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Abstract: Free-radical telomerizétion of vinylene
carbonate (1,3-dioxol-2-one) in the medium of poly-
halomethanes proceeds smoothly to result in the
stereoselective formation of type g telomers, among
which lower products (n23) are obtainable in high
sterechomogeneity and may serve as versatile inter-
mediates for the synthesis of polyalcohols including
carbochydrates and related compounds of biological
significance. Preparation and chemistry of the title
telomers, and their potential as synthetic inter-
mediates are surveyed from a preparative point of view.

I Telomerization Products
II Stereochemistry of Telomers
IIT Synthetic Applications
ITT-1 Aldo-sugars (Triose to Octoses)
ITI-2 Phospholipid Analogues
I1I-3 2-0xazolidones and Related Heterocycles
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IV Miscellaneous Reactions

IV-1 Dehydrohalogenation
TV-2 behalogenative Reduction
IV-3 Nucleophilic Substitution

Polymerization in the presence of a chain transfer agent to yield
a series of low molecular weight products is termed telomerization}

which can be formally described by

M + a-p _initiator, A{;M}-B
taxogen ' 1 n
(monomer ) telogen telomer

In principle, it is possible to obtain any average chain length

distribution desired simply by adjustment of the ratic of telogen to

taxogen, and telomers are primarily characterized by o,w-disubstituted

functional groups derived from telogen. One of the most important
features of this type of reactions in organic chemistry may be the
synthetic potential as a unigue one-step route to mono-, di- and
poly-functional compounds not easily otherwise accessible. Much
work has been devoted to this field of study since the first reports2
in the 1940's, and increasing numbers of papers including reviews on
various aspects of telomerization reflect the continuing importance
and interest in current chemistry.

Five-membered heterocycle, vinylene carbonate (1,3-dioxcl-2-one)
has been known as the parent compound of the series since 1953? and
commercially prepared from ethylene via ethylene oxide and ethylene
carbonate. Substituted and non-substituted vinylene carbonates

have been extensively investigated as the reactants in thermal4 and
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photochemical5 cycloadditions as well as in homo- and co-polymeri-
zations? Thionocarbonates have also been an object of synthetic
utilization! This parent cyclic carbonate of cis-enediol struc-
ture exceptionally undergoes a smooth radical polymerization to
give a high molecular weight homopolymer? in strong contrast with
other internal olefines 1ike maleic anhydride and stilbene.

Free radical reaction of vinylene carbonate controlled in a
molecular weight range by telomerization in the medium of polyhalo-
methanes would provide a novel type of telomer 2 as versatile inter-
mediates for the preparation of biologically interesting polyalcohol

including carbohydrates.

H H

H H
R
H X R—CI:H-(‘3H---- CH-CHO
OO0 + R-X — > i
h'g Oy © > OH OH OH etc
o] (o] n
1 2

This type of telomerization which permits simultaneous introduct-
ion of protected s-hydroxyaldehyde function, has been found to
smoothly proceed to result in the stereoselective formation of the
telomers? among which lower products (n23) are readily separable by

chromatography on silica gel into one isomer as n=1, two isomers as
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n=2 and four isomers as n=3 products. Such a selectivity is com-
monly observed in all instances examined, while attempts to separate
higher telomers (n24) in sterechomogeneity have been unsuccessful.

Utilization of the conventional non-carbon-centered telogensl
involving oxygen, nitrogen, sulfur, phosphorous and silicon, and
‘organometallic compounds, other than polvhalomethanes described here
will be alternative interesting subject as a potential route leading
to the compounds of special interest.

The present progress report deals with the mainly preparative
results obtained so far with the type g telomers, particularly lower
products with n value less than four, arising from free radical
reaction of wvinylene carbonate as a taxogen and polvhalomethanes as

an excellent telogen?

I. Telomerization Products

Vinylene carbonate undergoes the smooth telomerization with poly-
halomethanes in the presence of benzoyl peroxide (BP0O) or azobisiso-
butyronitrile (ABIN) as a radical initiator under a nitrogen atmos-
phere to give the telomers like 2 in yields depending on the
conditions? The telogens studied here involve carbon tetrachloride,
chloroform, carbon tetrabromide, bromoform and methylene bromide to
give the corresponding series of telomers (Scheme 1). As seen in
Table I, a telomer distribution in this chain transfer reaction is
remarkably affected, as might be expected, by the ratio of vinylene
carbonate to polyhalides. Treatment of the reaction mixture with

hot methylene chloride gives as the insoluble portion higher telomers

{664)




HETEROCYCLES, Vel 8. 1977

Scheme 1 HH -
cl,C (1 leci 3tn=1): mp 54°
CC14 O/ \O é(n=2): ?_-_rmp 18601 1_)rmp 156°
~N 5(n=3): a,mp 244°, b,mp 230°
~ 0 “n c,mp 290°, d,mp 228°
B H
cL,c—4- H _
CHCL 3 I\ n=1): mp 99°

o
o
4

6(
3 I e (o] 7{n=2): a,mp 152°, b,mp 186°
) 8=3: mp 227-235°

0 0 " ? ? - e HH
X CH23r2 BrHZC 0/ \O Br , BrzHC 7 ¥ Br
1 "2 25 | In |
» v ~ O “n i e} n

9(n=1): bp 100°(lmm)  1l{n=1): bp 105°(0.3mm)
10(n=2): a,mp 171° b,mp 128°, 12(n=2}: a,mp 134° b,mp 163°

Br

HH - }II H | H H
XBr.C Br - Br L } . Br
N A AR A
3 OYO + 0..,0 Br OYO
(CBxy) 0 N }}l 0
11 (X=H) 14: a,mp 148°
I3(X=Br): mp 86° b,mp 132°

with average n value of ten or higher, in addition to the soluble
products which mainly consist of lower telomers (n24). Column
chromatography on silica gefaoffers an effective means for the
separation of lower products into the sterechomogeneous iscmers.

The vinylene carbonate-carbon tetrachloride system to give a
single series of telomers with few side reaction products provides
a good example of the common features encountered in telomerization
and is discussed in more detail through the article for illustra-
tive purposes.

2mong several possible iscomers, one, two and four isomeric telo-

mers can be preferentially isolated as n=1, n=2 and n=3 products,
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Table I. Isolated Yields (%) of Vinylene Carbonate Telomersa)

(f215g2§?i? Telogen n=if-—_ Lowex: ﬁié?mers '":;;3 Higher telomersb)
3 ccl, 4.9 (3) 4.2 (4) 1.4 (5) 43.0 (n=15.5)
5 cel, 20.4 (3) 18.0 (4) 6.0 (5)

7 cct, 28.5 (3) 15.6 (4) 3.6 (5) 15.4 (n=8.5)
12 ccl, 45.3 (3)  12.2 (4) 4.9 (n=6.5)

8 CHCL, 1.1 (6) 1.4 (7 61.0 (n=17.5)
20 CHC1, 4.8 (6) 6.3 (7) 4.3 (n=12.5)
25 CHC1, 15.9 (6) 10.3 (1) 2.6 (8) 5.4 (n=10.5)

4 cBrel,  92.0%
15 CH,Br, 19.5 (9,11) 4.8 (10,12)

5 CHBx 41.0 (11,13) 17.0 (14)

2 CBr, 39.0 (13)  11.0 (1L4)

a) benzoyl peroxide as an initiator. b) insoluble prodﬁcts in hot

CH2C12. ¢) S5-bromo-4-(trichloromethyl)-1,3-dioxolan~2-one.

respectively, which have been fully characterized spectroscopically
and by elemental composition (Scheme 2}. The sterechomogeneity is
well established by spectral and chromatographic behaviors. The n=4
telomer is also isolated, presumably in an isomeric mixture.

A similar stereochemical result has been observed with the telo-
merization with chloroform as a telogen, in which hydrogen transfer
predominates, while bromoform reacts exclusively by bromine trans-
fer as shown below.

When methylene bromide (or bromoform) is used as a telogen, the
reaction is more complicated to yield significant guantities of the
unusual series of telomers (II) in addition to the expected normal
ones(E).In contrast to the general observation with the tendencyl0

towards exclusive bromine abstraction, hydrogen and bromine may be
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C6H5C00—0C0C6H5 —_— 2 C6H5COO' —_— 2 C6H5~ + 2 CO2
R + CCl4 e R=C1 + Cl3C° (R =C6H5COO,° and/or C6H5‘)
H H H H HH
cr.C . crL.C Ccl
Cl.C- + 0.0 3o cClq 30 b + cl.c
- é -
3 N N b 3
0 8] o]
% . l.l 3; one isaver
HH HH HH
Cl ij—k—f—Ao cir.C Cl
’ O 00O —Ci 3 ool + c1.c
Y N 3
0 0 0 7,
%l 4; two isomers
A ik
cl.cC | - . Cl.C Cl
TN \oo/ \0 CCl4 T\ B
YN Y Tdmm Y 3
o 0 0 transfer 0 3
1 l 5: four isomers
Scheme 2 propagation

equally abstracted from the bromo-telogen by the initiator-derived
radicals, resulting in two kinds of bromomethyl radicals. The
subsequent propagation and chain transfer steps(ag illustrated in

Scheme 2) lead to an isclation of two different series (I and II) of

HH
. XHBxC . .
series I-
_B}"XCHBI‘ 1 3 OYO — teloners (2,}“9)
XCHBr,, a ~ 0
H H
(X=Br,H)_ b
T3 &Ry HBr,C 7 \’ series II-
2""“"l OYO —  telomers (11,12)

0

Scheme 3
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telomers. Path b provides a very rare example of hydrogen abstrac-
tion from methylene bromide and bromoform by the peroxide-derived
radicalsl%Scheme 3). Type II telomers can be easiiy converted to
the type I series by nickel tetracarbonyl in tetrahydrofuranl.‘2
Telogens with high chain transfer coefficients such as carbon
tetrabromide and bromoform give exclusively another type of n=2
telomers together with n=1 adduct and no product of type 2 (n22)
is formed except at extreﬁely high ratioc of vinylene carbonate to

8,13 . . . R
telogen.’' ~ Seccondary telomerization commenly observed in which pri-

mary telomer (n=1) functions as more active secondary telcogen than

1, 3-rearrangement

. / N

O}_—_:( srsce rcj—\ _caxy) Br CﬁBr e Br c—}——-k—Br
Y°
1

o] (0] G
0 Tg' (Br C- ) ﬁ(
}4? 13 one iscmer
HE

HHBr HH HHBr HH

Ber—H—(- B-—}—H—f—‘sB .}——V—-}—,‘—\—B
3o 00.. 0 ro o°%o or&o oo or
h B hig ~ ~ N
0 0 0 0 0 o)
%ﬁ:two iscmers
+

Br3C-

4

Scheme 4

original agent%amay chiefly contribute to the formation of such n=2
prodqcts which can no longer work as telogen, though another
possibility involving 1,3-radical rearrangement cannot be pre-
cluded (Scheme 4).

Thus, type 16 compoundslére readily available by free~radical
reaction of compounds %E and vinylene carbonate (1}, and the reaction

is generally applicable to 1,1,1-tribromomethyl compounds,
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HH H H HHBr HH '’
. R

RﬁCBr3 F% BPO w—k—Br

o 0 + 0 0O —-—>» 0 0" 0o ]
N T eo-708) X \O(
O o] o}
15 1 16 (two iscmers)

(R=Br,CN, COOMe) - -
Use of bromotrichloromethane as a telogen results in the exclu-

sive formation of the 1:1 adduct 3' (2, n=1, R=CCl3, X=Br).

II. Stereochemistry of Telomers

Steric factors play the most important part in the stereoselec-
tive formation of the telomers during free-radical telomerization.
Preferential formation of trans-addition produets might be expected
in the rather nonflexible cyclic carbonate system, because the
eclipsing'approarch of telogens to the halogenomethyl-substituted
carbonate radicals in the product-forming step of the chain trans-
fer process is energetically much disfavored-‘!'4

Just as predicted on the kinetic viewpoint, the trans-stereo-
chemistry of all the n=1 products isolated except 6 is substantiated
by the small coupling constants, Jvic 1.5-2.5Hz, between the
vicinal protons on the five-membered carbonate rings, which are in
good accord with the value of monochlorocethylene carbonate (J=2.0Hz,
J'=5,5Hz), attributable to trans coupling, whose assignment rests
on the premise (considered reasonable) that Jgi§>JE£§g§%5 All of
the n=2 and n=3 telomers isolated (except the products from chloro-
form telogen) show well-defined doublet peaks due to Ha protons
with small coupling constants, Ja,b=2.0-2.5Hz, comparable to those

of the n=1l adducts?
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O
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X X
: X
trans-syn-trang trans-anti-transg trans—anti-trans trans-syn~trans
—anti-trans —syn~trans —anti-trans —-syn-trans

. (threo—disyndiotactic) (threo-diisctactic)
Scheme 5

Application of the general téndency observed with the n=1 series
to the n=2 and 3 telomers predicts two and four structures, respec-
tively, which are defined in the present article by the terms"trang-
syn" and "trans-anti" for convenience (Scheme 5). Such a geometry
with respects to the carbon gkelton is uneguivocally proven by
chemical trénsformation to the authentic aldoses. Stereoisomeric
n=2 telomers, 5§LE’ form the identical derivatives of phenylosazone
izsand enol-phosphates 5§%6indicafive of configurational difference
at the carbonate ring b. Further, telomers %f and E, as well as
ZE and b from chloroform telogen, can be converted to DL-arabinose
and —xylose%7respectively, by the procedure described below
involving conversion of trichloromethyl group into formyl function

and thus, trans-"syn"-trans and trans-"anti"-trans configurations
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Scheme 7
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have been clearly esgtablished (Scheme 6).

In the similar way, four n=3 telomers, §§,§,g and g are configu-
rationally assigned as "syn-anti", "anti-syn", "anti-anti", and
"syn-syn" structures, respecﬁively, by the transformation into
heptitols via heptoses and to enol-phosphates (Scheme 7)]§ that is,
heptitols derived from 59'9' c and ¢ are gaschromatographically
identical with the authentic specimens}gD—glycero—L—galacto—, D-
glycero-D-ido, meso-glycero-ido- and D-glycero-D-galacto-heptitols,
respectively, and EE and 5¢ as well as 5a and §§ are a pair of
sterecisomers differing only at the ring ¢ configurations.

Thus, the free radical telomerization with polychloromethanes
has been ascertained to proceed exclusively in trang-fashion,

The n=2 telomers from methylene bromide are also shown trans
addition products by selective reduction of 12a and b with nickel
carbonyl in tetrahydrofura&zto %Eg and b followed by mild hydrolysis

into 5-bromo-5~deoxy-DL-lyxose and -xylose% respectively (8cheme 8).

HH
5-braomo-5-deoxy
-DL-1lyxose
HEH B
Br HC Br = o)
C)\",,o QO H OH
0 ‘2 H f ou
. _ 5-bromo-5-deony
12b(mp 163°) 10b(mp 128°) "anti" ~DL~1lyxose

Scheme 8
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The identity is established by chromatographic comparison with the
authentic specimens prepared conventionally from D-mannose and D-
xylose? Thorough hydrolysis of 10a,b to lyxose and xylose is not
employed intentionally for fear of the epimerization under more
severe hydrolytic conditions.

There remainé ambiguity about the stereochemistry of the isomeric
"two-fold addition"products l4a and b for which meso(trans~"syn"-
trans)- and dl(trans-"anti"-trans)-forms are anticipated}?’a Metha-
nolysis of %ﬂg and b to the cyclic hemiacetals followed by methyl-
ation yields 19a and P, of which nmr analysis permits configurational
assignment of the telomers as dl- and ggggfforms}3 These configu~
rations are further supported by the reductive to photolysis in
tetrahydrofuran to 20a and 20b, of which latter shows a clear-cut
triplet signal due to Ha proton in the nmr spectrum, in contrast

to doublet-doublet peak of 20a (Scheme 9).

HH X HH
Br r

Br
o o0 70 0 =
¥ ¥ e

ld4a (¥=Br,mp 148°)

20a (X=Ha)
HH X HH

st 0T
o o0 o = BY
1( \g/ O=("0-7T

© B

B

14b (x=Br, mp 132°) S
g_Q}g (X=Ha) “syn" 1—2\,}3 (R=CCXI:H3I H)

Scheme 9
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The above findings demonstrate conclusively that a free-radical

telomerization of vinylene carbonate with polyhalomethanes leads to

selective formation of the exclusive trans—-addition telomers.

ITT Synthetic Applications

IIT-1. Aldo-sugars {Triose to Octoses)

Apart from chemical modifications of naturally occuring mono-
saccharides, total synthesis of carbohydrates from simple noa-sugar
substances mostly involves non-specific and long processes at the
stage of the chain extension or introduction of functional groups as
in the formose synthesiszland othersz.2 As readily expected from the
telomer structures, this type of telomerization is of significance in
the potential utility for stereoselective synthesis of higher aldo-
sugars from simple achiral compounds.

Either head or tail carbon of the telomers can be altered to carx-
bonyl function to afford a series of "odd-carbon" sugars by the routes

{a and b), involving mild hydrolysis via the acetals or reduction to

H Hy H
R" CHO
CH: > 0o on
H H n-1

R'—CCl CHCl {or CH Cl CH )

H H HH H H
R CL CleC H
{(head) (tail) b 00 00
H

n H n H H'n
R=CC13,CHC1 (n=1,2,3) triose, pentoses, heptoses
HH H H
\ ClZHC CN QHC CHZOH
—_— [elNe]
c H H'n

tetroses, hexoses, octoses
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the dichlorc compounds followed by hydrolysis, and substitution of
tail halogen with Cj-unit opens up the route to the "even-carbon"
aldoses {route c). Scheme 10 outlines the general routes from
vinylene carbonate telomers to aldoses, among which halogenated

ones may be the verstile intermediates for thio-, amino-, ﬁnsaturated
and deoxy-sugars, since trihalomethyl moiety is stepwise convertible
to methyl group through lower halide by the available methods%2’29’23
Consequently, total synthesls of monosaccharide from ethylene has

become feasible.

i, triose from n=1 products: Photolysis in tetrahydrofuraﬁ“geems

to be the method of choice for selective conversion of the trichloro-
methyl groups tc the dichloromethyls in the labile compounds like

the telomers. Nickel carbonyl is satisfactory agent for this pur-
pose as well‘:L2 Irradiation of the n=1 adduct with high pressure Hg-
lamp gives high yield of the dichloromethyl compound (21), which can
be converted into Di~glyceraldehyde by the successive treatment with

borohydride and silver nitrate:,l'7a 17

though in poor yield™ (route b}.

On the other hand, by standing aquecus solutions at room tempera-
ture, n=1 telomer is quantitatively hydrolyzed to 3-deoxy~glyceralde-
hyde (22, R=CC13) which dimerizes selectively to five membered ring
compound 24, characterized as diacetate, while the dichloromethyl
derivative 21 preferentially forms six-membered cyclic dimer 25.

Treatment of 3 with methanol gives high yield of the acetal 23.

H H H H | clpHC H
Rjk_k_cl R-CH-CHE, C13C7f~*rOH H H
0,0 —> —> 0_ 0 o 0
oH
\g/ H:>§FH—CC13 Hojiu{LH
22 (X2=0) HO' CHCL,

3 (R=CCl3) %%
{ o=

21 R=CHC12) 24 25

Ar o~ s
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ii. pentoses from n=2 telomers: Photo-reduction of 4a and 4b

gives high yields (~80%) of the dichloromethyl compounds 26a and b
which can be converted in the conventional way to DL~arabinose (56%)
and —-xylose (54%), respectively. Aqueous silver nitrate is effec-
tive enough to hydrolyze the dichloromethyl group to the formyl £o

17a
the negligible extent of epimerization (Scheme 11). Similarly,

R R
HO-H O—H7l HO—H7|
HO ﬁ route O—1 8 route HO — H
A
a
Cl

HO-|of —— CHO
HO H b o= HO —]

H H (H) H

DL~arabincse 4a (7a) Di~lyxose deriv.
26a (R=CHCl,)

CHO R

HO-H;I
route HO —J 8
—

a HO =
CHC-H

P~xylose deriv,

Cl(H)

4b (7b)
26b (R=CHC1j)

Scheme 11

the n=2 telomers, Zg_and E, derived from chloroform telogen are
also converted to arabinose and xylose%7

On the other hand, mild hydrolysis of the telomers yields the
cyclic dimers 27, which isomerize to the identical pentosulose
28 in dimeric form on the prolonged treatment under more severe
acidic conditions(100—110°)%4 The pentosulose is characterized as

guinoxaline derivative 29 and pentanetriol—d2 (30) derived from
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HO
i A
c:13c._/_h.l/ko 07 ™0 c13c—c|:H—CH2—ﬁ—CHo]
2

CCls __I-.I_._; [ OH

4a,b 20 00 ©
(H*) 0 og HH 28
27 dimer N ¢// - \\y
C13C-(;:H—CH2-E j@ C14C~CH~CH~CD~CHD
OH N Ol OH OH
Scheme 12 29 30

e [

o-phenylene-diamine condensation and borodeuteride reduction, respec-
tively (Scheme 12}.

Ring-opening with methancl prevents the resulting a-hydroxy-
aldehyde function as the acetal from dimerizing and the successive
deblockiné with base and acid gives high yields (83-96%) of 5-
polyhalo-5-deoxy-DL-1lyxose and —xylose?4to which direct hydrolysis
of the telomers is less satisfactory owing to the contamination with
side reactions XEE: epimerization, degradation etc.

Thus, three of four aldo-pentoses have been synthesized except
ribose which may be prepared via cis-"syn"-cis telomer, possibly
derived from ionic coordination telomerization of vinylene carbonate.

iii. heptoses from n=3 telomers: The synthetic procedure is ana-

logous to that for the pentoses from n=2 telomers. As a typical
example is presented the preparation of two kinds of heptoses (%} and
32) from the n=3 telomer §W%S’26Conversiop of the trichloromethyl
group to the dichloromethyl followed by hydrolysis {route b) affords
racemic D-glycero-D-ido-heptose (33,30%), characterized as “B“—zsa

hexaacetate in pyranose form suggested by the nmr analysis. Alter-

native hydrolytic route a via acetal provides 7,7,7-trichloro-7-
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025 H 0= H HO i
O-H- route 0O-H HO-H
0=3 i , 97~ H —— HO—VH
o a ’ CH,OCH3 CHO
- -
0= --711 HO —/ OCH3 HO —y
H H H
5b 31
route|b N e
cncl, crCl, CHO
0-H HO-H HO-H
0= H HO H HO u
O-H HO-H HO-H-
O=<5 i > HO H —> HO—{}
0- HO - HO-
°=§—-—7(|:1 HO ——7r|1 HO --71|{
H H H
32
Scheme 13

deoxy-D-glycero-L-gulo-heptose (3}) in racemic form whose acetylation
product is identified as the penta-O-acetyl pyranose (Scheme 13).

In this way, four n=3 telomers are the feasible source for the
preparation of seven aldo-heptoses and derivatives, possessing D-
glycero-L-~galacto-, D-glyceroc-L-gluco-, D-glycero-D-ido-, D-glycero-
L-gulo-, D~glycero-L-ido-, D-glycero—D—galactc— and D-glycero-L-
manno- configurations among the sixteen possible racemic heptoses.
Latter two configurations have been found in the heptose components
of naturally occuring polysaccharides?7

iv. tetroses: Secondary halogen of the telomers at tail position
is active enough to be readily réplaced by wvarious nucleophiles,
alcohols, thiols, azide ions and certain carbanions? Nucleophilic
substitution of the telomers to the nitriles, a key-step in the

synthesis, induced by phase~transfer catalysigﬁ%roceeds to completion
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R CH,OH
0-H HO-H DL~
— 0=<G._ H —> HO H —> threose
c1 CHCL, cucl,
oot 33a: R=CN
O ! R=COOCH3
CHCL, H q
o=<~'0'%;4 HO-H DL~
O 5 » HO [ crgon —> erythrose
CHCL, CHCls
33b: R=CN
T R=COOCH3
CH,,OH R H
HO-H o 0-H HO-H
———d —— T B
HO H trans 0 R cis HO CH.,0H
H — H — H
HO- Omer 0~ HO-;ﬂ
HO CHO =G —4 Cuca 5 HO — CHO
H H H
— '=
DL~galactose %%% g___gﬁﬁ{; CN DI~altrose
H,OH R
HO-H o 0-4 HO-H
- ]
HO H  ons R HO CH,OH
HO=-H 0-H HO-H
HO H 0=
CHO CHC12 CHO
1
PL-idose %%% gzg§§$=5N Di~glucose
CH,OH R H
HO-H 0O-H HO-H
HO — H 0= — VR 1#o — CH ,,0H
H H H
HO- trans Q- cis HO -
HO —— 0= —® {0
BE{H H | " H | 1
HO- O- - HO-
HO CHO 0= crel, HO CHO
H H H
36a R=CN,R'=H
37 3¢b R=H,R'=CN 38

Scheme 14
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much more rapidly and under milder conditions than dces the reac-
tion conducted in a heterogeneous system. Cyanide displacement

yields trans and cis products, 33a,b, in neatly egual amounts, which

can be then converted without difficulty to DL~threose and DL-
erythrose, respectively, by the conventional procedures involving
esterification (CH3OH—HC1), reduction (NaBH4) and hydrolysis (HZO—
AgNO,) (Scheme 14).%

v. hexoses and octoses (Scheme 14): Similarly, four aldo-hexoses,

galactose, altrose idose and glucose, are available in mcderate
yields from the n=2 telomers 4a and b via trans- (34a,b) and cis-
nitriles(§§5,9)37
Present method permits the preparation of D-threo-L-ido-octose
(37) from the n=3 telcomer 5b via trans-cyano compound (ggg)%s Iden-
tity is achieved as the octitol by gas-chromatographic comparison
19

with the authentic sample: The cis~derivative (36b) would be a

synthetic source of D-erythro-D-ido-octose (38).

I11-2, Phospholipid Analogues

The vinylene carbonate telomers {(n=2, 3), both chloro- and bromo-
compounds, smoothly react with certain tervalent phosphorus agents
like phosphites and phosphonites in aprotic solvents (benzene,
toluene and dioxane) to give trans enol~-phosphates (ggfﬁin high
stereoselectivity and yields as partly mentioned above, though five-
membered cyclic phosphites and the amide analogues fail to react
with the telomers?gpresumably due to the low nucleophilicity.
Neither cis-isomers nor phosphonates can be formed in the sufficient

amounts to be isolated. On the other hand, any products derived
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from the n=1 telomers cannot be identified,
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in contrast with chloro-

ethvlene carbonate which gives vinyl phosphate and phosphonate in a

nearly equal ratio?0

X=Br,Cl (n=2,3)

Unsaturated phosphate esters (40) thus

\ORII

R'=alkyl,alkoxy

R"=alkyl )

formed may serve as versa-

tile intermediates leading to the compounds of special interest and

some typical reactions involving reductive ring-opening with zinc

and photolysis in tetrahydrofuran as obse

o]

rved with the telomers are

H i an HHHEH
Cl,C=CH-CH-C=C-0-P (OR) , &——p cL.c C=C-0Ac
| H LipPdsCly cis
OH + 0.0 o+
lH -ACOH 0 41
H - H
C1.,0=CH-C=C-CHO o
2 o HEH C13C—$H—C—§ CHX,
cl cjf-*rc =C-0- P(OR) OH
X=0
HH (42-X=OAc)
C1307f—k-CH2—CH3 ” o 40
0.0
cl cﬁ CH CH -0- P(OR)
?f 43 Pt02 X 44 2
HHE 0 Pd/C \(
i ° MNaBH
C1,HC =C-0-P (OR) , 4 o
o o H hv-
?{ T cl,C- ?H CH-CH,,CH,,~0- P(OR)
OH OH 45
c13c~CH—CH-CH=CHc1 H 0
da &1 TiCl, C1,C~CH-CH-C=C~0~ P(OR)
NaBH4 3 ] "
OH OH 46

Scheme ‘15
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shown in Scheme 15:."6 Conversion of the phosphate gg to ¢is-enol
acetate 41 is readily achieved by vinylic exchange reaction cata-
lyzed by palladium (II) in acetic aciéﬂénd the prolonged reaction
leads not to trans-vinyl acetate but to a c¢is and trans mixture of
olefinic gem~diacetates 42 (X=OAc), while the vinyl-phosphate bond
is relatively stable under the usual hydrolytic conditions to result
in the exclusive formation of ﬂg?z Caﬁalytic hydrogenation with
Pt0, and Pd/C gives 43 and gf%zreSPectively. Hydrolytic cleavage
of the carbonate rings of 39 and gﬁ affords the diols gg and ég,
which may have the synthetic potential for phospholipids and bio-
medical polymers (Scheme 15).

There has been an increasing need for the chemically well-defined
phospholipids as the model compounds of biclogical and physico-chem-~
ical studies?3 Organic synthesis is only an available source for
this purpose, since it is still difficult to obtain pure phospho-
lipids in reasonable guantities from natural sources, despite a
recent improvement of isolation techniques.

Scheme 16 outlines the routes from mono- and di-hydroxy deriv-
atives to lecithin(cholin}- and cephalin{ethanolamine)-type of un-
natural phospholipidgaﬂﬁch, on comparison with naturally occuring
phospholipids, should aid in elucidating the relationship between
the structure and the biological properties, Saturated and unsat-
urated diols, 45 and 46 are acylated with fatty acid chlorides to
give the diacylphosphates 48, while selective mono-acylation to give
iz is achieved with acid anhydrides, presumably due to steric repul-

sion by a bulky trichloromethyl group and hence, an introduction
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trans trans

{~HC=CH-) ﬁ OCH (-CH=CH-) 0 oCH
C1,C~CH-CH-CH, CH,-0~P70H3 C1,C-CH-CH~CH,CH, -0~ p7OCH;
45 (or 46) ——5 TH3TTGIT I CHRCH,TOTES | 3 27O — k2
OH OCOR) 4 3 R,CO0 oc0R1 48 3
Q 0
_ i _ocu _ I ocH
14 CLyC=CH=Cii~Cit CH,~0-PL] "3 C1,C=CH-CH-CH,CH,~0-P OCH3 .1
- OH 3 OcoRr
49 1 50
0 . 9 o 0
*
R 0-B¢OCHs R— 0-h 0 o N ocH cu i (ca ) R— -7 0CH,CH, N(CH s
“ocH OCH OCH., .picrate”™ o=
3 3 37 51-56
\\ 0 o
R—0O- /OCHZCHzNH ~Tr R —0O= P’O?HZCH2NH3
~oct, © 57,58
H H HE
Ty : ¥
51,57: R= Cl3C~C-C-CH,CH,- 52: R= Cl,0-E-C-Cog- Table I. Tj T, Tc
H35C7C00 OCOC, 70,4 HygCq7C00 OCOC 7H 35 51 64°C 206.5°C  49°C
. - 52 61 137.5 48.5
53 : R= Cl,C-C- % CH ,CH 54: R= C1,C-C- § CH,,CH, - 23 <room temp. 187.5  <roam temp
H, 5C,CO0 OCOC, JH, H, ;C,COD OCOC. H, 24 <room tewp 160 ©  <room temwp
55 <room temp 18%.5 <room temp
56% 90 231 58
55: R= Cl,C<CH-CH-CH,CH,=  56,58: R=  CH,~CH-CH,- 57 50 140 50.5
OCOC; 4835 H35¢17C00  OCOC 4H,q 58° 130 182

a) E. Baer et al., J.Am. Chem,. Soc., 78, 232
: : (1956) ; D. Chapman,’Form and Function of Phos-
Scheme 16 pholipids", Elsevier, 1973, pll7. b) E. Baer
et al., J. 2m. Chem. Soc., 81, 2494 (1959).
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of unlike fatty acid moieties is feasible. Monoc-chain phospho-
triester 50 derived from 44 via 49 ig also obtainable from reductive
ring—épening of 48 with zinc. Fatty acids used here are confined
to stearic and caprylic acids. Tri- and tetra-hydroxy compounds
from the n=3 telomers may be likewise treated to give tri- and tetra-
acyl derivatives. The resulting triésters 48 and 50 can be readily
converted into the corresponding phosphatidyl-choling (51-55) and
-ethanolamine (éZ) by well established procedure§3as shown in the
Scheme.

Utilization of the phosphonite§4such as dialkyl (2-aminoethyl)-

phosphonite in the place of phosphites may provide a route to phos-

35
phonolipids containing carbon-phosphorus bond which have attracted

" the extensive attention for the occurence in biological materials

T~

‘and the inhibitory action on various phospholipases.

The synthetic phospholipids are able to form the thermotropic and
the lyotropic liguid crystalline phases and their phage transition
temperature (Tl and Tz) as well as the Kraft point.(Tc) obtained
from the synthetic lipids~water binary phase-diagrams are shown to-
gether with those of natural lecithin 56 and phosphatidyl ethanol-
amine §§ in Table II. Interestingly, the lyposomeggprepared from
synthetic analogues of phosphatidylcholin are able to trap a water-
soluble low molecule like glucose to the nearly same extent as does
natural saturated lecithin and have been discussed with regard to
the insufficient barrier ability and the smaller cholesterol-
fluidizing effect, probably arising from the imperfect lipid

bilayers which reflect the structural difference between natural
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and synthetic phospholipids. Such a barrier ability against the
diffusion of water-soluble materials is one of the most important
functions of membranes. Model systems of lipids would provide a

valuable information on the permeability-structure relationship%6

I11-3 2-0Oxazolidones and Related Heterocycles

The 2-oxazolidones are an important class of heterocyclic com-
pounds because of a wide variety of potential uses in biological
and industrial pfoducts?7 Hexe is described the smooth conversion
of 4-halogeno-1,3~dioxolan-2-ones including vinylene carbonate
telomers into 4-hydroxy-2-oxazolidones and related heterocycles?8

Treatment ¢f 4~chloro{or bromo)-substituted 1,3-dioxclan-2-ones
(52) with ammonia and primary aliphatic amines in methanol (or di-
methylformamide} results . in the smooth and preferential formation
of crystalline trans isomers of 4-hydroxy-2-oxazolidones 60 {mostly

in 70-85% yields). The conversion would involve the primary

H H HH+ Hb Ha HH- Hb Ha
R X R 3 oH RLpk 2 Yuar
o_ ol BNH2 14 ol o w6 ArE ol ‘o o/ \N
~ N ~ R N NCOCR!
0 n 0 “n-1 0O 0 n-1 0O
59 (X=Cl, Br) l 60 61
p L ; xoc H
/A [\ ! 63 (X=C1)
00| O Morr Oy Mogs 84 (x=H)
clL.C H 0 “nl1 O 0
2y 62
0.0 -
u HHBr HH
63 \g’ ClzcﬂOH HO OH
cl.c. H Br
3 —> OYN"’R' : _:‘L’EE —_ RI,N\n/O OYN\Rl
0.0 o , 0 o
66 \Or ' 67 68
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formation of the acyclic urethanes followed by facile cyclization

to the five-membered heterocycles. This reaction is applied to
the allylic chlorides39(§§, gg) and compound %53 to give the expected
2-oxazolidone derivatives, gz and §§.

Arylation of 4-hydroxy-oxazolidone 60 (n=1) with benzene is
easily performed in the presence of sulfﬁric acid40at room tempera-
ture to afford trans-4-phenyl-5-trichloromethyl-2-oxazolidone (61)
stereoselectively (Table IIT ), whose stereochemistry is based on
the coupling constants {(Ja,b) in the range of 3.0 to 4.5Hz£.1l Oon
the other hand, the n=2 compound 60 yields the dehydrated 4-oxazolin-
2-one derivative, gg under the similar conditions.

Dehydration of such a heterocyclic system with trifluorcacetic
acid has a precedent for the protection of primary amines including

amino acidsfl2 Treatment of the n=1 compounds 5% (R=CCl, and CHClz)

3
with trifluoroacetic acid results in the smooth dehydration followed
by simultaneous hydrolysis of the allylic trihalide {(probably formed)
to give the acid chloride 63 and the aldehyde 64, respectively,

which are useful for the preparation of a variety of S5-substituted

d-oxazolin-2-ones (Scheme 17).

Table IIT. Conversion to 2-0xazolidones and Related Compounds:24

R RY 69 61 62
H benzyl {(n=1) 85 % 20 %

CCly H {n=1) 74 86 % 96 (63)
CCly methyl (n=1) 76 98 {(63)
CCly benzyl (n=1) 33 81 95 (63)
CCl3 cyclohexyl (n=1) 72 74 96 (63)
CHC1l, benzyl {(n=1) 20 96 (64)

CCly cyclohexyl (n=2) 70 97
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Contrary to the quite facile and complete ring-opening of 4-tri-

chloromethyl-1,3-dioxolan-2-one (6) to the ally alcohol by the famil-

2,43

iar reductive cleavage of B-polvhaloethoxy grouﬁk’ the 2-oxazolidone

ring is stable even when 69 is treated with zinc in beoiling metha-

nol, resulting in the exclusive reduction to the dichloromethyl

derivative 70.38

H H H H HH
Ccl.C C _H ClL.HC C.H cl.C H
3€FCel5 o 2 7+ CeHls 3¢t - i
QO NH W e 0 NH QO 0 ——)C12C—CHCH20H
b4 (65°) b g \O( (0°)
r .

69 70 6

A e ~

IV . Miscellaneous Reactions

Iv~-1. Dehydrohalogenation

It is desirable to develop the widely applicable synthetic utili-
zation of the n=1 telomers, since they are obtainable exclusively or
at least in an excellent yield by easy control of the telomerization
conditions. Allylic halides is an intriguing system due to high
reactivity, particularly toward organo-metallic agents, and may be
a compound of cheoice.

Dehydrohalogenation with triethylamine gives a high vield (60-80%)
of allylic trihalides, §§ or gé, depending on the starting telomers39
and treatment with pyridine affords a pyridinium adduct quantita-
tively. In the presence of Lewis acids, EE isomerizes to EE exclu-
sively and the reverse is not observed, The Friedel~Craft and the
coupling reactions which do not take place at the telomer level,

are shown as the typical in Scheme 18,

Diaryl compound 72 arises from the reaction of 65 or 66 with
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HH
C13Cj—*-13r
O e} — (@] 0 €& — @] o]

~ D il Y

3 0 65 0 66 0 3 0
C1,¢ o n C.H
7“\“% 5 C1,HC-C-CH/ 65
65 or 66 —— OYO —_ g ‘c6H5
710 =
cl ¢l
H H H Cl
H -8 H Cl,C cel, Clz%j e ,H
= 7= WA ci
> 0.0 0.0 0« 00~_-0 00 0.0
b hid YO YUY
0 0 o) 0 0 o]
73 74 75
Scheme 18

benzene by use of AlCl3 oxr Fecl3 as a catalyst, while the use of irocn
pentacarbonyl or diiron enneacarbonyl gives mono-phenylated compound
71 as a major productfl4 This reaction may be of interest as a method
permitting thg intreoduction of functionalized C3—unit into the aro-
matic molecule.

Coupling reaction with low valence metallic agents such as Ni(0),
Fe(0), Cu(0) etc. in dimethylformamide or tetrahydrofuran affords
the olefinic C -compounds 73-75 which may play a role in ketose and

6
cyclitol preparation.

Iv-2. Dehalogenative Reduction

Only few among the reported methods:B'45

are mild and selective
enough to convert the trihalomethyl groups to the di- and mono-halo-
methyls in the labile compounds like the present telomers. Two
promising procedures involving the reaction with nickel carbonyl12

and the photolysiszoin tetrahydrofuran have been developed for such
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X X
Table IV. Conversion to Lower Halides. R—-¢—X ———;R-—¢-H
) X(H) X (H)
b
Compound (X)  Method ™ NO1® TEH0 o) mime vie1ld®  Reference
3 (C1) A 2 48 hr 53 % 12)
B . (20) 3 76 20)
4a (Cl) B (3) 5 79 17)
5b (Cl) B (3) 3 84 18),24)
6 (Cl) A 2 24 38 (55) 12}
B (10) 7 84 17)

b (Cl) B (3) 5 79 7
12b (Br) A 50 186 42 8) ,12)

13 A 3 5 69 12)
l4a ({Br) A "6 3 71 12)

B (1) 7 71 13)

15 (Br) A 2.5 2.5 63 17)
(R=COOCH 3} B (68) 4.5 58 17)
19b (Br) B (1) 7 89 13)

40 (Cl} B (6.5) 5 80 1¢6)
DDT (Cl} - A 2 48 86 12)
Ph9CHCBr3 A 2 5 86 12)

1€ B 12 11 78 20)

ii (Br) B 11 8 69 20)

iii (Br) B (2) 6 24 (13} 20}
PhCCl3 A 2 4 36 (50) 12)
T B (12) 4 .40 (7} 20)

a) A: Wi(CO)y4-THF, B: UV-irradiation in THF. b) Ni(CO)4/halide.
c) T07%M/1. d) Isolated yield. Recovery of starting material
in parentheses (%). i: 1,1,1,3-Tetrachlorooctane. if: 1,1,1,3-
Tetrabromenonane. -iii: 7,7-Dibromonorcarane.

a stepwise conversion to lower halides. Results obtained so far
show a wide applicability of the methods (Table IV). For an acid-
sengitive compounds, the former method which proceeds under neutral
conditions, may take advantage over the photolytic reduction which
accompanies the substaptial amounts of hydrogen halides.

Both reactions would proceed in a radical mechanism involving a
homelytic cleavage of carbon-~halogen bond followed by the abstrac-
tion of hydrogen from the tetrahydrofuran, the most effective solvent

examined.
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w=~3. Nucleophilic Substitution

Secondary halogen on the carbonate ring of the telomers may be
smoothly displaced by alkoxy, acyloxy, alkylthio and azide groups
under the Koenigs-Knorfu%r the basic conditions to give trans-~
products 76 exclusively. A carbon unit may be introduced into the
4-halo-1,3-dioxolan-2-one system in moderate yields by the reactions
with sodium salts of hydrogen cyanide or acetamidomalonate, while
the introduction of simple alkyl, alkenyl and alkyne groups has been
far less satisfactory to date (below 20% yield at best) by the use
of various metallic reagents involving "cuprate" complexes?7 Typical

examples observed with n=1 telomer(s) are shown below.

H H
R—}-—l(-(}l _ R.f_\
o (Br)_X o
\( '\( 76
0
+
X : OCHy OAc SEt N3 CN EéggOEt)anu C=C-Ph -1\@
vield(z): 88 71 58 60 72° 52 6 16 ~ 100

a) including cis-isomer

In conclusion, the present type of telomerization has a potential
for synthesis of a wide variety of poly-functional compounds as
demonstrated by some synthetic applications and the reactivities of
the telomers surveyed here.

Next challenging target in the related field may be a development
of new catalytic systems for coordination telomerization of vinylene
carbonate%sin which higher stereoselectivity with regard to "syn"
and "anti" as well as c¢is and trans, may be hopefully anticipated,
since there has appeared "only one" precedent, in the above sence,
of highly stereo-regulated polymerization of cyclobutene using the

. 49
Ziegler-Natta catalysts,
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