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A Novel Synthesis of Methyl a,L-Garosaminide Which 
Illustrates a Stereocontrolled Approach to the 
cis-Hydroxyamino Moiety of Amino Sugars 

Sir: 
The branched-chain sugar garosamine, shown here as its 

methyl glycoside 1, is a key component of a number of clinically 
important',2 aminocyclitol antibiotics including the genta- 
m y c i n ~ , ~  ~ isomycin ,~  and their potent, recently discovered 
congeners XK-62-25 and G-52? Two syntheses of 1 beginning 
with 1,2:5,6-di-0-isopropylidene-D-glucose have been re- 
p ~ r t e d , ~ , ~  and the tortuous paths employed emphasize the 
magnitude of the challenge presented by (a) the tertiary hy- 
droxyl group and (b) the cis-hydroxyamino moiety. In this 
communication we outline a synthesis of 1 in which both ste- 
reochemical problems are solved simultaneously. 

The synthesis of a cis-hydroxyamino moiety which occurs 
frequently among antibiotic amino sugars is traditionally 
troublesome, and a standard solution is depicted in eq a9 
(Scheme I). However, application of this protocol to a synthesis 
of garosamine would be compromised by the fact that 2, the 
logical starting material, undergoes azidolysis indiscriminately 
at C-2 and C-3.I0 It occurred to us that the simple strategy of 
using the allyl epoxide 4 should prove auspicious, since the 
desired stereo- and regioselectivity of nucleophilic attack at  
C-3 would thereby be ensured, and, in addition, the exo- 
methylene group would consititute the rudiments of the trou- 
blesome tertiary alcohol of 1. 

Accordingly, azidolysis of the allyl epoxide 4 at room tem- 
perature gave 5" in 70% isolated yield (Scheme 11). (The 
isomer 6 was formed quantitatively when the azidolysis was 
done at reflux or when 5 was allowed to stand at  room tem- 
perature.) The benzamide 8 obtained from 5 in the usual way 
is reminiscent of a y,b-unsaturated carboxylic acid as em- 
phasized in the prototypes 10a and 10b (Scheme I ,  eq b), and 
the efficiency of haloactonization of the latter (i.e., 10b -. l l b  -. 12a) suggested that the same technique could be applied 
to 10a (28). Iodonium dicollidine perchlorate 712 was adopted 
since in our experience13 it is a superior source of iodonium 
ions.I4 Indeed its use16 led to an 80% yield of the iodooxazoli- 
dine 9a which, because of its tendency to lose iodine, was re- 
duced with tri-n-butyltin hydride to 9b. 

Compound 9b is well on the way to 1, but an intermediate 
bearing the N-methyl group would clearly have been preferred. 
I n  addition, further contemplation of eq b suggested that a 
urethane, IOc, should serve better than loa, since the inter- 
mediate l l c  should readily scavenge water giving 12b. Indeed 
the urethane 13 obtained in 65% overall yield from 4, upon 
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(86%); (v) ref 16 (80%); (vi) n-Bu,SnH, AIBN, C,H,, reflux (84%). 

Scheme 1110 

' -  65L =+-y ';;; *oJ--g 
0 

OEE I OEE 
Ik 

13 
14 

EL = CH-OCZ1I5 a Y = I  

b Y = H  

x = COOEt 

CH3 

v i  i 

( v i i i  y$-y I on 0- n3c on j 

Ir 
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(i) MeNH,, EtOH, 100 "C, 1 h; (ii) EtOCOCI, CHCl,, NaHCO,, 
23 "C; (iii) EtOCH=CH,Cl,, PPTS,'' 23 "C, 12 h;  (iv) ref 16 (82%); 
(v) H,, Pd/C, KOH (trace), EtOH; (vi) PPTS,'* EtOH, reflux, 1 h; 
(vii) 15% KOH, 80 "C, 6 h (82%); (viii) NaH, DMF, 0 "C (quantita- 
tive). 

treatmentI6 with the iodonium salt 7, gave a product assigned 
as 14at7 (Scheme 111) in 82% yield, which was immediately 
reduced to 9b. Removal of the ethoxy ethyl group gave 15 as 
a crystalline substance which was prepared alternatively by 
treating the urethane 16,19 obtained from authentic8 methyl 
a,L-garosaminide 1, with sodium hydride in DMF. Both 
compounds had identical 'H NMR spectraZo and their melting 
points were undepressed by admixture. Hydrolysis of 15 with 
potassium hydroxide afforded compound 1 as a syrup having 
identical IH NMR and IR spectra with those of the authentic 
material obtained from the Schering Corporation. 

The application of this methodology to the stereocontrolled 
synthesis of other amino sugars is currently being investi- 
gated. 
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Table 1. Calculated Bond Lengths and Bond Orders for Acetonitrile 
and for a-Cyano and &Cyano Substituted Carbonium Ions 

bond length, A bond order 
compdorion C-C" C-N c-c C-N 

CHCN (1) 1.456 1.155 1.038 2.939 

CHCN (2)  1.366 1.197 1.418 2.522 

CHEHCN (3) 1.384 1.187 1.310 2.627 

tCH,)?CCN (4 )  1.401 1.179 1.232 2.707 

(CH,),CCN (5) 1.401* 1.179b 1.224 2.705 

+ 

+ 

+ 

F 
CH, 

+ 
CHCHCN (6) 1.456 1.160 0.977 2.925 

1.456' 1.16OC 0.979 2.927 
(CHJI&iCA (iH3 (7) 

CHa 

Schering Corporation, New Jersey, gave us generous samples 
of 1 and 16. 
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Mesomeric Stabilization of Carbonium Ions by 
a-Cyano Croups. A Theoretical Evaluation of 
Inductive vs. Resonance Effects of the Cyano Moiety 

Sir: 
For generations, students have been taught that mechanisms 

of organic reactions which require the intermediacy of species 
having positively charged carbon attached to strong elec- 
tron-withdrawing groups are to be rigorously avoided. Thus, 
postulated reaction mechanisms which involve the presence 
of a carbonium-ion center adjacent to carbonyl, sulfonyl, nitro, 
trifluoromethyl, or cyano functions are extremely rare. The 
basis for these teachings is reasonably well founded. Both 
Hammettl and Taft2 have demonstrated the importance of 
considering the inductive effect of substituent groups, and 
Brown3 has emphasized the importance of these principles 
when carbonium ions are involved. It is known4 that placing 
a cyano function /3 to an incipient carbonium-ion center pro- 
vides a rate-retarding effect on ionization of 103-107. In ad- 
dition, Koshy and Tidwell have demonstrated that the presence 
of an a-trifluoromethyl group leads to a H/a-CF3 rate ratio 
of IO6 for the solvolysis of simple sulfonate  ester^.^ Using 
standard extrapolations,2@ it might be predicted that the re- 
lated H/a-CN rate ratio would be somewhere between lo9 and 
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" Refers to the interatomic distance between the (y carbon and the 
carbon of the cyano function. Values not optimized, but taken from 
4. 

1 0l8. Surprisingly, when this H/a-CN rate ratio was measured 
for three different simple systems, a value of (2.7 f 0.8) X lo3 
was o b s e r ~ e d . ~ . ~  This discrepancy between expectations and 
observations prompted us to suggest that a-cyano cations of 
general formula A are significantly stabilized by charge de- 
localization through resonance structures such as B, even 

Values not optimized, but taken from 6. 

R R 

4 P 
though this requires a portion of the charge to reside on a di- 
valent n i t r ~ g e n . ~  In view of the implications of these findings, 
we have utilized PRDD09 and full ab initio calculation in order 
to evaluate theoretically the implications of our experimental 
results. We now report the results of these calculations. 

Table I lists the compounds for which PRDDO calculations9 
have been completed. PRDDO is a method which incorporates 
all electrons in a minimum basis set of Slater-type orbitals. 
Exponents for atoms were taken from the work of Hehre, 
Stewart, and Pople.Io Localized molecular orbitals for the 
valence space were calculated using Boys' criteria" as de- 
scribed previously.I2 Bond orders were calculated according 
to the procedure of Armstrong, Perkins, and Stewart.I3 All 
calculations were carried out assuming a planar configuration 
for the carbonium-ion center. Since we desired to study the 
changes which might occur in terms of bond lengths and bond 
orders, we calibrated our calculations by first examining ace- 
tonitrile (1). The C-H bond lengths were set at 1.10 A and all 
angles were set at the tetrahedral value (109' 28'). After op- 
timization, the C,-CN and C=N values derived were 1.456 
and 1.155 A, respectively. When compared with the experi- 
mental valuesi4 of 1.458 and 1.157 A, our calculated values 
show excellent agreement. The bond order for the C-C bond 
was found to be 1.04 and that for the C=N bond was 2.94. 
These can be compared with the idealized values of 1 .OO and 
3.00, respectively. 

While some geometry optimization was carried out for most 
of the molecules studied, the geometry for +CH2CN (2) was 
fully optimized.I5 Only the C,-CN and C s N  bonds were 
optimizedI6 for 3 and 4. For 6 the C,-Cp bond distance and 
the C,-C,-CN and H-Cp-H angles were also 0ptimi~ed.I~ For 
5 and 7, the C-C and CEN bonds were taken from 4 and 6, 
respectively. I 

As can be seen from Table I, the C,-CN bond length for 
2 is considerably shorter than the C,-CN bond length of 
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