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Synthesis of derivat~vas of pseudo-4-amino-4-deoxy- and pseud~-4-a~~nu- 

4,?-dideoxy-ru-oL-91ucopyranose* 

4-Amino-4-deoxy- and 4-amino-4,6-dideaxy-I>-glueopyranoscs are com- 

ponents of the pseudo-oligosaccharidic alpha-amylase inhibitors’, adiposi& and 
acarbose”, and it is of interest to prepare analogues of the essential units of the 
inhibitors, the amino sugar residues of which are replaced with the pseudo-sugars. 
We now report the synthesis of pseudo-4-amino-4-deoxy- and pseudo-4-amino-4,7- 
dideoxy-~-~~-gluco~yranose derivatives by nucleo~~h~lic d~spjac~rnc~t of the d- 
sulfonate derivatives of pseudo-cY-nL-galactopyrarlosc. 

Selective tritylation or benzoyfation of 1,2.3-tri-O-benzyf-cu-Z)1.-ealacto- 
pyranose (21, obtained (97%) by hydroiys~s of the known’ ~.7-@-be?l~y~~dcn~ 

derivative 1 with acid, afforded the crystailine 7-O-trityl (4, XS”r;J> or 7-O-benzoyl 
(S, 83%) derivatives. Their structures were confirmed on the basis of the ‘H-n.m.r. 
spectra by comparison with that af the diacetate 3 derived from 2. Trc~~tInent of 4 
or 5 with an excess of methanesulfonyl chloride in pyridine gave the respective 
4-mcsylates 6 {75%) and 7 (83%). The dimesylate 8 was obtained (80%) from 2. 

Treatment of 6 with an excess of sodium hcnzoate in ~,,~-di~~ethyi- 
formamide produced the benzoate 10 {5X5%>, the ‘II-n.m.x, spectrum of which con- 
tained a signal at 6 5.53 (dd, J 9 and 12 Hz) due to H-4, indicating the inversion of 
the configuration at C-4. A similar reaction of 7 gave the dibcrtzctate 11 j88%), 

which was also derived (9H%) from 8. ~-Dc~~enz~~y~ation of 10 and 11 with 
methanolic sodium rnethoxide gave the alcohol 12 (94%) and the dial 13 (35%), 
respectively. The structure of 13 was further proved by hydrogent~~ysis fPd/C) in 
ethanol followed by acetylation, which gave known pseudo-a-r,l.-_rluoopyr;ltrosc 
penta-acetate” (25). Treatment of 13 with a slight excess of benzoyl chloritlc in 
pyridine gave the 7-Fenzoate 14 (8(~‘~~. 

.--.-- 
“kxudo-sugars. Part XXIV. For Part XXIII, see ref. I. 
+Author For ~~)rr~sp[~nd~n~e. 
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Compounds 4, 5, 12, 13, and 14 can be used as building blocks for the 
preparation of pseudo-o~igosacc~a~des. 

Treatment of 6 and 7 with 5 mol of sodium azide in ~,~-~methylform~mide 
at 120” gave the azides 15 (97%) and 16 f%%), respectively, via a direct S,2 
mechanism. The Wn.m.r. spectra of 6 and 7 contained signals for H-4 at S 3.67 (t, 
.7 9 Hz) and 3.50 (1, J 9 Hz), respectively, supporting the structures proposed. 
Acetolysis of 15 followed by 0-deacetylation or U-debenzoylation of 16 produced 
the azido-alcohol 17 (-100%). Azidolysis of 8 afforded the diazide 18 (98%). 
Hydrogenation of 17 in ethanol in the presence of Raney nickel T-47 followed by 
acetylation yielded the IV-acetyl derivatives 19 (51%). Compound 18 was reduced 
readily with triphenylphosphine and then acetylated to give the N-acetyl derivative 
20 (77%). ~ydrogenolys~s of 19 and 20 followed by acetylation gave penta-N,O- 
acetyl-pseudo-4-amino-4-deoxy- (26, 76%) and -4,7-diamino-4,7-dideoxy-cw-Dr.,- 
giucopyranose (27,88%), respectively. 

Treatment of 8 with an excess of potassium thioacetate in ~,~-~metbyl- 
formamide at 90” gave the 4,7-dithioacetate 21 (62%) and the 7-thioacetate 9 
(23%). However, at 50”, 74% of 9 was obtained together with 21 (8%) and 8 
(14%). Azidolysis of 9 gave the azide 22 (56%), and the disulfide 24 (14%) formed 
by S-deacetylation followed by oxidation. Hydrogenolysis of 22 with Raney nickel 
T-4 reduced the azido function, accompanied by partial acetyl group migration 
(S-+ N) and desu~uration, to give, after acetylation, pseudo-4-acetamido-1,2,3-tab 
O-benzyl-4,7-dideoxy”~-~~-glucopyranose (23,41%). The structure was confirmed 
by the iH-n.m.r. spectrum. 

. 



NOTE 

24 

X Y 

2% @AC OAc 

26 NHAc OAc 

27 NHAc NHAc 

EXPERIMENTAL 

General methods. - Melting points were determined with a MEL-TEMP 
capillary melting-point apparatus and are uncorrected. Unless otherwise noted, W- 
n.m.r. spectra were recorded for solutions in CDCI, (internal Me,Si) with a Varian 
EM-390 or Jeol JNM-FX90A (90 MHz) spectrometer. The spectrum at 400 MHz 
was recorded with a Jeoi GX-400 instrument. T.1.c. was performed cm Silica Gel 60 
Fzs4 (Merck) with detection by charring with sulfuric acid. Column chromatography 
was conducted on Wakogel C-300 (300 Mesh, Wako Co., Osaka). Organic 
solutions were dried over anhydrous Na,SO, and concentrated at ~50” under 
diminished pressure, 

ot-ff,2/3,4,5)-1,2,3-Trd-O-benzyl-5-~ydrux~meti”lyl-l,2,3,4-cyckthe;t-aneletroE 
(2). - (fRS,6RS,8f(S,9SR,10SR)-8,9,IO-T~benzyloxy-3,3-dimethyi-2,4-dioxabi- 
cycIo[4.4.Qjdecanes (I; 80 mg, 0.16 mmol) was treated with aqueous 50% acetic 
acid (3 mL) and ethanol (1 mL) at room temperature for 3.5 h. The mixture was 
then concentrated and the residue was eluted from a column of silica gel (1 g) with 
acetone-hexane (1:3), to give 2 (71 mg, 97%), m.p. 114.5-115.5” [from acetone- 
hexane). 

Anal. Calc. for C2sHs205: C, 74.98; H, 7.19. Found: C, 75.08; H, 7.12. 
Compound 2 (40 mg, 0.089 mm&) was treated with acetic anhydride (0.5 

mL) and pyridine (1 mL) at room tern~erat~~ overnight. CoIumn chromatography 
(C-300, 0.5 g) of the product with acetone-~exane (1:s) gave the diacctate (3; 47 
mg, 100%) as a syrup. ‘H-N.m.r, data (90 MHz): S 7.33 (s, 15 H, 3 Ph), 5.67 (m, 
111, H-4), 5.00-4.70 (m, 6 H, 3 CZYzPh), 4.30-3.89 (m, 4 H, H-1,2,3,4), 3.78 (dd, 
1 H, & 3, 37-T 10.5 Hz, CH,O), 2.03 (s, 6 H, 2 OAc), 

Anal. Cab for C,H,,O+ C, 72.16; H, 6.81. Found: C, 71.89; H, 6.82. 
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~~-f1,~~3,4,5)-1,2,3-Tri-O-benzy~-~-h~ux~~f~~~-~,2,3,~~~~~kexa~e~~~i 
(4). - A mixture of 2 (17 mg, 0.04 mmoi), trityJr &hide (30 mg, OS 1 I mmo);), and 
pyridine (X.5 mLJ was stirred at 60Q for 18 b, then poured into ice-water, and 
extracted with ethyl acetite, and the extrati was dried and conozzntrated. Cuiumn 
chromatography (C-3(M, I.5 g) of the residue with acetone-hexane (I :8) gave 4 (21 
mg, sS%), m.p. KU--1W’ (from ethanol). W-Nm.r. data (90 MHz): 8 7,33 (m, 30 
H, 6 Ph), 4.77-4.57 (m, 6 H, 3 CEI;Ph), 4.20 (bs, 1 N, H-4), 2-25 (bs, I H, OH:). 

Ad. Chic. ftx ~&J&IS: C, 81.17; H, 6.71. Found; C, 82.08; H, cS.78. 
Chnpound 4 (13 mg, 0.019 mmol) was treated with methanesulfonyl chloride 

(4 pL, 0.05 mmol) in pyridiac @I,4 mL) at 45” for 2 days. The mixture viras puured 
into ice-water and extracted tith dichloromethane, and the extract W%IS con- 
centrated. Cabmn chromatography (C-300, 0.8 g) of the residue with acetone- 
‘fiexane gave the mesylate 6 (11 rug, 75%) and 4 (2 mg, 15%). Compund Q had 
m+p. W-120” (from ethanoQ WN.m.r. data (90 MHz): 8 7.33-7.47 (m, 30 W, 6 
Ph), 5.58 (m, 1 Fi, H-4$, 5.17-4.67 (m, 6 H, 3 C&E%), 3.70 (dd, I El, .$3, J7,f 
10.5 Hz, H-7), 3.23 (dd, 1 H, Js,, 3 Hz, H-T’), 2,88 (s, 3 ii, MS). 

And. Cak. for C,&&&I,S: C, 74.97; H, 6,29. Found: C, 74J.U; H, 6.32. 
DL- (~,2j3,4,5)-5_Beulz~~~xy~~~~y~- 1,2,3-~.-U-benzyf-f,2,3,4_c~clrshexapbe- 

mvi (5). - A mixture of 2 (60 mg, 0.13 mmul), benzoyl chloride (23 JAL, 0.20 
mmol), and pyridine (2 mL) was stirred at 40’ fear 15 h, and then poured into ice 
water. The mixture was worked-up in the usual rnar~~~ and coIumn chromato- 

graphy (WOQ, 5 g,) of the product with acetone-hexane (I:61 gave 5 (61 mg, 83%), 
m.p. I11-112°). lH-N.m.r~ data (90 MHz): 6 8.43-8.28 and 8.02-7.48 (2 m, 2 and 
18 H, Bz and 3 I%), S.M-4.7T (m, 6 H, 3 C&Ph), 3.85 (dd, 1 H, Js,? 3, ‘J7,? 10.5 
Hz, H-T), 2.52 (bs, 1 H, OH). 

. 

Ad. Cab for C35W3sU6: C, 76.06; I-I, 6.57. Found: C, 75.79; H, 5.53. 
Compound 5 (zxi mg, MI47 mmal) was mesyiated as in ttre preparation af 6, 

to give the mesylate 7 (24 mg, 83%) as a syrup. %I-N.m.r. data (90 MHz): 6 S.& 
8.22 and 7.75-X32 (2 m, 2 and 18 W, Bz and 3 Ph), 5.60 Cm, I W, H-4), 4.97 and 
4.87 (2 s, 2 and 4 H, 3 G&Ph), 4AO and 4.53 (2 dd, each 1 H, I,,, 4.5, Jzs3 12, .&. 
4.5 Hz, H-2,3), 4.18 (dd, I W, JsJ 3, & 10.5 Hz, W-7$, 3.80 (dd, 1 W, IS,7 3 Hz, 
H-7’), 3.01 (s, 3 H, MS). 
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h, then poured into water, and extracted with ethyl acetate. The extract was dried 
and concentrated, and the residue was eiuted from a column of silica gel (5 g) with 
acetone-hexane (1:6) to give tO (38 mg, 95%) as a syrup. ‘H-N.m.r. data (90 
MHz): S 8.27-8.10 and 7.83-7.20 (2 m, 2 and 33 H, Bz and 6 Ph), 5.53 (dd? 1 H, 
Jj,4 9, J4,5 12 Hz, H-4), 5.00-4.70 (m, 6 H, 3 CH,Ph), 4.02 (t, 1 H, JXT3 9 Hz, H-3), 
3.70 (dd, 1 H, J5,? 3, J7,7 10.5 Hz, C&O), 

Anal. Calc. for CS~H,,O,: C, 81.59; H, 6.34. Found: C, 81.43; H, 6.39. 
DL-(~,~,4f3,5)-#-O-~enzoyf-5-be~zoyloxymethyl-1,2,3-~r~-~-benzyl-Z,~,3,4- 

c~~c~~hex~~etetr~i (11). - (a> A mixture of 7 (26 mg, 0.041 mmol), sodium benzoate 
(59 mg, 0.41 mmol), and ~,~-dimethylf~rmamidc (1 mL) was stirred at 120” for 4 
h, then processed as described in the preparation of 10, ta give ll(24 mg, 88%) as 
a syrup. ‘H-N.m.r. data (90 MHz): S 8.47-8.20 and 7.63 (2 m, 4 and 23 H, 2 Bz and 
3 Ph), 5.60 (dd, 1 H, .7& 9, & 12 Hz, H-4), 5.10-4.72 (m, 6 H, 3 C&Ph>, 4,47 (dd, 
1 H, J,,, 4.5, & 9 Hz, H-2), 4.30 (t, 1 H, H-3), 4.08 (bs, 1 H, H-l), 3.67 (dd, 1 H, 
.15.7 3, J7,? 12 Hz, H-7). 

Anal. Calc. for C,HdOO,: C, 76.81; H, 6.14. Found: C, 76.41; H, 6.27. 
(6) A mixture of 8 (SO mg, 0.083 mmof), sodium benzoate (120 mg, 0.83 

mmol), and ~,~-dimethyiformamide (5 mL) was stirred at 120” overnight. The 
mixture was processed in the usual way to give 11 (53 mg, 98%). 

Dt-~~,2,4~3,5)-1,2,3-Tri-O-benzyE-5-hydr~xymethyl-I,2,3,4-cyeEohexanetetr;oi 

(13). - Compound 11 (380 mg, 0.58 mmoIj was treated with methanolic 0.5~ 
sodium methoxide (8 mt) at room temperature for 3 h. The mixture was 
neutralised with Amberlite IR-i20B (H+) resin and concentrated. Column 
chromatography (C-300, 1.5 g> of the residue with acetone-hexane fl:4) gave 13 
(248 mg, 95%), m.p. 86-87” (from acetone-hexane). 

Anal. Calc. for C2sH,20,: C, 74.98; H, 7.19. Found: C, 74.82; H, 7.03. 
DL-{~,2,4/3,5)-5-Benmyloxymethyl-1,2,3-tri-O-benzyl-2,2,3,4-cyclohexane- 

tetrol (14). - To a solution of 13 (22 mg, 0.049 rnrn~~} in pyridine was added 
benzoyl chloride (7 pL, 0.06 mmol), and the mixture was stirred at 0” for 2 h and 
then at 50” for 10 h, and worked-up in the usual manner, The product was eiuted 
from a column of silica gel with acetone-hexane (1:4) to give 14 (23 mg, 85%) as 
a syrup. W-N.m.r. data (90 MHz): 6 8.40-8.22 and 7.95-7.48 (2 m, 2 and 18 H, Bz 
and 3 Ph), 5.08 (ABq, 2 H, J 12 Hz, CH,Ph), 4.85 and 4.80 (2 s, each 2 H, 2 
C&Ph), 4.63 ( m, 3 H, H-4), 4.07 (bs, 1 H, H-l), 4.03 (t, 1 H, JZ,3 = J3,_, = 9 Hz, 
H-3), 3.52 (dd, 1 H, J5,7 3, & 12 Hz, H-7), 2.67 (bs, 1 H, OH). 

Anal. Calc. for C3$Hj606: C, 76.06; H, 6.56. Found: C, 75.69; H, 6.48. 
Compound 11 (73 mg, 0.11 mmol) was treated with methanolic 0.5~ sodium 

methoxide (1 mL) at room temperature overnight. The mixture was neutral&d 
with Amberlite IR-120B (H+) resin, and hydrogenofysed in ethanol (4 mL) in the 
presence of 10% Pd/C in a Parr apparatus (55 psi. initial hydrogen pressure) at 
room temperature overnight. The product was acetylated to give DL-(1,&d/3,5)-5- 

hydrox~methyl-1,2,3,4-cyclohexanet~trol penta-acetate (25; 27 mg, 63%), m.p. 
111-112” (from ethanol), which was identical with an authentic sampIe6. 
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DL-(1,2,4/3,5)-4-Azido-1,2,3-lri-O-benzyl-S-trityloxymethyi-l,2,3-cyclo- 
hex~netri~f (15). - A mixture of 6 (144 mg, 0.19 mmol), sodium azide (60 mg, 0.92 
mmol), and ~,~-dimethylformamide (5 tnL) was stirred at 120” for 15 h, then 
poured into ice-water, and extracted with ethyl acetate, and the extract was 
processed in the usual manner. Tbe product was crystallised from ethanol to give 
IS (130 mg, 97%), m.p. 117-118”. *H-N.m.r. data (90 MHz): S 7.60 (m, 30 H, 6 
Ph), 5.00 (m, 6 H, 3 CE&Ph), 4.07 (t, 1 H, & = J3,& = 9 Hz, H-3), 4.03 (m, 1 H, 
H-l), 3.67 (t, 1 H, J4,5 9 Hz, H-4), 3.40 and 3.13 (2 dd, each 1 H, .T5,7 = 55,7V = 3, 
J,,T, 10.5 Hz, C&O). 

Abel. Calc. for C~~H~~N~~~: C, 78.86; H, 6.34; N, 5.87. Found: C, 79.29; H, 
6.33; N, 6.18. 

DL-r~,2,4/3,5)-4-Azido-5-benzoyl~et~yZ-l,2,3-tri_O- 
~e~~net~~Q~ (16) . - A mixture of 7 (278 mg, 0.28 mmol), sodium azide (184 mg, 
2.38 mmol), and ~,~-dimethyIformam~de (3 mL) was stirred at 120” for 2 h, then 
processed as in the preparation of 15 to give 16 (163 mg, 86%) as a syrup. ‘H- 
N.m.r. data (90 MHz): S 8.40-8.25 and 8.00-7.45 (2 m, 2 and 18 H, Bz and 3 Ph), 
5.10 (ABq, 2 H, J 9, S 16.5 Hz, CIf$‘h), 4.85 and 4.82 (2 s, each 2 H, 2 C&Ph), 
4.13 (t, 1 H, & = Is,4 = 9 Hz, H-31, 4.03 (bs, 1 H, H-l), 3.50 (t, 3 H, & 9 Hz, 
H-4). 

A~tal. Calc. for C&H~N,C&: C, 67.45; H, 6.06; N, 16.86. Found: C, 67.10; H, 
5.99; N, 16.79. 

DL-(~,2,4/3,5)-4-Azido-~,2,3-tPi-~-be~Zy~-5-~ydro~ymefhy~-~,2,3-cyc~o- 
hexanetriol(17). - Compound 16 (60 mg, 0.10 mmol) was treated with methanolic 
0.5~ sodium methoxide at room temperature for 2 h. The product was eluted from 
a column of silica gel with acetone-hexane (1:6) to give 17 (100%) as a syrup. 
*H-N.m.r. data (90 MHz): 87.50 (s, 15 H, 3 Ph), 5.10 (ABq, 2H, J 12 Hz, CHZPh), 
4.10 (t, 3 H, J;,3 = &,a = 9 Hz, H-3}, 4.03 (m, 1 H, H-l), 3.15 (dd, 1 H, .TSSV 3, fTJ 
9 Hz, C&O), 3.12 (dd, 1 H, J4,5 12 Hz, H-4). 

Anal. Caic. for C,sH,,N,O,: C, 71.01; H, 6.60; N, 8.87. Found: C, 70.67; H, 
6.68; N, 8.68. 

~~-~1,2,4/3,5)-#-Azido-~-azidomet~yE-l,2,3-tri-Q-benzy1-f,2,3-cycEohexalae- 
@&IZ (18). - A mixture of 8 (50 mg, 0.083 mmol), sodium azide (55 mg, 0.85 
mmol), and NJGdimethylformamide (5 mL) was stirred at 120” for 1 h, then 
processed as in the preparation of 15, to give 18 (40 mg, 98%) as a syrup. ‘H-N.m.r. 
data (90 MHz): 87.45 (bs, 15 H, 3 Ph), 5.08 (ABq, 2 H, J 12 Hz, CN,Ph), 4.83 and 
4.78 (2 s, each 2 H, 2 CU,Ph), 4.07 (t, 1 IS, J2,3 = J3,4 = 9 Hz, H-3), 4.00 (m, 1 H, 
H-l), 3.35 (dd, 1 H, J4,5 12 Hz, H-4). 

Anal. Calc. for C,H,&O,: C, 67.45; H, 6.06; N, 16.86. Found: C, 67.10; H, 
5.99; N, 16.79. 

DL-~~,2,4/3,5)-4-Acetamid~-5-acetox)tmethyE-1,~,3-tri-~-ben~~-~,2,3-cyc~o- 
hexanetriol (19). - A solution of 17 (65 mg, 0.14 mmol) in ethanol (1 mL) was 
hydrogenated in the presence of Raney nickel T-4 (0.5 mL) in a Parr apparatus at 
room temperature for 2 days, then filtered through Ceiite, and concentrated, and 
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the residue was acetylated in the usual manner. The product was isolated by 
preparative t.1.c. with acetone-hexane (1~3) to give 19 (41 mg, 56%), as a syrup. 
‘H-N.m.r. data (90 &fHz): 6 7.60 (bs, 15 H, 3 Ph), 5.78 (d, 1 H, J 9 Hz, NH), 
5.2W.66 (m, 6 H, 3 C&Ph), 2.08 (s, 3 H, OAc), 1.85 (s, 3 H, NAc). 

Anal. Calc. for C,H,,NO,: C, 72.29; H, 7.01; N, 2.63. Found: C, 71.95; H, 
7.12; N, 2.75. 

D~-(~,2,4/3,5)-4-Acetnmido-5-acetoxy~er~~y~-1,2,3-tri-O-acetyyl-1,2,3-cyckr- 
~exa~et~~ol (26). - Compound 29 (40 mg, 0.075 mmol) was hydrog~~olysed in 
ethanol (2 mL) in the presence of 10% Pd/C as in the preparation of 24. The 
product was acetylated and eluted from a column of silica gel (1.5 g) with ethanol- 
toluene (1:8) to give 26 (22 mg, 76%) as a syrup. ‘H-N.m.r. data (90 MHz): 6 6.01 
(d, 1 H,J9 Hz, NH), 5.70 (m, 1 H, H-l), 5.35 (d, 1 H, J7,, 10.5 Hz, H-7), 5.15 (dd, 
1 H, J,,,, 3 Hz, H-7’), 4.02 (m, 3 H, H-2,3,4}, 2,22,2.1’?, 2,13,2,08,2.02 (5 s, each 
3 H, NAc and 4 OAc). 

Anal. Calc. for C,,H,,NO,: C, 52.71; H, 6.50; N, 3.62. Found: C, 52.34; H, 
6.55; N, 3.60. 

~~-~1,2,4/3,5)-4-Acetamido-S-ucetamid~met~yl-1,2,3-t~-U-benzyl-1,2,3- 
cycio~ex~~e~ri~l(Z~). - A mixture of 18 (140 mg, 0.36 mmol), ~~PhenyIphosphine 
(950 mg, 3.62 mmol), and pyridine (15 mL) was stirred at room temperature for 2 
h. Aqueous ammonia was added to turbidity, and the mixture was stirred for 30 

min and then concentrated. The residue was acetylated and the product was eluted 
from a column of silica gel with ethanol--to~uene (1:lS) to give 20 (114 mg, 77X), 
as a syrup. “k6N.m.r. data (400 MHz): 6 7.38-7.26 (m, 15 H, 3 Ph), 6.92 (dd, 1 H, 
J 7.NH 2*9, ‘h,NH 8.8 Hz, 7-NH), 5.02 (d, 1 H, JJ.NH 8.8 Hz, 4-NH), 4.79 (ABq, 2 H, 
J 12.2 Hz, CW$h), 3.911 (bs, 1 H, H-l), 3.74 (bt, 1 H, J2,3 8.8, J3,4 10.6 Hz, H-3), 
3.76-3.70 (m, 1 H, H-7), 3.66 (td, 1 H, J3,J = J4,s = 10.6 Hz, H-4), 3.41 (dd, 1 H, 
& = J2,3 = 8.8 Hz, H-2), 2.67 (dt, 1 H, J5,7’ 3.4, .& 14.2 Hz: H-7’>, 1.96, 1.80 (2 
s, each 3 H, 2 NAc). 

Anal. Calc. for C32H3sNZ05: C, 72.42; H, 7.22; N, 5.28. Found: C, 72.01; H, 
7.23; N, 5.62. 

Dr.-(1,2,4/3,5)-#-Acetamido-5-acetumid~~methyl-l,2,3-tr~-~-acety~-~,2,3-cyc~o- 
hexunetriol (27). - Compound 20 (55 mg, 0.10 mmol) was hydrogen~iysed as in 
the preparation of 25, and the product was acetylated to give 27 (35 mg, SS%>, as 
a syrup. “I-I-N.m.r. data (90 MHz): 6 7.08 (m, 1 H, NH), 6.20 (m, 1 H, NH), 5.42 
(m, 1 H, H-l). .5.5@-5.00 (m, 3 H, H-2,3,4}, 4.00 (m, 2 H, U&N), 2.15, 2.12, 2.05 
(3 s, 3, 3, and 9 H, ‘2 NAc and 3 OAc). 

Anal. Calc. for C,,H,,NzO,: C, 52.84; H, 6,78; N, ‘7.25. Found: C, 53.16; H, 
6.65; N, 7.10. 

r~r.-(7,2/3,4,5)-S-Acetyitlicio~et~y~-~,2,3-fri-O-~enzy~-4-O-~et~a~e~u~~ony~- 
1,2,3,CcyclohexanetetroE (9) and Dt;fl,2,413,5)-4-acetylthio-5-acefylfhiomelltyl- 
1,2,3-~ri-O-benzyi-1,2,3-c~~clohexanetrtol (21). - (a) A mixture of 8 (50 mg, 0.08 
mmal), potassium thioacetate (180 mg, 1.58 mmol), and N;N-dimethylformamide 
(10 mL) was stirred at 90” for 8 h, then processed in the usual manner. Preparative 
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t.1.c. of the product gave 9 (11 mg, 23%) and 2X(29 mg, 42%). IH-N.m.r, data: 9 
(90 MHz), S7.4&7.30 (m, 15 H, 3 Ph), 5.26 (m, 1 H, H-4),4.76,4.66, and 4.60 (3 
s, each 2 H, 3 CH,Ph), 3.98 (dd, 1 H, J5,7 2.5, J7,? 10 Hz, H-7), 3.62 (dd, 1 H, J5,7r 
2.7 Hz, H-7’), 3.90 (m, 1 H, H-l), 2.90 (s, 3 H, MS), 2.33 (s, 3 H, SAC); 21 (400 
MHz), 6 7.25 (6 s, 15 H, 3 Ph), 3.86 (ddd, 1 H, J1,& 1.95, .11,6e 3.9 Hz, H-l), 3.80 
(dd, 1 H, & 9.3, J3.4 10.3 Hz, H-31, 3.49 (dd, 1 H, J,,s 11.8 Hz, H-4), 3.45 (dd, 1 
H, JIz 2.9 Hz, H-2), 3.24 (dd, 1 H, J5,7 3.2, .17,7 13.9 Hz, H-7), 2.90 (dd, 1 H, J5,,’ 
7.6 Hz, H-7’), 2.31 and 2.29 (2 s, each 3 W, 2 SAC), 2.18 (m, 1 H, H-S), 2.10 (dt, 
1 H, f5,& 3.9, J6,6 14.2 Hz, H-6e), 1.15 (ddd, 1 H, J5,6a 12.2 Hz, H-&z). 

Anal. Calc. for C31H3607S2 (9): C, 63.67; H, 6.21. Found: C, 63.42; H, 6.31. 
Calc, for C33H3605S2 (21): C, 68.72; H, 6.29. Found: C, 68.67; H, 6.26. 

(b) A mixture of 8 (0.50 g, 0.83 mmol), potassium thioacetate (0.47 g, 4.1 
mmol), B-crown-6 (IO mg), and ~,~-dim~thylformamide (15 mL) was stirred at 
55” for 2.5 h. Column chromatography (C-300, 25 g) of the products with ethyl 
acetate-hexane (115) gave 9 (0.36 g, 74%), 21(70 mg, 14%)) and 8 (70 mg). 

~~-(1,2,4/3,5)-5-Acetylthiomethyl-4-azido-1,2,3-tri-O-benzyl-1,2,3-cyclo- 
~e~~~etr~o~ (22) and bis{f~t-(1,3/2,4,5)-2-az~~o-3,4,5-tr~benzyloxy-I-cyclohexaneJ- 
methyl) disuZ$de (24). - A mixture of 9 (272 mg, 0.47 mmol), sodium azide (153 
mg, 2.35 mmol), and ~,~-dimethylfo~amide (4 mL) was stirred at 80” for 11 h, 
then diluted with ethyl acetate (50 mL), filtered, and concentrated. Column 
chromatography (C-300, 15 g) of the residue (2SO mg) with ethyl acetate-hexane 
(1:8) gave 22 (130 mg, 52%) and 24 (29 mg, 13%) as a syrup. Com~und 24 had 
no i.r. absorption for SH. *H-N.m.r. data (90 MHz): 22, 6 7.45-7.30 (m, 15 H, 3 
Ph), 4.99 and 4.79 (2 s, each 2 H, 2 CH,Ph), 3.90 (t, 1 H, 53,4 = J4,5 = 9.3 Hz, H-4), 
3.82 (m, 1 H, H-l), 3.36 (dd, 1 H, J,,, 3, & 9.3 Hz, H-2), 3.25 (t, 1 H, H-31, 
3.2~3.07(m,2H,CH,S),2.34(s,3H,SAc);24,67.41-7.22(m,30H,6Ph),4.99 
and 4.78 (2 d, each 2 H, J 10 Hz, 2 CH,Ph), 4.65 and 4.63 (2 s, each 4 H, 4 CN,Ph), 
3.95 (t, 2 H, J3,4 = J4,5 = 9 Hz, H-4,4’), 3.85 (m, 2 H, H-1,1’). 

Anal. Calc. for C30H33N304S (22): C, 67.77; H, 6.26; N, 7.50. Found: C, 
67.82; H, 6.32; N, 7.62. Caic. for C~H~~O~S~ (24): C, 68.83; H, 6.19; N, 8.60. 
Found: C, 68.38; H, 6.28; N, 8.04. 

~~-(1,2,4l3,5)-4-Acetamido-1,2,3-tri-O-benzyl-5-methyl-l,2,3-cyclohexane- 
trial (23). - (a) A solution of 22 (137 mg, 0.26 mmoi) in ethanol (10 mL) was 
hydrogenolysed overnight in the presence of Raney nickel T-4 (2 mL) in a Parr 
apparatus (55 p.s.i. initial hydrogen pressure). More Raney nickel (2 mL) was then 
added, the mixture was agitated for 20 h, filtered, and concentrated, and the 
product was acetylated. The product was eluted from a column of silica gel (10 g) 
with ethyl acetate-hexane (3:2) to give 23 (56 mg, 46%), m.p. 107-108” (from ethyl 
a~tat~hexane). ‘H-N.m.r. data (90 MHz): S 7.42-7.25 (m, 15 H, 3 Ph), 5.10 (bs, 
1 H, NH), 4.88-4.50 (m, 6 H, 3 CH,Ph), 1.80 (s, 3 H, NAc), 0.90 (d, 3 H, J 7 Hz, 
Me). 

Anal, Calc. for C$H3,N0,: C, 76.08; H, 7.45; N, 2.96. Found: C, 75.67; H, 
7.34; N, 2.80. 
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(b) ~ydrogenoIysis of 24 (90 mg, 0.09 mmol) in ethyl acetate (2 mL) in the 
presence of Raney nickel, followed by acetylation, gave 23 (40 mg, 46%). 
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