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Figure 2. Ihgnos t ic  region of the 'H-'.'C HMQC NMR spectrum o f 3  

Thc spectra show that HR-MAS can bc used for monitoring 
the solid-phase synthesis of oligosaccharidcs in a very sensitive 
fashion. Parenthctically, the measurements tend to confirm our 
earlier claim that solid-support coupling rcactions -using prop- 
erly protected 1,2-anhydro sugars (at least in this series)- are 
highly stereoselective. even morc so than the solution-based 
couplings." 'I The original claim was based on thc finding that 
no a-linkcd products could be found upon cleavage from the 
polymer and subsequent purification. Of course, arguments of 
this sort arc subject to uncertainties as to whethcr other stereo- 
isomers might have been inadvertently overlooked during the 
removal and purification sequcnce. The argument becomes 
more persuasive as one cxamines thc "crude reaction mixture" 
bound to the solid phasc. While the data we obtaincd cannot 
exclude adventitious overlapping of signals from small amounts 
of isomcric %-products, it certainly indicates a high degree of 
control of each coupling event conducted on the solid phase. 
We attribute this exccllent B-stereoselectivity in this and related 
solid-state experiments19, l o ]  to the relative diminution of cffec- 
tive solvation upon complexation of thc oxirane by the zinc 
chloridc promoter. Solvation forces can lend the anomeric 
oxiranyl donor oxonium-like qualities. A donor spccies, which 
is far advanced in the direction of a free oxonium ion, is likely 
to be responsible for the formation of small but significant 
amounts of a-glycosides from the solution-based a-epoxide 
donor. 

In summary, the development of novel methodologies for thc 
assembly of oligosaccharides on the solid support will undoubt- 
edly benefit from this disccrning "on-resin" analytical method. 
Chemists will be able to determine whether coupling has oc- 
curred and quickly estimate the specificity of the coupling step. 
Complete assignments can be madc aftcr the product is cleaved 
from the solid support and deprotected. 

E,qwitnenfal Section 
All specti-a were obtained on a Bruker DKX500 spectrometer. operating a t  
500.13 M H r  ( ' H )  and 125.76 MHz ("C). equipped with a 4 m m  Bruker CCA 
HR-MAS probc. Trisaccharide 3 (20 mg at  0.54 nimo1g-l loading, 10.8 pmol) was 
loaded into a ceramic rotor. suspended in 30 p L  CDCI,, and spun at  the magic angle 
at  3.5 K H r  'H NMR spectra were obtained with a Carr-Purcell~Meihoom-(iill 
pulse sequence [13]. 128 transients (1.64 s acquisition time. 0.5 s relaxation delay) 
were accumulated. The 13C['H: spectrum was obtained in 2 h 10 inin 

(3000 transients. 0 6 s acquisition time. 2 s relaxation delay). The phase-sensitive 
(TPPI) ' H -  "C HMQC spectrum was obtained i n  2 h (16 scans per 256 increments. 
0.17 s acquisition time, 1.3 s relaxation delay) with a BIRD sequence to minimi7e 
resin sigiials "41. Total time for 'H,  "C. and HMQC NMR experiments was 4 h 
15 inin. 
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Novel Carbocyclic Ring Closure of 
Hex-5-enop yr anosides 
Sanjoy Kumar D a s ,  Jean-Maurice Mallet, and 
Pierre S h y *  

Carbohydrates have been used as starting inaterials for thc 
synthesis of an extcnsive rangc of cnantiomerically pure noncar- 
bohydrate natural products and relatcd substances.[]' The intra- 
molecular ring closurc of carbohydrates to form carbocyclic 
compounds is an attractive transformation. which offers direct 
access to highly runctionalized cyclohexane derivatives. In this 
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ring-closure reaction a carbanionic center (C6) usually attacks 
the electrophilic carbonyl center (CI). An early example is the 
Grosheintz- Fischcr synthesisr2] of deoxy nitroinositols fi-om 
6-deox y-6-nitrohexoscs. 

In 1979 Fcrrier reported the convenient conversion of an eas- 
ily available hex-5-enopyranoside into a highly functionalized 
cyclohexane derivative in the presence of mercury(l1) ~ h l o r i d c . ' ~ ~  
Hydroxymercuration of the vinyl ether moicty of a hex-5- 
enopyranosidc gives an unstable hemiacetal, which loses 
methanol to gcneratc a critical dicarbonyl interrnediatc 
(Schcme 1 ) .  This species then undergoes an aldol-like intra- 
niolecular cyclization to form a substituted cyclohcxane. Mech- 
anistic and stereochemical ~ t u d i e s [ ~ 1  as well as modified reaction 
conditions"] have been published. Highly functionalized cyclo- 
hexanc derivativcs are of major significance for several groups 
of natural products. This remarkable rearrangement--the Fer- 
ricr-I1 reaction[61---has provided a practical route to  a large 
wriety of bioactive substanccs such as aminocyclitols, pseudo- 
sugars, and inositols.['] A basic feature of the Ferrier-I1 reaction 
is the loss of alcohol, for example methanol (Scheme I ) ,  and 
gcncration of an electrophilic aldehyde, which is necessary for 
the aldol reaction. 

As predicted, the reaction of the known carbohydrate vinyl 
acetal lr141 with four equivalents of triisobutylaluminum 
(TIBAI) a t  40 C resulted in the transposition of an oxygen 
atom on thc ring with the exocyclic carbon atom (Scheme 4). 

1 2,79% 

Scheme 4. Typical example of the novel carbohydrate transposition. 

The only isolatcd product of the reaction (79O/0) was the sec- 
ondary alcohol 2, which was formed by the subsequent stereo- 
selective reduction of the carbonyl group by TIBAl. Starting 
material (20%) was also rccovcred. 

Although a detailed mechanism for the formation of 2 is still 
a matter of speculation (Scheme 5), the reaction is presumably 

L 

- Rs%LoH OR 

Scheme I I'roposed mechanism for the Fcrricr-ll reaction [7]. 

We now rcport an alternative, direct conversion of hex-5- 
cnopyranosides into highly functionalized cyclohexane deriva- 
tives without cleavage of the glycosidic bond. Thc discovery of 
this novcl carbohydrate rearrangement is a result of a logical 
cieduclion from two indcpendcnt facts: 1 )  Acyclic products of 
thc selcctivc cleavage o f  the ring carbon-oxygen bond of glyco- 
pyranosides have occasionally been observed upon treatment 
uith suitablc elcctrophilic species (Scheme 2). 2) Hex-5-eno- 

Sclienie 2. /Xi, activation i i i  glycosidc clcavagc 

pyranosides are vinyl acetals wilh a vinyl ether subunit as 
part of  an acctal moiety. Among the various reactions known 
(or vinyl a c e t a l ~ , ~ ' ~  the triisobutylaluminum-assist- 

Schcmc 5. Probable incclianisin of the transposition Bn = bcn~yl  

initiated[l3] by the coordination of the aluminum atom of 
TIBAl with the endocyclic enolic oxygen atom. This endo activa- 
tion is followed by a ring opening step with the generation of the 
zwitterionic aluminum enolate intermediate A. Assuming that A 
retains its geometry on the time scale of the reaction, it may thcn 
undergo direct cyclization through a twist form," 51 thus keeping 
the anomeric stereochemical "memory". Alternatively, a rota- 
tion would give the intermediate B, which could then undergo 
cyclization through a chair-like six-membered ring. In this case, 
the electrostatic attraction bctwecn the positively charged oxy- 
gen and the negatively charged aluminum unit would hold the 
enolate in proximity to the C - 0  TC bond (tight ion pair), which 
nicely explains the obscrved stereochemical outcome. In both 
cases the intramolecular aldol condensation ~ O C S  through the 
favored['61 6-exo-trig process. The final reduction of the keto 
group with TIBAl leads exclusively to the alcohol 2 by intra- 
molecular hydrogen delivery from the less hindcrcd 

Reaction of the vinyl acetal3 under the same reaction condi- 
tions provided the three secondary alcohols 4 in 70 %, 5 in 10 YO, 
and 2 in 6 %  yield (Scheme 6, physical and spectroscopic data 

side. 

cd rcductive rearrangement provides an elegant 
cntry to substituted cyclobutancs,['"' cyclo- jBU3A B \ : m O C H 3  BnO-oCH, 

pro pane^,^' 'I tctrahydrofurans,[' 21 and tetra- Bno%OCH3 OBn PhMe, 40°C OHOBn + OBn + 2(6yo) BnO 

hydropyransr'31 (Scheme 3). 3 4 (70%) 5 (10%) 

FP 
PhMe, -78°C 

A' 8' 
S c l i m e  3 St~rcocoiiti-olled Petasis syiithevis [13] of suhstitut- 
ed t c1i-3 h y d  rep! r:i iis fl-oiii sii hst i t uted vinyl ‘ice t d l a  Scheme 6. Application of the transposition to a 1-glucoside. 
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'Table 1 Physical and spectroscopic data for 2, 4. 5. 7-9. 11. 12. and 14 [a]. 

2:  [r];' = - 9 (< = O.X in CHCI,): 'H  NMR (250 MHL. CDCI,)- 6 = 7  3 -  7 1 (m. 
15H. arom. H), 4.85 4.6 (in. 6H, 3 -CH,Ph). 4.09 (t. 1 H. . / (2,?) = 9 3. 
J(3.4) = 9 3 H7. H-3). 3.98 (dddd. I H. J(5,OH) = 9 5. .1(4,5) = 3.3, ./(5.6e) = 3 X. 
J (5 .6a)=2.0Hz.H~5) .36(ddd.1H,J(1 .2)=2.9 . J ( l .ha)=2.0 . J ( l .6e)=3.8Hz.  
H-1),3.55(d, I H.OH).3.45(s. 3H,OMe),3.33(dd. 1 H. H-2).3.29(dd. 1 H. H-4). 
2.2 ( d t .  1 H, J(6a.he) = 15.0 Hz, H-612). 1.25 (dt, 1 H. H-621) 
4: Syrup. [TI?! = + 8 ( ( , = I  7 in CHCI,); ' H N M R  (250MHz. CDCI,): 0 = 7  3 
(15H. arom. H).  4 X - 4.55 (m. 6H. 3 -CH,Ph). 4.05 (dddd. 1 H. ./(4,5) = 3.1, 

J(3.4) = 9 3 Hz. H-3), 3.60 (ddd, I H. 41 .2 )  = 9.1, J(l.6a) = 12.0. J(1,he) = 

1 H. J(6a.he) = 14.0 Hz. H-he), 1.2 (ddd, 1 H, H-ha). 
5:Whitesolid.m.p. = 95 C , [ r ] i "  = + 35( r  = 0.7inCHC13), 'HNMR(250MHz, 
CDCI,).6=7.3-7.15(s.15H.arom.H).5.0-4.6(m.6H,3-CH,Ph),35 3 . l ( m ,  
5H,  ring protons), 3.4 (s. 3H. OMe), 2.29 (dt, 1 H. J ( l , h e )  = 40.  .1(5,6e) = 4.0. 
J(6a,6e) = 12.0 Hz. H-he), 1.3 (ddd. 1 H, ./(1,6a) = 12.0, J(5,6a) = 12.0 Hz. H-621). 
7: White solid, m.p. =70 C; [z]iO = - 3 ( c  = 0.95 in CHCI,); 'H  NMR (250MHr. 
CDCI,): 6 =7 2 (m. 20H. arom. H).  4 9 -  4 5 (m, XH, 4 -CH,Ph), 4.01 (m, 1 H, 
H-5). 3.85 (ddd, 1 H. ./(l,2) = 9.4, J(1,ha) =11.3, J ( l . 6 ~ )  = 4.3 Hz. H-I),  3.75 (t, 
1 H, ./(2,3) = 9.4. J(3.4) = 9 4 Hz. H-3), 3 4 (t, 1 H, H-2) 3.4 (dd. 1 H, H-4). 2.42 (bs, 
OH), 2.28 (dt. 1 H. .1(5.6e) = 4.3, J(6a.he)  =13.7 Hz, H-6e). 1.30 (dd, I H, 
J(5.621) = 4.0 HL. H-68) 
8:Whitesolid.m.p. = I21  C;[z]i"= +25(~ .=0 .95i i iCHCI,J ; 'HNMR(CDCI, .  
250 MHr): 6 = 7  2 (m. ZOH, arom. H),  4.92-4.55 (m. XH, 4 -CH,Ph). 3.55-3.34 
(m.4H.r ingpro tons) .3 .23( t ,  IH. .1=90Hz) ,2 .2X(ddd,  1 H ,  J = l l  5 . . /=4 .2 .  
./ = 4.2 Hz. H-6e). 1.37 (ddd, 1 H, ./(all) = 11.5 Hz, H-621). 

J (5 ,6a )  = 2.0, J ( 5 . 6 ~ )  = 4.4. J(5,OH) = 1.6 Hr. H-5). 3.73 ( t .  1 H. J(2.3) = 9.3, 

4.4 HZ, H-l) ,  3.4 ( 5 .  3H.  OMc). 3.36 (dd, 1 H, H-4), 3.30 (dd, 1 H. H-?), 2.28 (d t ,  

9: Syrup. [r];" = + 20 ( L  = 0.9 in  CHCI,). ' H  NMR (250 MHL. CDCI,): 6 = 7  3 
7.1 (20H. arom. H) .  4.9-4.5 (m, 8H.  4 -CHiPh). 4 1 (1. 1 H. ./(2,3) = 9 2, 
./(3.4) = 9.2 Hr. H-3). 4.0 (m. 1 H. H-5). 3.9 (m. 1 H, H-1). 3 7 (d. I H. 
./(S.OH) = 9.4 Hz. OH). 3 32 (dd. 1 H. ./(1.2) = 2 8 Hz, H-2). 3.3 (dd. 1 H. 
J(4,5)= 3 .4Hz.H-4) .2 .2(d t . lH.J ( l .6e)  = 3.9.J(5,6e)=39, .1(6a.6e)=150H1' ,  
H-be). 1.3 (dt, I H. , /(I .ha) = 2.0. .1(5.6a) = 2 0 HL.  H-6a). 

11:Whiresolid,m.p.=117'C.[2]:," = + 3(( =l inCHCI, ) :  ' H N M R ( ~ ~ O M H L ,  
C,D,,)-6=7.3-69(m.15H.arom H).4X 4.32(m.6H.3-CH,Pli).3.95(t.lH. 
.J(l,2) = 8.7. J(2.3) = X.7 Hz, H-2). 3 73 (dd. 1 H. H-3). 3.55 (in, 1 H, H-5). 3.48 
(ddd, 1 H. J(1.6a) = 10.7. J ( 1 . 6 ~ )  = 4.0 H L .  H - I ) ,  3.42 (m. I H. H-4). 3.2 (s. 3H, 
OMeJ, 1.86 (ddd, I H. .1(5.6a) = 2 9 .  .1(6a.6e) = l ?  5H7. H-6a), 1.72 (ddd, 1 H. 
J(5,6e) = 4.0 Hz, H-6e). 

12: White solid. m.p. = 97 C; [TI?  = + 17 ( c  = 0.8 in CHCI,): 'H NMK 
(250MHz. CDCI,): 6 = 7 . 3  (m. 1SH. arom. H). 5.09. 4.55 (2d. 2H. . / = 1 2 5 H z .  
-CH,Ph).4.8(~,2H.-CH,Ph).4.70(ABq.2H.J=11.9 Hr:CHzPh).3.8S(dd. 1H. 
43.4) = 2.4, J(4.5) = 1.5 Hz, H-4), 3.79 ( t .  1 H. ./(1,2) = 9.0. .1(2.3) = 9.0 Hr. H-2). 
3.47(ddd, 1H,.1(5.6a)=11.8../(5.6e)=5.0Hr,H-5),3.4(~.3H.OMe).3.32(dd. 
1 H, H-3), 3.10 (ddd, I H .  J(1.621) = 11.8. J ( 1 . 6 ~ )  = 5.0 H/. H-I), 2.1 (s. 1 H, OH), 
2.05 (ddd, J(6a,6e) = I 1  8 Hr. H-he). 1.67 (ddd, 1 H. H-6a). 

14: Syrup, [r]:," = - 20 (c = 1.0 in  CHCI,), ' H N M R  (250 MHL, CDCI,). 
6 = 7 . 2  (in. I S H .  arom. H).  4.7-4.4 (m. 6 H ,  3 -CHzPli), 3.95 (dddd. I H .  
J(4.5) = 4.0. .1(5.6a) = 8.0. J(5.6e)  = 4 0, ./(S.OH) = 9.6 Hr. H-5). 3.75 (dd. I H. 
J(2.3) = 6.0. J(3.4) = 2.7 Hz. H-3). 3.62 (dd. 1 H, J(1.2) =7.8 Hz. H-2). 3.62 
(dd. 1 H. H-4). 3.50 (ddd. 1 H. , / ( 1 . 6 ~ )  = 8.0, ./(1,6;>) = 4.0 Hz, H-I). 3.32 ( s .  3H, 
OMe), 2.35 (d, 1 H. OH). 2.01 (dt. 1 H, J(6a.6e) = 13.0 Hr, H-6e). 1 65 (ddd. 1 H. 
H-6a).  

[a] All compounds gave correct elemental analyses. 

B~O=OBABU~A~ B n O D B n  + B;;,ooBn +EL:- are given in Table 1). Interestingly, 4 
and 5 (that is, 80% of the products) re- 
tain the stereochemical information of OBn PhMe, 40°C 

- BnO 
&OBn OBn OHoBnoBn 

BnO 

the anomeric center. Again, this reac- 6 7 81 % 8 (5%) 9 9% 
tion may proceed through the ion pair 
A' or  the intermediate B'. Therefore, a 
distinctive feature of this entry to highly 
functionalized cyclohexanes is the reten- 
tion of the anomeric stereochemical information in 
the starting glucoside. This is in sharp contrast to 
the Ferrier-I1 reaction, where the reaction inherently 
requires an exo cleavage to eject the aglycon. 

converted into the alcohol 7 (83 %); isomers 8 (5%) 
and 9 (9%) were also isolated as minor products. 

Scheme 7. An expedient synthesis of an optically active protected monodeoxygenated derivative of n?j.o-inositol. 

+ BnO " L O C H  , + BnO Bn&ocH 
OBn OBn 

hocH, 80% 
BnO 

OBn 

In the same manner, the benzyl glucoside 6 was 10 11 20% 12 60% 

Compound 7 has recently been prepared in racemic Bn01 
acetals 10 and 13 (Scheme8), which are derived 13 14 
from methyl fi-D-galactopyranoside and methyl Z-D- 

mannopyranoside, respectively (Scheme 9). In the 
case of 10, the axially oriented benzyl- 
oxy group at  C4 probably hinders re- 
duction from the [j side; compound 12 is 
the major product (60 YO).  

In conclusion, we have developed a 
novel, stereoselective access to substitut- R' R' 

75% BnO A - H O F O C H ,  OBn form from qo-inosi tol  (Scheme 7)." 'I + 

OBn 
Finally, thc same conditions were applied to vinyl OCH , OH OCH, 

Scheme 8. Application of the transposition to :I /~-galactomk and an r-mannoside 

m T w R 1  % B;:& B n O k R I  5 B\:*Rj 
Ri - BnO 

R' 
R4 R2 

ed cyclohexane derivatives, starting 1 R'=MeO; Ri=R3=H; R4=OBn 
from hex-5-enopyranosides. A distinc- 3 R'=MeO; R2=R3=H; R4=OBn 

6 R'=BnO; Rz==R3=H; R4=OBn tive feature of the reaction is the reten- 13 R'-MeO; Ri=R4=H; R3=OBn 
tion of the anomeric stereochemical in- 
formation. An extension to disaccha- 
rides and ohgosaccharides is therefore 
attractive. It would also provide an ex- OBz OBZ OBz OBn 

pseudo disaccharides and oligosaccha- 
rides,"81 which are Of Po- 
tential biological interest." 91 

OCH , - b BzO Bz& OCH3& c BzO B& OCH 3 d , e k  BnO OCH BZQ 

pedient and stereoselective entry to 10 

Scheme 9 Preparation ofthe hex~5~enopyranosides. a) LiAIH,. AICI,. CH,CI,. ether, 30 C (XO'X); b) 12, Ph,l'. 
imidazole. toluene. 7 0 ' C  (XO"/;,); c) DBU. T H E  reflux (75%); d )  MeONa. MeOH, RT, e) BnBr. NaH. DMF. 
RT (80%); Bz = benzoyl. DBU = 1,8-diarabicyclo[5 4 O]undec-7-ene 
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E.\-pcrinwnuil Scclion 
A 1 M solution of ti-iisobutylaluminum in toluene ( I  8 inL. 1 8 mmol) was added to 
I (700 mg, 0.45 nimol) in freshly distilled. dry tolucne (15 ml) at 0 -C  The reaction 
iiiixture war  then stirred at 40 C for 6 h.  After coinpletion of the reaction. exces? 
triisobutylnluininiim was quenched with ice-cold water The reaction mixture was 
filtered. and the organic phase separated. The water layer u'as extracted twice with 
ethyl acetate The combined organic fractions were dried (MgSO,) and concentrat- 
ed. and the residue subjected to flash chromatography (eluent. cyclohexanr ethyl 
acetate 2, 'l) to givc 2 as a syrup(158 mg. 79%) 
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Transition Metal Germylene Complexes as 
Hydrogenation Catalysts: The Synthesis of a 
Rare Bis(amino)germane* * 
Kyle E. Litz, John  E. Bender IV, Jeff W. Kampf, and 
Mark M. Banaszak Holl" 

Molecules in which germanium is bound to both hydrogen 
and nitrogen are surprisingly rare."' Of the known examples, 
namely, H,GeN, ,Iz1  H,GeNCS,r31 H,GeNC0,[31 (H,Gc),N,[~I 
F,CN=GeH2,Is1 H,GeN=C=NGeH,,[61 and Ph,(H)Ge- 
NR, ,[71 the first three complexes contain pscudohalogen ligands 
and thus resemble the well-established halogermancs. The 
fourth example, (H,Ge),N, is widely known to exhibit delocal- 
ized rc bonding and enhanced Ge-N bond strength, whereas 
Ph,(H)GeNR, is unstable and readily disproportionates to 
Ph2CcH, and Ph2Ge(NR,),. Other than (H,Ge),N, we are not 
aware of any aminogerniancs of stoichioinetry HGe(NR,), , 
H,Ge(NR,), , or H,GeNR, previously reported. In fact, 
amino groups are commonly employed as leaving groups 
when gerinancs arc formed by hydrogenation reactions, which 
makes the easily accessible complexcs of general stoichiome- 
try CI,Ge(NR,),. unsuitable as precursors to aniinogermancs.[81 
Standard approaches for making aminogerinanes, which iii- 

volve reagents such as LiAlH, and NaBH,, typically 
result in amine formation. Recently, we have synthesized 
H,Gc[N(SiMe,),], (1) and H,Ge[CH(SiMe,),], (2) by both 
stoichioinetric and catalytic routes using well-defined, three- 
coordinate, Group 10 metal germylene complexes of general 
stoichiometry [ (R,P),MGeR'J .[91 The thrcc-coordinate cata- 
lysts are similar to compounds previously reported by Lappert 
and co-workers.[lol In addition, we have found that Nio com- 
plexes such as [Ni(cod),] (cod = 1,5-cyclooctadiene) can servc as 
catalyst precursors, even in the absencc of phosphane. 

The initially discovered routes to 1 and 2 made use of 3 
and 4, as summarized in  Scheme 1 : ' ' ' I  Treatment of a benzene 

T excess PEt3 

[IS1 T. Timori. H.  Takahashi, S. Ikcgami, 
7i~trrilictlroii Lei!. 1996. 37, 649, see ref'. Et3PI, H Z  Et3P, ,H 
[4] of this cominunication. 
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Scheme 1. Synthetic route to 1 
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