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ABSIRACT

- Selective halogenatlon of hydroxymethyl groups in sugars and nucleosides, has
: ’been achxeved by. use. of %nphenylphosphme and catbon tetraha]xdes (chlonde,
3‘_brom1de or 1od1de) m pyﬁdme. Methyl a-D-glucopyranosnde, 1 2-0-1sopropyhdene-cz—
D-glucofuranose, inosine; and uridine give: -almost: quantltatlve y1elds of:their primary
.‘halomethyl a.nalogs" Snmlarly, 66’-dlchloro-6 6’-dldeoxysucrose 48 prepared from
{sucros hlo nation’: and brommatlon of 5 6-anhydro-l 2—0-1sopropyhdene-a-D-
. nose by ° these .reagents  give 6-chloro-6-deoxy—l 2—0—1sopropyhdene-a-n-
glucoﬁxranose -and - 6—bromo-6-deoxy-1 2-O-lso-propyhdene-a—D-gluoofuranose, Te-
spectively:

" INTRODUCTION

Deoxyhalogeno sugars constitute an important and versatile class of compounds
for - potentlal application in’ synthesxs of “other ‘carbohydrate derivatives':%. The. .
-carbon—halogen bond is suscepuble to attack by a nucleophlle, and products arlsmg )
rfrom substltutlon, ehmmatlon, or. anhydro-rmg formation’ may be processed further,
giving’ rise to useful compounds3 8. The ease of dxsplacement bya: nuc]eophlle isin
the order I'>" Br > Cl > F, makmg iodo and bromo derivatives:more reactive than_'~
the chloro analogs, but as the chloro compounds are easier: to’ obtam, all three types
find' equal synthetlc utlhty ‘A’ variety of reagents9 ~16 js available for ‘the direct re- "
vplaoement ofa hydroxyl group by a halogeno substltuent. Methanesulfonyl chlonde:':
in N,N- dlmethylformamlde” or. tnphenylphosphme and- N-halosuocimrmde in N, WN-
:damethylformamxd ' Aare‘ reported to effect halogenauon only at the pnmary"
-:hydroxy grot p "_:Edward and co_workers21 however, founduthat w1th methane-j

'fJoum" Pa .rlNo 6827 of the Purdue Umv&Sity Agncultural Expenment ‘Station:
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: ‘uumber of nucleOSIdes the method is: not selectlve Moreover, acetal mrgratxon can: -

vvtmns” 20 Tg: cu-cumvent these dlﬂiculnes, we have developed ‘an alternative Bt
eﬁic1ent method for selectlve halogenatlon of pnmary hydtoxyl?'group

DISCUSSION

- Mixtures of tnarylphosphmes Wlﬂl carbon tetrahahdes are-found: useful for f
replacing both primary and secondary “hydroxyl’ groups by halogens22 25 ‘and, in
the absence of neighboring-group participation, inversion occurs at the carbon atoms -
bearing a hydroxyl group®°. Although verification is still lacking, it has been assumed
,that halogenatlon with these reagents proceeds via the mechamsm shown22 -

ROH R
AfsP- XCX;3 - [Ar3P+-CX3X 1 = CHX3 +A1'3P+-O-R x-"-_> ArsP.

. - As the reaction is generally performed at room or- mgher temperatures, the'
reaction was exammed to determine whether Some measure of selectlwty mlght occurA _
if the reactions were conducted at lower temperatures.: - . - ,

- Initially, experiments. -were -tried. with the readlly avallable methyl cz-D-gluco-
pyranoside (1) in pyridine at 5° by the use. of one molar eqmvalent of both triphenyl-
phosphine and -carbon tetrachlonde as indicated in - the pro_lected mechanism.

" Pyridine was selected as the medium because of 1ts excellent solvent propertles and

CH.
CHoR' 2R
or HOCH o
on : Ol
HO' 9 v —r
oH . . . O—CMe, - Cod . . . o
B . Mey . HO. oH L= N -
. R . - i . CMep
1R = OMe,R = OH © BR=_OH . - 8 R=-OH -
2R = OMe;R'=a . 6R=.q 10R = .Cl- .- ", °
3R = OMe,R' = Br 7R = Br

4R = OMe,R = 1I
8R = OH,R'= CI (& anomer)

2R=H,R = OH , .
.’39—""""0‘.”, e
14R="Bz,R' = a -




: tion time: Howeve ' the proportlon of tnphe hosphme was’ changed to.
“two molar qmvalents ‘an almost quantltatrve yield of 2 'was obtained. Similar results
;"_were ‘also obtamed at hrgher temperatures, at 65° the halog natxon was selectlve and"
g'complete wrthm a few min. . _ - ,
_Subsequent expenments w1th carbon tetrabromjde or: ca.rbon tetralodrde in-
.'place 0 voarbon tetrachloride ‘gave methyl 6-bromo-6-deoxy—oz-D-glucopyranosnde (3),'
: 'and methyl 6-10do-6-deoxy—oc—D-glucopyranosrde (4), respectxvely In these- halogena-‘
‘tion’ reactxons, the aforementxoned select1v1ty and dependence of yreld on the propor--
tion" of triphenylphosphine in relation‘to carbon tetrahalide was observed (sec
’ Table I). These results clearly demonstrate that combmatrons of two molar eqluvalents '
- of. tnphenylphosphme ‘with one_ molar eqmvalent of carbon tetrahahde in- pyndme '
‘are’ excellent reagents- for the selectlve halogenatxon of pnmary hydroxyl groups It
is' further evident that, in pyndme at least, halogenatlon with these reagents proceeds ,
by a mechamsm different from that written earlier. A more-probable course for .
: halogenatlon m1ght be via the initial formation of a tnphenylphosphme dlhahde 19
: (X Cl Br, or I) to produce a bulky halogenatmg complex mvolvmg the solvent.

L . o CsHsN S RCHZOH
. QPhSP;+ C,X4,_-f> PthCr-}Xz'—{-_Ph;PX_Z Halogenatmg complex . e
' 1. o S RCHZX-

The formatlon of 19 (X Br) from the reactlon of 2 mol of tnphenylphosphme
'and one mol -of. carbon tetrabromide -is known??, and the: ‘usefulness. of tnphenyl-
»phosphme ‘dibromide as a reagent for- brommatxon through complexatron wrth N, N—_

dlmethylformamlde has been reported?®. - - -

- To. determme ‘the general usefulne-s of the. halogenatlon procedure, xt was
.extended to a variety of polyhydroxy compounds. ‘Each compound examined could
“be converted into the primary halide i in excellent yield, provided optimum pl’OpOl'thIlS
-of ‘the’ reactants were . used. “The :n.m.r.- spectrum of. 6-chloro-6-deoxy—1 2-0-iso-
"propyhdene-oc-n-glucofuranose (6), obtained-as a crystalline: solid from'the chlorina-
_tion of .1, 2-0-1sopropyhdene-a-D-glucofuranose 5): showed- the H-l H-2 -and H-6
(Ha: and: 'Hb) signals -as:doublets (J; . 3.5 Hz, Jss 3 Hz) at: 7 4. 12, 5:52; and- 6:22,
}»respectlvely, and the two sets- of ‘methyl- protons gave peaks at T 8, 57 and 8 65. ‘The "
foregomg n.m.r. -spectral parameters were consistent with structure. 6, ‘and: these data
:?resembled the recordedvaluesforsmnlarlyconst:tutedrnolecules23 »29, Thetwohydroxyl
I.resonances appea.red at.t _6‘82 and 6 85 and dlsappeared on’ exchangevwrth' deutenum,‘
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 TABLEI _- R ‘
' REACTION CONDITIONS FOR HALOGENATION 1 .1 . 137

" Produ

'i ’Sélieiir"

Starting ~Tripheniyl- - Carbon- Tempera- T zmei"‘,f_v

compound, phosphine ~ Tfetrahalide - ture - - (h): -~ for -0

(5 mmol)  (mmol) - - .(5mmol): -~ (°) TS e -_chromato-
e grqpis.v‘_‘v___-__

1 5. CCls - -5 ‘18: E. - Ly AR 49

1 5 CCh .5 36 E 2 - 49

1 10 CCls 5 18 E 2 98 -

1 10 "~ CCls 25 18 - B T2 - 98

1 10.5 - CClLd -65 0.2 - E -2 .98 -

1 5 CBr4 5. 18 - E -3 48 .

1 10 . CBrs 60 02 E .3 .. 98.

1 5 " Cla 25 18 - CE - 48

1 10 Cla 25 18 S E -3 97

5 10 CCls 5 - 20 F 6 96 .

5 10 - CBrs 60 0.15 F 7 - 95

9 10 CCla 65 0.2 C 10 o4

12 - 30 CClse 70 . 2 c - 13 92

15 10 CCls 60 1 F -6 . ... T5

15 10 CBra 60 1 F .7 s0

16 10 - CCl 60 1 ] " No reaction -

16 10 CCls 25 8 . . . ". " No reaction .

17 10 . CCls 25 . 18 E. 18 - - 92

a@See Experimental section. 5.2 mmol. €15 mmol.

are identical to those recorded for a sample of 7 prepared by a different route3!. The
ready preparation of 6 and 7 in high yield is of considerable synthetic importance
because 7 (and possibly 6) is the precursor3? for 5,6-anhydro-1, 2-O-isopropylidene-u-
D-glucofuranose (13), which itself is a valuable intermediate in synthesis33.
5’-Haloribonucleosides are useful precursor for the synthesis of nucleot1des34
anhydronucleosxdes , sulfur analogs®®, deoxynucleosides®”, and ' cobalamin ana-
logs38; introduction of a halogen atom at the 5’-position is therefore .of pa'rticular
importance. Previous attempts®? to prepare 5'-chloroinosine: (10) by the hydrolysxs
of 5’-chloro-5'-deoxy-2’,3"-O-isopropylideneinosine  (11) “resulted in- the : formation
of a syrup-for which no analytical data or physical constants were glven. However by .
using the present method, crystalline 10 was obtained in high yield by: du'ect chlorma—
tion of .inosine (9). Similarly, uridine was converted into the-known" 5'chloro-5'=
deoxyuridine??. The n.m.r. spectrum of 10 .showed the’ ‘anomeric-proton 51gnal asa-
doublet at 7 4.12 (J;,> 5.5 Hz), the H-2’signal asa tripletat 5.4 (2565 Hz); and the
H-2 and H-8 resonances at' v 1.8 .and 2.0, respectlvely ‘Conclusive . proof for the
location of the chlorine atom was.obtained by preparing 5'-chloro-5":deoxy-2',3'-0-
isopropylideneinosice (11) by the reaction of. 10 with- -acetone contaxmng p—toluene- E
sulfonic acid and 2 2-d1methoxypropane.. ‘Under these: .conditions, . the: yield of£:17 " .
was high, but no reactnon took place xf 2 2—dxmethoxypropane was excluded from the:
mixture. = .- , Doonme e T
There has been consuierable recent mterest in the synthe515 of sucrose denvatlvesv-f? =
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13 ‘pnmary posrtlons 40, Preparatlon of halogeno derrvatlves has beeni
achxeved b .multlstep reactlons"'1 ‘Work -indicates*92:42: that,. of - the. three  primary
L 'srtes ‘reactions-take plaoe ‘more: readlly at: the 6; 6’-posxtrons than at the 1'—p051tton. :
It ‘was: -anticipated ‘that, by the ‘present method;: the reaction -of :sucrose: (12) with-
---tnphenylphosphme—carbon tetrachlonde in pyndxne mlght effect chlorination:at the
“6. and o posrtrons “This’ expectatlon was- borne out when -6, 6’-d1chloro-6 6 -dideoxy:-
-‘{sucrose (13) was. obtamed in high yield. The easy, one—step preparation of 13 offers a.
. snnple route for preparation ‘of other-sucrose' ‘derivatives" ‘modified at the 6 and- 6"
positions.. These results further indicate that the halogenatmg species. might be quite
.bulky, thus preventing halogenatlon not only of the secondary-hydroxyl. groups but
also of the primary- 1’-position. The physical constants of 13 and 1ts hexabenzoate 14
are in agreement with those recorded*®®.. : :

Tsaacs and Klrkpatnck reported*® the formatlon of czs-l 2-d1chloro compounds
from: the reaction of epoxides with mphenylphosphlne in carbon tetrachloride. It is
assumed that the epoxide ring is opened by the chloride anion of - Ph3P+CC1301'.
(initially formed from triphenylphosphine and carbon tetrachloride) with s1multaneous
bond-formation between the epoxide oxygen atom and phosphorus. -

‘To examine whether the course of halogenation of- oxiranes- by tnphenyl—
phosphine-carbon tetrahalide reagents is influenced by solvents, 5,6-anhydro-1,2-0-
1sopropyhdene—a—D—glucofuranose (15) was treated separately.in pyridine ‘with tri-
phenylphosphine-carbon tetrachloride and triphenylphosphine-carbon tetrabromide.

‘From these reactions, 6-chloro-6-deoxy-1,2-O-isopropylidene-«-D-glucofuranose (6)
and 6-bromo-6—deoxy—1 2-0-1sopropyhdene-oz-D-glucofuranose () were: xsolated in
high yield. .
- . -'The results indicate that halogenatxon of the epoxide w1th tnphenylphosphme—
carbon tetrahalide in pyridine does not follow the mechanism suggested*>. Had it
done so, elimination of the epoxide oxygen atom would be expected ‘in view of the
strong affinity of phosphorus-for oxygen. ‘The products 6 and 7 are ‘possibly formed |
from 18 through nucleophilic attack by a halide anion at: the stencally available C-6
thhout bond formation between the epoxide oxygen atom and phosphorts. '
B Prevrous efforts  to halogenate “the 3-hydroxyl group  of. 1,2:5, 6-d1-0-1so-
' propyhdene—a—D—glucofuranose (16) by the use of triphenylphosphine-based reagents
_have led to-acetal migration, culminating in the formation of 6-deoxy-6-halo—l 2:3,5-
‘dx-O-lsopropyhdene az-l)-glur.:ofuranoses.19 -23.29 " T0 examine if acetal migration would
‘take place’ under the present halogenatmg condrtlons, 18 was treated with triphenyl- -
. phosphme with carbon tetrachloride. Thm—layer chromatograms of reactlon mixtures
‘with:20: 1 chloroform-acetone showed. o ‘change in 16, and thus not: mlgratxon of
f»acetal groups occurred under the condmons chosen B ST cars

_BXPERIMENTAL

T --,General methads Purlty of products was’ determnned by t.l c:on glass plates H
l‘coated ‘with silica gel GF-254 (E.. Merck, Darmstadt, Germany) and- ungated with 4;
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6: L chloroform—methanol B, 9:2- chloroform—acetone, C’ 45 5 3 ethyl acetate-".
' ethanol—-Wa.ter, and- D,:20:1" chloroform-—acetone Components “were located by
spraying the plates thh 5% sulfuric ac1d in ethanol and-heating or by wewmg under a
short-wavelength u.v. Iamp. Column. chromatography: was performed ‘on- s111ca gel'_v
powder (J. T. Baker Chen:ucal Co.). Columns were eluted: ‘with E;20:1 chloroform-—
methanol,: F, 6:1 chloroform-acetone, G, 3:1: hexane—ethyl acetate, and- C. Optlcal
rotations were measured .with a Perkin-Elmer model 141 polanmeter and n.m.r.
spectra were recorded with a Varian T60A spectrometer with tetramethylsﬂane as the
internal standard. Evaporations ‘were: conducted under dlmxmshed pr&ssure thh a

bath temperature below 40°.

General pracedure — The polyhydroxy compound was dxssolved in pyndme
(0.1 g/5-10 ml) by stirring at 25° or at boiling temperature. The'solution was cooled
to 0° and triphenylphosphine was added, followed by the addition at 0° of carbon 1
tetrahalide in several portions. The resulting mixture-was. protected from moisture
and stirred where precipitation occurred. After keeping the mixture at the:desired
temperatures for. the required length of time, methanol (10 m}/1- g of hydroxyl com-
pound) was added to decompose any excess of reagent. Solvent was removed by
evaporation and the residue was chromatographed on silica gel. NOn-carboh'ydrate
material was removed by elution with chloroform, and further elution.with C; E, or
F gave the pure halogeno derivatives. Data related to the proportions of the reactants,
yields of products, and reaction conditions are given in Table I. oo v

Methyl 6-chloro-6-deoxy-a-D-glucopyranoside (2). =— The glycoside - 2 was a
white crystalline solid; m.p. 111-112° after crystallization from chloroform—hexane,
[«]3% +153° (c 1, methanol) (lit.** m.p. 110-112°, [a]p +139° in water). - -

Methyl 6-bromo-6-deoxy-a-D-glucopyranoside (3).- — The- glucosxde 3 was a
white solid, m.p. 130° after crystallization from chloroform—-hexane, [a] +125 2°
(c 1, methanol) (lit.** m.p. 129-130°, [«]p +107.4° in water). .

- Methyl 6-deoxy-6-iodo-a-D-glucopyranoside (4). — The glu0051de 4 was a wh1te~
solid, m.p. 148° after crystallization from chlorofo"m—hexane, [a] +107 8° (¢ I
methanol) (lit.*> m.p. 148° [a]p +99° in water). " A

6-Chloro-6-deoxy-1, 2—O-zsopropylzdene-a-D-qucafuranose (6) — Compound 6
was obtained from 5 or 15 as a crystalline solid, m.p. 807 after crystalhzatlon from,
ether—hexane; [«]25 —11° (¢, 2, chloroform); n.m.r. in CDClj; see:Discussion.

Anal. Calc. for C9H15C105. C,-45. 29 “H, 6.33; Cl, 14 85. Found~ C 45 17 .
H, 6.51; ClI, 14.69. , :

6—ChIoro-G-deoxy-D-qucose (8) — A mlxture of 6 (240 mg) and 15 ml of 0 SM-_'
sulfuric: acid was stirred for 5 h at 70° “T.Lc. with solvent 4 ‘indicated: complele 1
conversion of 6 into 8. The acid was neutralized - w1th 1R-45- (OH ) resin -and: the.-
mixture was filtered. Evaporation of the filtrate gave 8 (180 mg) as'a syrup that .
crystallized on keeping. After crysta.lhzatlon from ethanol, 8 had_m .p- 137° Ledds -
-—l— 96 — +51° (20 h, ¢ 1, water) (lit.3° m.p. 135-136°, [a]p 95.8 =5 51.1° in-water). .

-.6-Bromo-6-deoxy-1; 2—0-1sapropyltdene-a—D-qucofuranose (@) Compound 7
was’ obta.med from 4 or 1S as- a Whlte crystallme sohd m p 87° ;after crystalhzatlonf;- .




Sfrom ether~hexane, [a]25 e 13 2° (c 1, water) ‘n.m, i m CDCl3 T ’4 1. (d 'H-l
’Jl 2 3. 75 Hz) 5.52 (d H-2), 6 37 (d 2H-6; Js,6 3 Hz), 6. 82 (btoad -3« OH and - H),
‘8.5, 8 7-(CMe;). (Lit.>? m.p. 87°, [a],§°‘—13 1° in ‘water).: el
: 5’-Ch[oro- ‘deoxymosme (10) — Compound 10- was obtairie from” 9: as-‘a
Whlte crystalline solid; . p. 191° after crystalhzatlon from methan [oz]’-s 47 5° o
A,(c 1, dxmethyl sulfoxxde), n.m.r. in dimethyl. sulfoxxde-ds, see st;cussxon. S
© " Anal. Calc. for CmHuCl N“O4 C 41 89 H 3 87 C] 12 :»7 N 19 54 Found -
C, 42.10, H, 411 "Cl, 12.60; N, 19.30." :
L 5. ChIora-S'—deoxy—Z 3-0-zsopropylzdenemosme (ll) — A m1xture of 10"":'
_(140 mg) in 30 ml of acetone containing p-toluenesulfomc ac1d (100 mg) and 2 ,2-
‘dxmethoxypropane s ml) was stm:ed for 2 h at 25°. Tle. thh solvent C. 1nd1cated
complete conversion of 10 into 11. p-Toluenesulfomc acid’ was neutrahzed ‘with -
an excess of sodlum hydrogencarbonate and the. mixture was: ﬁltcrcd Evaporatlon' .
of the ﬁltrate gave 11 (140 mg, 87.5%) as a crystalhne sohd m. p 201 after crystalhza— .
_tion from methanol (1it.2* m.p. 201-201.5°). . - : :
" In the absence of 2 2-d1methoxypropane, -the foregomg reactlon dld not occur. »
' -5 ChIoro-S'-'deoxyundme (18). = The chloro compound 18 obtamed from 17 :
bad m.p. 172-174° (lit.** m.p: 170+172°).. . ‘
. 6,6"-Dichloro-6 6’-d1deoxysucrose (13) ~— The dxchloro denvatlve 13 obtamed
from sucrose (12) had m.p. 82-85° ° after crystalhzatxon from butanone, [a] +60° '
(c 1, water) (1it.*°® m.p. 85-88°, [a] +60° in water). "
- 2,3,4,I',3,4'-Hexa-O- benzoyl—6 6'-dichloro-6. 6’-dzdeoxysucrose (14) — Benzoyl
~ chloride [6) ml) was added to a ‘solutiof” of 13 (190 mg) in 20 ml of pyndme After
keeping the ‘Tixture- for 40 h at 25°, solvent ‘was. removed by evaporatlon ‘The.
syrupy residue was treated with saturated sodmm hydrogencarbonate SOhlthIl and
extracted with chloroform.. Evaporation of the dried’ extract gave a syrup that was’
punﬁed by chromatography on silica gel. "Elution’ with-20:1 hexane—ethyl acetate
: separated the non-carbohydratc matenal Further elution. thh solvent G gave pure 14
(400. mg, 80 %),. m.p. 88-89° ‘after crystalhzatlon from .ethanol; [oz] +5 7° (c 1,
chloroform) (lit.*> m.p. 85-87°, [«]2® +5.8° in chloroform). : .
. Anal. Calc. for C54H44012015 C 64 83 H 4 43 Cl 6. 89 Found C 64 71 -
H, 4714 C1699 ~
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