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A series of y- and &lactones including several aldonolactones were reacted with (chloromethy1)aluminum 
2-(2-propenyl)anilide to produce the Corresponding hydroxy amides. Protection using [ (trimethylsilyl)ethoxy]methyl 
chloride, (2-methoxyethoxy)methyl chloride, methoxymethyl chloride, tert-butyldimethylsilyl chloride, or 
tert-butyldiphenylsilyl chloride followed by ozonolysis gave the protected N-(y-  or 6-hydroxyacy1)indole derivatives. 
Mild saponification gave indole and the acetal- or silyl-protected hydroxy acid. 

Introduction 
Recently, we needed a method to convert a y-lactone 

into a protected a-hydroxy carboxylic acid chloride or 
related reactive acylating reagent. Unfortunately this 
apparently trivial process is often difficult to carry out.'V2 
For example, the attempted derivatization of y- or 6-hy- 
droxy acids frequently results in relactonization rather 
than hydroxyl protection. In contrast y- or &hydroxy 
amides are much more reluctant to lactonize due to the 
reduced electrophilicity of the amide carbonyl. Thus, we 
sought to develop an experimentally simple and general 
procedure to prepare protected hydroxy carboxylic acids 
via amide intermediates. It is clear in such an approach 
that, subsequent to hydroxyl derivatization, the amide 
carbonyl should be activated to facilitate hydrolysis. 
Barton and co-workers3 have demonstrated that carboxylic 
acids may be protected as acylhydrazines or -hydrazones. 
Deprotection was affected via oxidation and hydrolysis of 
the resultant more electrophilic acyl diazonium salt or an 
equivalent species. Additionally, Barton showed that 
acylpyrazolines, -imidazolines, -indolines, etc., were more 
readily hydrolyzed following oxidation of the nitrogen 
substituent to produce the corresponding heteroaromatic 
ring system. Although the acylhydrazine and hydrazone 
protection strategy was applied in cephalosporin synthesis, 
the "latent" heteroaromatic protective groups were not 
applied to demanding synthetic problems. Herein we re- 
port experimental details4 on the use of 2-(2-propenyl)- 
anilides as latent equivalents for acylindoles and thereby 
as carboxylic acid protecting  group^.^ 

Results and Discussion 
The saccharinic acid lactone l6 was converted via iso- 

propylide formation, sodium borohydride reduction, and 
periodate cleavage into the erythrose derivative 2a. Ox- 
idation of lactol 2a (95%) using N-iodosuccinimide and 
tetrabutylammonium iodide' gave the corresponding lac- 
tone 2b (87%). &Lactone 4b (42%) was prepared from 

(1) For example, see: Ozinskas, A. J.; Rosenthal, G. A. J. Org. Chem. 
1986, 51, 5047. Evans, B. E.; Rittle, K. E.; Homnick, C. F.; Springer, J. 
P.; Hirshfield, J.; Verber, D. F. J. Org. Chen. 1985, 50, 4615. Nyberg, 
D. D.; Christensen, B. E. J. Am. Chem. SOC. 1957, 79, 1222. 

(2) For the direct synthesis of a simple y-[(tert-butyldiphenylsilyl)oxy] 
carboxylic acid from the corresponding y-lactone, see: Labadie, J. W.; 
Tueting, D.; Stille, J. K. J. Org. Chem. 1983, 48, 4634. 

(3) Baptista, M. J. V. 0.; Barrett, A. G. M.; Barton, D. H. R.; Girija- 
vallabhan, M.; Jennings, R. C.; Kelly, J.; Papadimitriou, V. J.; Turner, 
J. V.; Usher, N. A. J. Chem. SOC., Perkin Trans. 1 1977, 1477. 

(4) Barrett, A. G. M.; Dhanak, D. Tetrahedron Lett. 1987,28,3327. 
(5) For a discussion of carboxylic acid protection via amides, see: 

Greene, T. W. Protectiue Groups in Organic Synthesis; J. Wiley and 
Sons: New York, 1981; pp 187-192. 

(6) Whistler, R. L.; BeMiller, J. N. In Methods in Carbohydrate 
Chemistry; Whistler, R. L., Wolfrom, M. L., Eds.; Academic Press: New 
York, 1963; Vol. 2, p 484. 

(7) Hanessian, S.; Wong, D. H.; Therien, M. Synthesis 1981, 394. 

L-rhamna16 via 0-methylation: hydroxymercuration,'O and 
DMSO-acetic anhydride oxidation.'l The other lactones 
6,12 7,13 8,14 9,15 10,l6 and 111' were all prepared by using 
established procedures. y-Butyrolactone reacted smoothly 
with 2-(2-propenyl)aniline and dimethylaluminum chloride 

3 a R 1 = R 4 = H ,  R 2 = M e  
1 2 a X , Y = H , O H  R 3 = 0 R e  

b X , Y , = O  b R 1 = C H 2 0 1 e  
R 2 = R 3 = H ,  R 4 = 0 M e  
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b X , Y = O  b X , Y = O  
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(8) Iselin, V. B.; Reichstein, T. Helu. Chim. Acta 1944, 27, 1146. 
(9) Hirst, E. L.; Percival, E. In Methods in Carbohydrate Chemistry; 

Whistler, R. L., Wolfrom, M. L., Eds.; Academic Press: New York, 1963; 
Vol. 2, p 145. 

(10) Brown, H. C.; Geoghegan, P., Jr. J. Am. Chem. SOC. 1967, 89, 
1522. 

(11) Sowa, W.; Thomas, G. H. S. Can. J. Chem. 1966, 44, 836. 
(12) Nemoto, H.; Nagai, M.; Fukumoto, K.; Kametani, T. J. Org. 

(13) Attwood, S. V.; Barrett, A. G. M. J. Chem. SOC., Perkin Trans. 

(14) Barrett, A. G. M.; Broughton, H. B.; Attwood, S. V.; Gunatilaka, 

(15) Rabinsohn, Y.; Fletcher, H. G., Jr. J. Org. Chem. 1967,32,3452. 
(16) Hough, L.; Jones, J. K. N.; Mitchell, D. L. Can. J. Chem. 1958, 

(17) Morgenlie, S. Carbohydr. Res. 1975, 41, 77. 

Chem. 1985,50, 2764. 

1 1984, 1315. 

A. A. L. J. Org. Chem. 1986,51,495. 
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Table I. Conversion of y- and &Lactones into Protected y- 
and &Hydroxy Carboxylic Acids 

protected carboxyl- 

1 12a (80) 12b (100) 12d (69) 12f (68)c 
2 a 12c (84Ib 12e (93) 12g (54) 
3 13a (99) 13b (86) a 13e (67)c 
4 a 13c (78)b 13d (61) 13f (75) 
5 a 14a (62)b 14b (57) 14c (88) 

entry amide (%) amide (%) indole (%) ic acid 

6 15a (82) 15b (76) a 15c (62)c 
I 16a (79) 16b (95) a 16c (63)' 
8 17a (83) 17b (99) 17c (95) 17d (58) 
9 a 18a (5l)* 18b (68) 18c (81) 
10 a 19a (88)b 19b (79) 19c (87) 

12  a 21a 21b (69) 21c (76) 
13 a 22a (42 )b  22b (42) 22c (82) 

11 20a (79) 20b (98) a 20c 

"Intermediate not isolated. bYield based on starting y- or 6- 
lactone. 

in dichloromethane18 solution to  produce the corresponding 
anilide 12a (80%). This  material was protected as t he  
2-[(trimethylsilyl)ethoxy]methyl (SEM)Ig e ther  12b 
(100%). Subsequent  ozonolysis of 12b with a dimethyl 
sulfide workupz0 readily gave the  N-acylindolezl 12d. 

We anticipated, on the  basis of the  known chemistry of 
acylindoles,2z tha t  saponification of 12d should be facile. 
Thus  reaction of 12d with potassium tert-butoxide in wet 
diethyl e ther  according t o  the  excellent Gassman proce- 
durez3 gave the  target carboxylic acid 12f in respectable 
overall yield from the  amide 12b (68%). 

Yield based on protected amide. 

R o d x  RO Ax 
1 2  a R = H ,  X = N H R r  1 3  a R = H ,  X = N H R r  

b R = M e 3 S i C H 2 C H 2 0 C H 2 ,  X = N H R r  
c R = ' B u P h 2 S i ,  X = N H R r  
d R = n e 3 S i C H 2 C H 2 0 C H z ,  X = l - i n d o l y l  
e R = ' B u P h 2 S i ,  X - 1 - i n d o l y l  
f R = n e 3 S i C H z C H z 0 C H 2 ,  X = O H  
g R = ' B u P h 2 S i ,  X = O H  

b R = ' B u i l e 2 S I ,  X = N H A r  

c R = ' B u P h 2 S i ,  X = N H P r  
d R = ' B u P h p S i ,  X = l - i n d o l y I  
e R * ' B u n c 2 S i ,  X -OH 

f R = ' B u P h 2 S i ,  X = O H  

1 4  a X = N H R r  
b X = i n d o l y l  
c X = O H  

15 a R - H ,  X = N H R r  
b R = ' B u M e 2 S i ,  X = N H R r  
c R = ' B u n e Z S i ,  x = o n  

1 6  a R = H ,  X = N H R r  1 7  a R = H ,  X = N H R r  

b R = n e O C H 2 C H 2 0 C H z ,  X = N H R r  
c R = l l e O C H 2 C H 2 0 C H 2 ,  X = O H  

b R = S I P h 2 ' B u ,  X = N H R r  
c R = S i P h 2 ' B u ,  X - 1 - i n d o l y l  

d R = S i P h 2 ' B u ,  X = O H  

Using comparable reactions, y-butyrolactone, 6-valero- 
lactone, and  the  lactones 2b, 4b, 5b, and 6-1 1 were con- 

(18) Basha, A.; Lipton, M.; Weinreb, s. M. Tetrahedron Let t .  1977, 

(19) Lipshultz, B. H.; Pegram, J. J. Tetrahedron Let t .  1980,21,3343. 
(20) Pappas, J. J.; Keaveney, W. P.; Gancher, E.; Berger, M. Tetra- 

hedron Let t .  1966, 4273. 
(21) For a succinct review of indole synthesis, see: Brown, R. T.; Joule, 

J. A. In Comprehensiue Organic Chemistry; Barton, D. H. R., Ollis, W. 
D., Eds.; Pergamon Press: Oxford, 1979; Vol. 4, pp 458-463. 

(22) For studies on the hydrolysis of n-acylindoles, see ref 21 pp 
433-438. Linda, P.; Stener, A.; Cipiciani, A.; Savelli, G. J .  Heterocycl. 
Chem. 1983, 20, 247. 

(23) Gassman, P. G.; Hodgson, P. K. G.; Balchunis, R. J. J.  Am. Chem. 
SOC. 1976, 98, 1275. 

4171. 

verted into the  corresponding protected 2-(2-propenyl)- 
anilides, acylindoles, a n d  protected y- or &hydroxy acids 
(Table I). In  entries 9 and  10 the  acyl indoles 18b and 
19b were hydrolyzed using lithium hydroxide in aqueous 
THF at reflux. The use of the Gassman hydrolysis resulted 
in partial C-2 epimerization in these systems. In  entries 
12 and 13 methanolic potassium hydroxide was used in the 
hydrolysis step. P-Elimination was a major problem on 
reacting 21b with potassium tert-butoxide in wet diethyl 
ether. 

X 
0 O S i P h 2 ' 8 u  O S i P h 2 ' B u  

0 x o  . .  

O S i P h 2 ' B u  

1 8  a X = N H R r  
b X . 1 - i n d o l y l  
c X = O H  

c o x  
OR 

2 0  a R - H ,  X - N H R r  
b R = C H 2 0 f l e ,  X = N H R r  
c R = C H 2 0 N e ,  X = O H  

ne& i P h e t B u  

c o x  n e 0  

2 2  a X = N H R r  
b X = l - i n d o l y l  
c X = O H  

1 9  a X = N H A r  
b X = 1 - i n d o l y l  
c X = O H  

n e  S i P h B u 

c o x  

21 a X = N H R r  
b X = l - i n d o l y l  
c X = O H  

\ \  

Y 
In s t r u c t u r e s  1 2 - 2 0  N H R r  = 

It is clear from the  results in Table  I t ha t  the  method 
is mild, efficient, and general. Both diverse acetal and silyl 
protecting groups are  retained in the  reaction and  unde- 
sirable relactonization completely suppressed. The  method 
is especially useful for the  synthesis of functionalized al- 
donic acids needed for redox g l y c o ~ i d a t i o n . ~ ~  

Experimental Section 
General Procedures .  All reactions were carried out under 

dry N2 at room temperature unless otherwise stated. Low reaction 
temperatures are recorded as bath temperatures. Melting points 
were determined on a Reichert hot stage apparatus and are un- 
corrected. Optical rotations were all recorded at room temper- 
ature. Microanalyses were determined at Galbraith Laboratories, 
Knoxville, TN, or by G. D. Searle and Co., Skokie, IL. 

Column chromatography was carried out on E. Merck silica 
gel 60,230-400 mesh ASTM, analytical thin-layer chromatography 
(TLC) was performed on E. Merck precoated silica gel 60 F254 
plates. Hexanes refer to the redistilled ACS reagent with boiling 
range 35-60 "C. The following solvents were purified by dis- 
tillation: CH2C12 (from CaH,, N2), EtPO (from Ph2CO-Na, N2), 
THF (from Ph,CO-Na, N2), DMF (from CaH2, N,) and 'Pr,NEt 
(from CaH2, N2). Organic extracts were dried over Na2S04 or 
MgSO,, filtered, and rotary evaporated at 150 "C; involatile oils 

(24) Barrett, A. G. M.; Bezuidenhoudt, B. C. B.; Gasiecki, A. F.; Ho- 
well, A. R.; Russell, M. A. J.  Am. Chem. SOC. 1989, 111, 1392. 
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were further evaporated at  <2 mmHg. Samples for combdstion 
analysis were purified by rechromatography with rotary evapo- 
ration (<40 "C) of the appropriate fractions and further evapo- 
ration (<0.1 mmHg) for 112 h, or for solid compounds by re- 
crystallization. 
N-[2-(2-Propenyl)phenyl]-2,3,5-tri- 0 -benzyl-D-arabin- 

amide (17a). Me2A1C1 in CH2C12 (1 M; 1.91 mL) was added to 
o-allvlaniline2s (255 me) in CHX1, (10 mL) at  room temperature 
under nitrogen. After-15 min hesolution was cooled td -20 "C, 
and lactone 915 (800 mg) in CH2Clz (2 mL) was added dropwise. 
Stirring was continued for a further 2 h. The solution was 
quenched by adding to phosphate buffer (pH 7). The aqueous 
phase was extracted with CH2C12 (2X), the extracts were dried 
(MgS04) and evaporated, and the residue was chromatographed 
on silica (eluant Et20-hexanes, 1:l) to give the amide 17a (876 
mg, 83%) as a colorless syrup: [a]D +1.3' ( c  0.96, CHC1,); TLC 
R, 0.3 (silica; Et20-hexanes, 3:2); IR (CH2C12) 3380, 1680, 1580, 
1520, 1100, 1060 cm-'; 'H NMR (400 MHz, CDC1,) 6 8.66 (s, 1 
H), 8.07 (d, 1 H, J = 8.0 Hz), 7.49-7.02 (m, 19 H), 5.77-5.67 (m, 
1 H), 4.88 (dd, 1 H, J = 1.6 Hz, J = 10.4 Hz), 4.81 (dd, 1 H, J 
= 1.6 Hz, J = 17.2 Hz), 4.72 (d, 1 H, J = 11.6 Hz), 4.68 (d, 1 H, 
J = 11.6 Hz), 4.53-4.45 (m, 4 H), 4.39 (d, 1 H, J = 11.2 Hz), 4.10 
(dd, 1 H, J = 2.0 Hz, J = 9.2 Hz), 4.04-3.98 (m, 1 H), 3.68 (dd, 
1 H, J = 3.2 Hz, J = 9.4 Hz), 3.61 (dd, 1 H, J = 4.4 Hz, J = 9.4 
Hz), 3.12-3.01 (m, 2 H), 2.55 (d, 1 H, J = 7.6 Hz); 13C NMR (101 
MHz, CDCl,) 6 169.9, 137.6, 137.5, 136.8,135.3, 135.0, 130.0, 129.4, 
128.5, 128.4, 128.3, 128.1, 127.9, 127.8, 127.7, 127.3, 124.9, 122.1, 
116.8, 80.1,80.0,74.7, 74.6,73.4, 70.4,69.2, 35.7; mass spectrum 
(EI) m/e 551 (Ma+), 460,327,294,280,219,133,107. Anal. Calcd 
for C35H37N05: C, 76.20; H, 6.76; N, 2.54. Found: C, 76.06; H, 
6.79; N, 2.53. 

4 - 0  -( tert  -Butyldiphenylsilyl)-N-[2-(2-propenyl)- 
phenyl]-2,3,5-tri-O-benzyl-~-arabinamide (17b). tert-Bu- 
tyldiphenylsilyl chloride26 (200 mg), imidazole (186 mg), 4-(di- 
methy1amino)pyridine (0.1 g), alcohol 17a (400 mg), and DMF 
(0.6 mL) were stirred together for 18 h at room temperature. The 
solution was diluted with H 2 0  (25 mL) and extracted with Et20 
(2 X 25 mL), and the organic extracts were dried (MgS04) and 
evaporated. Chromatography on silica (eluant Et.&-hexanes, 1:9) 
gave 17b (570 mg, 99%) as a white crystalline solid: mp 113 "C 
(from hexanes); TLC R, 0.2 (silica; Et@-hexanes, 19); ["ID +3.6" 
( c  0.9, CHCl,); IR (CH2C12) 3386, 1690,1590,1530, 1110 cm-'; 'H 

7.73-7.66 (m, 4 H), 7.40-7.03 (m, 22 H), 6.96 (d, 2 H, J = 8.0 Hz), 
5.57-5.47 (m, 1 H), 4.69 (dd, 1 H, J = 1.6 Hz, J = 10.2 Hz), 4.64 
(dd, 1 H, J = 1.6 Hz, J = 17.2 Hz), 4.57 (d, 1 H, J = 10.8 Hz), 
4.52 (d, 1 H, J = 11.2 Hz), 4.48-4.38 (m, 3 H), 4.33-4.25 (m, 2 
H), 4.14 (d, 1 H, J =  11.6 Hz), 4.07 (d, 1 H, J =  11.6 Hz), 3.64-3.60 
(m, 2 H), 2.92-2.81 (m, 2 H), 1.08 (s, 9 H); 13C NMR (101 MHz, 

133.4, 129.9, 129.6, 129.5, 128.9, 128.3, 128.1, 128.0, 127.9, 127.8, 
127.7, 127.5, 127.4, 127.3, 127.2, 124.6, 121.7,116.8,81.2,81.0,75.2, 
73.6, 72.5, 72.3, 70.9, 35.5, 27.1, 19.4; mass spectrum (EI) m/e 790 
(M + H+) 733, 654, 404, 314, 280, 181. Anal. Calcd for 
C51H55N05Si: C, 77.51; H, 7.02; N, 1.77. Found: C, 77.53; H, 6.92; 
N, 1.75%. 

1-[ 4 - 0  -( tert -Butyldiphenylsily1)-2,3,5-tri-O -benzyl-D- 
arabinonyllindole (17c). Ozone was bubbled through a solution 
of the amide 17b (500 mg) in CH2C12 (40 mL) at  -78 "C to a blue 
end point. The mixture was purged with N2, and Me$ (5 mL) 
and oxalic acid (20 mg) were added. The reaction mixture was 
warmed up to room temperature and heated to reflux overnight. 
Evaporation and chromatography on silica (eluant EhO-hexanes, 
1:9) gave 17c (465 mg, 95%) as a colorless oil: [aID +3.2" ( c  2.56, 
CHCI,); TLC R, 0.3 (silica; Et@-hexanes, 1:9); IR (CH2ClZ) 1690, 
1450, 1340, 1105, cm-'; 'H NMR (400 MHz, CDCl,) 6 8.52 (d, 1 
H, J = 8.4 Hz), 7.94 (d, 1 H, J = 3.6 Hz), 7.70 (d, 2 H, J = 7.2 
Hz), 7.62 (d, 2 H, J = 7.6 Hz), 7.53 (d, 1 H, J = 8.0 Hz), 7.40-7.00 
(m, 21 H), 6.90 (d, 2 H, J = 8.0 Hz), 6.43 (d, 1 H, J = 4.0 Hz), 
5.00 (d, 1 H, J = 2.8 Hz), 4.56 (d, 1 H, J = 10.8 Hz), 4.51 (d, 1 
H, J = 10.4 Hz), 4.38-4.26 (m, 4 H), 4.12 (d, 1 H, J = 11.6 Hz), 

NMR (400 MHz, CDCl,) 6 8.46 (s, 1 H), 8.14 (d, 1 H, J = 8.4 Hz), 

CDC13) 6 169.7, 138.1, 137.9, 136.9, 136.0, 135.9, 135.4, 134.8,134.1, 

(25) Hurd, C. D.; Jenkins, W. W. J. Org. Chern. 1957,22,1418. Smith, 

(26) Hanessian, S.; Lavallee, P. Can. J. Chern. 1975,53,2975; 1977,55, 
P. A. S.; Chou, S. S. P. Ib id .  1981, 46, 3970. 
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4.05 (d, 1 H, J = 11.6 Hz), 3.54 (d, 2 H, J = 2.8 Hz), 1.08 ( 8 ,  9 

135.9, 133.8, 133.1, 130.2, 129.7,129.5, 128.2, 128.0, 127.9, 127.9, 
127.8, 127.6, 127.5, 127.4, 127.3, 126.4, 124.8, 124.0, 120.5, 116.9, 
109.1, 81.6, 81.2, 74.8, 72.7, 72.6, 72.3, 70.6, 27.1, 19.4; mass 
spectrum (EI) m/e 716, 388, 298,253,199,117,91; high-resolution 
mass spectrum (FAB) calcd for Ca51N05Si  (M + Li+) 780.3698, 
found (M + Li+) 780.3686. 

4 - 0  -( tert -Butyldiphenylsilyl)-2,3,5-tri-O -benzyl-D- 
arabinonic Acid (17d). KOtBu (260 mg) was added to 17c (300 
mg) in Ego (40 mL) and HzO (40 pL), and the mixture was stirred 
overnight a t  room temperature. The solution was added to 
aqueous NaHC03, but the carboxylic acid did not extract into 
the aqueous layer. The EgO solution was dried (Na2S04) and 
evaporated, and the residue was chromatogaphed on silica (eluant 
EhO-hexanes, 1:l) to give 17d (100 mg, 58%) as white needles: 
mp 116 "c (from hexanes-acetone); [a]D +10.3' (c  3.15, CHC13); 
TLC R, 0.1 (silica; Et20-hexanes, 1:l); IR (CH2Clz) 3200-2500, 
1720,1440,1330,1110 cm-l; 'H NMR (400 MHz, CDCl,) 6 7.70 
(d, 2 H, J = 8.0 Hz), 7.64 (d, 2 H, J = 8.0 Hz), 7.41-7.10 (m, 21 
H), 4.57 (d, 2 H, J = 10.8 Hz), 4.51 (d, 1 H, J = 11.2 Hz), 4.39 
(d, 1 H, J = 2.4 Hz), 4.28 (d, 1 H, J = 10.8 Hz), 4.22-4.14 (m, 3 
H), 4.09 (d, 1 H, J = 11.6 Hz), 3.58-3.48 (m, 2 H), 1.07 (s, 9 H); 

135.9, 133.8, 133.2, 129.8, 129.6, 128.4, 128.3, 128.2, 128.1, 128.0, 
127.7, 127.6, 127.5, 127.4, 80.7, 78.3, 74.7, 73.4, 72.7, 72.0, 70.5, 
27.1,19.3; mass spectrum (EI) m/e 616,525,417,223, 181. Anal. 
Calcd for C,2H&6Si: C, 74.75; H, 6.87. Found C, 74.61; H, 6.84. 

(4R ,5R)-2,2-Dimethyl-5-[2-methoxy-l (R)-[ (tert -butyldi- 
phenylsilyl)oxy]ethyl]-N-[2-(2-propenyl)phenyl]- 1,3-di- 
oxolane-4-carboxamide (Ma). To a stirred solution of o-al- 
lylaniline (1.92 g) in dry CHZClz (10 mL) at  room temperature 
under N2 was added Me2AlCl in hexanes (1.0 M; 14.5 mL). After 
15 min 2,3-0-isopropylidene-5-O-methyl-~-ribono-l,4-lact~ne ( 
(2.20 g) in dry CH2Clz (5 mL) was added. The reaction mixture 
was stirred for 2.5 h and quenched by adding to phosphate buffer 
(pH 7), and the organic layer was separated. The aqueous layer 
was extracted with CH2Clz (3 X 60 mL), and the combined organic 
phases were dried (MgS04). Evaporation gave crude 242- 
propenyl)-l-(2,3-0-isopropylidene-5-O-methyl-~-ribono)anilide. 
This was dissolved in dry DMF (15 mL), and imidazole (2.5 g), 
4-(dimethy1amino)pyridine (500 mg), and tert-butylchlorodi- 
phenylsilane (3.75 g) were added. The mixture was stirred under 
N2 for 40 h, quenched with HzO (300 mL), and extracted with 
Et20  (3 X 100 mL). The combined extracts were washed with 
2 N HCl (100 mL) and saturated aqueous NaHC0, (100 mL), 
dried (MgS04), and evaporated under reduced pressure. The 
viscous liquid was chromatographed on silica (eluant hexanes- 
Et20, 7:3), and the product 18a (3.20 g, 51%) was obtained as 
a colorless syrup: [a]D -6.5" ( c  1.17, CHC1,); TLC R, 0.5 (silica; 
hexanes-Et20, 7:3); IR (neat) 1705,1600,1535,1465,1120 cm-'; 

Hz), 7.78-7.70, 7.31-7.42 (2 m, 10 H), 7.22-7.16 (m, 1 H), 7.11 (dd, 
1 H, J = 1.6 and 7.4 Hz), 7.07-7.01 (m, 1 H), 5.99-5.88 (m, 1 H), 
5.11 (dd, 1 H, J = 1.6 and 10.0 Hz), 4.98 (dd, 1 H, J = 1.6 and 
17.2 Hz), 4.55 (dd, 1 H, J = 2.0 and 8.4 Hz), 4.52-4.48 (m, 1 H), 
4.43 (d, 1 H, J = 8.4 Hz), 3.59 (dd, 1 H, J = 4.6 and 10.5 Hz), 3.42 
(dd, 1 H, J = 6.4 and 10.5 Hz), 3.31 (d, 2 H, J = 5.6 Hz), 2.96 (s, 
3 H), 1.61 (s, 3 H), 1.34 (s,3 H), 1.02 (s, 9 H); 13C NMR (101 MHz, 

128.7, 127.4, 127.35, 127.33, 124.7, 122.2, 116.8,109.0, 80.2,75.6, 
73.3,70.3,58.3, 36.0, 27.0, 26.6, 23.6, 19.4; mass spectrum (EI) m/e 
558 (M+ - Me), 518, 517, 516,426, 384, 267, 228, 213, 199, 189, 
174, 160, 153, 139, 118, 100. Anal. Calcd for C34H43N05Si: C, 
71.17; H, 7.55. Found: C, 70.89; H, 7.66. 

N - [  2,3- 0 -1sopropylidene-5- 0 -methyl-4-0 -( tert -butyldi- 
phenylsilyl)-~-ribonyl]indole (18b). Ozone was bubbled 
through a stirred solution of the anilide 18a (3.20 g) in dry CHZC12 
(500 mL) at -78 "C until the reaction mixture turned blue/purple. 
The mixture was purged with N2, and Me2S (24 mL) was added. 
The solution was allowed to reach room temperature, oxalic acid 
(250 mg) was added, and the solution was heated at  reflux for 
24 h. Additional MezS (8 mL) and oxalic acid (200 mg) were 
added, and heating was continued for 24 h more. Me2S and 
CH2C12 were removed at  reduced pressure, and the residue was 
purified by chromatography on silica (eluant hexanes-Et20, 82)  

H); 13C NMR (101 MHz, CDC13) 6 170.6,138.0,137.3,136.8,136.0, 

13C NMR (101 MHz, CDC13) 6 174.3, 137.8, 137.6, 136.7, 136.0, 

'H NMR (400 MHz, CDC13) 6 8.42 (5, 1 H), 8.05 (d, 1 H, J = 8.4 

CDCl3) 6 167.4, 136.1,135.9, 135.2, 134.1, 133.9, 130.0, 129.5, 129.4, 
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to give 18b (2.15 g, 68%) as a colorless solid: [a]D -30.7' (c 0.90, 
CHC1,); TLC Rf 0.4 (silica; hexanes-Et20, 4:l); IR (neat) 1717, 
1545, 1455, 1310,1210, 1115 cm-'; 'H NMR (400 MHz, CDCl,) 
6 8.41 (d, 1 H, J = 8.4 Hz) 7.65-7.50 and 7.40-7.17 (2 m, 14 H), 
6.55 (d, 1 H, J = 4.0 Hz), 5.20 (d, 1 H, J = 6.0 Hz), 4.69 (dd, 1 
H, J = 6.0 and 6.6 Hz), 4.63-4.50 (m, 1 H), 3.41 (dd, 1 H, J = 
4.8 and 10.6 Hz), 3.34 (dd, 1 H, J = 2.6 and 10.6 Hz), 2.88 (s, 3 
H), 1.51 (9, 3 H), 1.44 (s, 3 H), 0.82 (s,9 H); 13C NMR (101 MHz, 

127.4, 127.2, 125.1, 124.4, 123.9, 120.7, 117.0, 111.1, 109.6, 78.9, 
74.8, 73.4,70.8,58.0, 26.7, 26.7,25.6, 19.1; mass spectrum (EI) mle 
542, (M+ - Me), 500, 410, 368, 332, 304, 255, 213, 199, 184, 158, 
153, 144, 135, 117. Anal. Calcd for C33H39N05Si: C, 71.06; H, 
7.05; N, 2.56. Found: C, 70.88; H, 7.18; N, 2.54. 

2,3-0 -1sopropylidene-5-0 -methyl-4-0 -( tert -butyldi- 
phenylsilyl)-D-ribonic Acid (18c). A solution of LiOH (170 
mg) in H 2 0  (3 mL) was added to a stirred solution of the indole 
derivative 18b (570 mg) in THF (40 mL), and the mixture was 
refluxed for 3.5 h. The reaction mixture was poured into H20  
(100 mL), acidified to pH 4 by the careful addition of ortho- 
phosphoric acid, and extracted with EtOAc (4 X 50 mL). The 
combined extracts were dried (Na2S04), and the EtOAc was 
removed under reduced pressure. Chromatography on silica gave 
(eluant Et@-hexanes, 1:4) indole and (eluant EhO-hexanes, 41) 
18c (380 mg, 81%) as a white solid: mp 168-170 'C (from 
MezCO/hexanes); ["ID -22.5' (c 1.43, CHCl,); TLC R, 0.2 (silica; 
hexanes-Et20, 1:4); IR (KBr) 3500-2700,1756,1210,1105,710 
cm-'; 'H NMR (400 MHz, CDC1,) 6 7.80-7.70 and 7.46-7.35 (m, 
10 H), 4.56 (d, 1 H, J = 7.2 Hz), 4.38 (dd, 1 H, J = 2.6 and 7.2 
Hz), 4.30-4.20 (m, 1 H), 3.48 (dd, 1 H, J = 5.0 and 10.2 Hz), 3.26 
(dd, 1 H, J = 3.8 and 10.2 Hz), 3.46 (s, 3 H), 1.70 (s, 3 H), 1.37 

136.0, 135.8, 134.0, 132.7, 129.8, 129.7, 127.6, 127.5, 109.8, 79.7, 
74.7, 73.6,70,2,58.7,26.7, 26.5, 26.1, 19.3; mass spectrum (EI) mle 
443 (M+ - Me), 401, 369, 343, 311, 281, 269, 265, 255, 241, 237, 
221, 213, 205, 199, 195, 189, 163, 153, 139, 129. Anal. Calcd for 
Cz,H,,06Si: C, 65.47; H, 7.47. Found: C, 65.34; H, 7.41. 

CDCl3) 6 167.0, 135.9, 135.8, 135.7,134.0, 133.3,130.3, 129.5, 129.4, 

(9, 3 H), 1.06 (9, 9 H); "C NMR (101 MHz, CDClJ 6 172.2, 136.3, 
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Several [4]peristylanes have been prepared that share in common a nitro group at  C-9 of the basal cyclobutane 
ring. The synthetic entry of this class of molecules begins by Diels-Alder addition of nitro(trimethylsily1)acetylene 
to tricycl0[5.2.1.O~~~]deca-2,5,8-triene. This cycloaddition proceeds stereospecifically from below-plane to deliver 
a functionalized syn-sesquinorbornatriene. In characteristic fashion, this adduct can be cleanly epoxidized at  
its central double bond from the exo direction and subsequently irradiated to give the cage compound 10. Periodate 
cleavage prior to or following desilylation delivers the required 9-nitro[4]peristylane-2,6-diones, the carbonyl 
functionalities in which have been transformed in stepwise fashion into gem-dinitro groups. Density measurements 
performed on four key compounds have disclosed that the 9-nitro group does not exert in general an effect that 
increases crystal density relative to the parent system. 

Although t h e  [4]peristylane framework was first pre- 
pared only a short  while ago,l i ts  rigid structural network 
consisting of four mutually fused cyclopentane rings sur- 
rounding a cyclobutane base is recognized t o  allow close 
molecular packing within crystalline derivatives. Partic- 
ularly dramatic are  the notable increases in density t h a t  

accompany the conversion of diketone 1 ( p  = 1.42 g/cm3), 
to the  endo,endo-dinitro compound 2 (p  = 1.54 g / ~ m ~ ) ~  and 
ultimately to  the tetranitro system 3 (p  = 1.70 g / ~ m ~ ) . ~  In  
an attempt t o  develop properties more closely approaching 
the  p = 2 plateau so highly desirable for high density 
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