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The synthes is  o f  cyc l i to ls  hav ing wel l -def ined srereochemist ry
start ing with nonchiral precursors is a current chal lenge in organic
synthes is .  Most  synthet ic  s t ra teg ies e i ther  s tar t  f rom ch i ra l
precursors (e.g., carbohydrates),1-5 or resolve the racemic adduct
formed in  a  Die ls-A lder  react ion.6 '7  Here we repor t  the appl i -
ca t i on  o i  r abb i t  musc le  a l do lase  (RAMA;  EC 4 .1 .2 .13 )  r o  t he
preparat ion o f  cyc l i to ls  and C-g lycos ides (Scheme l ) .

RAMA catalyzes the aldol condensation of dihydroxyacetone
phosphate (DHAP) and a ldehydes and forms products  wi th  the
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oReagents  and condi t ions:  (a)  RAMA; (b)  ac id  phosphatase,  50%,
(c)  TBDMSiOT| /Et rN,  6 '7V" :  (d)  a l ly lmagnesium bromide,19%: (e)
Bu3SnH/A lBN,  75%,  l ;  ( f )  TBAF ,  96Vn :  ( i l  C6H5CH(OCHr )z /
TsOH: (h)  AczO/Pyr lDMAP.

o- threo (3S,4R)  s tereochemist ry .s- r0  The a ldo l  condensat ion
between DHAP and ch loroaceta ldehyde I  cata l l ' zcd b1 '  RAMA
proceeds rap id lye and convenient ly  generates 5-deoxy-5-ch loro-
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rhreo-pentulose (2) on a gram scale. Enzymatic dephosphorylation
of 2 in situ with acid phosphatase (AP; EC 3.1.3.2) and protection

of the hydroxyl groups as terl-butyldimethylsi lyl  ethers leads to

3.  React ion o f  3  wi th  a l ly lmagnesium bromide shows an in ter -

est ing so lvcnt  dcpcndcncc:  in  dry  te t rahydrofuran (THF) ,  the

Gr ignard addi t ion lcads to  an eas i ly  separab le  2 '7 : l  mix ture o f

threo-pentulose-C-al lylglycoside 5 and the branched chain alditol

4 ;  in  dry  d ie thy l  e ther .  th is  react ion g ives 4  exc lus ive ly  in  79Vo
yic ld .  Radica l  r ing c losurcr r  s tar t ing f rom 4 forms the cyc l i to l

6 . r 2
We assigncd thc stereocenters in 4 and 6 in several ways. First,

we transformed the alditol 4 into the C-glycoside 5 by treatment
with [-DAl this transformation establishes that the stereochemistry
generated by the Grignard reaction is the same in 4 and 5. Since

thc branchcd-chain  a ld i to l  4  can be conver ted to  the cyc l i to l

derivativc 6. the stereochemistry at the quaternary center in 6 must

be thc same as that of the anomeric center in 5. This assignment
was suppor tcd by NOE stud ies on 9, r3  which showed a syn re-

la t ionsh ip  bctwcen the hydrogen at  C-3 and the a l ly l  moiety  a t
the "anome r ic"  ccnter .  The conformat ion shown in  Scheme I  is

cons rs t cn t  * i t h  - / qa  , -  0  Hz  f o r  9 .  rH  NMR and  NOE expe r i -

mcn ts  on  6  shoucd  / , . r  =  3 .3  Hz  and  i nd i ca ted  a  t r ans  d iax ia l

a r rangcn rcn t  o l ' t hc  s i l l l o r l  g roups  a t  C -2  and  C -3 .  The  ax ia l

a t t achmcn t  o l  t hc  h l d rogcn  a t  C -5  was  ass igned  on  t he  bas i s  o f

the large coupl ing constant  o f  th is  proton to  the proton H-6ax
(J = 11.5 Hr), and because there was a signif icant NOE effect
(4.27r,) between H-5 and the CH2 protons at C-1. These obser-
vat ions def ine the conformat ion of  6  unambiguous ly . ra  S ince

RAMA-catal l ,zed aldol condensations produce vicinal diols having

onl l  thc  l .S.4R s tereochemist r l .  rve rvcre thus ab lc  to  ass ign a l l

t hc  s t c r coccn tc r s .
The sy 'n thet ic  routc  out l ined in  Scheme I  demonst ra tes an

c i f ic ient  approach to  both cvc l i to ls  and C-g lycos ides based on

cata lys is  br  R,AM,{ .  Other  a ldo lases gcnerate  o ther  s tereo-

chemist r ies  in  the or ig ina l  a ldo l  adduct . l5  Invest igat ions d i rected

roua rd  cxpans l ( ) n  o f ' t hcsc  s t ra teg ies  a re  unde r  way .

Supplementary Material Avai lable: Experimental procedures

fo r  a i l - compounds ,  rH  and  r rC  NMR da ta  f o r  2 -7 ,8  ( rH ) ,  and

9, high-resolut ion mass spectra for 3, 5, and 6, and elementary

analysis for 3-6 (7 pages). Ordering information is given on any

current  masthead page.

oR1

n

oRl

c 1

Rto

To"
F-n

" o J +

I
L c l

I

l ' ' o ' n
V

a ' b

H O

/
I

*'ol""ro"t
* 'o-1 

1
ro"-r _ c l  q

l '
"V

LDA
____________>

on1

l l l  
6 - 8

H.,c Rlo

tr-h .
\-,^YOR'

R-O -oRr

fR1
3'5
4,6

7
8
9

( l l )  Giese.  B.  Radical .s in Organic S1'nthesis:  Format ion of
Carbon Bond.s: Pergamon Press: Oxford, 1986.

(12 )  Wi l cox ,  C .  S . ;  Thomasco ,  L .  M .  J .  Org .  Chem.1985 ,  J0 ,
(  l3)  Evans.  M. E.  Carbohvdr.  Res.  1972, 21,  473-475.

(14 )  Compound  6  has  an  unusua l  con fo rmat ion ;  i t  con ta ins  th ree  ( ra the r

than two) axia l  substr tuents.  This assignme nt  agrees wi th an analogous one
by paulsen and co-workers r  The same conlormat ion is  observed for  7 and
8 .

(15 )  Ozak i .  A . ;  Toone ,  E .  J . ;  von  de r  Os ten ,  C .  H . ;  S inskey ,  A '  J ' ;
Whi tesides.  G. M. J.  Am. Chem. Soc.  1990. I  I2 '  4970-4971.

Carbon-

546-541 .

oR2


	292(1).PDF
	292(2).PDF

