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SUMIARY

WMany of the varied reactions of acetylenic compounds
ha&e been well established for a number of years, and in
recent times their utilisation in solving problems of
organic synthesis has attracted attention. Successful
and elegant work has resulted in many fields. In the
present research, the application of the peculiar properties
of the triple bond has been sought in the synthesis of
compounds in the field of carbohydrates, including two
natural products.

A meso-dideoxyhexitol, erythro-hexane-1l:3:4:6-tetrol,
has been synthesised from acetylene by an unambiguous
method, and was not identical with the compound to which
this constitution has hitherto been ascribed. The
latter compound had arisen from én unexpected variant of
the standard reaction, carbonyl reduction by Raney nickel
hydrogenolysis of the acetylated sugar thioacetal, when
applied to keto-D-psicose penta-acetate.

| Two unusual pentoses have been synthesised.
These compounds, apiose and cordycepose, are members of
the small group of natural sugars having a branched
carbon chain. geveral prouising synthetic approaches

to apiose and cordycepose, some of which were based on
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acetylenic intermediates, have been investigated and found
to be impracticable. In the case of each sugar, the
route that was eventually developed into a successful and
smooth synthesis starts from the condensation of
bromoacetal and ethyl malonate. The structures indicated
by degradative evidende for apiose and cordycepose are

thereby confirmed.
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PARY ONBE. t+he Synthesis of erythro-Hexane-l:3%:4:6~tetrol

HISTORICAL 1NwURODUCIION

The growth of acetylene chemistry over the years
has been followed by two developments in recent times,
the discovery and elucidation of the structures of
naturally occurring acetylenes and the widespread use of
acetylenic intermediates in the synthesis of natural
products. Both developments have in their turn
expanded greatly the range and depth of knowledge of
acetylenic reactions. 'he versatility of the triple
bond in synthesis results from its extreme but well-
controllable reactivity, particularly towards nucleopnilic
reagents. Furthermore acetylene and monosubstituted
acetylenes form metallic derivatives which can be used as
synthetic reagents in the same way as the familiar
Grignard compounds.

There exist now several examples of the application
of acetylenic intermediates to synthesis in the
carbohydrate field, and the key reactions are by now well
established. So far the endproducts aimed at have
been mostly sugar alcohols.

'"he pioneer in this use of acetylenic compounds was



Lespieau and the results of his work during the years
1928-19%28 are collected, together with the numerous relevant
references, in his review in "Advances in Carbohydrate
Chemistry" (1). The history of the acetylenic approach

is preceded by two records of the use of ethylenic starting
materials, the first by Griner (1892) who converted into
mannitol one of twobstexeoisomers (I, see flowsheet on p. 13%)
produced by the addition of hypoohlorous acid to divinyl-
glycol (II), the latter being obtained by bimolecular
reduction of acrolein. Later Tespieau and Wiemann (1933%)
improved Griner's route by using the mego-form of
divinylglycol to obtain the previously unknown hexitol
allitol (ITII), as well as the DI-form to obtain

DIL-mannitol. This synthesis had one step fewer, as the
divinyl glycol was hydroxylated directly with silver chlorate-
osmium tetroxide.

FPlexibility was gained by the adoption of the
acetylenic route, but its first illustrations suffered from
excessive length. Lespieau's synthesis of allitol and
dulcitol is shown on tne flowsheet on p. L14. Chloroacet-
aldehyde and acetylenedimagnesiﬂm bromide were condensed
to give principally the meso-form of the acetylenic glycol
(IV). nreatment of (IV) with potassium hydroxide, hydrol-
ysis of the diepoxide (V), and then partial hydrolysis with

a palladium catalyst yielded the cis-ethylene (VI).
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Hydroxylation of (VI) witn silver chlorate—-osmium tetroxide

(cis-hydroxylation, see p. lL) gave mainly allitol,

whereas hydroxylation of the tetra-acetate of (VI) with

the same reagent gave, after hydrolysis, mainly dulcitol.
An extension of This hexitol synthesis was

demonstrated by Wiemann (1936), who prepared the

decanehexol (VII).
CH%.CHp - (CHOH )+ CHy . CH (VII)

The first synthesis of pentitols (also by
Lespieau, in 19%6-193%8) is closely analogous to the hexitol
route. Theistarting aldehyde in this case is acrolein
dichloride and similar reactions were carried through to
derive the chloroacetylenic diél (VIII, p. 15); conversion
into the triacetate (IX) was followed by hydrogenation,
hydroxylation, and acetylation to give two isomeric
penta-acetates (X), hydrolysis of which after separation
gave ribitol and DL-arabitol. Wo xylitol could be
detected as a product of this seqﬁence and Lespieau
therefore concluded that the diol (VIII), a pure racemate,
had the erythro-configuration.

The most important reactions of acetylenic compounds
germane to carbohydrate synthesis are firstly the

convenient preparation by standard methods of acetylenic



carbinols and glycols from the metal derivatives of
acetylene or monoalkylacetylenes by reaction with carbonyl
compounds (or ethylene oxides); secondly, the possibility
of effecting exclusive addition to either the double or
triple bond where both are present in a molecule; thirdly,
stereospecific addition of hydrogen to an acetylene to give
the corresponding cis- or trans-ethylene, the mode of
addition being determined by the reagent; and fourthly,
the stereospecific hydroxylation of the ethylenes thus
produced. It can be shown theoretically and is amply
confirmed in practice that cis-addition to a cis-double
bond or trans-addition to a trans-double bond yields the
corresponding erlthro—oompound, and that cis-addition to
a trans-double bond or trans-addition to a cis-double bond
yields the threo-derivative. The preparation of
vicinal dihydroxy-compounds from a triply-bonded precursor
is thus attended by complete steric control at every sctage.
Partial reduction of a triple bond may be
effected either by catalytic hydrogenation or by use of a
"chemical" reducing agent. The most convenient of the
latter is sodium in liquid ammonia, which affords
| exclusively the trans-ethylene (2). Depending on both
the catalyst and the écetylene, the hydrogenation process
may or may not be subject to stopnage or deceleration when

one mol. of hydrogen has been absorbed; but usuvally a good
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yield of the ethylene can be obtainedrby stopping the
absorption at that point. Palladium catalysts are
most often used and the overwhelming product is the
cis-ethylene (3).

Reagents which have been shown to effect cig-
hydroxylation of ethylenes include osmium tetroxide (4)(5),
hydrogen peroxide catalysed by osmium tetroxide (6)(7),
metal chlorates catalysed by osmium tetroxide (8), silver
acetate-iodine in wet acetic acid (9), and alkaline
permanganate (4)(10)(11)(12)(13). trans-Addition results
when hypohalous acids (14), per-acids followed by fission of
the epoxide ring so produced (14), in simple cases hydrogen
peroxide catalysed by tungsten trioxide (15), oxr the iodine-

silver benzoate complex (16) are used.

o i
__?.~?~_
H OH
cis- threo' trans-
hydro tion oxylation
N, A . \ /
C=2¢C C =C
5 N i g
trahs- cig-
hydroxylation » Xylation
i
__-?__._?_._
OH OH
exrythro

Essentially the same route as Lespieau's but
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much shortened —— has been followed in a more recent
synthesis of ribitol and DL-arabitol (17). The readily
obtainable trans-pent-2-en-4-yn-l-ol (XI; flowsheet, p. 16)
(18) was treated with performic acid and the resulting
monoformate was hydrolysed by steam distillation; the
triple bond is unafrfected by this reagent and
DIL-pent-4-yn-1:2:3-triol (XII) was obtained. Degradation,
by ozonolysis to DL-erythronic acid and by oxidation with
nitric acid to meso-tartaric acid, showed that (XII) had
the expected erythro-configuration, brought about by trans-
hydroxylation of: a trans-double bond. (XII) was
acetylated to give the triacetate (IX), which Lespieau had
obtained (see p. 9). Thence partial catalytic
hydrogenation and treatment with N-bromosuccinimide in
water, which acted as a source of hypobromous acid, gave
two isomeric bromohydrins (XIII); separation followed by
acetylation and hydrolysis gave ribitol and DL-arabitol.
The synthegis of the two tetritols, erythritol
(XIV) and DI-threitol (XV) is achieved simply from the

H Ho OH
i H

HOCH —C—(—CH OF HOCH ;—{—C—0CH,0F
OH OH OH H
(x1V) (xV)

readily available but-2-yne-l:4-diol by semihydrogenation
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Jexitol synthesis

2 ClCHZ.CHO

\lMgBrC = CMgRr

meso- C1CH,.CHOH.C = C.CHOH.CH,CL (IV)
lKDH
CH»—~O0H~C = C—CH—CH (V)
W Ny Z (

lHOH

- HOCHp~CH-G = 0-0f—Cf,0H

OH OH
[
cis- HocHZ—?H;CH=cH—?H~CH20H (VI)
OH OH
[Tetrol + tetra-acetate |
\L AgC105-080, + Ag0105-0s0,
H H ? H ? ?H OH ?
1o | I
HOCHZ.?——?——?——?.CHZOH HOOHZ,?_—?—_C__C.GHZOH
| I
OH OH OH OH | OHH H OH

ALLitol (III) Dulcitol






Fenbitol synthegnis

-

\J1

CH, = CH.CHO
l612
CLCH,.CHCL. CHO
lBI‘MSC = CllgBr
01CH,.CHOL.CHOH.C = CH (10%)
lgoH
C1lCH,.CH—CH.C = CH
Nn/
0
iHOH
C1CH,.CHOH.CHOH.C = CH (VIII)
AgOAc-AC,0
v ,
ACOCH,, . CHOAC.CHOAC-C = CH (IX)
Ho-Pd
\ 4
ACOCH,, - CHOAC . CHOAC - CH= CHp
A8CL03~080y
4
ACOCH,, - CHOAC - CHOAC - CHOH . CHoOH
\/AOZO
' ACOCH, . (CHOAC ) 4 - CH,0AC (x)
separation
l/ HZO H,0 iL
% H ? H ? ?H
|
HOCHZ.C——?——C.OHgoH HOOHz.?~_?m—?.CH20H
| :
OH OH OH OH OH H

Ribitol

DI—-Arabitol
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Pentitol syntheris

ClCH o—CH——-CHo
\\O/'

iyac;sﬂ / iy
HOCH,~CH = CH-C = CH (X1)

1F.CO3H

erythro HOCH—QH~LH-C = CH (X11)
OH OH

15020

—?Hé—?H~Ck
OAC OAc

lH P -Pd

ACOCHZ—?H-?H—CH = CH,
OAc OAc

l

H H H , H H OH

CH - (IX)

ACOOH2

' |1 |
ACOCH2-C—-?——?—CH2BI. + ACOCHZ;C——%—-%~CH2BI

AcO OQACOH " AcO Q¢ H
(XTIT)

H,0 | ' 5,0

Ribitol DIL-Arabitol
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to the c¢is- or trang-bub-2-ene-1l:4-diol, followed by
hydroxylation of the appropriate isomer (19).

The biochemically important deoxypentose,
2-deoxyribose, has been synthesised from an acetylenic
precursor (20). Interest here lies in the method of
synthesis, rather than in the preparative value, as the
yield was low. But-2-yne-1:4-diol was converted into
a monohalogeno-derivative by treatment of the half-benwmoate
with phosphorus tribromide to give l-benzoyloxy-4-bromo-
but-2-yne (XVI; flowsheet, p. 19). Condensation of
(XVI) with ethyl sodiomalonate gave the ester (XVII), which
was treated with hydrazine to form the dihydrazide (XVIII).
A double.Curtius rearrangement of (XVIII) produced the
acetylenic diurethane (XIX); thereafter partial catalytic .
hydrogenation to the corresponding cis-ethylene followed by
cis-hydroxylation gave the erythro-triol (XX). Careful
hydrolysis of (XX) gave a small yield of 2-deoxy-DL-ribose.

Anothef recent application of these technigues hasg
been the synthesis of threo-dihydrosphingosine (XXI, p. 13)
from the acetylenic alcohol (XXII)(21). Partial
catalytic hydrogenation, treatment with perphthalic acid,
and then ring fission by ammonia gave the two threo-di-
hydroxyamines (XXIII) and (XXIV); the action of periodic

acid on the mixture of H-acetyl derivatives destroyed the
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unwanted isomer (XXIV). erythro-Dihydrosphingosine
was obtained similarly by commencing with reduction of the
acetylenic alcohol (XXII) to the trans-ethylenic alcohol

(XX7) (22).

'R.0=0.CHp.0H ——> R.CH=CH.CHp.0H -—€>JR.Q§f7GH.CH2.OH
| 0

(XXII) | (XXV)
T,
NH, OH
R.CH.CH.CH,.0H  + _R.?H.CH.0H2.0H
oF . | M,
(XXIII) (XXIV)

R = CHz.(CHp)y14—
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HO.CHp.C = C.CHp.OH
Ph.COCL - pyridine

N

PhC0.0CH».C = C.CHp.OH

PBr
\ 5
PhCO.OCH,.C = C.CHpBr (XvI1)
iHaCH(OOzEt)g
PhC0.0CHp.C = C.CHp.CH(CO2Et) o (XVII)
NoHa
\

4
HO.CH5.C = C.CHp.CH.(CO.NH.NHp)o (XVIII)
HNO,-Et0H
§

P

HO+GH,-C = C.CHy.CH.(NH.COyEt),  (XIX)

HZ-Pd

v .

HO.CH,.CH=CH.CHy.CH. (NH.CO5E?)»

|

KMnO, or Hp02-0s0y4

v

HO.OHQ.?H.?H.CHQ.CH.(NH.COgEt)g (xx)
OH OH

|+

OH OH

2-Deoxy-DIL-ribose

'
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N THEORETTICAL

In order to prove that a 2-deoxyhexitol
produced by the electrolytic reduction of D-glucose under
alkaline conditions was (as theory predicted)
_2-deoxy-D-allitol (XXVI), Wolfrom, Lew, and Goepp (23) in
1946 attempted tnebpreparation of the latter, a hitherto
unknown compound. The method chosen was the reduction
of the corresponding ketose having the same configuration,
namely keto-D-psicose (XXVII), via the Raney nickel
hydrogenolysigs of its thioketal penta-acetate —— a
seguence which had already SuocesSfully converted
EEEQ—D—fructose penta-acetate into 2-deoxysorbitol penta-

acetate (24).

CH,.OH CH, .OH

éHg é:O
H.é.OH H.é.OH
H.é.OH H.%.OH
H.é.OH H.G.OH

éHz.OH éHZ.OH
(XXVI) (XXVII)

Crystalline keto-D-psicose penta-acetalte was preparea

(25) and was treated with ethanethiol and zinc chloride to



21

convert it into the corresponding thioketal (206); the latcer
was tnen‘subjeoted to Raney nickel hydrogenolysis. The
product of eacn siep was & crude syrup. After deacetyl-
ation with barium hydroxide, a pure crystalline polyhydroxy
compound was isolated, and was characterised as the
dimethylene derivative. Most unexpectedly it had the
6omposition of a dideoxyhexitol.

Since an aqueous solution of the compound was
devoid of optical activity throughout the visible spectrum,
Wolfrom and his co-workers concluded that it had the umeso-
structure erythro-hexane-l:3:4:6-tetrol (XXVIII). To
interpret this surprising result they proposed the following

mechanism to account for the replacement of the 5-acetoxy

group:

1  CHp.OAC CHo.0AC CHo .OAC CHo .OH

2 0=0 C(SEt)» CHo CHp

3 H.é.OAc H.(IJ.OAc H.C.0Ac H.(IJ.OH

4 H.C.0AC H.(|}.OAC H.(I}.OAC H.(IJ.OH

5 H.é.oAc H.é.SEt %HZ éHz

6 (‘}HZ.OAO éHg.OAO CH,.0Ac C|}H2.OH
(XXVIIT)

Hydrolysis of the S5-acetoxy group before replacement was
considered to be a further possibility. Im the
author's opinion the following mechanism would be considerably

more plausible:



nNo
no

\lﬁ—[q 0AC ?’LQ_.OAC CHy .0AC f'_}Ig.OAc
Io—q - CII(SEt)g <|3/SEJ° CH»
l |~
H.C.0AC H.C.QAC H.C.0AC H.C.0OAc
Ho(l}-OAC Ho(ij-‘r.A.C Hv?oOAC r{.? OAC
H.?.OAC q.?.OAC ?H ?Hg
CH».OAC - CHp.0AC CH».OAC CHo .0OAC

Although some support for such a replacement
is afforded in the literature, the unusual nature of the
’postulated reaction prompted the planning of an unequivocal
synthesis of erythro-hexane-l:3:4:6-tetrol, for purposes of

comparison with the product.

The key compound in the synthesis of this
structure by means of an acetylenic precursor is
hex-3-yne-1:6-diol (XXIX) flowsheet on p. 27) which lends
itself to the sequence of stereospecific reactions of
hydrogenation and hydroxylation discussed on p. 10. The
direct one-stage synthesis of this diol from acetylene,
namely the reaction of acetylenedimagnesium bromide with
ethylene oxide, was unsuccessful; ethylene bromohydrin alone
was isolated in quantity. A review of the Grignard
reaction by Ggylord and Becker (27) includes previously
reported examples of this result of the interaction of
ethylene oxide and Grignard reagénts. To avoid the Grignard

type of reaction therefore, which would allow both hydroxyl
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groups to be introduced into the molecule simultaneously,
the alkali metal acetylide technique was resorted to. This
necessitated a two-step procedure as shown on p. 27.

The starting material was but-3-yn-l-ol, the
product of interaction of sodium acetylide and ethylene oxide.
The hydroxyl group of this compound was protected by treabment
with 2:3-dihydropyran. The resulting
4-(tetrahydro-z—pyranyloxy)but—l—yne (xxx)(28) was converted
into its lithium salt by reaction with lithamide in liquid
ammonia; reaction with ethylene oxide then produced
6-(tetrahydro-2-pyranyloxy )hex-3-yn-l-ol (XXXI). Use of

.

the corresponding sodium compound was found to give a pocrer
yield. Por proof of skeletal structure the compound (X¥XI)
wag completely hydrogenated catalytically and the resulting
saturated compound hydrolysed with methanol--hydrochloric
acid to the known hexane-1:6-diol. Smooth acid hydrolysis
of the acetal linkage in (XXXI) could not be obtained by
aqueous sulphuric, oxalic, or hydroéhloric acidg. Such
failure is hard to understand. Not only did all exper-
iments yield a mixture of liguids, but under moderate
conditions a large part of the material was returned
unchanged. Repeated treatment augmented the product, as
did use of 2% hydrochloric acid rather than oxalic acid or
sulphuric acid, but not sufficiently. A possible

complication in the reaction is hydration of the triple bond ,
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and although there were indications of this, its occurrence
was not proved. By contrast a most successiul reagent
wag Tound to be dry methanolic gulphuric acid and tiis
method aiforded crystalline hex-3%-yne-1:06-diol in
satisfactory yield. 4 bisphenylurethene wes formed ana
complete hydrogenation gave hexane-l:6-diol. e oversll
yield of hex-3-yne-l:6-diol from but-3-yn-l-ol was 467.
while the hydrolysis of the ether (XXI) was

ciation

l’"J

reguiring so much troublesome investigation, a va
of the synthetic route was explored, by which removal o
the tetrahydropyranyl group was delayed to a loter and
possibly final stage. 6-(Tetrahydro-2-pyranyloxy )he:~
B-yn—l-bl was paftiaily hydrogenated with palladised choi-
coal as catalyst. The cis-ethylene which resulted wac
hydroxylated with a tert.-butanol solution of hydrogen
peroxide containing osmium tetroxide, and the syrupy
product was acetylated as a preliminary to aydrolysis o
the blocking group. .The product wag however an inhowolencos
liquid and with the success of the methanolysis of
time, the modified route was not further studied.

cis~- and trans-Hex-3-ene~1.5-diols were each
prepared from hex-3-yne-1l:6-diol by weans of the appropriiuc

reducing agents, hydrogen in the presence of palladium o



godium in Liguid ammonia respectively. Both hexenediolg
were liquids sufficiently hygroscopic to defeat repeated
attempts at accurate elementary analysis but each was
characterised by its bisphenylurethane.

Treatment of the cis-diol with a tert.-butanolic
solution of hydrogen peroxide containing osmium tetroxide
(6) resulted in cis-hydroxylation to furnish
erzthro—hexéne—l:3:4:6—tetrol (XXVIII) as a crystalline
solid; the threo-hexane-l:3:4:6-tetrol obtained by similoxr
treatment éf the trans-diol was a syrup. A syrup wes
also obtained by the action (frans-hydroxylation, cf. ref.
15) of hydrogen peroxide catalysed by pertungstic acid
on the cis-diol. Both the erythro-tetrol and the
threo~tetrol were subjected to the procedure for formalation
described Dby wolfrom, Lew, and Goepp (23) to obtain the
dimethylene derivative of each. The derivative of the
erythro-tetrol was isolated in crystalline form, but the
-specimens of the threo-tetrol derived from both the above-
mentioned routes yielded an oil which has failed to
crystallise.

| The m.p. of erythro-hexane-1l:3:4:6-tetrol
(113-114°) and that of its dimethylene derivative
(146-147°) showed it to differ from the compound (m.p.
121-122°; dimethylene derivative, m.p. 97-98°) obtained by

the American workers from the reaction secuence starting



(A
o

from keto-D-psicose penta-acetate. The compound has
therefore not the constitution they assigned to it and an
alternative explanation of the route of the desulphurisation

reaction becomes necessary.
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HCO=CH HO=CH
LtMgBr Ta, (CH,),0
k \% 2)2
BriigC=ClgRr HOCH . Tl . 0=CH
S(CHZ)ZO |
v
H00, - O 5 - 0=+ CH, . CH 08 o, POCLy

(unsuccessful) i v
_ . 0.CH2.CHp.C=CH (X¥X)

l}i, (CH,) 50
)

(XXx1)

HOCH, . OH, . C=0 . CH., . CH ,0H

(XXIX)
Na/NH5 _ | lHZ—Pd
HOCH 5 . CH 5 . CH=CH . GH , . CH,0H HOCH 5 - Gy . OH=CH.. CH 5 . OH 5,0
) C
trans gis
1,0,-5=BuOH-Ps0, HpOo-t~BUOH-0s0,
22 - H05=HsW04
2
\V
v L
HOGHZJCHQ-?——?.CHQ.CHZOH HOCH2'CHZ'?""?-OH2-CH20H
O OH
+ o “(¥XVIIT)
1 erythro
DL-threo Zog Y

(crystalline, m.p. 113%-114°)
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EXPERTHISH AL

Attempted direct preparation of hex-3-yne-1:6-diol from

acetylene.

A solution of ethylmagnesium bromide (fronm magnesiunm,
12 g.) was prepared in the usual way. By the addition oi
hot dry benzene (450 c.c.) to the solution on the water-
bath, followed by distillation of ether, most of the ether
was replaced by benzene, in order that the acetylenedimag-
nesium bromide to be produced should separate in a solid
rather than a gummy form. Pure, dry acetylene was
passed into the solution in benzene, with stirring, for
24 hours and then ethylene oxide (44 g.) in cold dry
benzene was added in 20 minutes with stirring and cooling.
stirring was continued for a further 4% hours, after which
time the mixbture was left overnight and then poured into
dilute sulphuric acid containing crushed ice. The benzene
layer was separated and the agqueous layer (containing an
excess of sodium sulphate) was extracted with ether for 12
hours in a continuous liguid extraction apparatus. The
combined benzene-ether extract was washed with concentrated
sodium sulphate solution and dried (1gS04 )« Distillation
of the liquid (45 g.) following removal of golvent gave
predominantly ethylene bromohydrin together with smaller

amounts of other volatile products, very probably including
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but-%~yn-l-ol. ne cuantity of higher-boiling material

available for working up a glycol product was negligible.

4-(Tetrahydro—z-pyranyloxy)buﬁ—l—yne.‘

This compound was prepared in 85% yield by keeping a
mixture of but-3-yn-l-ol and 2:3-dihydropyran for 2 hours
. with a catalytic guantity of phosphorus oxychloride,
according to the method of Henbest, Jones, and Walls (293).
The product was a liquid, b.p. 86-87°/13 mm., 2%3 1.4580.
(Jones, Shen, and whiting, ref. 28, give b.p. 92-959/18 wmun.

ni® 1.4589.)

6-(Tetrahydro-2~pyranyloxy )hex~-3-yn-1-ol.

To a stirred solution of lithamide (from lithium, 2.3 5.,
in the presence of ferric nitrate catalyst) in ligquid
ammonia (400 c.c.) was added dropwise (15 minutes) a
solution of 4-(tetrahydro-2-pyranyloxy)but-l-yne (45.4 g.)
in dry ether (25 c.c.), and stirring was continued for 40
minutes. Ethylene oxide (40 c.c.) was then added all at
once and the reaction mixture was stirred for 9 hours,
after which it was decomposed by addition of ammonia
solution (4 0.88; 5 c.c.) and set aside overnight for the
ammonia to evaporate. Ether and water were added, the
aqueous layer was extracted with ethér, and the etherecal

solution was washed with brine, dried (WapsS04), and
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evaporated. Distillation gave bO-(telrahydro-2-pyranyl-

oxy )hex-3-yn-1l-ol (45 g., 77%) as a liquid, Db.p. 116°/0.4 mn.

21
5y

material (Found: C, 66.3; H, 9.3. OllHlBOB requires
¢, 66.6; H, 9.15%)-

1.4828, after a small fore-run ( 5.5 g.) of starting

Catalytic hydrogenation of the compound in ethyl
acetate in the presence of platinic oxide resulted in the
uptake of 2 mols. of hydrogen, to form 6-(tetrahydro-2-
pyranyloxy )hexan-l-ol, b. p. 97°9/0.5 mm. g%l 1.4570, the
phenylurethane of which crystallised in plates, m.p. 75—740,

from light petroleum (b.p. 40-60°)(Found: N, 4.6.
C1gHo704N requires N, 4.4%).

The product of hydrogenation (0.7 g.) was converted
into hexane-l:6-diol by shaking for 2 days at room
temperature with concentrated hydrochloric acid (1 c.c.),
methanol (1 c.c.), and ether (20 c.c.). The product,
isolated by evaporation followed by dfying over potassiun
hydroxide in a vacuum desiccator and distillation, cryst-
allised completely on further drying in needles, m.p. and
mixed m.p. with hexane-1:6~diol 40-41°,

Hydrolysis of ©6-(tetrahydro-2-pyranyloxy )hexan-

1-0ol by hydrochloric acid (2N) was found to be unsatisfactoxy

Hex-3-yne-1;6-diol.

6-(Tetrahydro-2-pyranyloxy )hex-3~yn-1-ol (5 g.)

was added to a solution of concentrated sulphuric acid



(4 c.c.) in methqnol (90 c.c.) and set aside at room
temperature for 48 hours. The mixture was then neutralised
with methanolic sodium methoxide (phenolphthalein as
indicator), the solution being kept cooled to room
temperature. The methanol was evaporated under reduced
pressure — an efficilent splash-head was necessary — and
the gelatinous, colourless, mainly solid residue was
extracted with hot ethyl acetate (3 x 50 c.c.). The
filtered extract was taken to dryness and the residue
dissolved in boiling benzene (50 c.c.).  Filtration and
cooling gave elongated plates (2 g., 70%) of hex-3-yne-1:6-
diol, m.p. 77—790; recrystallisation from benzene-light
petroleum (b.p. 60-800) gave the pure diol, wm.p. 30-80.5°
(Found: ¢, 63.25; H, 8.85.  CgHyn0, requires C, 63.15;
H, 8.85%). This procedure for neutralisation was founa
preferable to a method employing stirring with barium
carbonsate and dry ether followed by filtration of the
resulting barium sulphate.

Setting aside a concentrated solution of the diol
(lOO mgQ) and phenyl isocyanate (0.5 c.c.) in dioxan at

room temperature for several days gave the bisphenylurethane,

which crystallised from benzene, followed by ethanol, ia
plates, m.p. 17%-174° (Pound: ¢, 68.4; H, 5.6; 7, 8.3.

Coofon04™s requires C, 65.2; H, 5.7; ¥, 7.95%). Jomnlete

hydrogenation catalysed by platinic oxide in etnyl acetetc



regulted in the uptake of 2 mols. of hydrogen to furnish

hexane~i:6-diol, m.p. and mixed m.p. 39-41°.

Attempted hydrolysis of b-(tetrahydro-2-pyranyloxy ))hex-3-

~-yn-l-ol, by acueoug acid.

The following are examples of the conditions used in

. the expe:iments. Wone of the resulting fractions could

be crystallised.

(a) 6—(Tetrahydro-Z—pyranyloxy)héx—B—yn-l»ol (7.5 g.) was
shaken for 1% hours with sulphuric acid (5N; 25 c.c.).
Sodium chloride was added to salt out the product, which

was extracted with ether. - The extract was washed with =
solution of sodium hydrogen carbonate and sodium. chloride,
then washed with brine, dried, and evaporated. The principal
fraction obtained on distillation consisted of unchanged
starting compound, b.p. ca. 1000/0;3 . g%O 1.482.
Retreatment with heating to 100° had a similar result, a
rather higher proportion of the material undergoing reaction.
(B) 6—(Tetrahydio—Z—pyranyloxy)hex¥3~yn—l—ol (3 g.) was
heated with oxalic acid (1 g.) in water (lO c.c.) at the
boiling point for 1 hour. The mixture was worked up as in
(a) with substantially the same result.

(c) 6-(Tetranydro-2-pyranyloxy)hex-3-yn-1l-ol (1 g.) was
shaken for 30 minutes witi hydrochloric acid (277, 5 c.c.).
The mixbture was neutralised with sodium carbonate and then
evapérated to dryness, and tae product was taken up in ebayl

acetate. Among the rractions obtailaed on distillation ¥oe
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g liquid (0.% g.), b.p. ca. 80°/0.2 mm., ny~ 1.4608, which

(o]

on catalytic hydrogenation absorbed only 60% of the volume

of hydrogen theoretically recuired by hex-3-yne-1l:0-diol.

cis-b-(Tetrahydro-2-pyranyloxy)hex-3~en-1-ol.

6-(Tetrahydro-2-pyranyloxy )hex~-3~yn-1~-ol (5.0 g.) in
"ethyl acetate was hydrogenated in the presence of palladium-
charcoal (10%; 0.5 g.). The uptake of hydrogen wasg
stopped when 1 mol. had been absorbed. After removal of
catalyst and solvent, fractional distillation yielded cig-
—6¥(tetrahydro~2—pyranyloxy)hex—B—en—l—ol (4.1g.) as =

liquid, b.p. 100-10%°/0.% ma., g;ﬁf 1.4719.

Hydroxylation of cis—b—(tetrahydro—2—pyranylozy)hex—S—qg—

-1l-o0l.

A cooled mixture of the cis-ethylenic compound
(i.O g.) and hydrogen peroxide—tert.-butanol (311; 3 c.c.)
was treated with a solution of oSmiam tetroxide in tert.-
butanol (2%; 4 drops) and set aside at 0° for 43 hours.
(A similar experiment carried out for the most part at
room temperature was negative in result.) Removal of
solvent under diminished pressure gave a syrup which, afler
attempts at solidification had been unsuccessful, was
heated for 30 minutes in acetic anhydride with a trace ol
concentrated sulphuric acid. Working up in the usual way

furnished a dark oil. The isolation of a pure product



wag hampered by considerable tar formation concomitant with
the reaction and subsequent distillation; and work on it was

terminated while still incomplete.

cis-Hex~3-ene-1:6-diol

A solution of hex-3-yne-l:6-diol (1.5 g.) in ethyl
acetate (60 c.c.) was shaken under hydrogen with palladiuwm-
charcoal (10%; 150 mg.) until 1 mol. of hydrogen had been
absorbed. Removal of catalystaand solvent followed by
distillation gave cis-hex-3-ene-1:6-diol (1.1 g.) as a viscous

hygroscopic liquid. b.p. 86-87°/0.3 mnm., Eé5

1.4750 (Found:
¢, 61.1; H, 10.8. CgHy00o requires C, 62.0; H, 10.4%).

The bisphenylurethane prepared at room temperature

crystallised from light petioleum (b.p. 80-100°) in
needles, m.p. 107-108° (Found: ¢, 68.0; H, 6.2; W, 8.2.
Cogon0, N, reguires ¢, 67.8; H, 6.3; N, 7.9%).

trans-Hex-3-ene-1:6-diol

Hex-3-yne-1l:6-diol (1.0 g.) was transferred fronm
a dropping funnel to a stirred solution of sodium (1.0 g.)
in liguid ammonia (50 c.c.) by dripping licuid ammonia
- through it. The cooled (alcohol—carbon dioxide) reaction
mixture was stirred for a further two hours and was then
decomposed by the addition of ammonium chloride (4 g.).
After evaporation any residual ammonia was removed Dby

warming under reduced pressure and the residue was
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extracted with boiling ethyl acetate. Piltration,
evaporation, and distillation gave trans-hex-3-ene-1l:6-diol

(0.8 g.) as a viscous, hygroscopic ligquid, b.p. 88-90°/0.%

, g%8 1.4747 (Found: G, 60.7; H, 10.7%). The

bisphenylurethane crystallised from toluene in plates,

mme.

m.p. 161-162° (Found: ¢, 68.0; H, 6.1; I, 7.97).

erythro-Hexane-1:3:4:6-tetrol

A cooled (0°) mixture of cis-hex-3-ene-l:06-diol
(0.8 g.) and hydrogen peroxide—tert.-butanol (2.7i; 3 c.c.)
was treated with a solution of osmium tetroxide in
tert.-butanol (2%; 0.1 c.c.) and set aside at 0° for 24
hours. Removal of solvent under diminished pressure
gave a viscous syrup which crystallised after several days
at 0°. crystallisation from ethanol gave
erythro-hexane-1:3:4:6-tetrol (0.2 g.) as prisms, m.p.
113-114° (Found: ¢, 48.0; H, 9.2.  CgHy,0, reauires
¢, 48.0; H, 9.4%). Treatment of the tetrol with
hydrogen chloride and aqueous formaldehyde (4077) by the
method of wWolfrom, Lew, and Goepp (23), namely by passing
hydrogen chloride at 0° and thereafter heating the mixture
to 850, gave a brown oil which was isolated with ether;
evaporation gave an oil that rapidly solidified.

Orystallisation from ethanol gave the dimethylene compou-d

in plates, m.p. 146-147° (Found: G, 55.4; H, 7.8.



CgH140,4 Tequires ¢, 55.2; H, 8.1%). This derivative wasg
obtained both from the pure crystalline tetrol and from

the syrupy residue derived from the mother-liquors.

threo-Hexane-1:3:4:6-tetrol

(a) Treatment of trans-hex-3-ene~l:6-diol (0.1 g.) and
hydrogen peroxide—itert.-butanol (2.7M; 0.4 c.c.) with a
solution of osmium tetroxide in tert.-butanol (2%; 1 drop)
és described for the cis-diol yielded a viscous syrup.
(b) An aqueous solution of hydrogen peroxide (211; 507
excess) containing cis-hex-3-ene-1:6-diol (0.86 g.) and
tungsten trioxide (0.2% w/v) was prepared by dissolving
tuﬁgsten trioxide monohydrate (13 mg.; from sodium
tungstate by acidification with concentrated hydrochloric
acid) in hydrogen peroxide (30%; 1.3 c.c.), diluting with
water, adding the cis-diol, and finally diluting with
water to 5.7 c.c. (cf. Mugdan and Young, ref. 15). The
mixtufe was heated at 65-700 for 2% hours and was then
evaporated to a clear viscous syrup.

An atlempt was made to crystallise a dimethylene
derivative obtained by treatment of the syrupy threo-
tetrol Wifh formaldehyde and hydrogen chloride according
to the procedure already described, but the only substance

resulting was a brown oil.



PART TWO

The Synthesis of

Apiose and Cordycepose




PART TWO. The Synthesis of Apiose and Cordycepose

HISTORICAL TINTRODUCTION

Only a.few of the naturally occurring sugars so
far identified have a brancned carbon chain. Two of
them, apiose (X¥XXII, p. 39) and hamamelose (¥X¥XIII),
both isolated from plants, have long been known and the
other five, streptose (XXXIV), hydroxystreptose (7357),
cordycepose (XYXVI), mycarose (XXXVII), and cladinoge
(XXXVIII) have been discovered in the last ten years as
components of antibiotics elaborated by micro-organisms.
All are aldoses with a chain of five, six, or seven
carbon atoms: among them streptose and hydroxystreptose
are peculiar in being aldehydo-sugars, since they have
two C-formyl groups, one of which is not in a lactol
ring. In addition, it may be noted that apiose and
cordycepose both possess the isoprene skeleton.
Dendroketose (XXXIX) is a wholly synthetic branched~chain
hexose; another wholly synthetic product is
1:2:%:3-tetra-g-methylglycerose (XL). The remaining
branched-chain sugars reported in the literature are not
naturally occurring and have been prepaxred from other
sugars. They are the l:l-dialxyl-D~-fructoses;

l;leiphenyl—D-fructose and a few bther phenyl sugars;

oY
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the b:6-dialkyl-D-galactoses; and more recently a

derivative of 3-ethyl-D-altrose.

i

This last compound

appeared in a complicated reaction of diethylmagnesium and

CHO
H-é.OH
C(0H)
HO.CHé
(¥XX1I)

——CH «OH

.OH
(XXXV)

?H(OH)

?(OMG)CHB
?HQH

 “CH5.0H

- CH

|
CH

(XXXVIIT)

Q

HO

/\ CHy,.OH

i
(XXXVI)

?HZ-OH
?O
CHOH
(OH)
HO-CH, * CHp.OH

(XXXIX)

CH
(XXXIV)
?H(OH)-—-
CH, 0
l T
?(OH)C&§
?HOH
CH
I (XXXVIT)
CH
s
?o
G (OH )CHz
lc(OH)cH5
CHE
(XL)



methyl 2;3-anhydro-4:6-0-benzylidene- & -D-mannoside (XLI).

In ether the sole product was methyl 4:6-~Q-benzylidene-3-

deoxy-3~C-ethyl-& ~D-altroside (XLITI)(30).

O——-—CHy CHop.OH

(XLI) o (XLIT) CH .01

The "d-fructoheptose" reported by Fischer (31) has not been
fully investigated. td-Fructoheptonic acid" or
fructose carboxylic acid (XLIII) is obtained by the action
of hydrogen cyanide and hydrogen chloride on D-fructose
and is reducible to 2-methylhexanoic acid (32).

None of the natural branched-chain sugars has
hitherto been synthesised, although attempts have been
made to synthesise the leading member, aplose. Possible
building units for the biosynthesis of apiose, hamamelose,
and streptose have been suggested and discussed by Hough
and Jones (33). Tn view of the current interest in the
products of micro-organisms, and the additions to the

series that have appeared as a result, it would seem that

the neglect of the chemistry and blochemistry oi branched-
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cnain sugars must end..
The principal eight sugars mentioned will now be
treated in more detail.  The synthesis of the ketose (XL)

will be discussed on p. 62.

Apiose
The first of these compounds to be discovered
was apiose (XXXII). This compound is obtained as a

dextrorotatory syrup, together with D-glucose, on hydrolysis

of the flavone glycosides extracted by alcohol from the

parsley plant, Apium petroselinum (Umbelliferae). After
early work (183%b-1867) on pérsley extracts, culminating in
Lindenborn's obtaining a crystalline mixture of glycogides,
crude apiin (34), Vongeriohten's investigationg (1876-1900)
were responsible for the discovery of apiose and the
elucidation of its structure. Vongerichten was hampered
by working on mixtures of closely related glycosides, and
by being at first unaware of this complication. In an
article in 1949 reviewing the work of Vongerichten and his
contemporaries and of Schmidt (a la%er contributor in this
field), Hudson (35) usefully defines names occurring in the
literature which varied in meaning throughout the course

of these researches; and he also distinguishes between
Vongerichten's proved results and his partly intuitive

L.

inferences, of which many were shown by later knowledge to

be correct.



If Hudson's names for the substances are adopted,
Vongerichten's work shows that the usually predominating
parsley glycoside is apiin (XLIV), the aglycone being
apigenin, 5:7:4'-trihydroxyflavone (XLV) (synthesised by
Yostanecki and his co-workers, ref. 36, and shown by them
to be the principal component of natural crude apigenin),
and the carbohydrate fragmenticonsisting of a disaccharide
apiosylglucosyl radical attached to position 7 of apigenin.

The other glycoside that Vongerichten eventually considered

Akiosylgfucosyl 0 / \ CH

, 0
(XLIV) (XLV)

, ’ o
Q Olie A‘biosylalu:osylo Z l l / > cH
S \ =
HO b

(XLvI) (XLVIT)
was present in the mixture was named petroselinin by Hudson.

Vongerichten assumed that it differed in structure from
apiin only in the nature of the aglycone but there 1s no
evidence for this assumption. The aglycone was isolated
(37) and was proved to be a monomethyl ether of luteolin.
Vongerichten's evidence indicated that it was probably

5:7:3'=trihydroxy-4'~-methoxyflavone (XILVI) (later known a

<
15

diosmetin), and this was establisned in 1930 by the



synthesis of this structure by Robinson and his co-workers

(38)-

The recent discovery of the physiological effects
of certain flavone glycosides (39) has stimulated further
work on the extracts of parsley. This is not wholly
consistent with the earlier ooncluéions, a result which can
possibly be ascribed to variations in the type and age of
the plants used. There have been two reports of the
hitherto unaccomplished isolation of apiin in a pure state.
Gupta and Seshadri (40) purified apiin via its lead‘salt,
but were unable to disolate a second glycoside and congidered
that apiin was the only component in extracts from certain
parsley plants grown in Delhi. Nordster, Swain, and
Hamblin (41), by paper chromatography of a crude apiin
mixture, separated two main components in the approximate
ratio of 5:1; these were shown to be respectively apiin
[7~(apiosylglucosyl)apigeni@], and 7-(apiosylglucosyl)luteolin
(XLVII). These workers also reported the tentative
identification of an apigenin glucoside and a naringenin
derivative among the minor components (2-—5% of the original
crude mixture), but could find no diosmetin glycosides present
in the seed, leaf, or stalk of The material examined.

It was not until 1901 that Vongerichten discovered
that the crystalline parsley glycosides contained anotherxr

sugar unit in addition to D-glucose. Analytical figures



for crudg apiin, interpreted on the basis that apiin alone
was being analysed, had indeed indicated two hexose
residues associlated with apigenin. In that year
Vongerichten (42) identified D-glucose by crystallisation

and also showed that the other sugar was a pentose, which

he named apiose. This assignment rested on the analysis

of the crystalline phenylosazone and crystalline p-bromo-
phenylosazone which he prepared from the reducing sugar
obtained by partial hydrolysis of crude apiin. The
pentose appeared to be of a new kind, since it did not
yield furfural on acid treatment. He rejected his first
idea (42) that it was a ketose and proved (43%) that it was
an aldopentose by oxidation with bromine water to an
amorphous acid and consequent analysis of derivatives of
this oxidation product.

Investigation of the structure of apiose was
made by Vongerichten (44) and twenty-four years later by
Schmidt (45). Both used the same conversion, namely the
reduction of calcium apionate to isovaleric acid, to show
that apiose had the branched chain structure (X¥XII), but
Schnidt's method was the more rigorous. Whereas
. Vongerichten reduced amorphous calcium apionate prepared
from amorphous apiose, Schmidt first purified apiose by
regenerating it by formaldehyde treatment from its

crystalline «~benzyl- % -phenylhydrazone (m.p. 137-138°)

44



(44 ), berfore oxidising it with barium hypoiodite to apionic
acid (XLvIII). . He succeedéd in crystallising calciun
apionate‘and on reducing this with hydriodic acid and
phosphorus obtained a 4% yield of purified volatile acid,
identified as isovaleric acid by means of its p-bromophen-
acyl ester (m.p. 68°).

To establish the configuration of apioge, Schmidt
applied Levene's empirical generalisations, the salt-acid
rule and the phenylhydrazide and amide rules (46), to
derivatives of apionic acid, which has only one asymmetric
centre. Comparison of the rotations of the acid, the sodiun

salt, and the phenylhydrazide, with the rotations of the

corresponding derivatives of other X-hydroxy carboxylic acids

indicated that apionic acid has the D-configuration. The
configuration of the aldehyde form of apiose is therefore
considered to be represented by (XXXII). The apiofuranose

ring may therefore be either (XLIX) or (L). (XLIX) is

?HO ?OgH
H.C.0H H.C.OH
| (XXXII) I (XLVIII)
¢(0H) C(0H)
HO.HoC CH» . OH HO.HC CHo.OH

HO.HoC 0f  (XLIX) (L)
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&X- or @—?-apio~L~furanose in the nomenclature recently
suggested (47) for sugars which like apiose produce on
cyclisation two new centres of asymmetry.

The structure of apiin is now known to be
represented by (LI), where R = apiofuranosyl and the
bconfiguration of the glycosidic linkage between the apiose
and the D-glucose residue has not yet been determined.
Vongerichten's conclusion (42)(from experiments involving

the partial methylation of crude apiin) that the D-glucose

/‘.“_"_'.’\\

\ /‘}on

HO.CHp | -0

m/\§

HO - ) &

OR

(L1I)

residue was joined to position 7 of.apigenin has been
confirmed both by Narasimhachari and Seshadri (48), who
completely methylated apiin and obtained on hydrolysis
5:41-di-Q-methylapigenin, and by Nordstrdm, Swain, and
Hamblin (41), who obtained the same compound on hydrolysis
of completely methylated D-glucosylapigenin. The
observations of Vongerichten (42)(44)(and the later workers)
on D?gluoosylapigenin show that the anomeric linkage is #

and that the D-glucose portion exists as a pyranose ring.

The 1:2 linkage between the apiofuranosyl regidue and a



glucopyranosyl residue has been proved by Hemming and 0llis
(49), who have isolated 3:4:6-tri-Q-methyl-D-glucose and
5-4'-di-QO-methylapigenin from the hydrolysis product of
completely methylated crude apiin.

Since the completion of the present studies, a
further source of D(+)-apiose has appeared, with its
idéntification by Bell, Isherwood, and Hardwick (50) as tae
main monosaccharide liberated, on mild acid hydrolysis,
from both leaves and naturally "retted" reéidual fibres

("marine‘fibre“) of the monocotyledon, Posidonia australis

(Potamogetonaceae). These authors describe two new
crystalline compounds, the di-QO-isopropylidene derivative
of D4apiose, and the inactive apiose 2:5-dichlorophenyl-

ogsazone.

Hamamelose

A crystalline tannin, hamameli tannin (51),

occurs in the bark of the shrub Hamamelis virginica I..

(Witch Hazel), and has been shown to be di-0Q-galloyl-
hamamelose (52). Hamamelose itself ig a laevorotatory
syrup which Freudenberg (53) obtained along with two
molecules of gallic acid by the action of tannase on his
improved preparafions of hamameli tannin. His researches
showed that the sugar was a hexose yielding no osazone and

capable of being oxidised to a hexonic acid and thus led hin



to favour the structure (XXXIII) for hamamelose. Schmid®t!' s
reduction of hamamelonic acid to 2-methylpentanoic acid
(54) confirmed this, and further proof was furnished by

the same worker's synthesgis of hamamelonic acid from
D-arabulose by the action of hydrogen cyanide on the lattex
(55). This synthesis established the configuration at

Cz and G4 in hamamelose; previously Schmidt's comparison

of the rotations of hamamelonic acid and derivatives with
the rotations of fructose carboxylic acids and derivatives
had indicated that hamamelose had the D-configuration at

Co also (56). Therefore hamamelose was seen to be
2-¢-hydroxymethyl-D-ribose (XXXIII). Freudenberg (57)
considered that both primary hydroxyl groups of hamamelose

are esterified in hamameli tannin, as in formula (LII).

?HO 1 OHp.0.C0.0gH, (OH)
HO.CH5.C.0H 2 ?(OH)CHO

I
H.?.OH 3 ?HOH
H-?-OH 4 ?HOH

CH,.0H 5 CHp-0+00.CgH, (OH)5
(XXXIIT) - (TII)

Streptose

Streptomycin, one of the most studied antibiotics
in recent years, was the first clinically important product

of thé actinomycetes to be discovered, and that group of



micro~organisms has since recelved much attention in the
search for fresh antibiotic substances. Notable because
df its low toxicity and selective activity ageinst gram-
negative bacteria, streptomycin was the subject of
intensive chemical and bilological investigation din the
years immediately following its detection in the culture

media of a soil organism, Streptomyces griseus, in 1944

(58). The outcome was fhe almost complete determination
of the structure and configuration of this complex

carbohydrate in an unusually short time.

H
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fhe structural formula (LIII, p. 49) of
streptom&oin shows that the central portion is a branched-
chain sugar, L-streptose (XXXIV, p. 53). Because of its
instability, streptose was not itself isolated, and that
portion was the last structure to be established. The
thef degradative procedures employed in elucidating the
étructure of streptomycin were acid hydrolysis, methanol-
ysié, and mercaptolysis. By these means the weaker of
the two glycosidic linkages was readily broken to yield
streptidine (the strongly basic diguanidino-inositol
portion) and the disaccharide streptobiosamine orx
derivatives thereof. Acid hydrolysis of methyl
streptobiosaminide dimethyl acetal led to the decomposition
of the streptose fragment of the disaccharide and the
iéolation after acetylation of the penta—acetyl derivative
of a methylaminohexose, which was later shown to be
V-methyl-T~glucosanine (59).

Thereafter identification of crystalline
reduction and oxidation products comprised the method of
defining the constitution of streptose. Hydrolysis
féllowing hydrogenolysis of the acetylated diethyl
mercaptal of ethylthiostreptobiosaminide hydrocihloride
(LIV) gave N-methyl-TL-glucosamine and crystalline
dideoxydihydrostreptose (LV). The latter had two

g—methyl groups and two hydroxyl groups. Oxidation by
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periodic acid (one mol.) followed by hydrolysis gave
glycollic aldehyde and acetylmethylcarbinol, showing that
the nydroxyl groups were on adjacent carbon atoms; their
cis-configuration was indicated by the formation of 2
complex with boric acid. The structure of streptosonic
acid was shown by oxidation of its monolactone (obtained
from tetra-acetylstreptobiosamine by oxidation and then
hydrolysis) and its diamide. The monolactone consumed
two mols. of periodic acid to give glyoxilic acid and
oxalic acid; the diamide consumed two mols. to give
acetalden&de and no volatile acid.

Streptose could then be assigned the formula
(LVI), based on the structures of dideoxydihydrostreptose
(60)(61) and streptosonic acid (62).

The further stereochemical evidence required for
establishment of the formula (XXXIV) comprised the
degradation of streptose to 4—deoxy—L—eryfhrose to show
the L-configuration about C, (63) and the application of
Hudson's rules of rotation to the dextrorotatory hydrazide
of dihydrostreptosonic acid to show the D-configuration
about Cy (64). confirmation of the latter point was
obtained with the degradation of N-acetyltetrahydrostrepto-
biosamine to L-glyceric acid (05).

The linkage of gfmethyl~L—glucosamine at 02 of

strentose was deduced from the demonstration (60)(61) that
A » L
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the compound (LIV) after desulphurisation contsined a free
tertiary hydroxyl group, and the linkage of streptidine at
Cl of streptose was proved by degradation of dihydrostrep-
tomycin (61)(66). Barly calculations showed that both
glycosidic linkages in streptomycin had the x-configuration
(67), but these calculations depended on the assumption
that the point of attachment of the streptobiosamine
fragment to streptidine was at Cy of the latter, i.e. the
- symmetrical point. Since later work showed that the
fragment is unsymmetrically attached, i.e. at Cyq or Cg
(which are not sterically equivalent), Wolfrom and his
co-workers have revised their calculations and have
concluded (68) that in all probability the streptidine——
streptose link is B-L and that in all probability the
hexosamine——streptose link ig X-IL. |

An interesting rearrangement of the branched-chain
sugar to an unbranched-chain derivative occurs when a
compound ooﬁtaining the streptose fragment with the formyl
group at Cy glycosidically combined and with the othex
formyl group free, e.g. streptomycin itself, is treated
with aqueous alkali under relatively mild conditions;
maltol (LVII) is thereby obtained (62)(69).

several detailed reviews of the chemistry of
: streptomycin are available (70).

0losely related compounds are streptothricin,
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(LVII)
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isolated earlier than streptomycin, from Streptomyces

lavendulae, but neglected because of its excessive toxicity,

mannosidostreptomycin or streptomycin B, in which D-mannose
is linked glycosidically to the N-methylglucosamine portion,
and dihydrostreptomycin, similar in effects to the parent

compound and derived from it by catalytic hydrogenation of

the aldehydo-group.

Hydroxystreptose

An antibiotic hydroxystreptomycin, distinguished
from strepvomycin by paper chromatography, is produced by

an actinomycete, Streptomyces griseocarneus (found in

Japanese soil) (71), and also by another strain of

Streptomyces found in Chicago soil (72). The molecule

_differs from streptomycin in having an extra oxygen atom,

the branched-chain sugar component being hydroxystreptose

(XXXV) .
—~——~—~——?H.OH
H.C.OH
0 | (XXXV)
OHC-?-OH .
—  C.H
.
bH2~O
:Cordyoepose

Tn 1951 Qunningham, Hutchinson, lManson, and Spring

(73) isolated from cultures of the mould Cordyceps militaris
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(Linn.) Link. & crystalline antibiotic metabolic product
which was named cordycepin. Degradative work by
Bentley, Cunningham, and Spring (74) showed that cordycepin
was a glycoside, 9¥Efcordyceposyladenine (LVIII), yielding
on acid hydrolysis adenine and a deoxypentose, 3-deoxy-D-

apiose (XXXVI), which was given the name cordycepose.

CHO : ' Q———CH

I. , l [ 2
H.?.OH ?H.OH(OH).?H
G‘H GH -OH
/\ 2
HO.H,C . CH,.0H
(XXXVTI) (LVIII)

The point of attachment of the carbohydrate group to the
-aglycone was limited to the 7- or 9- position by the
deamination of cordycepin with nitrous acid to a product
from which hypoxanthine was obtained by acid hydrolysis;
the choice between these two was readily made by comparison
of the ultra-violet absorption characteristics of
cordycepin with those of appropriate adenine derivatives.
The analytical figures of the nitrophenylosazones
(giving the characteristic blue colour with sodium hydroxide
in aqueous ethanol) which formed slowly in hydrochloric
:acid from solutions of acid-hydrolysed cordycepin and

either E_nitrophenylhydrazine or 2:4-dinitrophenylhydrazine
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required that the parent sugar be a deoxypentose. The
syrupy sugar was readily oxidised by bromine water to a
lactone, characterised as a crystalline phenylhydrazide.
Ahalysis of this compound showed it to be the derivative
of a five-carbon acid; cordycepose was thus demonstrated
to be an aldodeoxypentose. The osazone formation
indicated that it could not be a 2-deoxy-sugar and the
resistance of cordycepin itself to periodate oxidation
left an aldo-3-deoxypentose as the sole remaining
possibility.

| There are four possible straight-chain
3-deoxyaldopentonic acids, viz. D- and L-threo- and D-
and I-erythro- x¥& -trihydroxyvaleric acids. The
corresponding phenylhydrazides (LIX) - (LXII) have been

- described by mef (75).

CO.WH.NHPh  CO.NH.NHPh ?O.NH.NHPh ?O.NH.NHPh
HO.%.H H.%.OH H.?.OH HO.?.H
H.C.H H.C.H H.C.H »H.?.H
H.é.OH Ho.é.H i H.%.OH Ho.?.H
éHZ.OH éHz.OH CHy.0H CH,.OH
(sz) (LX) (LXI) (LYI1)

. . o
‘Cordyceponic acid phenylhydrazide (m.p. 1517, Ex]t) +269)

differed considerably in m.p. from D- and I-threo-o¥8 ~tri-

o . 1710, e ey
hydroxyvaleric acid phenylayarazides (rn.op. 1107 ; TIY ond TX)

T
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(75), and was shown to be different from L-erythro-a«¥§ -
trihydroxyvaleric acid phenylhydrazide (m.p. 1499, (&]D+4w50;
TXII)(75)(76) by a comparison with an authentic specimen of
the latter. Since cordyceponic acid phenylhydrazide was
not identical with any of'the phenylhydrazides (LIX) to (LXII),
the branched-chain strucfure (XXXVI) was assigned to the
aldehyde form of cordycepose; cordycepose is thus
(-)-3-deoxyapiose. As cordyceponic acid phenylhydrazide,
in which there is only one asymmetric centre, was found to
be dextrorotatory, the D-configuration as written in (¥¥XXVI)
is indicated by the phenylhydrazide rule. Cordycepin
itselr was formulated as (LVIII) where the configuration

of the 1' and 3' centres is still unknown.

,Mycérose

Tn 195% there were reported (77) the isolation and
structure of a'oryétalline sugar given the name mycarose
(XXXVII). mhis sugar occurs as a fragment of the
antibiotic carbomycin (78(79)or Magnamycin*, a product of

strains of Streptomyces halstedii. Magnamycin B, another

antibiotic from'streptomycés halstedii, also yields

mycarose (80).
A neutral oil and a crystalline base were obtained

bn acid methanolysis of lMagnamycin: the former was shown

- 4 [a] el ' ,?m m
* Registered trade name of Caas. Pllzer & UO.




to be methyl 4-Q-isovalerylmycaroside (LXITI) by the
following degradative and analytical data. Alkaline
hydrolysis of (LXIII) gave igovaleric acid and a mixture
of anomeric methyl mycarosides (separable by fractionation
into a crystalline isomer and a liquid isomer), from which
the sugar itself, m.p. 128-129°, was obtained by acid
hydrolysis. Ifycarose, a heplbose having two Q—methyl
groups, three active hydrogen atoms (Zerewitinoff) and a
very slow reaction with hot Fehling's solution, consumed
two mols. of periodate, with & yield of one mol. each of
acetaldehyde and formic acid; acetoacetaldehyde (character-
ised'by the fbrmation of a 2:4-dinitrophenylmethylpyrazole)

was produced when only one mol. of periodate was used for

oxidgtion.
CH(OH) CH(OMe) : CH
l | | | |
H 0 CHo 0 C(OH)—0
f 2 | r
. i .CH CH
|O(OH) CH ?(OH) CHz | H
CHOH (I}H.O-CO-CHQ-CH-(C}Hg)g ' ?HOH
CH ?H , ' lCHOH
1 |
' CH
. s ]
. L
(XXXVII) (LXIII) (LXIV)

This evidence is satisfied Dby the formulations

(XyXvIT) and (LYIV); (LXIV) can be eliminated as oxidation

582




of mycarose by hypobromite readily yielded the lactone of
a heptonic acid. The point of attachment of the
isovaleryl group in (LXIII) is determined by the failure
of this glyoosidé to react with periodate.

THe configuration of mycérose is currently the

subject of investigation by the same authors (77).

Cladinose
Erythromycin 1s an antibiotic produced by

Streptomyces erythreus. One of the structural components

isolated on mild acid hydrolysis of erythromycin is a sugar,
cladinose (81)(82). Wiley and his co-workers (82)(83)
have proved that the structure of this sugar is
3~-Q-methylmycarose (XXXVIII); its configuration has not yet
been determined.

, ¢ladinose was shown to contain two C-methyl groups
and one methoxyl groups; the presence of two hydroxyl groups
was shown by the formation of a diacetyl derivative and by
the infra-red spectrum, which also indicated a hemiacetal
structure. There was present a CHzCHO-— grouping with
this oxygen in the hemiacetal ring since cladinose, but not
methyl cladinoside with only one hydroxyl group, gave a
positive iodoform reaction. Infra-red absorption showed
further that the product of oxidation by bromine was mainly
Ultra-violet absorption attributable to &f-

a ¥-lactone.

oo e F - ~ N
unsaturation appeared on bage treatment of the lactone




followed by neutralisation. Finally periodate oxidation
oT the unsaturated lactone gave acetalaehyde and
#-formylerotonic acid (LXV). A six-carbon chain in
cladinose was thereby established, and the formation of the

former showed that there was a gfhydroxyl group adjacent to

the CH3.CHO— fragment mentioned above. The formation
CH(OH) - 0=0 C= COoH

l . | | [ |

CH, 0 CHo CH CH

| | Q Il 0 |J
?(OMe).CH3 clJ(OMe).cH3[ | <l3.cH3 l I.GH3
(l}HOH (|)H (I}H . CHO
CH | C|}HOH (’lJHOH

|

(XXXVIII) (1XVI) (LXVII) (LxV)

-of R-formylcrotonic acid confirmed that ef-elimination

of methoxyl had occurred and also showed the C-methyl group
in cladinose to be on position 3. (XXXVIII) is therefore

the only possible structure for cladinose and the saturated
and unsaturated lactones obtained in the degradation

experiments are formulated (LXVI) and (LXVII).

Dendroketose

Tn the course of synthetic experiments, Utkin (84)

zisolated o ketose structurally related to apiose from the




condensation in sodium hydroxide solution (0.05 N) of two

molecules of sym.-dihydroxyacetone.

named the sugar dendroketose (XXXIX).

?HzaOH
co

I
CH.O

b.on

/ \
HO.HoC  CHp.OH

He provigionally

(XXXIX)

o1
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THEORETICAT,

The previous success in applying acetylenic
derivatives to the synthesis of straight-chain carbohydrates
suggested the extension of these methods to the branched-
chain carbohydrates. The only previaously reported
application of such intermediates to the synthesis of
branched-chain sugars was the preparation of

3:4-dihydroxy~3:4-dimethylpenten-2-one (X L) Dby hydration

of 2:3%3-dimethylpent-4-yne-2:3-diol (LXIX). Thus a
CH CH CH
R I N
co : ? ?0
?(OH)CH3 < HgS0,~HoS0, lG(OH)GH3 ¢(OH)CHz
f(OH)OH3 ‘ <|3(0H)CH5 ?(OH)CH5
CHz CH3 ?(OH)CH3

(LEIX) %

' - LXIX
() (LX)

‘general procedure was.established for the synthesis of a
certain type of poly—gfméthylketose, empleying successively
two reactions of triply-bonded compounds, (i) the
oohdensation of a carbonyl compound with acetylene and

(ii) the hydration of the resulting ethynylecarbinol %to an
;«—hydroxyketone. qurd and loffat (85) set out to

cvnthesise a monosaccharide whose alcohol groups were
Ud »




tertiary, i.e. the dihydroxyketone (jXI))I whicih may be
regarded as l:2:5:35-tetra-C-methylglycerose, and to thab
end prepared the acetylenic glycol (IXIX). Shortly after
their work had been stopped at this point by the outbrezk
of war, the complete synthesis was published by PFavorskii
and Onishchenko (86). The different reactions used by the

two groups to obtain (LXIX) are shown below.

' H
(CHz)5.c0  CoH2 ﬁ
’0e ? R H20 CH3.0=0  (pavorskii &
053.é.aa CH3.C-OH |Onisachenko)
CH3 | ®0H/C5H /8650
CH
|2
?(Oﬂ).uH3
clz(OH).cH3
CH ¢
Il 1l
o] ¢
I yx S |
i O(OH).GH3 C(OH) CHz
c(OH).CH5 c(OH).CH3
(LXIX) |
CH CHz

Hurd and Moffat pointed out the possible extension of the
synthesis, namely that staerting from (XL ) a similar
sequence of steps should produce a penta-C-methyltetrose

(LXX, Pe 62);

This type of synthesis has been examined recenbly by

el

5 7 77 s ) . . £
Sickinbottow, Hyatt, and sparke (87) in the course ol =
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study of branched-chain hydrocarbons. They have reported
some limitations of the synthesis of x-hydroxyketones as
follows, R or R' (or both) being a tertiary or secondary

alkyl group: -
RR'CO —————> RR'C(0H).C=CH ——mm> RR'C(OH).C0.CH3

Concurrently with the present work, an attempt to
synthesise apiose has been in progress (88) according to
the following scheme, commencing with a modified

Reformatsky reaction.

(CH,.0Bz),.C0 + Zn + CHpBr.CZ=CH ——>
 (CH2.0Bz)2.C(0H).CHo.C=CH

~H,0
(1xxI) (CH,.0Bz),.C=CH.C=CH
) (LXXIT) (CH,.0Bz)o-C(0H).C(OH) . C=CH
- T

1 1. Benzoylation

;2. Semihydrogenation

1 5. Hydroxylation

A4
(CHéOBz)Z.C(OBz).GH(OBz).CH(OH).CQ?oH

1. HIO
v 2. Hydrolysis
v

(OHZ.OH)Q.G(OH).CH(OH).CHO

The oxidation of the vinylacetylene (LXXI) to give the

glycol (LXXII) is very difficult because of the bulk of the
neighbouring benzoyloxy groups. It is understood that
(TXvII) has been obtained, in crystalline forwm elveit in

: ield . by T f oguiuwn tetrozide.
very small yield, by the use of osuiwm tetroxzid




The first contemplated synthesis of apiose,
outlined on the flow sheel on p. 66, was clearly rather
long, but qguite justifiable if the steps following the
initial condensation were found to give good yields of
conveniently characterisable compounds. The reaction
of acetylenedimagnesium bromide wita gym.-dichloroacetone
produced the expected acétylenio glycol (LXXIII), obtained
eventually as pure, low-melting crystals. The extensive
formation of by-products, including the corresponding
‘éthynyl carbinol and probably dichloroacetone pinacol,
loweied.the yield (to 39%) and purification of the desired
product was tedious and involved considerable loss of
material. Replacement of chlorine by the action of
potassium acetate or the milder reagent silver acetate
gaﬁe the tetra-acetate (LXXIV), which could not be
crystallised. The hexacetate similarly was an oil.

The anionotropic rearrangement—acetylation reaction
(ILXXIV) —> (LXXV) did not proceed smoothly with
acetic anhydride - sulphuric acid; acetic anhydride -~
mercuric acetate was tried (cf. 89) but gave a very low
yield of inhomogeneous product. In view of these.
difficulties in the early stages, this synthesis was

abandoned in favour of a more promising approach.

1
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2 (C1CHp)»C0 +  BrMgC=ClMgBr

l

(ClCH2>2?—CEﬂ—?(CH201)ﬁ

<

OH  OH
(AcO.GHZ)zf—CEC—?(GH2.OA0)2
OH  OH

|
Aco0-H»oS04 or|
ACQO—Hg(OAc)g:

\\4
(AGO-OH2)2?~CO—CH=O(CH2.0A0)2

QAc

1. Reduction of >CO
2. Acetylation

v
(ACOCH2)2?—?H—CH:C(CH2.OAO)2

- AcO OAc

Emmm

Hydroxylation

(AGO.GHZ)2?——?H——?H——?(CH2.OAO)Z
AcO OAc OH OH

b
P (OAo)4

{._..-..

(Ac0.CH,) »C(0AC) .CH(0AC) - CHO

aplose tetra-acetate

(LXXIII)

(LXXIV)

(LXXV)
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The reaction of sodium acetylide with sym.-dichloro-
acetone in liquid emmonia was next examined, since the
carbinol (LXXVI) was thought to be a suitable precursoxr of
apiose, and also of the sugar alcohol apitol. The
synthetic routes envisagéd from (LXXVI) were:

(CLCH,)5.00 +  NaC=CH

!
]
)

« v |
(ClCHp),-C(OH) . C=CH (LXXVI)

r ]

% A\
(HO.CH,),.C(OH) .C=CH - (C1CHp)-C(OH) . CH=CH,
(HO-CHg)%KC(OH)-CH=GHOMe ' (OlGHg)Q.C(@;&CH(OH).CHZ.OH

| ~MeOH \/ |

N, (HO.CH» )2 .C(0H) .CH(0H) « 3H.0H
(HO.CH2)2r0=CH.CHO :

. apitol
AV
{H0.CH5)5.C(0H).CH(OH) .CHO
apiose-
Tt was found however that the reaction in‘liquid ammonia
did not produce the carbinol (LXXVI): the activity of the
chlorine atoms was sufficient to cause reaction with the
solvent. The very recent discovery of the preparation

and use of acetylene monomagnesium bromide (90) woulad

obviously lead to a very convenient preparation of the

carbinol (LXXVI).
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Some investigation was made of the following

non-acetylenic approach to cordycepose:

CHz.CO.CH. (COpEt), (E0),-CH.00,Et  + CHz.C0,E®
(LXXVII) Nal,

~ (E%0)5.CH.CO.CH,.COoEt  (LYXIX)
0lCOsEt on Cu salt)
(E¥0),.CH.CO.CH. (CO,Et), (LXXVIII)
|
LiAlH,,
N/
(E¥0),-CH.CH(OH).CH. (CH,-0H), (LYXX)

i
) NV
OHC.CH(OH).CH, (CH,.0H) 5

DL-cordycepose

Diethyl acetomalonate (LXXVII) was prepared by Nef (91) by
the reaction of ethyl chloroformate and the copper salt of
ethyl acetoacetate. The aim here was to fabricate the
cordycepose skeleton by preparing similarly diethyl
¥.¥-diethoxyacetomalonate (LXXVIII) from ethyl Y¥:¥-diethoxy-
acetoacetate (LXXIX). Reduction of (LXXVIII) by lithium
aluminium hydride should then furnish DIL-cordycepose
diethyl acetal (LXXX)-. The condensation of ethyl
acetate and ethyl ¥;¥-diethoxyacetate to give (TXXIX) has
been described by Dakin and Dudley (92). The copper
sait of (TXXTY) was formed and 1ts reaction with ethyl

he maximun yileld pogsible in

chloroformate examined.

. C e BEOC sa T roduct, being & stronger acid
this reaction is HOY as the producw, Lelng & tronier acla,
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forms a copper salt at the expense of the unreacted
diethoxyacetoacetic ester. In practice the yield was

very much smaller, and its improvement beyond 157 and the
isolation of a pure sample of the product were not achieved
before work on this line was halted temporarily pending

the availability of a further supply of the starting
material. This compound, ethyl diethoxyacetate, is
obtained by a laborious preparation from diohloroaoétio acid.
As it happened, however, the success of the synthesis of
cordycepose from bromoacetal (to be described later) was

assured before the resumption of work took place.

The sYnthesis of the alcohol corresponding to
apiose, pentahydroxyisopentane, or apitol, was considered
worthy of attention. Although it was not thought
likely that a conversion from apitol into apiose could be
achieved, the apitol would have been, if crystalline, a
useful derivative for the characterisation of the syrupy
apiose once synthesised. Oonsgquently two routes were
explored, but neither was promising enough to warrant
exhaustive study.

the first route, tested on a small scale as far
as the tetra-acetate (IXXXI, p. 70), was the following,

starting from the readily availlable but-2-yne-l:4-diol:
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(LXXXITI) (ACO.CHy)p-0=CH.CH,.0AC
M~ c e
‘1. LiAld
;2. Acety%ation

. COoH
- G0 - Hp0 (g
ACO.CHp.C=C.CHp.OAc ———23  4C0.CHy.(=CH.CH,.0AcC
- (LXXXIT)
VBS-EtoH
COolMe . COgH
| | CHoNo !
AOQOOHZ-IC—‘FHoCHZOOAC (——*————-——— ACOvCH2-C'}-—IOHoOH2-OAC
Br OH : : Br OH
‘ CH».OH
e 2
{Oolle LiAlHg I
ACOOCHZOC_—CH'CHZ'OAC ———————— ) HO-CHZOlC"—"CHoCHchH
AcO OAc HO OH
(LXXXI)

By the standard carhonylation reaction, but-2-yne-l:4-diol
diacetate and nickel carbonyl yield the ethylenic acid
(LXXXII)(93). Reduction of (LXXXII) with iithium
aluminium hydride did not proceed smoothly. [The
“expected acetylated product of such a reduction (LXXXIII)
would have given apitol triacetate on hydroxylation]
Addition of hypobromous acid (17) by means of |
N-bromosuccinimide in water was followed immediately by
egsterification of the hydroxy-acid. Acetylation with
silver acetate~—acetic annydride was expected to giﬁe the
tetra~acetate (LXXXI). Had this compound been

!

characterised, its reductlon witn lithium aluminium hydride




71,
would have heen carried out to obtain apitol in one stege.
The products however were all syrupy and there was

evidence of decomposition and rearrangement, which hindered
the isolation of pure compounds.

The other approach to apitol which was examined

began from isoprene. shepard and Johnson (94) prepsred
CHp=C~CH=CHp _5%2 _\ BrCH,.C=0H.CH,Br —QAC
CHCly I HOAc
H3 : CH3
ACOCH . C=CH.CHy.04C
(LXXXVII) I
OH3
(LXYXIV)
WBS/CCLy
\ .

J;DAG—HOAC
(AGO.GHZ)z.?-—?H.CHQ.OAC é_"ggg_“_ AO.OGHZ.?=CH.CH2.OAO

(LXXXVI) OH OH | . CHpOAc
| .
deydroly51s (LXXXV)
apitol

1:4—diacetoxy-z-methylbut—2~ene (LXXXIV) by the l:4-addition
of bromine to isoprene followed by the replacement of
bromine by treatment with potassium acetate. It was
propoged to brominate (LXXXIV) with N-bromosuccinimide,
replace the halogen with acetoxyl, and then nydroxylate

the resulting triacetate (LXXIV) to obtain apitol triacetate




(TXYXVI). The preparation of the diacetate (Ly¥YYIV)
was accordingly repeated and unsuccessful attempts were
made to obtain a pure sample of the ethylenic triscetbale
(LXXXV) .

Shepard and Johnson (loc. 933.)’reported the
purification of the dibromide (LXXXVIi) to be tedious
and wasteful, because of decomposition during distillations,
and preferred to convert the crude dibromide directly into
-the,diacetate. This finding was confirmed both in

the case of the dibromide and in the case of the tribrowide.
Shepard and Johnson also reported that repeated treatment
of the dibromide with potassium acetate—acetic acid 4id
not remove the last traces of bromine. It was found in
the present work that these traces were not removable Tron
the product by careful fractional distillation, but more
serious was the difficulty encountered in attempting o
debrominate completely the reaction product at the nexd
stage. wot only waé there present gome substance oo~
taining unreactive bromine, but also the reactions and
distillations were accompanied by the formastion of
appreciable quantities of decomposition products. It iz
probable that the resction of Two molecules of Sae

- . - . T memerr P e o syt A o
dibronide to give one uolecile €aCi oI 1zvprene zul woe

e
Ny

i

. 3. 4-%efrabronide was responsinle for The Gifficolt

> L o 4 Yy S 5 Eoe oF o TOR
in obhtesining 2 bromine-irec DIOLLC




the reason for the greater difficulty at the second
remains uncertain. Numerous variations in reaction
conditions and reagent proportions were made in attempts
to decrease the formation of by-products, and some
improvement was achieved before it was decided that
further experiments in connection with this proposed

synthesis were not Justified.

The Synthesis of Apiose and Cordycepose from Bromoacetal

and Ethyl Malonate

The unsuccessful experiences already detailed
with acetylenic precuisors led to the reluctant abandoning
of this line of approach and the adoption of more
conventional techniques. The stages of the synthesis
of cordycepose and of the synthesis of aplose, both of
which are described in this section, are depicted on the
flow sheets on pages 86 and 87. The routes finally
developed to give successful syntheses were not wholly
the ones enviséged at the outset, and the variatioqs,
along with the results which prompted or forced them,
will be discusced as they arise.

the condensation of the readily-available (95)
Eiomoacetal with ethyl sodiomalonate has been carried out

. -~ S ntly by Bowman and
by Perkin and rink (96) and more recently Dy 3ow




74
Pordham (97); the higher-yielding earlier method employing
simple pressure ecuipment was adopted. Smooth reduction
of the resﬁl’cing diesteracetal (LXXXVIII) with ethereal
Llithium aluminium hydride followed, and the product,
1:1-diethoxy-3:3~di(hydroxymethyl)propane (LIXXIX) was
carefully separated by distillation from a small quantity
of by-prodﬁot, presumably l:l-diethoxy-3-ethoxycarbonyl-
-3-hydroxymethylpropane (XC, p. 75). It was found that
if more dilute ethereal solutions of diesteracetal and
hydride were mixed, the amount of this semi-reduced
compound was increased. A similar reduction of the
homologous diesﬁeracetal to give 1l:l-diethoxy-4:4-di-
(hydiézymethyl)butane has been done, but in 33% yield only
(98). Attempts were made to prepare crystalline
derivatives of the diol (LXXXIX); in every case the
reaction was unsuccessful or the compound could not be
solidified. By treatment with acetic anhydride in
pyridine the diol was converted into the diacetate (XCI),
from which a low-melting 2:4-dinitrophenylhydrazone (m.p.
56-57°), the derivative of the corresponding aldéhyde
%:3-difacetoxymetinyl)propanal , was obtained by treatment
with an acetic acid solution of 2:4~dinitrophenylinydrarzine.

nirect k-bromination of (XCI) was next

i - - A, 10— -
envigaged, to produce the key compound, the bromo-acetal
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(XCTII, p.75). It can readily be seen that replacement
of the bromine atom in this compound would furnish a
derivative of cordycepose, whilst dehydrobromination
would produce an unsaturated acetal (XCIII) hydroxylation

of which would give an apiose derivative.

(AcO.CH, ) ,CH.CHBr.CH(OEt) (XCI1)
i
|
J""""""""""‘"""""""""""'"""—""""";
[KOAC ~HBI
W v
(ACO.CHZ)ZCH.OH.GH(OE’G)Z : (AcO.CH» ) oC=CH.CH(OEt) »
Oac | (XCIII)
| ' thydroxylation
| v
hydrolysis (AGO-GHZ)ZC(OH).OH(OH)CH(OE‘«:)2
v :
! 2 .
cordycepose hydrolysis
J ,
apiose
OEt
Et05C .
HO.CH% . Br
(X0) | | (XCIV)

fhe most promising procedure for bromination of (XCI)
appeared to be the one described by Simpson (99),who
brominated 1:1:3-triethoxypropanal in good yield, althousn
he could not isolate the pure bromo-compound because of

_ . . R . . S A 4 e =) + Were
decomposition on distillation. Similar results were
nregent cage, 2ul the verly

obteined eith the acetal 1n wue




unreactive bromine atom in éKOII) could not be success-
Tully replaced. Reaction conditions could not be
devised such that a large enough proportion of the
bromine reacted with potassium acetate, without causing
side reactions and decomposition. It is suspected that
the crude bromination product (XCIT) contained a small
amount of a substance having labile bromine, probably
(XCIV, p. 75) (100). This would account for the ready
initial debromination to a small extent which occurred.
Bromination by the actlon of I-bromosuccinimide oen the
acetal (100) was likewise unsuccessful for the production
of a pure oompound.

Introduction of a double bond into the
skeleton (XCI) already constructed was congidered to
provide, in addition to a precursor of cordycepose, a
means of indirectly preparing a halogen-substituted
compound useful for the approach to apiose. Enol acetatesg
have been derived from aldehydes and ketones by treatment
with acetic anhydride catalysed by potassium acetate or
p-toluenesulphonic acid (101), and by treatment with
isopropenyl acetate (102). Hydrolysis of the acetal
(¥0I) to the corresponding aldehyde (XCV, p. 717) was
attempted for this purpose. Hurd and Saunders(l03)

nydrolysed sensitive acetvals by treatment with & cold
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aqueous solution of tartaric acid. Here reaction
proceeded to a sufficient extent at 20° — but not at 0°.
The product was not the expected diacetoxyaldehyde (XCv)

but a monoacetyl compound which is considered to possess

the structure (XCVI). The yield after purification
(AGO.CH, ) ,CH.CH,«CHO AcO.CH,, . CH—0H
2lem e 2] [ °  (zovn)
(XCV) CH.OH

CH,
N
was rather low and, as this method was soon abandoned
because of the success of the methods later described,

no attempt was made t0o improve the preparation.

The acetic anhydride-—potassium acetate procedure
was applied to the acetal (XCI) itself without effecting
ahy appreciable conversion. Acetic anhydride-—p-toluene-
sulphonic acid on the other hand was rather too vigorous
and led to rmch resinificatioﬁ although the vinyl ethyl
ether, 3:3-di(acetoxymethyl)-l-ethoxyprop-l-ene (XCVII),
was obtained in small yield. Doubtless some improvement
could be expected with pftoluengsulphonio acid under

milder conditions, but it was felt better to seek a less

(AoO.CHz)ZCH.OH:CH.Oﬁt (4CC.CH, ) oCH. GH=CiT. 0AC
(XCVII) (XCVIII)

) this i hydrated ferric chloride
drastic catalyst, and to this end hydrate 3 -
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wag added to the mixture of the acetal and acetic
anhydride at BOO. 28% of the acetal was recovered, but
no other product was recognisable. Since the vinyl
ethyl ether (XCVII) and the enol acetate (XCVIII, p. 77)
were apparently equally satisfactory for the purposes
reguired, attention was turned to the preparation of the
former.

The conversion of acetals into vinyl‘ethers hes
been described by Claisen (104) who used acetyl chloride
pyridine, by Flaig (105) who used silica gel, active
alumina, or phosphate-gilicate catalysts, and by other
groups (106)(107) using sodium hydrogen sulphate. The
acetyl chloride——pyridine method failed with the acetal
(XCI) but successful results were obtained with sodium
hydrogen sulphate. At first the technigue of Voronkow
(107) was followed, the acetal being heated with a
catalytic quantity of sodium hydrogen sulphate in a good
still with a low still-head temperature, but it was socn
found that the reaction went very rapidly to completion
gt 100° and that the determin;ng.factor for a high yield
of the vinyl ethyl ether (XCVII) was the time taken for
the removal of liguid from the catalyst. 2y using &
large enough flask to contain the froth accompenying tne
e;oiution of ethanol, and a short, wide sitill-nead, ana

comnletins bhe nesting and distillotion of 15 . in nire
iyp ng b 3
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minutes, yields as high as 83%% could be obtained.
Prolonged heating with sodium hydrogen sulphate was
avoided, to prevent elimination of one molecule of acetic
acid as well as the molecule of ethanol, with formation
of a diene and polymerisation. (XCVII) yielded the
same 2:4-dinitrophenylhydrazone (from agueous acetic acid
solution) as the acetal (XCTI) did in the same conditions,
thus furnishing proof that the pyrolysis had caused no
skeletal rearrangement.

Oxidation of the vinyl ethyl ether (XCVII) with
perbenzoic acid gave the epoxy-ether (XCIX, p. 86), which
was hydrolysed with agueous alcoholic hydrochloric acid
to yield a solution of (t)-cordycepose. - The sugar was
isolated as a colourless syrup and characterised as its
p-nitrophenylosazone; natural (-)-cordycepose p-nitro-
phenylosazone was prepared from a sample of cordycepin
kindly provided by Dr. H.R. Bentley. Since osazone
formation removes the asymmetry of the apiose and
cordycepose molecules, the natural D-sugar and the
synthetic (%)- sugar may be compared by means of such
derivatives. The identity of the p-nitrophenylosazones
was shown by their mixed m. p. and the single-band
chromatogramn ohtained from a mixture of the two.

(+)-Cordycepose was derived from the vinyl ethyl
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ether (XCVII) by a second oxidation method , iodiné silver
benzoate in benzene being used to form the dibenzoate

(C, p. 86) which was hydrolysed with hydrochloric acid.
The p-nitrophenylosazone obtained from this product was
identical with the specimens already mentioned.

An uﬁsuccessful attempt was made to prepare
cordycepose p-bromophenylosazone. The directions of
Bentley, Cunningham, and Spring (74) were followed, but
the principal (and the only isolated) product of this
reaction mixture of cordycepose, E—bromophenylhydrazine,
sodium acetate, and aqueous acetic acid was
W~acetyl-1'-p-bromophenylhydrazine. This acetyl
derivative, cream-coloured except when freshly purified,
agreed in m. p. and appearance with the osazone described
by the above authors, and the calculated analytical
figures for the two compounds are sufficiently close to
permit confusion. There are other pentoses quoted in
the literature as forming a p-bromophenylosazone having
a similar m. p. (ca. 160°) and lacking strong colour; it
is possible that this is not the only ingtance where
confusion has occurred.

the vinyl ethyl etaer (XCVIT) was uged in the
synthesis of apiose also. "he firet approach thence to

be studied began with bromination of (¥CVII) by 'T-bromo-

- =y e

B s 1 tertiary bhromide o7 [ wac
succinimide, to give tae bertlery bromide T TE wes
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intended either to replace the bromine atom in (CI) by an
acetoxy-group to obtain the ethylenic compound (GII) (or
CIII), or, in the probable event of anionotropic
rearrangément occurring in the case of the ether such as
would be expected in the case of the corresponding enol
acetate, to treat with ethanol to obtain the «p -unsaturated

acetal (XCITI).

(4C0.CH ) ,C=CH. CH (OEt) (4C0.CH, ) ,C(Bx) . CH=0H . OB
(XCIIT) | (c1)
" OE%
(ACOCH,) 5C(0AC) - CH=CH.0Et (Aco.CHz)zozcﬁ.cH<:OAc
(c11) (CIII)

Tt is seen that (CII), (CITI), or (XCTIT) would yield on
hydroxylafion a compound from which apiose could be obtained
on hydrolysis. Neither of these bromination-debromination
processes, however, appeared to lead to a single product.
Hydrogen bromide was lost if distillation of the product

of brémination was attempted; reaction of this crude
substance with ethanol containing calcium carbonate to take
up the displaced hydrogen bromide was tried both at room
temperature and the boiling point with less than 207
conversion, and digtillation of the product wag again
accompanied by evolution of hydrogen bromide. Tn con~

cecuence neither the unsaturaced acetal nor any other
ey 5 L.
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compound was isdlated. Replaoemeﬁt of the bromine by an
acetoxy group was unexpectedly difficult, excessively
prolonged treatment with silver acetate—acetic anhydride

- being reguired for complete debromination. Distillation
then gave an unidentified, halogen~free, water-soluble,
unsaturated product. It wags concluded that the
complications inherent in this reaction sequence rendered
it unsuitable.for the current synthetic purposes.

The potential value of the bromoacetal (XCIT)
as a precursor ol apiose has been already statved, and tne
preparation of this compound from (XCVII) by addition of
the elements of ethyl hypobromite was next‘investigated.
One method studiéd was the direct addition of bromine to
the double bond followed by reaction with ethanol. The
preparation of crude dibromides of vinyl alkyl ethers by

the action of bromine in ether at a low temperature has

been described (108). The dibromide (CIV) thus prepared

.(?.t v ) .
(AcO.CH5 ) oCH . CHBE - orz(}ib AcO.CH,. IcH .CHBr.CH.0Lt
Br
CHo—0
CIV) |
( (cv)

was treated, without previous isolatvion, with sodium
cthoxide in ethanol, but aydrolysis of the ester groups

resulted and, to prevent this, & suspension of sodium

)

wog substlituted Tor sodinm ethoxide zg

a

hydrogen carbonate




neutralising agent for the hydrogen bromide produced. A
small yield of the desired acetal (XCII) was then obtained,
but the main product was the cyclic acetal (Cv, 5. 82).

The acyclic bromo-compound was preferred, and was
ultimately obtained from the vinyl ethyl ether (XCOVIT) by
the action of N-bromosuccinimide in ethanol'at‘oo, a method
in which the elements of ethyl aypobromite are added in =
single step (105). Exclusion of moisture and control of
temperature and acidity'were necessary to prevent un-
desirable side reactions, ohiefly oxidation of the ethanol
by H-bromosuccinimide, hydrolysis by the acid formed in
congequence of sﬁon oxidation, and elimination of eﬁnyl
acetate from the product (XCII).

| Dehydrobromination of (XCII) by lithamide in
liﬁuid ammonia gave the e«f-unsaturated acetal (ZCIIT, p. 87)
Various reagents for this deaydrobromination were exémined
since it was particularly important for separation of the
desired product that completion of the reaction be secured
and formation of by-products be minimised, in view of the
close physical constants of the liquids concerned. The
mildest technigque, vacuum digtillation from calcium
carbonate, was ineffective, and heating with collidine,
pyridine, or anhydrous lead acetate in pyridine for

. e I - - o - i e
moderate periods abstracted approximately 50¢ only of the

Jemving under nitrogen wilta potagclon

Sroanine present.
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tert.-butoxide (109) in:tert.-butanol, benzene, or pyridine,
with or without subsequent re—aoetyiation with acetic
anhydride—pyridine, was much more successful in dehydro-
brominating but inferior to the low-temperature lithamide—
liquid ammonia method for the provision of a single product.
Wifh the latter reagent, the time of contact was varied to
obtain ﬁhe maximum removal of bromine uncomplicated by
other reaction. Even then the oompound (XCIII) proved to
be very labile when digtilled, ethyl acetate being evolved

with the formation of cyclic products such as (QVI) and

(CVII).
ACO+CH,,  C=CH . CH . OB AcO.CHo. (|3=OH . CH . OH
I
CH,—0 CH,—0
(CVI) (CVII)

Because of the hindered nature of the double bond

of the acetal (XCIII), neutral potassium permanganate (13)(12)
was used in preference to other oxidising agents for
njdroxylation. The agueous solution was buffered by

passage of carbon dioxide (11l). Acid hydrolysis of the
product yielded crude (X)-apiose, oharaoterised as its
p-bromophenylosazone. mpis derivative and 2 specimen of
thg'g—bromophenylosazone derived from natuxal (+)-apioze
were shown to be identical by comnparison of their X-ray

nowder paotosrapns and & mixed nelting point determination.
i)v._l._{;i A ApPlic <l
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Thanks are expressed to Professor Wilson Baker, F.R.S.,
for the sample of the naturally-derived osagzone, and to
Professor J.lM. Robertson, F.R.S., for arranging the X-ray
determinations.

Confirmation of the structures assigned to aplose
and cordycepose has thus been provided by synthesis. The
overall yields of the racemic forms of apiose and

cordycepose from bromoacetal were 5% and 20% respectively.






Synthesis of Cordycepose

(Et0,C),CH, + BrCH,.CH(OEt)»

64%\1, Na—=EtOH

(E%050)oCH.CHo-CH(OEL) o (LXXXVIII)
75071 LiAlHy
(HO.CHp) oCH.CH, . CH(OEt) 5 (LXXXIX)

88%l Ac,0—pyridine

(AcO.CH,),CH.CH,.CH(0Et) , (XCI)
85%11@1{304
(Ac0.CH, ) oCH.CH=CH.OEt (XCVII)
- +
PhCOzH (Bz0) oA8T—0CgHg
o OEt
(Ac0.CH"2)oCH.CH-CH.OEt (AcO.CH, ) ,0H.CH(OBz) . CHS
: \O/ 0Bz

(XoTY)

\ L

acid hydrelysis cid nydrolysis

(HO.CH, ) ,CH. CH(OH) - CHO
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Synthesis of Apiose

(Et0,C)CHp + BrCH,.CH(OEt ),

64%LNa—EtOH

(Et0,0) ,CH.CH,.CH(CEt), (LXXXVIIT)
75%J/L1A1H4
(HO.CH,) ,CH.CH,.CH(OEY) , (LXXXIX)

88%1/ Ac,0—pyridine

(AcO.CH,) ,CH.CH,.CH(OEt), (xc1)
SB%J/NaHSO4
(Ac0.CH, ) ,CH.CH=CH.OE®t (XCVII)

48% |+EtOBr (WBS—EGtOH)
\ ~

(AcO.CH, ) ,CH.CHBr .CH(OEt ) » (¥XC1I)

37% |-HBr (LiNHp/ WH3z)
\\4

(Ac0.CH, ) ,C=CH.CH(OE?) , (XCIII)

2>2

78% |Ll. neutral MO,
2. hydrolysis

(H0.CH,) 50 (0T) . 3T(CF) .70




EXPERIMENTAT,

1:1:4:4-Tetrachloromethylbut-2-yne-L:4-diol

A solution of ethylmagnesium bromide (from magnesium,
12 g.) in ether (200 c.c.) was prepared in the usual way .
By the addition of hot dry benzene (400 c.c.) to the
solution on the water-bath, followed by distillation of
ether, most of the ether was replaced by benzene in order
that the acetylenedimagnesium bromide to be produced should
separate in a solid rather than in a gummy form. Pure dry
aoetylené was passed into the solution in benzene, with
stirring, for 24 hours, and then gym.-dichloroacetone
(63.5 g.) in benzene was addeéd during 1 hour with vigorous
stirring which was continued for a further 2% hours. |
Aftér this time the complex was decomposed with ice-cold
dilute sulphuric acid added with stirring and cooling.
The benzene layer was separated, and the acueous layer was
extracted several times with ether. The combined
ether-benzene solution was washed with water and with
sodium hydrogen carbonate solution, dried (Wa,S0,), and
evaporated, yielding a greenish-black oil (66 g.). The
carbinol by-product and any unreacted ketone were removed
by steam distillation. nrom the digtillate by isolation
Wi%h ether and distillation there was obtained a licuid

(4.5 g.), b.p. 93-959/20 wa., vhich wes presumadbly

388
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di(chloromethyl)ethynylecarbinol. The oil (54 g.) which
was non-volatile in steam was isolated with‘ether and
fractionally distilled to separate two products. The
lower-boiling substance (16.4 g.) on redistillation was
obtained as g Visoous liguid, b.p. 92-93°/5 x 10~4 mm. ,
9—;]68 1.5279 (Pound: C, 28.8; H, 3.3.  GgH, 0,01, requires
¢, 28.2; H, 3.9%), and was probably dichloroacetone
pinacol. The higher-boiling compound (27 g., 39%), a
viscous yellow Liquid, b.p. ca. 140°/5 x 10™% mm.,
crystallised on storage for several days at 0°. Recryst-
allisation from carbon tetrachloride gave 1l:1:4:4~tetra-

chloromethylbut-2-yne-1:4-diol as prisms, m.p. 4%-4%.5°

(Found: C, 34.0; H, 3.4. G8H1002014 requires C, 34.3;

H, 3.6%).

Reactions of l:1l:4:4-tetrachjoromethylbut-2~yne-1:4-diol

(a) Conversion into the hexacetate.——A mixture of the

tetvrachloroglycol (1 g.), potassium acetate (4.5 g.; fused),
potassium iodide (0.2 g.), and acetic anhydride (20 c.c.)
was boiled under reflux for 16 hours and then poured into
watei. The product was extracted with gtner, and the
extract was washed with water, sodium hydrogen carbonate
solution, end finally water, and dried (i'gSO4). lUvaporation
of_tﬂe solvent gave an oil (0.5 g.) which could not be

crvstallised even after diztillation in a snort-patin
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apparatus.

(b)  Conversion into the tetra-acetate.— (i) A mixbure

=

of the tetrachloroglycol (4 g.), potassium acetate (15 g.)
potassium dodide (0.8 g.), and acetic acid (40 c.c.) was
boiled under reflux for 5 hours. Isolation of the product
as in (a) gave an oil (2.5 g.).  Partial decomposition
occurred on high-vacuum distillation.

(ii) silver acetate (4.6 g.) was added to a solution of
the tetrachloroglycol (Ll g.) in acetic acid (25 c.c.),

and the mixture was boiléd for 6 hours under reflux.
Isolation of the product as’in (a) gave an oil (0.6 g.).
On this occasion the product after distillation appeared
to be purer but yet failed to yield a solid.

(c) Rearrangement of the tetra-acetate.—— (i) The crude

tetra~-acetate (1.0 g.) was heated with acetic anhydride

(L c.c.) containing a trace of sulphuric acid for 15 minutes.
(ii) The crude tetra-acetate (0.9 g.) was heated for 1 hour
with mercuric acetate (0.04 g.) and acetic anhydride (0.7 g.)
and then left overnight.

Tn both (i) and (ii) working up in the usual way afforded

a product amounting to <0.3% g., and a homogeneous fraction

could not be obtained on distillation.

reaction of syms-dichloroacetone and sodium acetylide in

liquid ammonia

A solution of sodium acetylide was preparcd bp adein
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sodium (5 g.) in small pieces to stirred Lliquid ammonia
(250 ¢c.c.) through which pure dry acetylene was passing.
gym.-Dichloroacetone ( 27.6 g.) dissolved in dry etaer
was added dropwise to the solution. Stirring for 1%
hours with slow passage of acetylene Wasffollowed by
addition of ammonium chloride (12 g.) to decompose the
product. After evaporation of the ammonia, the red
cake was treated with ether and with water, which partly
dissolved the solid. Complete solution was effected by
the addition of a little dilute sulphuric acid. Thorough
extraction with ether resulted in the isolation of only
0.3 g. of material. The product is thus shown to be
water- and/or acid-soluble; presumably the chloro-groups
are sufficiently reactive to be attacked by the solvent

amnonia. The reaction was not further examined.

Ethyl Y¥:.¥-diethoxyacetoacetate

This ester was prepared as described by Dakin and
Dudley (92) by condensation of ethyl diethoxyaoetate and
ethyl acetate. The product had b.p. 74-75°/0.4 mn.,
10%-105%/2 mn. g§5 1.4259.  (Dakin and Dudley give b. .

112-115°/7-8 mm.)

Copper salt of ethyl ¥:¥-diethoxyacetoacetate

The procedure used was given by Conrad and Gubthzelt
(110) for the preparation of the copper salt of ethyl

' B Ty Y -dietio: sevoacetate (5.0 &.)
acetoacetate. blbilyl Y:Y-dietnoxyacev vae (_) e )
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in ethanol (5 c.c.) was vigorously stirred mechanically
with a solution of copper sulphate (3 g.) in water (100 c.c.)
while dilute ammonia solution was added dropwise until the

neutral point was reached. The copper salt separated and

was filtered off, washed with water, and dried; it
crystallised from light petroleum (b.p. 60~-80°) in green
needles (4.5 g., 78%), m.p. 111-112° (Found: ¢, 48.%;

H, 6.9; cu, 12.6. 01170500 Tequires G, 48.2; H, 6.9;
cu, 12.8%).

Diethyl Y.¥-diethoxyacetomalonate

The copper salt (4.5 g.) of ethyl K:K—diethoxyaoeto-
acetate, ethyl chloroformate (1.9 c.c.; dried, freshly
distilled), and dry benzene (4 c.c.) were boiled under
reflux for 4 hours. The preoipitate was filtered off
and washed with benzene; the combined filtrate and washings
were shaken with cooled sulphuric acid (0.2 ) and then
with water, and evaporated. Practional distillation of
the residue (4.2 g.) gave ethyl YX:¥-diethoxyacetoacetate
and diethyl ¥:¥-diethoxyacetomalonate ( 0.5 g., 10%). The
latter had b.p. 93-96°/0.1 mm., ggo 1.4402, but was not
purified sufficiently to be analysed. The yield of
crude product could be increase@ to 15-20% when larger

quantities of ethyl chloroformate were used.
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Addition of hypobromousg acid to L:4-diacetoxybut-2-ene-2-

carboxylic acid

N-Bromosuccinimide (2.0 g.; powdered) was added to
a solution of the ethylenic acid (2.0 g.) in water (40 c.c.)
containing a few c.c. of ether. After 14 hours' shaking,
the mixture, now colourless and homogeneous, was saturated
with sodium chloride and extracted with ether. The extract
was washed with brine, dried (Mgso4), and evaporated to an
amber viscous syrup (2.4 g.) which was converted into the
methyl ester by diazomethane in ether. The amber syrup
obtained on removal of solvent was distilled (b.p. ca.
115°/5 x 10™* mn. 010 1.481-1.484) but could not be
induced to crystallise.

The methyl ester (0.7 g.) was heated for 335 hours
at 110-120° with silver acetate (0.6 g.) in acetic anhydride
(4 c.c.) and the reaction mixture poured into water. The
acetyl derivative, a yellow oil (0.5 g.) isolated with

ether from water also would not crystallise.

1:4-Diacetoxy-2-methylbut-2-ene

This compound was prepared according to the
directions of shepard and Johnson (94) by addition of
bromine in chloroform to .a well-stirred solution of isoprene
in chloroform kept below -25° and conversion of the crude

dibromide into the diacetate by heating with fused potagsium




acetate and acetic acid for 18 hours at 100°. Isolation

of the product from water by means of ether, followed by

distillation, retreatment with potassium acetate—-acetic

acid, and fractionation gave a product Containing less than

29 of bromine, b.p. 127-129°/16 ma. n22 1.4490, in 45%

yield. (shepard and Johnson give b.p. 120.5-122.5°/10 mu.;
20

o, 1.4494; Br, 0.27%; yield 32-40%.)

Attempted preparation of l:4—diacetoxy-Z—acetoxymethylbut—

-2=-ene

The general procedure was as follows. l:4-Diacetoxy-2-
methylbut-2-ene (10 g. — 30 g.) was heated in carbon
tetrachloride with powdered, recrystallised -bromo-
succinimide for 10-20 minutes at or below the b.p. When
reaction was complete or almost complete (determined by the
vigible conversion of lN-bromosuccinimide into succinimide)
the solution was cooled, filtered, and evaporated to small
bulk. The residue was heated with potassium acetate in
scetic acid for 3—18 hours at or near the b.p. and then
added to water; the product was isolated with ether and
distilled with careful fractionation. The proportion of
w-bromosuccinimide: diacetate was either 1:1, 0.85:1, or
0.5:1, and the volume of solvent was 7 =, 5 x, or 3x the
volume of diacetate. The presence with the dilacetate oI

an equal weight of acetic anhydride during bromination




(intended to hinder deacetylation) was found disadventaieous.

The best conditions were very probably 1 mol. of diacetate

with 0.85 mol. of I-bromosuccinimide and 3 volumes of

carbon tetrachloride kept near the b.p. for 10 minutes

with intermittent heating and shaking, the crude product

then being refluxed for at least 6 hours with potassium

acetate dissolved in acetic acid. The specimen of product

which appeared from its properties to be the purest was

obtained from reactions under such conditions followed by

treatment with silver acetate in boiling acetic acid for

%3 hours. This was a colourless liquid, b.p. 9b-9§70.2 M.
18 | |

ny  1.4618.

Ethyl 2:2-diethoxyethylmalonate

Ethyl sodiomalonate (from sodium, 14.2 g.) in
ethanol (200 c.c.), and bromoacetal (80 g.) were dissolved
by vigorous stirring while warm, and the reaction was
effected in an autoclave under’the conditions given by
Perkin and Pink (96) exoepﬁ that the autoclave used was
unétirred. vields did not suffer as a result of this
modification. The product was worked up in the same
way and on disgtillation through a ¥igreux column

4 VAN T R
ethyl 2. 2-diethoxyethylmalonate (71.2 649) was isolated

>

[N

1
; i o B J)
as a licuid, b.p. 108-109 " /0.7 wn. o 1.4282.
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l:l-DiethoXy—S;B-di(hydroxymethyl)propane

Tithium aluminium hydride (9 g.) was crushed and
was dissolved in dry ether (250 c.c.) by heating for 2
hours in a flask fitted with a reflux condenser and a
dropping funnel and protected from atmospheric moisture.
Ethyl 2:2-diethoxyethylmalonate (40 g.) in dry ether (60 c.c.)
was added dropwise with frequent shaking over 1% hours.
Cooling with an ice-water bath was employed to such an
extent that with this rate of addition the mixbture refluxed
gently. The mixture was then boiled for 2 hours, and the
excess of lithium aluminium hydride was decomposed by a
little ethyl acetate followed by water. Enough water
(100 c.c. in all) was used to convert the resulting
gelatinous white mass into a mobile slurry. After sfanding
for some hours, the slurry was extracted with ether in a
continuous-extraction apparatus for 15 hours. The
ethereal solution was dried (Wa,S04) and evaporated.
Distillation of the crude product (25.9 g.) through a short
Vigreai column from a flask loosely packed with glass wool
gave, after a small fore-run (2 g.) (presumably the
partially reduced compound), l:l-diethoxy-3:3-di(hydroxy-
methyl)propane (21.1 g., 75%) as a viscous licuid, b.p.
99-103%°/5 x 107% mp., 12%-125°/0.05 ma. g%7 1.4511 (Found:
G, 56.2; H, 10.3.  CgHpo0, reavires C, 56.2; H, 10.5%).

Vo




The diol did not yield a solid dibenzoate, a solid
benzylidene derivative, or a bisphenylurethane; and attempts
to utilise the potential aldehyde Ffunction in the prepar-
ation of solid derivatives (e.g. a 2:4-dinitrophenyl-

. hydrazone, or a diurethane) were unsuccessful.

5:%-Di(acetoxymethyl)-1;1l-diethoxypropane

1:1-Diethoxy-3:3-di(hydroxymethyl)propane (20.0 g.),
dry pyridine (55 c.c.), and acetic anhydride (33 c.c.) were
mixed and after the initial exothermic reaction were heated
on the steam-bath for 1 hour, set aside overnight at room
temperature, and then added to crushed ice (100 g.).
Occasional stirring in the course of several hours,
latterly with ether present, hydrolysed most of the unused
acetic anhydride beforé the mixture was extracted with
ether (3 x 150 c.c.). The combined extracts, while kept
below room temperature by water cooling, were shaken with
successive small portions of .ice-cold sulphuric acid (L2 1)
until the aqueous layer was acid to Congo red; whereupon it
wWas immediately withdrawn and the ethereél layer was freed
from acid by washing several times with sodium hydrogen
carbonate solution, and Tinally with water. Drying (332304),

evavoration of the solvent, and distillation through a

Viereux column gave 3;3—dﬂ@oetoxymethyl)—l;l-diethoxypropane
o ¢

15 5 L ac.
), b. p. 122°/0.6 ma., 1429/2 ma. ED5 1.4352
2y N

(25.4 5., 837




(Found: ¢, 56.4; H, 8.8. 0130040 recguires ¢, 556.5;
H, 8.75%).

A sample of this acetal was added to a cold
saturated solution of 2:4-dinitrophenylhydrazine in
aqueous acetic acid (80%). Heating at tne b. p. for 10
minutes, cooling, and dilution with water gave an oil that
soon solidified, and recrystallisation from benzene—lignt

petroleum (b. p. 40-60°) gave 3:3-di(acetoxymethyl)propanal

2:4-dinitrophenyliaoydrazone as yellow plates, Me Do 56—570

(Found: W, 14.7. C15H1g0gWy requires 1M, 14.65%).

Bromination of 5:3—di(aoetoxymethyl)~l;l-diethoxypropane

This reaction was carried out substantially in
the manner of Simpson (99); equimolecular quantities of
the acetal (l.69 g.), dry pyridine (0.49 g.), and bromine
(0.98 g.) were mixed, the bromine being added dropwise over
a Tew minutes to the other reagents in & swirled and
occasionally water-cooled flask. The red solution was
heated at 060-65° for 1 hour, and when cold the resulting
brown slurry was thoroughly extracted with ether. Drying
(KZCOB) at 0° and evaporétion of the extract yielded crude
3;B—di(aoetoxymethyl)—Z—bromo—l:l—diethoxypropane (L.6 ¢.,
757.) as a yellow liquid, n%g 1.46%5. Decomposgition

occurred on distillation of the crude product. Jimilar



results were obtained when bromination was carried oub by
the reaction of W-bromosuccinimide and the acetal accordin,
to Marvel and Joncich (100).

Replacement of bromine by an acetoxy-group took
place very readily to a small extent; but under moderate
conditions (an excess of potassium acetate in boiling dzxy
ethanol) not more than 15% of the bromoacetal was so
converted. Under more severe conditions (e.g. heating to
180° in a sealed tube with potassium acebate—ethanol) mogt
of the bromine was removed, but decomposition occurred and

a mixture of several products (none of them identified)

resulted.

Hydrolysis of 3:%-di(acetoxymethyl)-1:1-diethoxypropane

by tartaric acid

(a) The acetal (2.0.g.) was stirred for 1% hours at 0°
with a solution of tartaric acid (1.0 g.) in water (10 c.c.).
The suspended oil was extracted with ether, and the

ethereal solution was freed from acid by washing with

sodium hydrogen carbonate solution and then water, dried
Na2504), and evaporated. Unchanged starting material
(1.75 g.) was recovered.

(b) mhe acetal (l.75 g.) was shaken continuously Toxr 40
mnidutes at 20° with a solution of tartaric acid (5 g.) in

0 1ightly turbid wixture was worked un
water (4 c.c.). The slightl “ -




100

as before end distillation of the product (0.9 g.) yielded

a slightly impure compound (0.55 g , 59¢). Iurther

o
distillation gave the pure product (0.3 g.), b. p.

~4
145°(bath)/10  wm., n°" 1.4417, which was probably

4-acetoxymethyl-2-hydroxytetrahydrofuran (Found: Cc, 52.85;

H, 7.55. CqHy,0, requires C, 52.5; H, 7.55%).

Attempted preparation of 3:3-di(acetoxymethyl)-l-acetoxy-

prop-l-ene by the action of acetic anhydfide——potassium

acetate on 3:3-di(acetoxymethyl)-1l:l-diethoxypropane

A solution of the acetal (5.0 g.) and potassium
acetate (0.35 g.; crystalline) in acetic anhydride (8.3 c.c.)
was heated under reflux by an oil-bath (155-160°) for 1%
hbars, and then cooled.  Ether was added and acid was
waghed out with water (4 x 2 c.c.) and sodium carbonate
solution (5%; 2 x 2 c.c.). After drying (ﬂazso4) and
removal or ether and acetic anhydride, fractionation
showed that the product (4.5 g.), b. p. 100-106°/0.25 mm.

was the starting compound contaminated with a small amount

of olefinic material.

The reaction of 3:3-di(acetoxymethyl)-1:1-diethoxypropane

with acetic anhydride—ferric chloride

merric chloride (Trace; hydrated) dissolved in &
mixture of the acetal (5.0 g.) and acetic anhydride (€ c.c.)

with bthe productlon of asatb. e golusion wag K50T &%




50° for % hours, during which time it gradually darkened,
end was then poured into sodium hydrogen carbonate solution
(15 c.c.). Gther—extraction was Tollowed by washing

of the ethereal solution with sodium hydrogen carbonate
solution (3 times) and water (3 times), drying (Na5804) ,
and removal of solvent and acetic anhydride. The residue
(4.5 g.) was fractionated. Mo pure compound could be
obtained in significant quantity from the distillate

(3.2 g.) other than unchanged starting material (1.4 g.).

Attempted preparation of 3:3-di(acetoxymethyl)-l-ethoxy—

prop-l—-ene by the action of acetyl chloride—pyridine on

3:3-di(acetoxymethyl)-1:1l-diethoxypropane

A mixture of the acetal (5.0 g.), dry benzene (5 c.c.),
dry pyridine (2.5 c.c.), and acetyl chloride (1.5 c.c.)
was heated on the steam-bath for 1 hour, poured into cold
water (70 c.c.), and extracted with benzene (3 x 30 c.c.).
Washing with ice-cold dilute sulphuric acid, sodium
hydrogen carbonate solution, and water, evaporation of
benzene, and fractionation of the product (4.9 g.) yielded
a distillate (4.5 g.), of which the bulk (4 g.) had b. p.
lO8—Ll£O/O-3 mm. , g$5 1.437, and which was obviously

mainly unchanged acetal.



3:3-Di(acetoxymethyl)-l-ethoxyprop~l-ene

Sodium hydrogen sulphate (0.05 Z+; fused, powderea)
and a few pordus chips were added to J:3~di(acetoxyumethyL)-
-1:1-diethoxypropane (15.4 g.) in the flask (100 c.c.) of
a distillation assembly. The flask was fitted with a
wilde-bore, short still-head without fréctionating column.,
With the apparatus evacuated to 0.5 mm., the flask was

immersed in an oil-bath preheated to 110° . and the

’
temperature of fne latter was increased to 140° as rapidly
as the copious frothing within the flask allowed. After

4 minutes' heating, distillation began and, carried out as
qu;pkly as possibie (batn temperature 14O—lb00), was
complete, except for the last traces, 5 minutes later.

The tarry residue amounted to 0.5 g. Gthanol was
Coileoted in the cooled trap. The distillate (12.2 g.)

' oontained a small quantity of starting material collected
at the beginning of the distillation , and this higher-

boiling ligquid was separated from the product by normal

fractionation, through a Vigreux column, which gave pure

3. 3-di(acetoxymethyl)-1l-ethoxyprop~l-ene (10.6 g., 83%),

b. p. 95-97°/0.4 mn., 21230 1.4446 (Found: ¢, 57.0; H, 7.3.

0. H. 0. requires G, 57.4; H, 7.9%). The ultra-violet
1171875 .

absarption indicated that only one double bond was present.

Tonger heating than described above caused logs of material
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through elimination of acetic acid, polymerisation, and
decompogition.

Treatment with a solution of 2:4-dinitrophenyl-
hydrazine in aqueous'aoetio acid in the manner described
" above for 3:3-di(acetoxymethyl)-1:1-diethoxypropane yielded
the same derivative, 3:B-di(acetogymetnyl)propanal
2:4-dinitrophenylnydrazone, as yellow plates, m. p. and

3:B—Di(aéetoxymethyl)—1-ethoxyprop—l—ene (another preparation)

3:3-Di(acetoxymethyl)-1:1-diethoxypropane (4.6 g.),
acetic anhydride (8 c.c.), and p-toluenesulphonic acid
(0.02 g.) were heated in a distillation apparatus for 3
hours. Keeping the oil-bath temperature below 150°
‘allowed acetic acid, ethyl acetate, and a little acetic
anhydride to distil. The black mixture was poured into
cold water (10 c.c.), ether was added, and the ethereal
extract was washed several times with water and then sodium
carbonate solution (5%), and dried (NapSO4)- Removal of
ether and acetic anhydride and distillation of the dark
residue (3.7 g.) yielded a crude liguid (1.0 g.) from which
by fractionation 3:B—di(ace"v‘oxyme‘bhyl)-l-ethow.pmp—l:ene

© Il 18 50

(0.5 g., 13%) was isolated, D. Dp. c2. 85°/0.3 mn., n; 1.4458
(Fouﬁd; ¢, 56.6; H, 7.057). The reaction products

contained no unchanged acebal.



5:3-Di(acetoxymethyl )~l-ethoxyprop-l-ene (L.00 g.)
was treated with a solution of perbenzoic acid (0.60 Ges
1 mol.) in dry chloroform (34 c.c.). Titration showed
that the reaction was to a large extent complete after}l
hour at 15°; the solvent was evaporated off 24 hours later
after storage at 0° when 98% of the perbenzoic acid had
been consumed.

The.residue, consisting of the crude epoxy-ether
and benzoic acid, was heated on the steam-bath for 1 hour
with hydrdohlorie acid (2W; 25 c.c.) and ethanol (10 c.c.).
On cooling, the mixture was shaken with benzene (3 x 20 c.c.)
~and diluted to 70 c.c. with water. Passage through a
column of anion-exchange resin (Amberlite IR-4B pre-satur-
ated with carbon dioxide) followed by evaporation to
dryness under reduced pressure gave a brown syrup (0.46 g.),
which was dissolved in a Little methanol. The solution was
filtered twice through a charcoal pad; the filtrate was
evaporated to dryness; and the residue was dissolved in
water (<1 c.c.), washed with ether, evaporated éo dryness

under reduced pressure, and dried (P205) for 18 hours at

0.5 mn. The proauct, (f)-cordycepose, was a colourless

syrup (0.33 &., 58%).



Cordycepose p-nitrophenylosarone

The p-nitrophenylosazone was prepared from synthetic
(t)-cordycepose by the method used by Bentley et al. (74)
to prepare nitrophenylosazones from natural (-)-cordycevose.
The sugar (42 mg.) in hydrochloric acid (2N; 2 c.c.) was
treated with p-nitrophenylhydrazine (0.3 g.) in hydro-
chloric acid (2N; 5 c.c.). After 4 hours at room
temperature a little oily solid material (8 mg.) was
filtered off and discarded; red préoipitates were then
collected daily for 10 days, washed with water, and dried.
Recrystallisation of the combined solid (55 mg.) from

ethanol and nitromethane gave cordyceposgse p-nitrophenyl-

ogsazone as a dark-red microcrystalline powder (from
nitromethane), m. p. 259-260° (Zofler block). The
defivative gave a blue colour with sodium hydroxide in
aqueous ethanol. The m. p. was undepressed on admixture
with a speéimen of natural cordycepose p-nitrophenylosazone
(prepared from a solution of acid-hydrolysed cordycepin).

A mixture of the synthetic and naturally-derived osazoneg

gave a single sharp band when developed in ethyl acetate

on alumina.

Oxidation of 3:B—di(aoetoxymethyl)—l—ethoxyprop—l—ene by

prévost's reagent

mhe reaction between %.3-di(acetoxymetnyl)-l-ethoxy -

-von-l-ene (1.0 g.) and jodine silver benwoste in bencenc
[N ORI agt Baug w3 B e o



wag carried out by the procedure of .itcofs and IfHiller
(16); after heating under reflux for 20 hours and worxin:
up, & yellow gyrup (1.9 g.) resulted. Dais product,
containing combined iodine, failed to yield a pure
component on distillation or attempted crystallisation,

and a portion (0.2 g.) was hydrolysed by heating in
hydrochloric acid (2N; 2 c.c.) for 15 minutes on the steam-
bath with occasional shaking. Todine evaporated while

the mixture was heated, and benzoic acid along with a little
tar was removed by shaking it with benzene when coild. e
aqueous acid‘solution was treated with p-nitrophenyl-
hydrazine (O.B g;) in hydrochloric acid (2 ; 10 c.c.) and
the derivative was isolated as described above . Ehe
product (45 mg., crude) gave oordybepose p-nitrophenyl-
osézone, m. p. and mixed m. p. with a specimen'prepared

from synthetic (&)-cordycepose 256-257° (Kofler block).

cordycepose p-bromophenylosazone (cof. Bentley et al., ref.74)

Synthetic (f)—cordyoepose (O.lO g+ ), p-bromo-
phenylhydrazine hydrochloride (0.25 g.), and sodium

acetate (0.3%0 g.) in acetic acid (15% v/v; 2.5 c.c.) were

7 - o Y e 220N T T 5 vl wr 7
neated on the steam~bath for 1l hours. Some bright yellow
0il separated soon after mixing. The wmixbure was cooled

LD z
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and brown, olly, partly crystalline material wag TFiltercd

off (127 wng., aiter washing with water). o product could




be isoleted from the réactvion mixture otner than
W—chbg]-J’—H—bromophenylhydrazine (78 wg., m. p. 156-1507;
the collected material washed free from oily matter with
the minimum quantity of ice-cold 'ethanol ), which after
charcoal treatment crystallised from water in colourless
clustered blades, m. p. 162-16%° (wofler block) (Found:
C, 4L.8; H, 4.1; W, 12.3. Calc. for ¢ g1g0M,Br: €, 41.95;
H, 4.0; W, 12.2; Br, 34.9%). [Bentley et al., loc. cit.,
report clustered blades, m. p. 163-164° (®Pound: C, 43.1;
o, 3.8; 1w, 12.0; Br, 35.2. Cq7H1 g0, BT, , cordycepose
p-bromophenylosazone, requires C, 43.4; H, 3.9; @, 11.9;
Br, 34.0%) .\ This acetyl derivative was obtained by
” heating p-bromophenylhydrazine (0.40 g.) and acetic acid
(15%-v/v;A5.5 c.c.) on the steam-bath for 1% hours.  The
cruée product colliected on cooling (0.16 g.) yielded, after
trituration with cooled ethanol and recrystallisation, the
pure compound as colourless blades, m. p. and mixed m. p.
with the material described above 162-163° (wofler block).
Exéotly the same results were obtained when naturesl
cordycepose (from cordycepin, 300 mg.) was given the same

treatment as the synthetic sugar.



sromination of 3:3-di(acetoxyuetiayl)-l-cthosy rop~Ll-ene

by T-bromosuccinimide

Mhe vinyl ethyl ether (2.0 &) was refluxed with
g—bromosuccihimide (1.5 g.) in dry carbon tetrachloride
(7 c.c.) for 30 minutes. After cooling, succinimide wasg
filtered off and the solvent was evaporated. Dry benzene
was added and fitration and evaporation repeated. Attempted
vacuum distillation of the résidue was stopped when loss
of hydrogen bromide occurred at 70°. The residue was
therefore added to dry ethanol (10 c.c.) containing
calcium carbonate (2 g.) and shaken for 30 minutes at roon
temperature; watei was then added and the mixture was
extracted with ether. Since analysis showed that only a
small proportion (ca. 15%) of the bromine combined in the
oréanic reaction product had been replaced, the treatment
with ethanol-calcium carbonate was repeated on the
extracted material; on this occasion the slurry was
refluxed Ffor 30 minmutes and little further removal of
bromine resulted. The organic material was isolated as
before and distilled (0.02 mm.). Hydrogen bromide was
evolved as distillation prooeéded and it was not possible
to isolate a pure product from the digtillate.
Heating the product of a similar bromination

. i - LI A q . N [y - A
veaction with silver acetate (2 g.) in dry benzene (25 c.c. )




under reflux for 2 hours brought about the replacement of
10% of the combined bromine. e resgidue after Tfiltration
and evaporation of the benzene was then refluxed for 15
hours with silver écetate in acetic acid to obtain complete
removal of the remainder of the bromine. Distillation

(10"1'r mm. ) gave an unidentified liquid. It was unsaturated,
free from halogen, and soluble in water, and had 2%9 ca.
1.463%.

Addition of the elements of ethyl hypobromite to

3;3-di(acetoxymethyl )-l-ethoxyprop~l-ene by treatment with

bromine followed by ethanol

Bromine (2.00 g.) in light petroleum (3 c.c.; b. ».
60-800) was added at the rate of 1 drop per second to an
equimoleoular weight of the vinyl ethyl.ether (2.85 g.) in
ether (15 c.c.) contained in a cooled (oarbdn dioxide—
acetone) flask protected from atmospheric moisture and
rotated by hand during tne'addition. The flask was
removed Ffrom the cooling bath and after a short pause to
allow some rise in temperature, the contents were added to
sodium ethoxide (from sodium, 0.3L g.) in ethanol (20 c.c.)
with shaking and water—-cooling. After filtration from
tne_preoipitated sodium bromide, addition of ether (100 c.c.),
wasﬁing with water, and drying (NgSO4), digtillation

et TR el amn cave a Licwedd product (L.7 oo
through a short Vigreur coluun zave - i s Ce )




20 .
0. 1.481-1.482, which was almost certainly mainly

S-bromo-2-ethoxy-4-hydroxytetrahydrofuran.

Addition of the product of bromination by the same
procedure to a well-shaken suspension of sodium hydrogen
carbonate in ethanol (20 c.c.) instead of a solution of

sodium ethoxide, followed by working up and distillation

as above, gave two compounds, (i) 4-acetoxymethyl-3-bromo-

-2-ethoxytetrahydrofuran as a liguid (1.7 g., 50%), b. p.

120-121°/0.5 wn., nt% 1.4731 (Found: ¢, 40.8; H, 5.45.

” D
.O9H1504Br‘requires G, 40.5; H, 5.05%); and (ii) the
slightly impure desired bromoacetal, 3:3-di(acetoxymethyl)-

2

~2-bromo~Ll:l-diethoxypropane (0.6 8. ng 1.4630).

’3:B—Di(aoetoxymethyl)—2—bromo-L:1—diethoxypropane

-bromosuccinimide (4.3 g.; finely powdered, and
dried over P,0y for L hour atv 500/10—4L mm. ) was added
gradually over 20 minutes from a tube through a flexible
connection to 3:3-di(acetoxymethyl)-l-ethoxyprop~l-ene
(5.3 g.) in dry ethanol (20 c.c.) contained in a 2-necked
flask equipped with a meohahical stirrer and protected from
atmospheric moisture. During the addition and for 45
minutes thereafter, the mixture was stirred vigorously and
the flask was cooled by an ice-salt bath kept at -39, The
orange solution was stirred without cooling for 2 hours,

f£iltered from the succinimide that had crystallised, and




L1l
then in ether (150 ¢.c.) shaken with large volumes of
sodium hydrogen carbonate solution (5 x 60 c.c.) and water
until the washings were neutral. Drying (Mg50,),
evaporation, and rapid preliminary distillation without
fractionating column (bath temperature 150—1600/10-5 mm. )
of the colourless neutral residue (7.4 g.) gave an impure
liquid (6.5 g.) fractionation of this product using a
Vigreux column, with care taken to avoid distillation of

material containing free acid, yielded 3:3-di(acetoxymethyl)-

-2-bromo-1:1-diethoxypropane (3.9 g., 48%', b. p.

119-122°/0.35 ma. 3%8 1.4630 (vound: G, 43.7, 43.4;

H, 6.0, 6.3. © 0gBT requires C, 43.95; H, 6.5%).

13723
Prepared from the acetal in aqueous acetic acid, the
2:4-dinitrophenylhydrazone of the corresponding aldehyde
could not be>solidified.

The above reaction with [T-bromosuccinimide in
ethanol was unsatisfactory when carried out at temperatures
above 0° or in other than anhydrous conditionsg. ihen
sufficient cooling was used during mixing to maintain the
reaction temperature at 200, the above bromoacetal was
obtained in poor yield (not over 15%) after separation from
numerous by-products, among which were acetaldehyde, acetic
acid, ethyl acetate, hydrogen bromide and 4-acebtoxymethyl-

R 1ot MY, e 82 .
_3_bromo-2-eJﬁhOtheUldLlerOluLml (L\f, b JL)



112

5:3-Di(acetoxymetnyl)-1:1-diethoxyprop-2-ene

A solution of %:3%-di(acetoxymethyl)=-2-bromo~Ll:1-
diethoxypropane (5.3 g.) in dry ether (20 c.c.) was added
in 1% minutes with vigorous mechanical stirring to lithamide
* (from lithium, 0.5 g.; formation catalysed by ferric nitrate)
In liquid ammonia (250 c.c.). Stirring of the contents
of the lagged flask was continued for 30 minutes; an excess
of ammonium nitrate (7 g.) was then added carefully over 5
minutes and ammonia was allowed to evaporate overnight.
The remaining ammonia was removed by evaporation under
reduced pressure at 30° for 3 hours, during which time the
mixture was shaken frequently and treated occasionally
Cwith a little ether. After extraction with ether
(4 x 30 c.c.) the residual sludge was dissolved in water;
tests for bromine in the agueous solution and in the orgenic
reaction product showed that the action of lithamide for 30
minutes had caused the removal of at least 90% of the
bromine contained in the starting compound. The ethereal
extract was dried (MgSO4) and evaporated; distillation ot
the crude product (3.6 g.) gave a main fraction of
ethylenic material (2.4 g.), b. p. 88-100°/0.4 mm.,
2%8 1.4544-1.4595, and small amounts of higher-boiling
l;quid (0.5 g.) and ethyl»aoetate. The bulk of the
mainifraotion was rapidly redistilled to give substantially

5. e TN T A .._.\“ 1@ T ’“_’)_._4' ) /7 N e
pure 3:%-di(aceboxymetayl) L:l-Gietnoxyprop-2-enc (1.5 ..,




37%), b. p. 90-93°/0.5 wa., gia 1.4540 (Pound: C, 55.3;

H, 8.15. | U13H000g requires ¢, 56.9; H, 8.1%).

Prolonged distillation aimed at completion of purification
of the compound was instead accompanied by the evolution
of more ethyl acetate with the formation of products such
as the cyclic acetal (CVI, p. 84) and the hemiacétal

(CVII, p. 84), presumably responsible for the unsatisfactory

analytical figures.

(f)-Apiose

3:iji(aoetoxymethyl)-l;l—diethoxyprop-z—ene

(L.35 g.) was dispersed by mechanical stirring in ice-
water (30 g.) in a tall beaker fitted with a thermometer
 and a dropping funnel. While carbon dioxide Was
vigorously bubbled through the mixture and stirring was
continued, an agueous solution of potassium permanganate
(2¢%; 30 c.c.) was added dropwise, the temperature being
held at 0-30 by a oooling‘bath until addition was complete
in 50 minutes. (The end-point could not be seen because
the manganese dioxide produced did not coagulate and
settie until later.) . The mixture was allowed to rise to
7° and a Tew drops of ethanol were added to destrgy the
excess of permanganate. Shortly afterwards, the
precipitate having coagulated, carvon diozide and gbirrin_

were stopped and mogt of the manganese dioxide was Tilterec

i



off. the filtrate—containing potassiun hydrogen
carbonate —— was passed throug: a column of cation-exchange
resin (Amberlite IRC 50) and was then extracted with ether

(2 x 100 c.c.). Evaporation of the extract gave a liquid
(0.2 g.). In an attempt to isolate the glycol produced

by this oxidation, a portion (20 c.c.) of the clear,
colourless, weakly acid (acetic), aqueous solution was
evaporated to dryness — the small amount of residual

syrup did not yield any 0r§stalline material.

Hydrolysis of the remainder of the product was
effected by treating the solution (200 c.c.) with
concentrated hydrochloric acid (2.0 o.c.).. After 24 hours
-at rooﬁ température, the solution was passed through a
column of anion-exchange resin (Amberlite IR-4B prg—satura+@d
witll carbon dioxide) and evaporated to dryness (<20°/0.1 win.).
The regidue after washing with ether and drying was a pale
yellow syrup, (f)-apiose (0.53 g., 78%).

4 mixture of this product (90 mg.), p-bromophenyl-
hydraZine (180 mg.), water (2.0 c.c.), and acetic acid
(50%; 0.6 c.c.) was heated on the steam-bath. A brown
0il began to separate almost immediately. After 90
ninutes! neating thé pale yellow supernatent licuor was
decanted from the éooumulated Gepogit while gtill hot; this

liquor on coollng vielded a small cuantity of




£~acetyl—£'—Q-bromopnenylhyd:azine as cream—-coloured
blades (m. p. 159-162°). "he brown product was washed
with water and digsolved in etnyl acetate to remove taryy
impurities. Thig solution was washed with water and
evaporated to dryness; the residue was azeofbropically dried
by repeated evaporation of small volumes of benzene. ‘the
benzene-ingoluble regidue (M-acetyl-I'-p-bromophenyl-
hydragine) was filtered off and the clear reddish-brown
benzene solution reduced in volumebto 0.5 c.c. After 24
hours at room temperature this solution had deposited
yellowish granules (41 mg. ), m. D. 188—1960. Recryst-
allisation of somé (12 mg.) of tnis crude product from
ethanol gave apiose p-bromophenylosazone (6 mg.) as
clusters of tiny, bright yellow needles, m. p. 206-208°
(Kofler block) undepressed on admixture with a sample of
the same m. p. derived from natural sources. The X—réy
powder photographs of the synthetic and naturally-derived
osazones were identical.

Unsuccessful attempts have been made to iéolate
(i)—apiose g_benzyl - -phenylhydrazone. Synthetic apiose
(120 mg.) was treated with d-benzyl-=-phenylhydrazine
(160 mg.) in ethanol (1 c.c.) but no solid product hasgs

been obtained from the reaction mixture.




REFERENCES

/.



® ~N o Ul A~ W

10

11
12
13
14

15
* wittcoff and mMiller, J. Amer. Chem. Soc., 1947, 69,

16

117

REFERENCES

Lespieau, Adv. Qarbohydrate Chem., 1946, 2, 107.

Sondheimer, J. Chem. Soc., 1950, 877; Howton and
Davis, J. Qrg. Chem., 1951, 16, 1405.
Crombie, Quart. Rev., 1952, 6, 128.

BBeseken, Rec. Trav. chim., 1922, 41, 199.

Criegee, Annalen, 1936, 522, 75.

Milas and Sussman, J.Amer. Chem Soc., 1936, 58, 1302.
Milas et al., ibid., 1937, 59, 543, 2342%, 2345.
Milas and Terry, ibid., 1925, 47, 1412; Glattfeld

and Woodruff, ibid., 1927, 49, 2309; Braun, ibid.,
1929, 51, 228. »
Barkley, Farrar, Knowles, Raffelson, and Thompson,

J. Afmer. Chem. Soc., 1954, 76, 5014.

Hunsdiecker, Ber., 1944, 77, 185; Pré&vost and Valette,
Compt. rend., 1946, 222, 326,

Birch, Oldham, and Johnson, J. Chem. Soc., 1947, 81i8.
gchmid and Grob, Helv. Chim. Acta, 1949, 32, 8l.

sheehan and Bloom, J. Amer. Chem. Soc., 1952, 74, 5325

swern, Organic Reactions, 1953, 7, 378; Chem. Rev.,

1949, 45, 1.

ugdan and Young, J. Chem. Soc., 1949, 2988.

5138.




17

19

20,

21

22

24
25
26
27
28
29
30

31
32
33
34

AN
(@

Raphael, J. Chem. Soc., 1949, s 44.

Haynes, Heilbron, Jones, and Sondheimer, J. Chen.

Soc., 1947, 1583.

Raphael, J. Chem. Soc., 1952, 401; Valette, Aunn.
chim., 1948, 3, 644.

Praser and Raphael,.g. Chem. Soc., in the press.

Jénny and Grob, Helv. Chim. Acta, 1953, 36, 1454.

idem., ibid., 1936.

Wolfrom, Lew, and Goepp, J. Amer. Chem. Soc., 1946
68, 1446. |

Wwolfrom and Karabinos, ibid., 1944, 66, 909.
Wolfrom, Thompson, and Evans, ibid., 1945; 67, 1793.
Wolfrom and Thompson, ibid., 1934, 56, 880.

Gaylord and Becker, Chem. Rev., 1951, 49, 414.

Jones, Shen, and Whiting, J. Chem. Soc., 1950, 235.
Henbest, Jones, and Walls, fbid., 1950, 3649.

Foster, Overend, Stacey, and Vaughan, ibid., 1953,

- 3308.

Fischer, Ber., 1894, 27, 3195.

riliani, ibid., 1886, 19, 1914; 1891, 24, 348.
Hough and Jones, WNature, 1951, 167, 180.

Tindenborn, Inaugural Dissertation, wirzburg (18067);
Chem. Centr., 1897, 1, 928.

st

Hudson, Adv. garbohydrate Chem., 1949, 4, 57.

Gzajkowskl, Xosgtanecii, and lamboxr, 3Jexr., 1300, %9

1988.



37

38

39
40

41

42

43
44
45
46

47
48

49
50

52

119

Vongerichten, Ber., 1900, %3 2334,
Lovecy, Robinson, and Sugasawa, J. Chem. Soc.,
1930, 817.

Seshadri, Ann. Rev. Biochem., 1951, 20, 487.

Gupta and Seshadri, Proc. Indian Acad. Sci., 1952,

354, 242.

Wordstrdm, Swain, and Hamblin, Chem. and Ind.,

1953, 85.
Vongerichten, Annalen, 1901, 318, 121.

idem., ibid., 1902, 321, 71.

Vbngeriehten and Willer, Bex., 1906, 39, 235.
Schmidt, Annalen, 1930, 483, 115.
Levene, J. Biol. Chem., 1915, 23, 145; Levene and

Meyer, ibid., 1916, 26, 355; Hudson, J. Amer.

Chem. Soc., 1917, 39, 462; idem, ibid., 1918, 40,

813.
Cahn, J. Chem. Soc., 1954, 3702.

Narasimhachari and Seshadri, Proc. Indian Acad.

Soi., 1949, 304, 151.

Hemming and 0llis, Chem. and Ind., 1953, 85.
Bell, Isherwood, and Hardwiok, J. Chem. Soc.,
1954, 3702.

Cheney, Amer. J. Pharm., 1886, 8, 417; Gruttner,

arch. Pharm., 1898, 236, 278.

Pischer, 3er., 1919, 52, 177.



U1
A

55
56

57

58
59

60
61
62
63
64

65
66

08
69

Freudenberg end BllUmmel, Annalen, L1924, 440, 45.
Schmidt, ibid., 1929, 476, 257.

Schmidt and Heintz, ibid., 1934, 515, 77.

Schmidt and Weber-lMolster, ibid., 43.

Freudenberg, "Tannin, Cellulose, and Lignin", 1933,
p. 30.

Schatz, Bugie, and Waksman, Proc. Soc. Exp. Biol.

Med., 1944, 55, 66.
Kuehl, Flynn, Holly, lMozingo, and Folkers, J. Amer.

Chem. Soc., 1946, 68, 53%6.

Brink, Ruehl, Flynn, and Folkers, ibid., 2405.
idem., ibid., 1948, 70, 2085.

idem., ibid., 1946, 68, 2679.

Fried, Walz, and Wintersteiner, ibid., 2746.
Xuehl, Bishop, Flynn, and Folkers, ibid., 1948,
70, 2613; 1949, 71, 1445.

- Wolfrom and DeWalt, ibid., 1948, 70, 3148.

Brink, Xuehl, Flynn, and Folkers, ibid., 1946, 68,
2096.

Temieux, Polglase, DeWalt, and Wolfrom, ibid.,

1947, 09, 1838.

Wolfrom, DeWalt, and Husband, ibid., 1954, 76, 3675.
schenk and Spielman, ibid., 1945, b, 22/b; Brink,

ruehl, FPlynn, and Folkers, ibid., 1946, 08, 2257.




70

71

72

73

T4

75

76

78

19

80

81
82

i

121

e.g. Waksmen, "Streptomycin, Its WMature and
Practical Applications™, Williams and Wilkins Co.,
Baltimore, 1949; ILemieux and Wolfrom, Adv.

Carbohydrate Chem., 1948, 3, 338.

Benedict, Lindenfelser, Stodola, and Traufler,
J. Bact., 1951, b2, 487.

Grundy, Whitmen, Hanes, and Sylvester, Antibiotics

and Chemotherapy, 1951, 309.

Cunningham, Hutchinson, Manson, and Spring,

J. Chem. Soc., 1951, 2299.

Bentley, Cunhingham, and Spring, ibid., 230L.
Nef, Annalen, 1910, 376, 1.

Mukherjee and Todd, J. Chem. Soc., 1947, 969.
Regna, Hochstein, Wagner, and Woodward, J. Amer.
Chem. Soc., 1953, 75, 4b25. |

Wagner , Hochstein, Murai, Messina, and Regna,
ibid., p. 4b84. |

Tanner, English, Lees, and Routien, Antibiotics

and Chemotherapy, 1952, 2, 441.

Hochstein and Murai, J. Amer. Chem. Soc., 1954,

16, 5080.

Flynn, Sigal, Wiley, and Gerzon, ibid., p. 3121.

Hasbrouck and Garven, Antibiotics and Chemotherapy

1953, 3, 1040.



83
84

-85
86

87

88
89
90
;91
- 92
93
94

Wiley and Weaver, J. Amer. Chem. goc., 1955, 77,

5422.

Utkin, Doklady ikac. Neuk S.8.S.R., 1949, 67, 301;

Chem. Abs., 1950, 40, 3910.

Hurd and Moffat, J. Amer. Chem. Soc., 1949, 71, 725.

Favorgkii and Onishchenko, J. Gen. Chem. (U.8.8.2.)

— w— — —

1941, 11, 1111; Chem. Abs., 1943, 37, 3735.
Hickinbottom, Hyatt, and Sparke, J. Chem. Soc.,
1954, 2529.

Sondheimer, personal communication.

Tozac'h, Bull. Soc. Chim., 1944, 11, 416.

Jones (E;R.H.), personal communication.

Tef, Annalen, 1891, 266, L10.

Dekin and Dudley, J. Chem. Soc., 1914, 105, 2453.
Jones, Shen, and whiting, ibid., 1951, 48.

Shepard'and Johnson, J. Amer. Chem.‘soo., 1932,

54, 4388.

Bedoukian, ibid., 1944, bbb, 651.

Perkin and Pink, J. Chem. Soc., 1925, 127, 191.
Bowman and Fordham, ibid., 1951, 2756.

Marvel aﬁd Hill, J. Amexr. Chem. Soc., 1951, 73, 4
gimpson, ibid., 1949, 71, 754.

marvel and Joncicn, ibid., 1951, 73, 973.

Redoukian, ibid., 1944, 66, 1325; 1945, 67, 14%0.

(N7

no



102
103

104

105

106

107
108

109

110

l_l
]
‘ol

Hagemeyer and Hull, Ind. ung. Chew., 1949, 41, 2920.

Hurd and Saunders, J. Amer. Chem. Soc., 1952, 74,
5324.
Claisen, Ber., 1898, 31, 102l1.

Plaig, Annalen, 1950, 568, 1.

Croxall and Fegley, J. Amer. Chem. Soc., 1950, 72,

2888. | |

Voronkow, J. Gen. Chem. (U.S.S.R.), 1950, 20, 2060.
Rowlands, Greenlee, Derfer, and Boord, J. org. Cheu.
1952, 17, 807.

McElvain; Clarke, and Jones, J. Amer. Chem. Soc.,

1942, 64, 1966; McElvain and Morris, ibid., 1952,

74, 2657.
Conrad and Guthzeit, Ber., 1886, 19, 21.

2




