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Novel Reagent System for converting a Hydroxy-group into an lodo-group 
in Carbohydrates with Inversion of Configuration. Part 2 t 
By Per J. Garegg * and Bertil Samuelsson, Department of Organic Chemistry, Arrhenius Laboratory, University 

of Stockholm, S-106 91 Stockholm, Sweden 

Isolated primary and secondary hydroxy-groups in carbohydrate derivatives are transformed into iodo-groups 
with inversion of configuration on treatment with either triphenylphosphine, iodine, and imidazole or triphenyl- 
phosphine and 2,4,5-tri-iodoimidazole at elevated temperatures. At lower temperatures, primary hydroxy-groups 
may be selectively replaced by iodo-groups. 

THE conversion of Iiytlroxy-groups into iodo-groups has In t lie absence of imidazole, triphenylpliosphint. and 
attracted considerable attention in carboliydrate cliem- iodinc i n  toluene form an addiict which is virtualljr 
istry. Dcosyiodo-sugars are themselves of biochemical insoluble and of limited use for the present purpose. If, 
in tcrest, for example as contrast agents in urograpliy, however, imidazole is added, a partially soluble compltlx 
and their retluc,tion produces deoxy-sugars sucli as is fornied which rapidly combines with the alcoliol. 
occur i n  natural compounds of biological significance, Toluene acts essentially as an inert heat-transfer meclium, 
'7.g. in :intibiotic sukstmces, cardiac glycosidcs, and aiicl it also dissolves thc product as it is formed. 
tm,tc:rial :intigms. Ioclicltb is n good leaving group, and Mort. detailtd considerations of poqsible intt~rrntvtiates 
cli.~)xj.iod(,-sugars art. amenable to furt tier transforrn- in tlie a lxn~t~  n.action let1 us to add ~ ,~ ,5 - t r i - i oc lo in i ida~~ le  
at ioiis, sucli as substitution and elitnination. r-at1ic.r tlian iodintb to t l i c h  reaction niixturc. 'Tllis 

ical "tpproacli to deoxyiodo-sugars in\rolvcbs rnodifitd rcagt*rit systmi, thus containing triplieriyl. 
tlic3 dihplacerncnt of a sulptioiiic. ester group with iodide.' phosptiinr arid tri-iotluimidazoI~! 11 (see 1Sxperimental 
111 the 1950's Kjdon and his co-workers introtluced 
iodiiiation o f  alcohols using various pliosplioi-us-bascd 
reagt.nts, the most iriiportant being niethyltriphenoxy- Ph,P f 12 -k 2HN 
pttosplionium iodide and iodotrip1~enosyphcJs~~~~~)iiiurii 
iociitlt.. KorBwtkov and his co-workcrs havt' stutlitd 
the uw of  these reagmts in carboliydratch chemistry. In 
11172, Hanessian and 1iis co-workers 5 publislied pro- '33P-+" 

--+ p h 3 , ' - ~ \ F i  /==N I- + HN F N  J.HI '=j 
F N  

+ $- ROH --+ Ph,bR < P HN, I 
cedurvs for tlie direct replactmcnt of primary liydroxy- 
groups by halogen using tripheriylpliospliine arid 
N-ha1~)geriosucciniIiiicles in diinethylformaniide, and in 
1978, Binkley and Heheman A reported the synthesis of  
iodides from alcohols by converting single hydroxy- 
groups in protected carbohydrates into the triflate esters 
followed hy treatment with tt.tr~tbutylainmoniunl iodidc 
in rcfluxing benzentl. Various other methods Iiave also 
btw I described .7 

W e  liave previously reported * t tit. transformation o f  
pyranosidic. viciiial tliols into the corrcsponding dideosy- 
enositle derivatives, using either triI'lien3'lphosphialc , 
iodine, ; L I ~ C ~  iniiclazolc or a modification of this reagelit 
in wliicli iodinc is replaced by 2,4,ii-tri-iodoinlitlazolc. 

reagents arch also iistiful for the cotivtniim o f  sirigltb 
11ydrosy-gruup in to t h c b  cwrresponding iudides, with 
inversion o f  c-onfiguration in the case of iinsymmetrical 
alcohols. 'lliis Iias been tlw subject o f  a preliminary 
account lo and we now report tlic full experimental 
(letails o f  tlie transformation. 

Tri~lieri~~lplios~~tii~ic, irnidaLolc, aiid itdine in tolueiic 
at  reflux teniyerature furnishes a two-phase system w1iii.h 
appears to be most efficient in transforming alcohols into 
iodides, wit11 inversion at  the rthaction centre. ?'lit. 

alcolirJ does not have to be soluble in tlw reaction 
mediuni. Meclianistic studies liave riot been carried out, 
hut a plausible rationalization ih outlined in Srlieiiie 1 .  

f Part 1 i -?  ref 1 0 .  

section) i n  toluene at  chvateti temperature in general 
gave higher yields tlian did tlie original systein, par- 
ticularly for sterically hindered, secondary alcohols. 

The various protected carbohydrates (1) to (10) 
(Sclierne 2), each with a single free hydroxy-group, all 
gave the corresponding iodides, with inverted configur- 
atioii at secondary positions, in good yield. The con- 
version of tlic liydroxy-groups in the %positions in the 
pyranosidcs ( I )  and (3) to the ~-deox31-8-iodoglycosides (2) 
and (4) in yields of 82--870,; is particularly notewortlijr. 

Both reagcwt sjrstenis show steric selectivity in  that 
primary hydroxy-groups in the uiiprotected methyl 
pyranosides ( I 1 )  and ( I  3) were con~er-tt.d into t tie 
corresponding Ci-cleux)riotloglyc.osidc.s iti 70 - -SO0(, yield 
by reaction at 70 "C. 1;urtlier regioselectivity in  
iodinatioii 3s wchll as broininations using this type of 
reaction is cur ren t l j~  bcing investigated. 

I< X Pli K I M  E: NT.41. 

Genevul ~ ~ ~ ~ l ~ o d s . - - M e l t i n g  poiiits are corrected. Con- 
centrations were perforiiied in a vacuum a t  n bath teiiiper- 
ature below 4 0  "C Optical rotations were recorded using a 
Perkin-Elmer 241 polarinieter, 99 55-R'lHz lH and 25 05- 
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RIHz la(.  11 m.r. sper,tra (in ('I)t'13) were rct-orded in the 111 portir)n,s \.\'hen the toluene phase renialneci iodirlr- 
Fourier-transform mode using a J E O J J  JNRI 1;s 100 instru- coloured it  as stirred for an additional 10 niin. Exce5s of 
ment. Chemical shifts arc giveii in p.p.iii. dotvnftcltl from iodine was rcmovetl by the addit ion of aqueous sotliunl thio- 
tetra~netliylsilane. K.m.r. spectra, recordcd for new coin- sulphate. Tllc mixture n-as transferred to a separating 
pounds, were invariably in ;tccr)rdant;e with postu1;ttetl funnel ancl niaterial remaining in the rea( 1 ion vessel ~i'ab 
striictures; only selected i1.m.r. data are presented below. dissolved in a small a~nount  o f  acetone itnd added to the main 
' 1 . 1 . ~ .  was performed using pre-coated silica-gcl plates bulk of ni:itcrial. Fl*lie organic layer clilutcrl wit11 
Merck) and the spots were detected by charring with Sq;, tolucne, and af tcq-  separation, the toluerlc layer tvas extrac- 

ted with water, dried (MgSO,), filtered. and concentrated. 
1;i)r  small-scrale operations the residue was dissolved i n  a 
littlc of the eluant before chroniatograpliy ; on a larger 
st a l t ,  tl-i~'lienylpliosphine oxide w a s  precipitated in dieth3-1 
ether antl the filtrate conceiitrated and then subjected to 
cwlumn rlironi~Lto~rap~iy (toluene--ethyl acetate, 4 : 1) .  

Il'ovk-zr/) ,  I)yoceduve H: f o r  prodzrc/.s solirhlc iw wrtw.  The 
rear-tion iiiixture was cooled, tvater was addecl, and the 
mixture was stirred vigorously for 15 niin and then trans- 
fvrrcd to a, separating Iunnel. ?'lit. toluene phase ivas 
estra,ctcrl nith water u n t i l  no produc t reni;citiecl thrrP 
( t  .1.c- ) .  ' l ' l i c~  combinetl aqueous phctse u ;is shaken once  
w i t h  a small i1111o~nt o f  toluene and then concw~trated. 'fhc 
rcsitluc W ; ~ S  ;tcetylatt.cl with a( etic anliydritlt~ rind pyritliiie 
;it rooiti tenipcraturc. Wien the acetylatioii \vn\ cornpletc 
(t  .l.c.), the reaction misturc was concentratecl ant!  the rc.sidue 
dissolved ii i  toluenc. 'the toluene solution was estractml 
Lvitli J V ; ~  ter, colic-entratetl, ant1 the residuc crystallized. 

3,4 ,6- T v i  -0 -be r:zyZ- 2-dc oxy - 2 - i odo - R- I -gZitco - 
( 5  1 R' = OH, R'; H ( 7 )  R ;OH p.vvnnosidf (2) .  Method A .  A niiutiire o f  niethyl :3,4,t;- 

( 8 ) R  . I  t r i-(~-bcnz!ll-a-r)-i i i~~ii~opyrai~~)si(l~ ( 1 )  (0 .50 g, I . O #  ~ i i n i o l ) ~ ~ J  

triplien3 Iphosyliine ( I .  13 g ,  4.32 niniol), iniitlazole (0.29 g, 
4.32 niniol), and iodine (0.82 g? 3.24 mmol) in toluene (50  
nil) was stirred under reflus a t  a bath temperature o f  120 "c' 
overnight; the mixture was then worked up (procedure A) 
t o  yield the title compouiid (0.413 x, Cii'od,), n1.p. 67-  ti8 (C 
(crystallized once from ligroin), [ct1D22 4 102" ( c  1 ,  CM('1,) 
(I;ountl: C,  58.6; H, 6.47; 1 ,  22.2. C,,H,,O,I requires C ,  
58.5; H, 5.44; I ,  22.1), &; (25 MHz, CDCl.3): 29.75 (C-2), 
55.70 (OCH,), 68.32 ( c -6 ) ,  71.10, 7:3.54. $6.03, 75.43. 7!).47, 

anomeric proton sliowecl alinost no coupling on l€I 11.m r. 

BnOCH2 R' 

8n0 

OMe 
( 3  j A '  = OH. RLH 

B nO 

" QMe 
( 1  1 R ' z Q H  R2: H 
( 7 1 R' L H R'z J ( 4  ) R' - H# 52- I 
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Me OCH, 
Me 0 CH,R Y 

Met/i,yl 

6 )  R' ;5 H , R ~ =  I 

RCH, OMe 
R' C H, 

OMc MeXMe 
( 9 ) R  = O H  ( 1 1  ) R' R 7 =  R L =  OH, R 3  = H 

R' = R *  2 R ~ =  OH. R' = H 

(10)  Fi = I ( 1 2 )  R I  = I , R z =  Rt+ = OAc. R3=H $2.01 (C-3, C-4, ( * - 5 ,  3 >< CH,PIl), and 100.7  ( ( - - I ) .  *~'IIC* 

( 13 
( 11, R' 

lpIPt/iocl b. .\ iiiisture o f  nietliyl 3,4,(i-tri-O-t,enzyl-rx-r,- 
1. R'= R~ = WC. R'=H iii;tnnop?.r;~nositle ( I )  ( ( ) . S O  g, 1 .CIS nimo1),13 ti-iplwnyl- 

pliosphine (0.56 g .  2,  I t i  niniol), and tri-iocloiiiiidazole (0.48 
g ,  1.08 nimol) in toluene (50  ml) was stirred under reflu\: a t  

SCHEhlR 3 

r( q 11 coi i 5 1 i SCJ, pr r f nr ni e ( 1 
(>ti ,silica gel ti0 (0.040- 0.063 mm, Ncrcli). 

I f  tri-iodoiniitlazole, as clescribed in t l i e  litcratiirc 15 u ~ c t l , ~ ~  
Itiiirlazole (about 3 equivalents per hyclrosy-group) must bc 
addcd to the reaction mixture to effect dissolution o€ the 
rcagent. 'I'he following modification of existing procedures 
for malting tri-iodoiniidazole \.\-as used tlirougliout this \vork. 

2,4,~-T1. i - io~~lni~~~idnzole .~~--Iodine (76 1 g ,  0.30 mol) antl 
iiiiitlazole (6.8 1 g,  0.10 11imol) in  alkaline water-t-iexane were 
allowed to react and worked up as previouslv clesc~ibetl.~ 
l'he crude precipitated product wc~s dissolved in liot 
methanol (100- 150 ml) containing suiall amounts o f  imitl- 
itzole. 'l'he protluct was allowetl to crystallize first a t  room 
temperature and then a t  - 20 "C. A second crop o f  
crystals ~ v a s  obtained by concentration o f  the filtrate from 
the first crop. Large, compact, hcavy crystals were 
obtained (cn. 35 g ) .  

M'ork-up, procpdzcre -4 : f o r  products iizsoluble i n  water .  
The reaction mixture was cooled, ;in equal volume of 
saturated aqueous sodium hydrogencarbonate \vas ,ztlrled, 
and the mixture was stirred for 5 niin. lodine was added 

C ' o I ti ni n c l imn 1 d tog ra p 11 y W A  i t  bath tt~riiprrature o f  120 "C for 3 11, after which acltlitional 
t r i ph e 11 j- 11) 11 osp h i 11 t' ( 0 .5  6 g , 2 . I  (i ni i n  o 1) and t r i - indoi n 1 i (1 a zr ) 1 c 
(0.48 2, 1 .O8 mmol) were iItl(let1. Tlie mixture was  st il-rvtl 
a t  120 "C overnight. 'J'hc yieltl o f  title c.onipr>iintl. in- 
tlistinguishablc froiu the above p r o d i i c  t ,  ,ifter ~vc)rk-up 

R,4, (i- Tvz -0- be?.? ZJJZ- 2 - d ~ o x y -  2- i o do - R- I > - I I 10 I 11.1 ( ) - 
/ypvnpiosici!e (4),* ,VIet/iod L4. A niixturc of n~etli>-l 3,4,fi- 
tri-O-benz?.l-cc-i)-Rliic~~p~r~tiio~i(le (3) (0.50 g,  1.08 n i m r t l ) ,  In 

ti-iyheii~~lpl~osptii~ie (0.85 g ,  3.23 nimol), imitlazole (n.2!t g ,  
4.30 nimol), and iodine ( O . t i 8  g, 2.69 nimol) it1 toluenc (50 
ni l )  was st irretl under reflux a t  a hatli trniperatiire u i  120 OC 
for 6 11 antl then \vorkctl up (pi-ot*eclure A) to yield the title 
conipoiind (0.41i7 g ,  75:{)), 1.1,)" -1 5" ( G  1 ,  CHCI:J (I;ountl. 
C ,  58.8; €1, 6 . 5 7 ;  I ,  22.3.  C28H:%lL05 requires C ,  58.5;  1-1. 

(procetlurc A ) ,  Wi1s 0.51 fi (82';;). 
hl ct li y 1 

5.44; I ,  22.1),  &(% (25 IvzHz, CDCLJ: :<3.14 ( C - 2 ) ,  54.89 

* in thc preliminary communication lo this w a s  im-onccmsly 
rqmrttd as the (3-anomcr. In  this reaction (method 13), mttliyl 
~ , 4 , 8 - t r i - O - h e i ~ z ~ l - ~ - ~ - ~ l 1 1 c o p y r a n ~ s i ~ l c  gives ;I yivld of only 5OY.h 
o f  methyl 3 .4 ,6 - t r i -0 -benzy l -2 -dcox~~-2 - iodo-~-~-~na1~no~~yr~~no-  
side. 
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(OCH,), 68.93 (C-6), 70.83, 72.07, 73.36, 75.12, 76.92 (C-3, 
C-4, C-5, 3 X CH,Ph), and 102.40 (C-I). The anonieric 
proton showed almost no coupling on 1H n.ni.r. 

A mixture of methyl 3,4, 6-tri-O-benzyl-a-~- 
glucopyranoside (3) (0.50 g, 1.08 mm01),13 triphenyl- 
phosphine (0.56 g, 2.16 mmol), and tri-iodoimidazole (0.48 g, 
1.08 mmol) in toluene (50 ml) was stirred under reflux a t  a 
bath temperature of 120 "C for 3 h, after which additional 
triphenylphosphine (0.28 g, 1.08 mmol) and tri-iodoimid- 
azole (0.24 g, 0.54 mmol) were added. The mixture was 
stirred a t  120 "C for 3 h. The yield of title compouncl, 
indistinguishable from the above product, after work-up 
(proccdure A), was 0.54 g (87%). 

furanuse (6) .6,14-n/letl~od A .  A mixture of 1,2 :5,6-di-0- 
isopropylidene-a-D-ghcofuranose (5) (0.50 g,  1 .!I2 mmol), 
triphenylphosphine (1.51 g,  5.76 mmol), imidazole (0.39 g, 
5.76 mmol), and iodine (0.97 g, 3.84 mmol) in toluene (40 ml) 
was stirred under reflus a t  a bath temperature of 120 "C 
overnight and then worked up (procedure A) to yicld the 
title compound (0.426 g, GOYo),  [a]D22 +63" (c 1 ,  CHCL,), 
(lit. [a],s*14 l H  n.m.r. shifts and coupling constants were in 
agreement with those published). Catalytic reduction of 
the product with 10% palladium on carbon yielded 3-deoxy- 
1,2 :~ ,6 -d i -~ - i sop ropy~ idene -~-D-~ i~o-hexofu ra1~0~~  identical 
to an authentic sample on t.1.c. and lH n.ii1.r. 

A mixture of 1,2 : 5,6-di-O-isopropylidene-a- 
u-glucofuranose (0.50 g, 1.92 mmol), triphenylphosphine 
(0.76 g, 2.88 mmol), and tri-iotloimitlazole (0.64 g, 1.44 
nimol) in toluene (40 nil) was stirred under reflux a t  a 
bath temperature of 120 "C for 3 h,  after which additional 
triphenylphosphine (0.50 g, 1.92 mmol) and tri-iodoimidazole 
(0.43 g, 0.96 mmol) were added. The mixture was stirred 
a t  120 "C overnight. The yield of title compound, in- 
distinguishable from the above product, after work-up 
(procedure A),  was 0.56 g (78%). 

6-Deoxy-6-iodo- 1,2 : 3,4-di-O-isopro~y~idtene-u-~-ga~acto- 
pyranose (8).  15-Meth0d A .  A mixture of 1,2 : 3,4-di-0- 
isopropylidene-a-D-galactopyranose (7)  (0.5 g, 1.92 mmol), 
triphenylphosphine (1.51 g, 5.76 mmol), imidazole (0.39 g, 
5.76 nimol), and iodine (0.97 g, 3.84 mmol) in toluene (50 nil) 
was stirred under reflux at a bath temperature of 120 "C for 
4 h and worked up (procedure A) to yield the title compound 
(0.668 g, 94%), m.p. 58 "C (crystallized once from ligroin), 
[a]D22 -49" (G I ,  CHCl,) {1it.,l5 m.p. 70 "C, -50" 
( ] , I  ,2,2-tetrachloroethane)}. 

iWethod R. A mixture of 1,2 :3,4-di-O-isopropylidene- 
a-D-galactopyranose (7) (0.5 g, 1.92 mmol), triphenyl- 
phosphine (0.76 g, 2.88 mniol), and tri-iodoiniidazole (0.64 g, 
1.44 mmol) in toluene (50 ml) was stirred under reflux a t  a. 
bath temperature of 120 "C for 4 h .  The yield of title com- 
pound, indistinguishable from the above product, after worli- 
up (procedure A ) ,  was 0.670 g (940/,). 

filethy1 f i - l ) e o x y - 5 - i o ~ o - 2 , 3 - O - i s o ~ r ~ ~ ~ ~ ~ l i ~ l e ~ ~ c - ~ - ~ ~ - r i l ~ o -  
fwnnoside (10) .16-Method A .  A mixture of methyl 2,3-0- 
isopropylidene-P-~~-ribofuranoside (9) (0.5 g, 2.45 nimol) ,I7 
triphenylphosphine ( I .  60 g, 6.10 mniol) , imidazole (0.42 g ,  
6.17 mmol), and iodine (1.24 g, 4.89 mmol) was stirred under 
reflux at a bath temperature o f  120 "C for 2.6 11 ancl worked 
up (procediire A) to vield the title compouncl (0.71 g, !t29/,), 
la]I)z2 -72" (c 1 ,  CHC1,) flit.,16 [a],25 -68" (CHCL,)}. 'H 
N.m .r. shifts and coupling constants were in agreement with 
those p u b l i ~ h e d . ~  

A mixture of methyl 2,3-O-isopropylidene- 
P-D-ribofuranoside (9) ,17 (0.50 g, 2.45 mmol), triphenyl- 

Method B. 

3-Deoxy-3-iodo- 1,2 : 5,6-di-O-isopropylidene-a-~-allo- 

Method B. 

MetJzod B .  

phosphine (0.96 g, 3.67 mmol), and tri-iodoimidazole (0.82 g, 
1.83 mmol) in toluene (50 ml) was stirred at 120 "C for 2.5 h. 
The yield of title compound, indistinguishable from the 
above product, after work-up (procedure A),  was 0.75 g 

iVIetliy1 2,3,4-T~i-O-acetyl-6-deoxy-6-iodo-a-u-glztco- 
pyranoside (12).l8-Methud A .  A mixture of methyl a - D -  

glucopyranoside (11) (0.50 g, 2.57 mmol, finely ground), 
triphenylphosphine (1.01 g, 3.86 mmol), imidazole (0.53 g, 
7.72 mmol), and iodine (0.91 g, 3.60 mmol) in toluene (50 ml) 
was vigorously stirred a t  70 "C for 2.5 h and then worked up 
(procedure B) to  yield the title compound (0.89 g, 80%), 
m.p. 148-149 "C (crystallized once from ethanol), 
+ l l 4 "  ( e  1, CHCI,) {1it.,l8 m.p. 150-151 "C, [aIDz4 f116" 

A mixture of methyl a-n-glucopyranoside (1  1) 
(0.50 g, 2.57 mniol, finely ground), triphenylphosphine (1.01 
g, 3.85 nimol), and tri-iodoimidazole (0.86 g, 1.93 mmol) was 
vigorously stirred a t  120 "C for 2.5 h. The yield of title 
compound, indistinguishable from the above product, after 
work-up (proccdure B), was 0.84 g (76%). 

Mctltyl 2,3,4-Tri-O-ncety~-6-deoxy-6-iodo-u-~-manno- 
ppnizoszdc ( 14) .19--A mixture of methyl a-D-inanno- 
pyranoside (13) (0.50 g, 2.57 mmol, finely ground), triphenyl- 
phosphine (1.01 g, 3.86 mniol), iniidazole (0.53 g, 7.72 
mmol), atid iodine (0.91 g, 3.60 mmol) in toluene (50 ml) was 
vigorously stirred a t  70 "C for 5 h and then worked up 
(procedure $3) to yield the title compound (0.78 g, 70y0), 
ni .p. 91-92 "C (crystallized once from ethanol), [a],,, -1 45" 
(c 1, Cl-IClJ {lit.,Ig ii1.p. 91-92 @C, [aIDn5 +37" ( G  0.6 CHC1,)). 

(97%). 

(CHC1,)). 
Method B. 
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