate solution
and dried. The residual brom o0ll obtained on
evaporation gave only benzaldshyds on distillation.

Much polymeric materiasl remained.

¢) Diethyl malonate (1°60 g.) was added to a suspension

of sodium hydride (0-24 g.) in dry tetrahydrofuran
(20 mlo)/
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(20 ml.) under nitrogen. The mixture was refluxed
for one hour, cooled and 1,3-0-bonzylidens=2-0-
tosyl glycerol (3°34 g.) in tetrahydrofuran (10 ml,)

-added, ‘The mixture was refluxed for twentjseven'

hauré then worked wp a8 in {e). The togylate (3.2g.)

was recoversd unchanged.

As in (e¢) but mixture heated in an autociave at 100°
for twentyfdur.hourso The tosylate (3.14 g.) was

recovered,

Attempbted preoparation of 2-phenyl-S-ethynyl-1l,3-
Sioxan. | _4 | o

To a solution of 1ithium aéetylida (from
1ithium 1¢6 g.) in dry dioxan (20 ml.) under nitrogen,
l,3=0obenzylidenemeeoétpsjl glyceroi (334 g.) in
diozan (10 ml.) was added and the solution refluxed
for fortyeight hours and cooled. | The solution was
poured into water and extracted ﬁith ether, The

dried extracts on evaporation gave unchanged tosylate

(3425 g.) mop. 124-125°,

2=Phenyl-5-nitro-6-tosyloxymethyl-l,3=-dioxan (B.28).
Obtained as colourless needles, mo.p. 143-144°

( from/
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(from methanol-ethylacetate) by reaction of p-

tolwene sulphonyl chloride with 2-phenyl-5-nitro-
5=hydroxymethyl-1,3-dloxan in pyridians.

(Found: G, 55.24; H, 4°57, C3gf819"0 requires
C, 54¢96; H, 487%).

Attempted preparstion of Z2-phenyl-5-nitro-5-=

chlorome thyl-1,3-dioxan (B.36)

Thionyl chicride (130 g.) in carbon tetrachloride

(20 ml.) was added siowly to a stirred solution of
2cphenyla5aniur0o5ohydroxymsthy1ol 3-dioxan (239 g.)
end pyridéne (7°9 g.) in carbon tetrachloride (50 ml.).
at 5%.  After addition was complete, the mixbture

was stirred for a further hour after which the solvent
ﬁas removed under reduced pregsure. The residual
0il was heated at 95° under 30 momo'pressure for_bns
hour, thon %taken up in chloroform (100 ml. ) and
washed with.watar and éried. On removal of the
solvent a brown 5olid was obtalned. urystalliaatién
from benzens-patroleun other (6080 fraetien} gave
colouriess needles m.p. 126-127° underpressed on o
admixture with R-phenyl-b-nitro-1,3-dioxan (prepared
by demethylolation of 2apheny1¢5an1troo5=hgdfoxym
mothyl-l,3-dloxen with sodlum methoxlde in bensens).,

b) /
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o)

a)
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Using the sbove procedure but with reverse addition”

also resulted in'dealdolisation

A solution of 2»phanji»5=nifroésabosyloxymathylel,SQ
dioxan (0°5 g.) in ethanol (20 ml.) containing
lithium chloride (1°0 g.) was refluxed for four
hours, the ethanol removed by distillation and the
residus extracted With ether, Removal of the

solvent gave unchanged nitrotosylate (047 g.).

With sodium 1odide in acetone and a ten hour reflux

period, no exchange took place.

Ethyl-¥¥ -diethoxyacetoacetate (B.40).

This was prepared as described by Royals
and Robinéon157 by the condensation of ethyl
dilethoxyacetate and ethyl acetate, The produet
Dad bep. 74-78 [ 0¢4 mam. 25 1.4259. |

Ethyl-2,2-bishydroxymethyl-4,4-diethoxy acetoacetate}
{B.41

To a solution of ethyl~YY¥ -disthoxy
acetoacetate (10 g.) in distilled water (70 ml,)
containing potassium carbonate (2 g.) at 09,
formaldshyde (29 g. 3 1 g 40% Soln.) was added
dropwise/ | |
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dropwise with occasional shaking until the solution
became homogeneous. (20 min). The scolution was
extraoted with other and the combired dry extracts
were evaporated at 30° to a colourless viscous
Mquid (10-2 g.). | |

) Distlillation was not attempted because
of the known rearrangement of the corresponding
derlvative of ethyl acetoacetate.

1;;%:% 3300{s) 1735(s} 1705(s) 1050(s)

2=Pheg31=5mcarbeﬁhoxyosmdiethoxyacéﬁylal,3odioxan {a.42)

A Nixture ¢f ethyi-2,2-bishydroxymethyl-~
4,4-diothoxy acstoacetate (2°5 g.), redistilled
benzaldehyde (1:5 ml,) and k -tolmenesulphonic acid
(20 mg.) in dry benéene {50 ml,) was heated under
reflux for 12 hours, the water liberated being removed
a3 1ts benzene agzeotrope. The cooled solution was
wasthd with sodium bicarbonate solubtion and water,
dried and evaporated to an orange coloured viscous
liguid.

Distiliation gave 2-pheunyl-5-carbsthoxy-
swdiéthoxyacetylal,3=dioxan (2-41 g.) b.p. 168/170%/
002 mm. nZ° 1°4909. On standing, the oil gredually
solidified° The solid isomer was removed by

filsracion/
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filtration. Crystallisation from light petroleum
(40-60°) gave the above compound a priams m.p.75-77°.

(Found; O, 62:00; H, 7-13. 01932607 requires
C, 62°28; H, 7-16%)

v Sl (wuson) 173s(s) 1705(s) 1240(s) 760(e)
710(s).
The remainder of the oil solidified
gradually giving the same compound (2:15 g.) m.p.
756-779,

Action of 5% Na OH on ethyl-2,2-bishydroxymethyl-
4,4-dlethoxyacetoacetate.
The dihydroxyketo ester (3 g.) im

aqueous sodium hydroxide solution (100 ml. of 5% soln)
was agltated at room temperature for 30 minutéh |
The solutlion was neutralised with cold sulphliﬁo acid
and extracted with ether. The combihned-eztradta

were dried and evaporated to a dark brown 011 (1.1 go),
which decomposed on distillation at 0°001 m.m.

Attempted/
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Attempted preparation of 2-phenyl-G-diethoxyscetyle

l,a-dioxan (8.43).

&) 2-Phenyl-5-carhoxy-1,3-dioxan (B.44).

b) .

c)

2-Phenyl-5-carbsthoxy-5-diethoxyacetyl-
1,3-dioxen (2 g.) in sodium hydroxide solution
(100 ml. of 5% soln.) was stirred at room temparature
for 8 hours by which time the solution was homogeneous.
The solution was neutralised with dilute sulphuric
acid and extracted with ether. The dried sxtracts
on evaporation gave zaphenylaéucarboxyol,5wdioxan
(1-21 go). Crystallisation from benzene gave the
acid a colourless plates m.p. 161-163°,

( Found; C, 63.98; H, 5.70. ©3,H;50, requires

C, 63.54; H, 5.81%)
v &l (vugon) 170(s) 750(s) 700(s)

Using 1% sodium hydroxide solution for
the hydrolysis 2-phenyl-5-carboxy-1,3-dioxan was
obtained as the sole product.

zaPhsny1=5=carbethoxyosadiethoxyacetyle
1,3-dioxan (1.0 g.) and water(5 ml.) were heated at
170° in a sealed tube for 4 hours. The cooled
solution/
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solution was extracted with ether and the combined
dry extracts were evaporated.» Distillstion of the
residual liquid gave the starting material (0.74 g.)
a8 the sole product.

2-Phenyl-5-carbethoxy-5-diethoxyacetyl-
1,3-dioxan (3°66 g., 0.01 mole) and lithium lodide
(938 go, 0-07 mole) in 2,4,6=collidine (50 ml.)
ware heated under reflux for 6 hours., The cooled
solution was poured intoc water and the mixture was
extracted with ether. The combined ether extraocts
ware washed with sodium bicavbonste solution and
dried. Evaporation of the sclvent gave a dark brown
oll (1:15 g.) wnich on distillation gave the starting
material (0.87 g.).

The sodium bicarbonate washings on
acidification with hydrochloric ascid and extraction
with ether gave zéphenylmsacérboxyol,Swdioxan (0.63 go)
Mmepo 161-1630,

Attempted proparsgtion of 2-phenyl-b-diethoxy nmeetyl-

S=benzyloxycarbonyl=1,8-dioxan (B.42, B =FhCHo ) by

trans esterification.

2=Phenyl-5-diethoxyacetyl-5-carbethoxy-1, 3=
diozan/
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dioxan (9.6 g.) and benzyl aleohol (4.7 g.) in

benzens (100 ml.) containing sodium ethoxide

(0.13 g.) was hested under reflux for 10 hours with
occasional removal of benzene by distillation to
remove any othanol formed. The cooled solution |
was washed with water and dried (Mg SO4). Evaporation
of the solvend followed by distillastion of the
residual oll gave 2-phenyl-5-diethoxyacetyl-5-
carbethoxy-1,3-dloxan (8¢9 g.) bop. 178-1749/0.06 m.m.

2-Phenyl-5-(1_=hydroxy-8 ,2 ,-dlethoxyethyl)=5=

caibeth0§x=1,5adioxan (Bo45) .

To a solution of 2-phenyl-5=disthoxy
acetyl-5-carbethoxy-1,3-dioxan (1°5 g.) in methanol
(10 ml1.) at 0° a solution of sodium borohydride (3Q2 go)
in water (7 ml.) was added slowly with stirring.
After 24 hours at room tempsrature the mixture was
extracted with ethsr. The dried extracts on
eveporation gave a colourless liquid (1.41 g.)
Dopo 165-168%/0.09 momo
n§1 1-4523 (short path distillation).

(Found; €, 6085; H, 7.28, C39H,00y pequires
G’ 61‘94; H’ 7066%)

cm=1
Y max.
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om~1l 3400(8) 1735(s) 1240(s) 1190-980(s)

max.
760(8) 700(s)

-phenyl-5-(1 -hydroxy-2 ,# -diethoxysthyl)=-5-

hydroxy methyl-l,3-dioxen (B.46)

To a stirrsd suspsnsion of lithlum
aluminium hydride (1.1 g.) in ether (20 ml.) at 0°
under nitrogen, a solution of 2-phsnyl-5-dlethoxy
acetyl-5-carbethoxy-1,3-dioxan (0.75 g.) in ether
(5 ml.) was added dropwise. After addition was
complete the mixture was heated under reflux for 4
hours then cooled to -10°. Ethyl acetate (5 ml.)
was added followed by cold aqueous smmonium chloride
solution. The organic layer was separated and the
aqueous phase was extracted with ether. The combined
extracte were dried and eveporated to a colourless
viscous syrup {0.54 g.). Distillation at 0,001 mo.m.
resulted in decomposition.

The infra-red spectrum was consistent with

the above formmlation.

v S8t 3400(s), 1200-1000(s) 760(s) 700(s).

3-Deoxy/
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5=Daoxy=5=0ahydroxymet@yloDLeapiose (B.47).

2-Phonyl-5-(1 ~hydroxy-8 ,4 -aiethoxy ._
ethyl)-b6=hydroxymethyl-1l,3-dioxan (0.22 g.) in
dilute hydrochloric acid (5 ml. 2N) was heated at
100° for one hour. The cooled solution was sxbtracted
with ether to remove the benzaldehyde liberated in the
hydrolysis., The aqueous solution was neutralised
with silver carbonate filtered through chsrcoal and
evaporated to a colourless syrup (0.14 g.) which was
considered to be J-deoxy-3-C-bydroxymethyl-Dl~aplose.
The substance reduced Fehlings solution and gave a

positive silver mirror test.

Ethyl - X ~acetoxy- ¥ ¥ ~diethoxyvacetoacetate (B.47).

To a solution of ethyl:33=diethoxy_
acetoacetate (10 g.) in dry benzene (100 ml.) at 10°,
lead tetraacetate (20 g.) was added with stirring over
a thirty minute periocd. After each addition the
solution deﬁeloped a dark yellow colour which graduallj
faded and lead acetate precipitated. After stirring
for one hour the solution was filtered. The combined
filtrate and wash*ngs were washed with aqueous sodium
bicarbonate solution, dried and evaporated to a pale
yellow liquid (9.8 g.)s Distillation gave
sterting/
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starting material (3.4 g.) and a fraction (4.4 g.)
bope 88=92°/0.2 m.m. n§° 1.4378 which was ethyl-oK -
acetoxy=- Y -diethoxyacetoacetats.

(Found; C, 52.71; H, 7.66. C35500 requires
C, 52.16; H, 7.30%)

-1
v 2 135(s) 1705(s) 1240(s).

Attempted preparation of ethyl- Kmacetoxxco‘z=acetog

methyl- ¥-diethoxyacetoacetate (B.48).

To a suspension of ethylc_o_(eacetoxya}ga
dlethoxy acetoacetate (5.0 g.) in water (75 ml.)
containing potassium carbonate (0.5 g.) at 59,
formaldehyde (0.6 g., 2 ml. 40° solution) was added
and the mixzture allowed to stand for 2 hours with
occaslonal shaking. The solution was extracted with
ether; thn combined extracts were dried and evaporated
at 20°. The residusl pale yellow oil (4.7 g.) was
acetylated {acetic aubydride-pyridine). Distillation
of the acetylated material gave the following fractions:-
(1) bope 75-82 / 0.06 m.m. ng° 1.4306 0.9 go

(2) " 82"’86 " " 104341 1.3 go
(3) o 86=90 " " 1.4386 1.1 ge.
(4) " 90"92 " : n 104421 007 80

A1l/
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All fractions gave a positive ferric chloride testo
Fractions 8 and 3 were combined and fractionally
distilled. Fraction 21 had b.p. 84-86 /0.06 MoMe
n35'1c4372 and gave a positive ferric chloride test.

(Found; C, 55.33; H, 8.07. 61532409 requires
C, 53.25; H, 7.10%)
Thes composition of this material was unknown but

was not the desired compound since it was enoliec.

Reaction of acetyl aceﬁone withf;ormaldegydeo

| To a suspension of acetyl écetone {100 g.)
in water (500 ml.) containing potassium carbonate
(5;0 g.) formaldehyde (60 go 3 180 g. of 40% solution)
was added slowly, the tempsrature of the mixture being
kept between 0-5°, After two hours the solution was
extracted with sther, The combined dried extracts
on evaporation at 30° gave a colourless syrup

(114.5 g.) waich could not be distilled.

n=1
v B 3400(s) 1700(s) 1050(s).

Benzylidens sacetal.

- The above oil (10405 go) and benzaldahyds
(200 g.) in benzens (500 ml.) centaining b =toluene
sulphonic/
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sulphonic acid (1.0 g.) was refluxed for 15 hours,
the water of condensation being removed ageotrop-
ically. The'cooled solution was washed with sodium
bicarbonate solution and water, dried, and evaporatsd
to a dark brown oil ( 297.4 g.). Distillation of
a portion (32 g.) of this material gave, after a
small foretun of benzaldehyde, a pale yellow oll
(6.3 g.) bop, 152-134%/0.3 mem, not 1.5400.

A large polymeric residus was left,

(Found; C, 62.41; H, 6.75. C;,91:.0%5 requires
C, 72.39; H, 6.94%).

The structure of this compound is as yet unknown.

v max 1700{s) 1600{s) w740(s) 690(s),
(The analysis fits an empirical formula (Gs 10 5)
which requires G, 62.,32; H, 6.54%).

That this compound was a benzylidene
acetal was shown by the féct that benzaldehyde-2,4-
dinitrophenyl hydrazone m.p. 237° was formed on
warming with methanollic 2,4-dinitrophenylhydrazine
hydrochloride. |

On treatment with se micarbazids acetate
in methanol a compound {prisms) m.p. 239-240° from
aqueous alcohol was obtained which analysed for a
bia- / -
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bis-semicarbazons of (CgHi0%3 )n o

(Found; C, 45.26; H, 6.06; ¥, 31.22. ®30816%%s
requires C, 44,77; H, 6.01; N, 31.33%).

Cinnamoy) malonic ester (B.53).

Cinnamoyl malonic ester, b.p. 152-154%/
5.39 x 10°7 ngl 1.5910, was prepared in 89% yleld
by the condensaﬁion'of cinnamoyl chloride with

magnesiomalonic ester.

vl mis(s) 1620(s), 756(m), 694(s).

Reaction of cinnamoyl malonlc ester with sodium

borohydride.

4 Cinnamoyl malonic ester (1.0 g.) in

- methanol (10 ml.) was treated with a solution of
sodium borohydride (0.8 g.) in water (2 ml.), the
reaction temperature being kept below 5°. After the
initially vigorous reaction had subsided the mixture
was allowed %o sténd at room temperature for twenty
four hours, The solution was diluted with watér
(100 ml.) and extracted with ether. The combined
dried extracts on evaporation gave a pale brown oil

(0.56 go). Distillation gave malonic ester (0.15 g.)
bopo/



1)

2)

»)
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bop. 90-92°/20 m.m., and a colourless oil (0.38 g.)
b.p. 80°/0.2 m.am. n§? 1.5771.
ﬁrﬁg;f 5300(s) 1620(m)v'1600(m) 978(s), 740(m) 690(m)
A max, 255’2?‘

(Etoh)
This compound was shown to be cinnamyl alcohol by
the fqlloiing roactions:~ '
Reaction with bromine in carbon tetraoﬁloride gave &
solid which crystallised as colourless needles |
m.p. 73-74° from benzene., (Dibromocinnasmyl alcohol.
Ut. m.p. 75-74).,

Oxidation with manganese dioxide in methylene éhlorids
gavé cinnamic sldehyde. The 2,4=dinitrophsnyl
hydrazone, red plates m.p. 247-248° from acetic acid
was identical with an asuthentic eampieo

The reaction of cinnemoyl maled ¢ ester
with sodium borohydride in mathancl was repeated, this
time in the presence of glycerol to act as a buffer.

On working up in the usual manner diethyl malonate,

- ¢innamyl alcohol and a small amount of cinnamic

aldehyde were isolated.

Reaction/
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Reaction of cinnamoyl malonic ester with lithium
gluminium hydride.

A solution of cinnamoyl malonic ester
(12 g.) in tetrahydrofuran (10 ml.) was added to a
suspension of lithium aluminium hydride (1.1l g.) in
tetrahydrofuren (20 ml,) and the mixture reflﬁxed for
ten hours. After cooling to 05, éthyl acetate (20 ml,)
was added'dropwise followed by water and ammonium
chloride solution. The solution was extracted with
ether and the combined extracts were dried and
evapofated to a viscous syrup (10.3 g.) from which
no identiflable material was isolated.
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Reaction of cinnemoyl molonic ester with leadtotra-

acetate. 4

To a solution of cinnemoyl maloniec
ester (11.6 g.) in benzene (100 ml.) at 40°, lead
tetraacetate (17.32 g.) was added in small portions
during one hour. After stirring for s further hour
& test for residusl lead tetrascetate was negative.
The mixture was filtered to remove lead acetate and
concentrated at 30° to a pale yellow viscous oil
(11,7 g.) from which no pure compound could be
isolated either by distillation at 10~%4 m.m. or by
chromatography .



~
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HISTORICAL.

Amino-sugars are not commonly
eﬂ;ountered in plant materialsralﬁhough the woll
Imown D-=glucosamine is found as chitin in somé
fungal polysaccharides and Namethylalpgiucosamine158
bas been 1solated from streptomycin and hydroxy-
streptomycln.

- During the past deéade, as a result of
the search for new antiblotics, amino-sugars of
novel structure have been isolated. kaminoésé
dsoxy-D-_ vibose has been showmn*®? to be part of the
molecule of puromycin. DmGulosamine, identified
by synthssisleo is a component of streptothrigin and

streptolin BYSL,

The antiblotic, kanagycin is
domposed of residues of 29deoxystreptam1ﬁe; S-amino-
3=dequ=D=g1ueose and saamino=6mdeoxyépaGlucoag;Gzo

| | From antibiotics elaborated by
Streptomycetes a new type of amino-sugar has baen

' recognised which céntains‘a dimethylemino group at
G(z)- Desosamine (pikrocin ) (CL ) has been
identified as a constituent of the macrolide anti-
biotics pikramycinlesg erybhromycin1649 narbomycin165,

me thymycini®®, noomethymycinl67 and oleandomycinl®®,
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N (CH;)z . N (c H 3)1
Ho Ha Ho --OH
vo CHy o0 "y
(er) (c2)

‘ From magnamycin, the mosaugar,
mcosamine (C2) has beenisolated together with the
branche d-chain sugar mycarosel®® (B.e) .

Amosemine (C.3) has been identified as

a constituent of the antiblotic, amicetin’® end
the unusual amino-sugar (C.4) hae been 1solated _

from the spiramycins A, B and cl7L,

(cuz)g (CHS)z

I O T O Wl O O
CHaoH HO® O~ “CHy WO i CHy

(c3) (cu) (cs)

Rhodosamirie, the constitution of which

is cOnsidered‘to be (005)172 in the sugar component

of the antiblotic glycasides pyrromycinlvs

mtilantin174 o rlmdomy::in‘“"‘75 and the cinerub:l.ns A
and .'B:l'76 all of which have boen isolated from strains

of Straptomycetea and Actinomyceteso
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A closely relasted antibiotic, aklavin,
which has very recently been 1solateal?? com&ains
& baslc sugar whidh 1s thought to be isomeric with
amosamine and mycaminose.
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DISCUSSION.

Since the structure of rhodosamine
was not known for certain, a total synthesis of the
gmino-sugar waa'undertaken. By analogy, two ,
possible gross structures (neglecting stereochemistry)
(C.6) and (C.6) are plausible and the synthetic

approach was based on the se considerations.

] | N (CHl)g
(CH‘)‘.N Ha HO Ha
CHy oH cng OH
(ce) (cs)

The first route to rhodosamine (see
Flowsheet Noozg»} had as its goazl the synthesis of
1,1-dimethoxy hex-3- en-5-01, epoxgdation of which
would give 1, ladimethoxyés,4=epoxyhexanc5=»ol (C.11}.
Treatment of (C.1l) with dimethylamine would be
expected to give the dlmethyl acetal of rhodosamine
or 1tvts iscmer. | ‘

l=Methoxy-but-l- en-3-yne (C.7) on
oondensation with ‘acetaldehyd.e (Grignard reaction)
gave l-methoxyhex-1-@n =3-yn—5-0l (C.8) in
reasonsble yield but attempts to prepare 1,1-
dime thoxyhez/ |



HC=CCH=CHOle ' (cT)

|

CH ,CH( OH) C=CCH=CCOMe (c8)
:

CH ,CH(OH) C=CCH,,CH(CMe) (c9)
; |

__—

cn3cn(on)cnicncnzcn(ome)2 (c10)
:
¥

OH,CH( OH) (:H:-/CHCHZCH(OMe)Z (CII)
1
¥ .

CEL,CH( OF) CH — CHCH,,CH(Oite) (c12)
OH N(CHj),

| +

I
!
:%H3CH( OH) ?H——fC\I{CIlzCH( OMe) 2]
: N( CH3) 20H
1
‘
A 4
CH3CH(OH) CH — CHCH20HO |

OH N(CH3)2

"Rhodosamine"

Flowsheet NO,29,
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dimethoxyhax=3- yn =6-01 (C,.92) from it by addition

of mathanol' across the double bond proved fruitless.
Wey‘ga.ndgl

DL-ribose employed 1,l-dimethoxypent-3- yn-5-0l1 as

in his synthesis of 2-deoxy-

starting material and prepared it (see S.nﬂl;m0:111(;1":!.0:::1)9
albelt in low yield, by the i'eaction of l-methoxy
but-l- en-3- yne with formaldehyde in methanobic
potassium hydroxide solution.
The reaction of iwmethoxybute-h en-3~- yne
with aoétaldehyde » under similar conditions, was
not considered since under the strong alkaline
conditions of the reaction it seemed most likely
that acetaldshyde would undérgo selfecondsnsation.
faster than it would reasct with ths acetylense.
‘ In view of the inability to prepare 1,1-
dimethoxyhexé& yn =6=01 from l-methoxyhex-l-en -3=yn
=6=gl or by the direct condensation of l-methoxy
but=1l= en =3=yne with acetaldehyde, attention was -
focussed on a second route to rhodosamine (see
Flowsheet No.30) based on the successful synthesis
of 2-deoxy-DL-ribose described in Part I of this
Thesis. |
| . The Grignard derivative of but-l- yn=3-
ol (C.13) was condensed with allyl bromide in the

presence/



CHBCH(OH)CECH (C1I3)
CH3CH(°HifECC52°H=CH2 (CI4)
cn3cn(on)cnﬁcncnzcn=cnz (CI5)

N

%
CH3(CH._CH)ZCOCH3 (c16)
v

CH 3CH( OH) CI'{;/CHCHZCIECH2 (c17)

v
ZCH=CH

CHBCH( OH) (;}H- CHCH
OH OH
(c18)

3(}H( OR)CH— CHCH20H- (c19)

°;'/ AR N(CH3)2 \2

2

(c20)

2CHO

OAc Nie, CHO [Cvo,

(c21) |t

CHBCH(OAc)CH ----(}I@ICE[2CH==CH2
Ac NMe.CHO

(c22)

CH3CH(0A0) (l!H-— CHCH

\ 4
CH 3CH( OAc) (lJH-—CHCH2CH( OH) CHZOH

CH 3CH( OAe) CH-—-CHCH20H0
(c24)
OAc' N( CI-I3 ) o

s

"Rho dosa.z;xyine "

Flowsheet NO. 30.
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presence of & catalytic amount of cuprous ohloride;
hept-1-@n =4-yn -6-01 (C.14), characterised as ita
3,5=-dimitrobenzoate, was obtained in high yleld.

Reduotion of hept-l- en-d-yn -6-0l with
1ithimm aluminium hydride in ether solutlon gave
hepta-1,4 (trans)-dien-p-=0l (C.15), the structure
of which was proved by the fact that it gave a
positive iodoform teat. Further, oxldation with
manganese dloxide gave cratonylidene acetone (C.16).
(It was interssting to note that the terminal double
bond of (C,15) had moved into conjugation during
the oxidation.)

With perbenzoic acid in chloroform
8o lution hepta-~l,4(trans)-dien =6-01 was smoothly
converted into 4,5-epoxyhept-l- en-6-01 (C.17)..
That the selective epoxidation had proceeded in this
manner was shown by the followlng dsgradation.
Hydrolysis of the epoxlde with dilute scid gave DI~
hept-l-en -4,5 (erythro),6-triol (C.18) which on
oxidation with sodium mstaperiodate gave acetaldehyde
- and orotonaldehyde (again by bond shift) identified
as thelr 2,4-dimitrophsnylhydrazones.

4,5-Epoxyhept-1- en =6=01 (C.17) on
reaction/
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reaction with anhydrous dimethylamine in methanol
(containing a catalytic smount of perchloric acid)
at 80° in an autoclave produced Dl=4-N-dimethy
laminohept-l-@n ~5,6~-dlol (C.19, R = H) in high
yield. It was expected that the two possible
isomeric dimethylamino diols would be produced in
the aminolysis by enology with the reaction of
aemmonia with & éepoxyaleohols.

R-(l:u - ?H ~CH,OH

R-CH - CH CH,0H >  NH, OH
\of
-+
"CH=CHC
R CH= CH CHPH
o4 Ny,

However, the product from 4,5-epoxy-
hept-1l-en~6-0l formed s single picrate in 78%
yield and was oxidised rapidly by periodate,
liberating acetaldehyde, the dimedone derivative of
which was isolated in 89% yleld, From these facts
it would appear that the reaction bad produced only
one dimethylamino dlol (C.1l9, R = H),.

Further sterecselectivity in the

formation and reactions of epoxides have been
described/
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desoribed by Hembest °. It was found that

peibenzoio acid oxidised cyclohsx-2-anol é.nd its
derivatives to ¢ls epoxldes vwhereas the corresponding
acetate in which hydrogen bondlng in the ols
transltion state was impossible ‘gave malnly the trans
opoxide et a much slower rate. Henbest fﬁrther
showed that violation of the rule of dlaxial opening
of epoxides occurrad in special circumstanges, sterle
| and electronic.

The selective formmatlon of the dimei'.hye
lamino diol (C.19, R = H) from the spoxide (C.17)
could only bé explaineé,g in the 1light of present
knowledge, as attack by thé bulky dimethylamino
reagent from the least hindersd side (ainéé ammonia
was known to give a mixbture of tﬁo‘ aﬁino diols) .

The transformsbtion of DLz-éoNadimethye
laminohept»lw en-5, sadiol to rhodosamine or its
uomgr necossitated the cleavage of the double bond
to produce the aldehyde function. For this purpose
the dlacetate (G.19, R =Ac ), which did not form e
plerate, was prepared. Z:Iydmgénation gave DI=4=N-
dimethyl aminohez')tanewm(sadiol diacetate (C.20) as
e pals yellow oil,

The/
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The e thods avallable for the cpnversion
of the dimethylaminoheptense (@i’%eo the amino-
sugar were 11m1ﬁed because of the presence of
the dimethyl amino group vhich was susceptible
to oxidation.

Ozonolysis in methylene chloride at - 60°
gave an unsteble a:mpoﬁnd, the infra-red spctrum
of which suggested that it had the structure
(021)3.the absorption at 990 and 910 c.m?l.

ORc L -~ Q3
. ~CHo

CHy CH(OR:) CH — CH~Ch, CHO (ca)
pregsent in DL -« 4 - N - dimethylaminohept - 1 .- en - 5,
6 - dlol diacetate were sbsent but there now was
strong absorption at 1680 cm-1 indicative of an
amide, When D1 = 4 - N - dimethylaminohept<l-en
6, 6 -~ dlol diacetate was treated with ons '
equivalent of ozone & substance was obtained whie
showed strong amide absorption at 1680 emfl and
double bond absorption at 3040, 1635, 990 and
910 cmblo Although purification of this substance
could not be achieved tecsuse of ibs instability,
18 appeared that ozome oxidised the N - methyl
group faster that it oxidised the double bond.

With the chromium trioxide - pyridine reagent a

compounl was obtained, the infrafred spectrum of/
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of/
vhioch was identical vith that of the pompound obtained
from the controlled ozonolysis experiment. The

structure was considered to be (C22).
— ~CH =
CHz CH(0RC) C‘:H C'H 2CH=CHy (c 22)

i _ , ‘OH" 'N\gno R
~ N3
Ofe N\CHD

'1th ready formation of en agmide from a

tertiary anine has bsen known for some time.
Djerasai,mg in hls studles on methymyein, found

that ozonolysis or oxldation of the marcrolide

with chromium trioxide-pyridine gave rise to an

amide in good yield end since the nitrogen

function in methympein was conbained in the deéoéamine
molety, oxidation had prodnced an N - formyl

derivative of desosamines-

N (C /CHO

Mo “3)1. Ho N \CH3

. Hs. b,
R -o CHy R—-o CHy

180
Henbe gt s in a series of papers, studied amine

oxidation in detelil, and showed that allyl and
dialkyl anilines were oxidised readily by
menganese dioxide at ro om temperature. Three

general reactions were discerned:
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‘0) O>N-CHy —> DN-CHo

B ON'CHR —> JNH + R:CHO

¢ IN-cugenR —s [ DN cHzcn-R|—> INCHO +RiCHO

Conversion (a) was exemplified by
the oxidati on of dimethylaniline to N = methyl
formanilide in 80% yield. DMonomethylaniline was
oxidised analogously to formamilide in over 80%
yield,

With the Milas reagent, DL - 4 = N -
dlmethylaminohept = 1 = en - 5, § = diol diacetate
gave en intractable gum. Since hydrogen peroxide
in alcohol soluﬁion is Just the ressgent used fer
the preparation of ¥ - oxides, it was possible that
$he failure of this hydroxylation procedure was due
to polymerisation of the N - 0xide of DL - 4 = N =
dimethyl aminohept - 1 = en - 5, 6 - diol dlacetate.

However, with osmium tetroxide in ether
solubion the DL - 4 = N ~ dimethyleminohept - 1 - en -
5, 6 - dlol dlacetate (G19, R3Ac) afforded DL = 4 - N -
dimethyleminoheptane - 1, 2, 5, s - tetrol - 5, 6 -
diacetate (C23,) cleavage of which with sodium
metaperiodate gave a compound with the gross structure
of DL = aldehyde Thodosaming diacetate (¢24). That
thig/
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this/

compound was in fact a g_ =~ dimethylaminoaldehyde was
shown by the ready elimination of dimethylamine on
treatmert with base. The Hgdrolysis of the diacetate
(C24) to the free amino-sugar 1s at present under

investigation,



EXPERIMENTAL.

All infra-red spectra were measured as

1iquid films unless ctherwise speci_fie_do



1 - Methoxyhex = 1 - en = 3 = yn = 5 = 01(C8).

1 - Methoxybut - 1 - en - 3 = yne(1l1l7g) in
dry tetrahydrofuran (200 ml) was added dropwise
with stirring to a solution of ethylmagnesium bromide
(from magne sium (26g) ) in dry tetrashydrofuran (500ml)
under nitrogen. After en additional hour of stirring
at room temperature, the reaction mixbure was
cooled(00) and acetaldehyde (50g) in tetrshydrofuran
(100ml) was slowly added. After the addition was
complete the mixturs was stlrred at room temperature |
for ten hours. HMost of the tetrahydrofuran was
removed by distllliation and replaced by ether.
Saturated smmonium chloride solution (300 ml) was
added, and the mixture was stirred for a further
3 hours at 0°C. The ether phase was separated and
the aqueous phase was extracted with ether. The
comﬁined extracts were washed with sodium bicarbonate
solution and dried. Evaporation of the solvent and
distillation of the residual oil gave = 1 =
methoxyhex = 1L - en - 3 = yn = 5 = 0L(62g) b.p.
118-1199%/ 24 mm, Ny 14991,

~1
O . .
v 3u00 (5)) 3020(w), 2100 (w) , 1620 (m), Qrols.

max
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Attempted preparation of l,l-dimethoxyhex - 3 - yn ~

5 9 01(C9) .

a) 1 - Methoxyhex = 1 -en - 3 = yn - 5 - 01(10g)
in dry methanol (100ml) containing sodium methoxide
(1.0g) was allowed to stand at rom temperature

for 24 hours. Ti® = lution was neutralised with
acetlic aclid and evaporated. The residual oll

on distillation gave unchanged 1 - msthoxyhex - 1 =
en - 3 - yn - 5 = 01 (9.7g.)

b) As in (a) bub solubion was refluxed for 24
hours. Starting material was recovered unchanged.
¢) 1 - MethoxyRex - 1 <=en - 3 = yn - 5 = 01 (10g)
in methanol (100 ml) containing potassium hydroxide
(10g) was refluxed for 24 hours. Neutralisation
with acetic acid followed by evaporation gave a
pale brown o0il vhich on distillation afforded
starting material (9.2g).

d) 1 - Methoxyhex - 1 -éen - 3 = yn = 5 = 01§{7.2g)
in dry methanol (100 ml) containing concentrated
sulphuric scid (1 ml) was allowed to stand for

24 hours at room temperature. The solution darkened
rapidly within one hour. The mixture was neutralised
wlth methanolic sodium methoxide solution and
evaporated to a black viscous oil. Distillation
gave starting material (l.4g) . HNuch polymerie/



W53 em R
Page L165.

material remad vedo

Hept = 1 = onn = 4 - &n -6 = 01 (Ci4).

To a sglution of ethyl magnesium bromide\(
from magnesium (46g) and ethyl bromide (218z)) im
ﬁetrahydrofuran (200 ml) under nitrogen, bub
= 1leyn - 3 =01 (65g} was added slowly with
vigorous stirring. W%When addition wascomplate
the mixture was refiuxed for 3 hoursi cuprous
chloride (3g) was added and the mixture allowed
to cool to room temperature. Allyl bromide
(122g) was added and the mixbure was stirred ab
room temperatureAfor 12 héurs followed by & 12
hour wriod under reflux. Most of ths
tebtrahydrofuran was replsced by ether and the
ecooled mixfure was poured into ice-water conbaining
dilute hydrochloric acid. The mixture was
exbracted with @t&ax>€ 5 z 200 ml) and %ths
combined extracts afber washing with aqueous
Sodl um bicarbonate solution snd water, were
dried ( MgSo, ) end evaporated. Distillation
of the resgidual 011 gave Ippt -~ 1 « eén = 4 = yn =«
6 = ol (83.88; 82%), b.p. T4°%/ 30 m.um. Ny 14662,

(Found: C,71975 ¥,8.93, CyByu® vequires C,76,.3%
-1
Can

H,9.15%) U ey 5400(5) 3040(M), 2210(w),

1640(H) , 990(3) 910(S8),
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The 3,5 - dinitrobsnzeate, colourless needles
from benzene - light - petroleum (40-60¢) hed m.p. 82 =
83%,

{Found: C, 55.30; H, 4,19; N, 9.02, CpH, N 0
26

requires C, 55.26; H.3.98; N, 9.21%)

Hepte - 1, 4 =-(trans) - dien « 6 01 (¢c15),

To s stirred suspension of lithuium
aluminium hydride (10g) in dry ether (200 ml) under
nitrogen, hept 1 - en = ¢ = yn = 6 = 01(40g) in
dry ether (50 ml) was added at a rate such that
‘gentle reflux was maintelned. After addition was
complete the mixture was hested under reflux for
three hours then cooled to = 10°. Ethyl
acetate (5ml) in ether (5ml) was added followed
by a 20% solution of agqueous gmmonium chloride
(150 m1l). The mizbure was exbracted with ether,
the combined extrects washed with sodium
bicarbonate solution and water end dried ( MgSo).
Evaporation of the solvent and & stillation of the
residuel oil gave hepbe =1, 4 {(trans) - dien - 6 = 0%
(89.3g; 97%) bopo 65 - 669/50 meme N3 1.4521,

(Found: C, 74.233 H.10.60. C H 0 requires C,74.95
7 12

2
Dd

H,30.78%)



-1
w SR A w4 ) Y A “a Yy B e o, 3
Vmay, 2400(S8) 50401%), 1640{i), 990{s), 980{8}

910(3).

The product gave a .pcsit ive lodoform
test.'v  Oxidebion of heg}%é - 1, 4 (trans) dien <
6 - 01l with manganeéa dioxide gave crotonylidens
acetone identified as its 2, 4 - dinitroghaﬂglhydrazén@
mep. 208 - 203°,
(Founds C, 53.64; H, 4.64; N, 19.36. Cale.

B~y

for G B WO 3 €, B3.79: H.4.86; H.19.30%)
13 14 4 4

4, 5 - bpozyhept - 1 = ea = 6 = 01(C17).

dopbe - 1, 4 (trans) - dien = 6 - 03 {14.34g) in
ehloroform {20 ml) was treated with e solubion of
parbenzoic acid (17.68g) ia chlomfom (800 i)
at 09C, R@a’ction‘zwxa;s complebe in 48 hours. Solid
caleivm hydroxzide (SOg} was added and the nkburs
was stlrved vigorously unbil neutral %o ?i‘i' mus.
The chloroforn solution was fili:ered ghrough
anhydfous xwgnesium al p.nace and eveporat;edo
Distilletion of the regidual oil gave 4, § - @noxyheyiﬁ
Leen = 8 =08 (13.788) Dope 80 / 20 moeme 14509,
(Found; G, 62.99; Ho8.99; C H 0 wvaguires §, 65,59

-t 7 1%
el

. om : . .
Hs944%) Upnax, 5400(8) , 3040(¥), 3635(M), 990(s)
910(8), 870(8).



Bl = fdeph = L o« en = 4, 5 {evythro) 6 = tricl{Ci8,.)

4, 5 = bpoxyhept - 1 - en = 6 = 0L (1.50g)
in G luwe suiphuric acid (20 wl 0.5H) was shaken
at room trmpsratire for 24 hvs. The golution was
neutralised with solid barium carbonate, filtered
and evaporated % & colourless syrup (L.52g).

-1

U'gey, 3500 = 3200(8), 1635(M), 990(s),
910(8),

This syrup consumed two moles of
"periodate glving acetaldshyde and erobonsldshyds
identified gz their 2, 4 - dinitrophenylhydragsonss
oo 1680'énd 1890 respretively. The fovmic acid
liberated was not ostimabedo

The 3, 5 - dinitrobenzoatéfof,the 0 =
isoproylideme devivetive of hept - 1 - en = 4, 5
(erythro) 6 - triol analysed.correctiy {See

experimontal to Porb L.).

DL - 4 - W - Bimethylaminochept = 1 = en = 8, 6 = diocl,

(4, 5 erythro) (C.19, B3H),

4, 5 - Epoxyhspt'¢"i «en = & - ol (10g),
gud anhydrous dimethylamine (90g) in anhydrons
me thanol (800ml) conbeining perchloric aeid
(025 ml. of 70% solution). were Isated at 800

in an auvbtoclave for four 8ays.
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The resulting browm solution was evaporated to a dark
brown oll which on distillation gave DL « 4 = N =
dimethyleminohept = 1 - en =~ 5, 6 = diol (9.43g)
bepe 80 = 820 / 2,15 x 1o°5 mam. N3 147420
(Found G, 60.89, H.10,51; N, 8.34. C H NO requires:
C,62.39; Hollo.053 H, 8.09%) VR
(MW, Pound (Mass Spec.)173. Calec for C H NO : 173)

T 3500 - 3200(S) 2800(S) 1635(M) 1050(s) 990(5)
910(8) .

The picrate ,fomed in 78% yield,was obtained

as bright yellow plates m.p. 147 = 1480 from ethanol.

(Found: C,44.47; H, 5.3 ; N.13.94. C H N 0
15 22 4 9

requires: C, 44.77; H, 5.51; N.1393% )

Poriodate oxidation of 4 - N - dimethylaminohept « 1 =

en = 5, 6 - diol,

The dimethylaminodiol {0.5g) in wager (5 ml)
was treated with 2 solution of sodium métaperiodate
(0.65g) in water (S5ml). Becetaldehyde was immediately
liberated. After 15 minutes the solubtion was steam
distilled, Into an aqueocus solution of 2, 4 =
dinitrophenylhydrazine sulphete. The precipate ===
formed was extracted wit h chlorvoform and chromatographed
on a column of bentonite - kieselguhr (4:1 W/®W),

Aceteldehyde = 2, 4 - dinitrcophenylhydrazone (0.38g 59%)
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Mm.p. and mixed mop. 167 =~ lsébwas obtained.
Isolation of the acetaldehyde produced, as
its dimedone derlivative gave the derivative
(0,781g 89%) m.p. amd mized m.p. 140 - 1415
DL = 4 = N = Dimethylaminohept - 1 - en = 5, 6 - diol

diacetate (€19, R=Ac),

To 4 = N ~ Dimethylaminohept -~ 1 % en = 5, 6 =
diol (5.1g) in dry pyridine (50 ml) acetic anhydride
(15ml1) was added and the solution kept at room
temps rature,; for 36 hrs. The pyridine and excess
acetic anhydride was removed at steam-bath temperature
and 20 m.m. Wabter ard ether were added to the
residual oil, the ether layer removed, and the
aqueous phasec ether extracted. The combined extracts
were washed with sodium bicarbonate solution and
water, dried and evaporated to a pale yellow oil
(5.0g) o Distillation gave 4 = N - dimethylaminohept -
l-en-5 6 - diol dacetate (4.8g) Pop. 132 = 1340/
40 m.m. Ny 1.4510.

(Found: C, 60.45; H, 8,733 N, 5.40. C H X0 requires,
G, 60=68; H.9.01; N, 5.44%) 88 4

\S::;_5040(W), 2800(M), 1735(8), 1635(M), 1240(s),
990(8) 910(s).

DL - 4 - N - DPimethylaminoheptane = 2, 3 - diol dlacetate

(c20.).
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Hydrogenetlion of 4 - N - dimethylaminochept =
l-en =85, 6 - diol diacetate in ethyl acetate using
10% palladium - charcoal as catelyst gave 4 - W =
dimethylaminoheptane - 2, 3 - diol dlacetate, Dape
130 - 1329/ 25 m.m.  n% 1.4398.

(Founds C, 60.49; H.9.51; W, 5.54. C H NO requires,
13 256 4
C, 60.203 H, 9.72: N, 5,40%),

e . .
U e, 2800(S) 1735(8) 1240(8),

Ozonolysis of DL - 4 - N - dimethyleminohept - 1 - en

=0 6 - diol discebatbe.

a) DL -4 = N - direthylaminohept - 1 - en = 5,

6 diol discetate (C.5g) in methylene chloride (20 ml)
at - 60° was ozonlsed until the characiteristic blhe |
colour developed. The ozonide was decomposed by
hydrogenation over ten per cent palladium on

charcoal at - 200, Tls solution was filbersed and
evaporated to & pale yellow liguid (0,32g). This on
chromatography on silicagel gave a pale yellow oil
(0.31g) from benszene - ether (1l:1 V/V). Distillation

resulbed in decompositione
-3

‘32:@ 2700{w) 2735(85, 1705(s) 1680(s).
) DL = 4 = N - dimethylaminohept « 1 - gn - 5,

8=diol dlacetate (0.5g) im methylene dhloride {20ml)
was treated wit h one molar equivalent of ozone gt - 400
and € he mixture worked up as deacribed above. A pals

yellow o0il (0.41g) was obbained.
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Chromic sc¢ld oxidatlon of DL « 4 = N - dimethylaminohept

- ] = gn - 5, 68 = diol dlacetate.,

A solubion of the dimethylamine olefin (1.0g)
in dry pyrldaine (10 ml) wes treated at 0°C with a
solutl on of the chrwniuwm Lrioxlde - pyridine eomplex
(from 0.8g daromium brioxide) in pyridine (10ml).
The mixture was allowed ® stand ab rocm temperature
for 12 houwrs then poured info water and extracted
with ether. Ibhe combined sxbtracts were washed
with water, dried, and evaporated to a 9%1@ yelliow
0il (0.81g)., Diatillation gave unchenged starting
material (0.69g) bop. 76 - 780/0,1 mn.u. n'y 1.4507,
and a residual high boiling material (0.26g) which
from its infra-red spscotrum was cons idered to be
DL« 4 =« N = methyl -~ N - formylaminohept = 1 - on -
5, 6 = diol diacetate. |

-l

o, 5240(W), 1735(S), 1680(S) 1635(M) 990(S),
910(8) »

C
Ou

DL = 4 = U - Dimethylasninchepbane = 1, 2, B, 6 =«
betrol - 5, € = dlacebabe. (C.23).
2) A soltion of DL = 4 « N - dimsthylaninoe

hept « 1L = en - 5, 6 = dlol dlacetate (l.lg) in t =

butancl (5 ml) containing hydrogen percide/
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pe roxids/

(5 ml1 of 6.,1% soln in t - butanol) and osmium
tetroxide (0.1l nl of a 1% sol? in t - butanol) was
stored at room tem perature for twentyfour hours.The
dark trown so lution was evaporated under reduced
pressure to a dark brown syrup (0.8g) from which no
pure materiel could bs isolated either by short paﬁh
distillation or by chromatography on silicagel.

b) A mizxture of DL - 4 - Nodimethylaminohept -
l-en -5, 6 Aol diacetate (1.52g) and osmium tetro-
xide (1l.5g) in ether (50 ml) was set aside in darkness
fa seven days. The esmate ester was decomposed

with hydrogen suphide in ths presence of sodium
bicarbonate (4g). The solution was filtered through
colite to remove osmium sulphide and concentrated to a
syrup (1.24g). Chromatography on silicagel using
benzene - etler (1:1 V/V) as eluant gave the tetrol

diacetate as a pale yellow oil (1.21g).

em!

Y o 3400(8) 2780(M) 1735(S) 1240(S) 105055);

DL - aldehydelRhodosamine” diacetate (C24).

The ebove tetrol digcetate (1l.21g) in water
(15 ml) was treated with a solut lon of sodium meta-
periodate (1.15g) in water (15 ml) and the méxture
set aside in darkmsss for 2 hrs. The solution was
extracted with ether (3 x 50 ml) and the combined dry

extracts were e vaporated to a pale yellow oil (0,71g).
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v 2780(M) 2720(W) 1735(8) 1705(8) 1240(8).

Max

Reaction of DL - sldehydo"rhodosamine” diacetate
with bg§eo

DL - aldehydo Rhodosamine dlacetate (0.41lg) was
hesated at 90° in 3N sodium hydroxide solution (20M1)
far tm hours. Ti® solubion was then evaporatively
distilled into a dry-=ice trap until 5 ml of distillate
had besn collected. The distillate was treated

with pleric acid and et aside for twenty four hours
after whichh time thé precipate wag removed. This
recrystallised from aqueous ethanol as yellow plates
m.p. 157 - 158° (Literature m.p. for dimethylamine
picrate, 1589),
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