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D i r e c t  olefinations on one hand in  canprison t o  eliminations 
of aSdols of various uloses on the other each proved t o  be specific 
as to  the si-ce of unsaturation in the branched-chain products, found 
t o  be interconvertible with one exception d e r  a variety of 
conditions. Although shown t o  be generally equivalent t o  its Wittig- 
counterpart, the Peterson reagent employed is Liable t o  cause 
eliminations in the initiaL oLefin. One of the branckd-chain products 
appears to be of unusual mlecular r igidi ty  as evidenced by a Large 
55 coupling. 

A considerable part of carbhydrate chemistry is carbnyl-  
ch is t ry ,  involving such d u c t s  as hmiacetals, halogenoses , enol 

derivatives, carhzxylic es ters  and Lactones, aldehydes and above 
a l l  ketones, the so-called uloses, particularly useful in  various 
types of chanical The resFtable progress in 

highly stereoselective CC-bond forming methodology in recent years, 
a l lwing  even to ta l  syntheses of carbhydrates , is dis t inct ly  
influencing the preparative potential of carbohydrate carbnyl  
derivatives, the stereospecific branching being of particular interest. 

4 

5 r 6  

As a resul t  of our recent investigations, regarding m e l  C-C- 
bond forming reactions, ws described the s t e r e o s F i f i c  formation 

273 
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272 CSUK, FURSTNER, AND WEIDMANN 

of carbohydrate derived B-hydroxy esters  by the aLdoLization of 

various uloses employing ethyl trimethykiLylacetate (ETSA) in the 
presence of tetra-n-butyl-arrmonium f Luoride (W) .’ These reactions 
are Without precedence, inasmuch as ketones, including cyclic ketones, 
with th i s  canbination of reagents are reported t o  form - 0-trimethyl- 
s i l y l  e n o ~  ethers, exc~us ive ly .~”  M a u s e  of this obviously d u c t -  
d e m e n t  behavior of ETSA-enolate anion, which in the form of its 
lithium salt also converts carbnyl  canpounds into olefins (Peterson- 
react ion) lo~’’a.nd -use of the we~~-kno~n elimination reaction of 

R-hydrmcy- t o  a ,B-unsaturd esters ,  a canparative investigation of 
the branching of uloses by Peterson 
one hand,and by Reformatzky 

reagents on the other hand appeared to be of interest .  

Peterson-olefination t o  carbohydrates, 16-18 

undertaken to obtain information on the elimination pattern of 

carbohydrate derived R-hydraxy esters, as  w e l l  as to  canpare the 
Peterson olefinations employing Li-ETSA t o  Wittig reactions w i t h  

various doses .  

as w e l l  as W i t t i g  reactions on 
and the above mentioned ETSA/TFG?- 

12-1 5 

In view of the paucity of reports on applications of the 

the present study was 

RESULTS AND DISCUSSION 

Wittig- and PetersonaLefination 

Wthyl 4,6-O-benzylidene-2,3+ideaxy-(E)-3~~thaxycarbonyl- - - 
methylene-a--0- - hexopyranoside (4) , obtained i n  95 % yield 
fran methyl 4,6-O-benzylidene-2+eaxy* - -perythro-3-hexulopyranoside - 
( - 1) l9 with triphenylethyloxycarhnyrbonylenephosphorane , w a s  also 
fonwd f r m  - 1 w i t h  lithio-ETSA, although in lcwer yield. 
case, product - 4 w a s  accCarrpanied by a mixture of by products amounting 
to a to t a l  of 20%, one of them, ca. 15%, was found to be lI5-anhydro- 
4,6+benzylidene-2 - , 34idearcy- (E) - -3-C-ethoxycarbonyhethylene-cr - -Q- - 
erythro-M-l-enitol ( 6 ) .  The formation of this product may be 

explained by either one of two consecutive reactions. F i r s t ,  part of 
+be d u c t  - 1 wit== Li-ETSA suffers elimination with formatior! of the 

intermediate lr5-anh;rdro-4,6-0-knzyLidene-2,3-did~y-a-Q-erytkro- - - 

In the latter 
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C-ALKYLIDENE CARBOHYDRATES 273 

hex-3-ulo-1-enitol ( 7 ) ,  - bemq subject to  olefination with formation 

of 6 .  Smtaneous ly  the remaining 1 w i t h  Li-m gives 4 ,  thus 
accountinq for the mixture of prducts  observed. Secord, the by- 
product 6 is obtained by an elimination of the initial formed - 4. 
The latter sequence was  found t o  be correct. 

lithium diispropylamide (IDA) or  ptassium-tert -butoxide a t  -78'C, 

followed by warming each of the reaction mixtures a t  O°C, - 6 was 
obtained exclusively in yields of 60 % and 68 %, respectively. 
Likewise, treatment of - 1 with a tm-molar  amount of Li-ETSA gave - 6 

in a yield of 72 %. While the formation of by Wittiq-reaction 

and of - 4 and - 6 by Peterson-reactions a l l  proceed quite rapidly, both 
o.Lefinations are canparatively slow w i t h  ccmpo~nd z2' , w i t h  the 
Wittig-reaction showag a drmtica.Lly L o w e r  rate.  Thus, c~mpU'd 4 
rather than - 7 is the intermediate in  the two-stepformation of 6.  

4 , 6-O-benzylidene-3-deaxy-,-~-erythro-2-hexulopyranoside - - ( 2 )  - ' as 
w e l l  a s  t o  - 3,6-anhydro-l,2-0-ispropy~idene-~-~~-5-hexuLofur~se - 
( 3 )  yieLdinq the corresprding C-ethylaxycarbonyl+hylene derivatives 

23 
(5) - and a m i x t u r e  of the stereoiscmers (2) and (g) , respectively. 

W i t h  both educts, Wittig-oLefinations gave the higher yields. 

- - - 

- 

When mpwd - 4 was subjected t o  equimolar munts of either 

Peterson olefination also appeared t o  be applicable to methyL 

- - 

Elimination and Rearranqanents Reactions 

Since both direct  olefinations of the uloses invariably yield 
identical products, a study of their aldolization products, readily 

7 14  accessible w i t h  the ETSq/TBAF-reaqent or  by Refonnatzky-reaction , 
appeared t o  be indicated. Inasnuch as acid-catalyzed reactions are 
incanpatible with the protectinq groups i n  the educts (5, , (&I I 

(3a) - ,7 hse-cata . lyzd eliminations of their respective su.lfonates, 
2 5 r 2 6  (lb) , (2b) , and (2111, were performed, preferably t r i f l a t e s  

Althouqh such bases as pyridine, triethylamine ard DBU Were appropriate, 
good yields of the elimination products 
obtained w i t h  m - t r i h y d r a t e .  This resul t  is in  accordance w i t h  
eliminations frequently paralleling attempted substitution of 
triflates w i t h  fluoride as a nucleophile. 

- -  

, (2) , and (&) were 

32 

W.Le the e.Limination products - lc and 2 are each i-ic to 
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No R' R2 R3 R4 No R' R2 l?' R2 

=a H H 
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=f.31COOEt (2) H H 
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C-ALKYLIDENE CARBOHYDRATES 27 5 

7 

part of the 3cn m z  '~w-pectrun of z; the coup~w pattern of 
H-1 , H-2, aryl N-3 'a is sham in detail; notewrthy is the .large 
harroal.Lylic coupling bemeen H-1 and H-3'a (in canparison w i t h  t h e  
corresponding part of the simulated spectnxn-lowr trace; PANIC). 

those of the direct olefinations of - 1 and - 2, respectively, canpud 
- 3, independent of the nethcd applied, always fonns a single prcduct. 
As in carkcyc.Lic rings, the reason for t h i s  result Is most likely 

to an exocyclic dcuble bond in 6- and vice versa in 5- 

rings. 27  his -.-tion is w p r i m e n t a ~ y  supported by the factle 
rearranganent of both - 4 and - 5 by heating in pyridine into and 2, 
respctively. W e  their reverse reactions can only be accunplished 
by strang bases as exerrplified by potassim-E -butax#.de, ca rpxd  

- 3c oanpletely resists all at- to alter its structure. !t¶xxe rS 
a mtemrthy, extraordinary hanoallylic '5 couplhg be- H-1 and 
H-3 'a of considerable magnitude of 4.25 Hz in cnnpourd &, best 
expMned by a very riqid "W"-confoxmation i n  this part of the 
molecule 30'31 (cf. FIG.2) . 

were found to be equatoriaLly orientated as previousty described, 

the greater thenrodynanic stabi l i ty  of an endocyclic as m p e d  

Inasmuch as the ethoxycarhnyhethyL substituents ~I I  & d g 
7 ,  28 
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216 CSUK, FURSTNER, AND WEIDMA" 

TABLE 1 

Product distribution and Wysical properties of Refomatzky-reaction 
products 

b d u c t  conditionsa prcducts/yield ( % I  mp [a]: (c) 

MI/THF 1/1 
30 min;ref 1. 
m4/l!HF 10/1 
25 min;ref 1.. 
THF 
30 min;ref 1. 

30 min;refl. 
TMB 
300 min;25'C 
m 
25 min;refl. 
JM4 
20 min;refl. 

THF/BENz 1/1 

- la  85 90-91 72.0 (c 0.2) 
- Id 5 oiL 63.5 (c 0.3) 
la 75 
Id 0 
- 
- 
l a  30 
Id 0 
- 
- - 
la 1 0  
Id 0 
- 
l a  0 
Id 0 

2a 74 87-90 58.2 (C 8.5) 
2d 9 o i l  47.3 (c 2.0)  

- 
- 
- - 
3a 78 76-79 10.2 (c 1.5) - 

a M stands for methyLaL, THF for tetrahydrofuran, BEN2 for benzene, 

b all optical rotations described i n  t h i s  m r k  were taken in CHC13 
arid "3 for trimethyL borate 

their respective s t e r e o i m e r s  (Id) - and (2d), - obtamed by Reformatzky- 
reactions are necessariLy in  axial  p s i t i o n s .  

Because of the general progress in Refonnatzky-reactions through 
' 28 29 hitherto scarcely the application of mre suitable solvents, 

applied in carbhydrate chanistry, canpunds 1, 2, and - 3 were subjected 
to such reactions under various conditions. The resul ts  sumarized in 
Table 1 indicate the solvent dependence of the yields as wll as the 
distribution of stereoisaners obtained urider various corditions. 
Whenever applicable, methylal appears to be prefered wer other 
so.lvents. 
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C-ALKYLIDENE CARBOHYDRATES 2 1 1  

GeneraL Methods. The meLting p i n t s  are uncorrected (TottoLi- 
apparatus); opticaL rotations were taken with a Perkin-Elmer 141 

pLarimeter, and NMR-spectra m e  recorded i n  W L 3  with TMS as 
internal. standard on a B r u k e r  W-90, AM-250, Varian XL-200 and a 
General E l e c t r i c  QE-300 instmnent; TLC was performed on precoated 

silica gel. sheets (Merck, N o  5554) and Wrck siiica ge l  F60 was 
used for  coLm chmmtcgraphy. 33 

General procedures for  Wittig- and Peterson Olefinations for 
the Svnthesis of 
3 , 6-Anhylro-5--deaxy- (Z - 1 (and (E) - -5-C-ethaxycarbonylmethyLene-1 - , 2-9- 
isopropylidene-a-ps-hexofuramse - 2 (and &) fran 2, 
methyL 4 , 6-0-knzyLidene-2 - , 3-did-y- (2) - -3-C- - (or 2%-) -ethoxycarbonyL- 
methyl.ene-a-perythro- - hexopyramside 5 (or 2) fran 1 (or 2) , 
1,5-anhydro-4,6-U-benzyLidene-2,3-didecocy-(E)-3-C-ethaxycarbonyL- - - - 
methylene-a-perythro-hex-1 -eni tol  6 ( f m 2) - 

A) Wittig-reactions 

To each soLution of 4 . 0  rrmol. of - - -  1 ,  2 ,  3, and - 7 respectiveLy, 
i n  15 mL anhyd chLorofom a solution of 2.1 g (6 m L )  of triphenyl- 
ethcxycarbonylmethyLenephosphorane in 5 ml  of anhyd chloroform was 
added. A f t e r  canpletion of the reactions (TLC; l h  for d u c t s  1, 2, 
and - 3, 60 h for  - 7)  the solvent was evaporated ard the products 

m e  p r i f i e d  by chrmatqraphy. 

B) Peterson-react ions 

LDA was prepared by adding 0.61 q (GmnoL) freshly distiLLed 
diisopropyLmine to 2.8 mL of - n-butyl Lithiun (1.8 M in hexane) a t  
-10Oc ~nder dry nitrogen. A f t e r  s t i r r i n g  for  5 m i n .  a t  this tenp, 
the reaction mixture was cooled t o  -78'C, and 0.1 g (6 ml) EXSA was 

injected. A f t e r  10 min. each 4 m L  of - 1 ,  2, 2 or I, respectively 

in ca 15 ml anhyd THF was sLwly addd dropwise. After stirring f o r  

an additional 10 min. a t  -78OC, the mixture was allwed to warm to 
roan temperature, then f ina l ly  quenched by 10  ml of water. A f t e r  
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2 7 8  CSUK, FURSTNER, AND WEIDMANN 

TABLE 2 
Physical properties of etkxycarbonylmethy Lem-branched products 

-- 3c/M, 4, 5, ax3 - 6 

d u c t  ~ d u c t  methcd yield ( 8 )  mp (OC) [d (cia R f b  

2 5 A 95 
7 3 B 62 - - 

7 6 A 76 
g B 68 - i - 

195.0 24-1 29 (c 3.7) 

102-104 (c 1.1) 
20.2 

61 .O M: 98-100 (c 2.0) - 
86.7 

(c 3.1) 

117.0 
'07-'08 (c 3.6) 

3c: o i l  - 

0.66 

0.66' 

0.51 

0.39 

0.88 

a' all taken in cHC.L3 
b toluene/ethyL acetate 4/1 
c accord- to NMR ca. 3-5 % mntaninated by the (z)-isaner, 

inseparable by either crystal l izat ion or chmmatography; 
d m e t h o d  A: Wittig-reaction; methcd B: Pe te rson-o lefh t ion  

separation of the organic layer, the aq layer was extracted w i t h  

ether (3 x 25 mL) . The canbind organic phases *re dried (Na2S04) 
anl evaporated. The respextive products Were subjected to mlunn 
chrmtcqraphy. 

methylene-a-perythro-hex-l-enitol (6)direct ly  frun 1. 
1 ,5-anhydro-4,6~benzyLidene-2,3-dideoxy- (El - 3 ~ - e t h m y c a r b n y l -  

To IDA frcm 1.22 g (12 mn0.L) of diisopropyLamine and 4.6 ml 
(10 m l )  of E-butyl L i t h i u n  (1 -8  M i n  hexane) at -78OC, 2.0 g 

(12 m . L )  of 
1.05 g (4 m L )  of 1 in 15 ml of abs THF was skwly  added. After 
stirring a t  -78OC for  5 min., the mixture was allad to warn t o  
ro~n tanp. After 30 min. a t  roan tanp, 10 ml of water were added, 
and the separated aq layer was extracted w i t h  ether (3 x 25 ml), The 
dined orqanic layer was dried (Na2s04),  evapratd, and the 
residue p r i f i e d  by chramtagraphy. Yie. ld:  0.87 g of 2 (72 % ) ;  data 
cf .  table 2. 

was injected, and a f t e r  10 min. a suspension of 
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C-ALKYLIDENE CARBOHYDRATES 279 

TABLE 3 
PhysicaL data of t he  products GI GI 3c/3d 

educt product yieLd (S) mp (OC) [a]? ( c ) ~  

53 
77 50-52 29 (c 0.9) 0.41 

57-58 28 (c 2.9) 0.53 2c 56 5 
2a 2c 74- 

- - - - 
- 3a -- 3c/3d 53/42 cf. tab. 2 

a a l l  taken in CHCl 
b toluene/ethyL a c e h e  4/7 

General procedure f o r  the synthesis of (lc), and (2c)  by re- 
arrangements of 4 and 5,  r e s w t i v e l y .  
Methyl 4,6+benzylidene-2,3-dideoxy-3<-ethauy~arbnyhe~yhy-~-~- 
erythro-ha-2-enopyranoside (1 c) , and methyL 4 , G-O-benzyLidene-2 , 3- 

dideaxy-2~-ethoxycarrbonylmethyl-a-Q-e~o-h~-2~no~moside (&) 

- - - 
- - - 

- 
1.5 mnol of t h e  d u c t s  4 or 5 in 8 m l  abs pyridine each were - - 

heated under refLw for ca. 60 h, the solvent rwed by azeotropic  
d i s t i l l a t i o n  with toluene ( 5  x 1 0  mL) and the respective residue 

p r i f  ied by chranatcgrawy 

General procedure f o r  the synthesis  of lc ,  2c and 3c/3d via -- ---- 
aLdoL triflates Ib, 2b, and 3b, respect ively.  - - - -- 

Each 3 mnol of the d u c t s  fa ,  2a, and - 3a in 15 ml of anhyd - -  
chLoroform and 5 ml of anhyd pyridine m e  all treated with 1.1 3 q 

(4 m'l) of trifluoranethanesuLfonic anhydride in  5 mL of abs 
chloroform a t  -lO°C and stirred for 5 h a t  r m  tempratme. After 
usual wrk-up 34 the  so lu t ions  of each - 1 b, 2&, and 
anhyd chLorofonn withcut fur ther  p u i f i c a t i o n  viere treated w i t h  

1.27 g (4  mnoL) of TBAF. 3 H20 over a period of 20 m i n .  and the 
react ion mixtures were extracted t w i c e  with 5 m l  of water, dr ied  

( N a 2 S 0 4 ) ,  and evaprated. The products were pur i f ied  by chranato- 

in 10  ml Of 

sraphy * 
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280 CSUK, FURSTNER, AND WEIDMANN 

Refonnation of 4 and 5 from lc  and 2c, respectively 

To a soLution of 0.5 g (1.5 mcL) of and 2 in 5 mL of 
abs dimethyLsuLfoxide each, 0.17 g (1.5 m L )  of potassium-tert.- 
butaxide were added, the m i x t u r e  s t i r red  at  O°C for 3 0  min. and then 
slowly poured into 250 mL of ether urider vigorous stirring. A f t e r  

wash- with water and brine, dry- over N a 2 S 4 ,  and evaprat ion,  
the correspondirq residues were subjected to chranatqraphy to 
yield - 4 (0.41 g,  82 %) and - 5 (0.39 g ,  77 %),  the physical data of 
which are s\rmnarized in table 2. 

General procedure for  Reformatzky-reactions. Synthesis of 
methyl 4 , 6 -0-benz y l - idene-2 -deaxy-3 C-e tbxycarhny - lmethy 1-a-pr -- ibo- 
(-arabino-)-hexopyranoside la  (Id) fran - 1 ,  

methyl 4,6-0-benzyLidene-3-deaxy-2-C-etbxycarbnylmethyl-a-Q-arabh- - - - 
- -  

(-rib-)-hexopyranoside - -  2a (2d) fran - 2 ,  and 
3,6-anhydro-5-C-e thoxycarbony~e~yL- l ,2~isopropyl idene-~-~Lu~-  - - 
- 

2.1 g (72 m l )  of Zn-dust suspended in 20 ml-of solvent (cf.  

table 1 )  containing a catalyt ic  m t  of iodine were heated under 
reflux for  10 min., and 0.5 g (30 m l )  of ethyl branoacetate in 5 
m l  of the same solvent *re so added t o  maintain the mixture under 
s l ight  reflux. For ccmpletion the reaction was refluxed for 10 m i n .  
and f inal ly  each 4 ml of the educts in 20 ml  of solvent were 
added. After refluxing for 20-30 m i n .  (cf .  table 1 )  the reaction 

m i x t u r e s  =re cmLed, poured into 1 2 0  ml of aq NaH2P04 soh, f i l te red  
and the layers separated. The aq layers were extracted twice with 

ether ( 50 ml each) , the canbined organic phase was dried over Na2S04, 

and evaporated yielding senicrystalline solids which rere subjected 
to chranatcgraphy; the physical properties and yields are sumarized 
in table 1. 
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TABLE 6 

elemental anaLysis 

No Anal. CaLcd for C H FoundC FoundH 

C18H2206 (334.37) 64.66 6.63 64.70 6.72 
C18H2206 (334.37) 64.66 6.63 64.72 6.69 
Cl8HZ4O7 (352.39) 61.35 6.86 61.38 G.91 
C13Ht806 (270.28) 57.77 6.71 57.81 6.81 
C13H1806 (270.28) 57.77 6.71 57.80 6.85 
C18H2206 (334.37) 64.66 6.63 64.67 6.68 
C18H2206 (334.37) 64.66 6.63 64.68 6.67 
C17H1805 (302.33) 67.54 6.00 67.56 6.10 

TABLE 7 
H-NMR-sparoscopic data 

No H-1 H-2 H-3 H-4 H-Sqc H-6; H-6B -C$ 4 
3c 5.92 4.32 3.38 -4.35 5.89 3.98 -4.35 1.34/1 .52 1 .29 4.23 

3d 5.95 4.72 4.41 5.06 6.07 4.98 4.72 1.18/1.46 1.22 4.14 

- 
- 

No 3J(H-l ,H-2) 3 J(H-2,H-3) 3 J(H-3,H-4) 2 J(H-6ArH-6B) 4 J(H-5' rH-6A,B) d 

- 3c 4 .O 0.2 
- M 3.7 0.2 3.1 17.5 2.8 

a of 1,2~isopropylidene 
b of ester 
c indices A and B indicate ganinal protons a t  C-6, whereas superscript 

is reserved for the olefinic proton in the C-5 branching 
d field strength Bo= 200 MHz 
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