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Table 111. Isomer Ratio of the Products of FriedelCrafts 
Monoethylation and Mononitration 

ethylation nitration 
substrate ortho meta para m/p  ortho meta para m/p 
PhCHO 19.0 60.9 20.1 3.0 19 68 9 7.6 

PhCOMe 1.9 81.0 16.9 4.8 30 68 >30 

abundant but more reactive unprotonated state. Because 
Friedel-Crafts alkylation is the least selective of the 
electrophilic aromatic substitutions,3 the meta to para 
ratio, m/p, of the products should be relatively small if 
the reaction proceeds via the unprotonated state. If, 
however, the reaction proceeds via the protonated state, 
the products should consist almost solely of the meta 
isomer, as is found in Friedel-Crafts alkylation in the 
presence of large excesses of AlC1: or in super acids.2 
From a comparison of the m / p  ratios of the products of 
the monoethylation and m~non i t r a t ion~  (Table 111), it is 

PhCO2Et 4.6 78.3 17.2 4.6 28.3 68.4 3.3 20.7 

PhNOz 22.5 66.6 10.9 6.1 6.4 93.3 0.3 311 

(3) Stock, L. M.; Brown, H.C. Advances in Physical Organic Chem- 

(4) Campbell, B. N., Jr.; Spaeth, E. C. J. Am. Chem. SOC. 1959, 81, 
istry Academic: London, 1963; Vol. 1, p 50. 

5933. 

evident that alkylation by alcohols in protonic acids pro- 
ceeds mainly via the unprotonated state. 

During the ethylation of acetophenone a small amount 
of crystalline substance formed on the wall of the con- 
denser. It was collected and was identified as aceto- 
phenone. This observation suggested that some un- 
protonated acetophenone exists in equilibrium with the 
more abundant protonated acetophenone. 
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Several methods for the synthesis of cascade polymers (dendritic macromolecules) on adamantane have been 
investigated. The synthesis of two novel, branched monomers, 4amine4(3-acetoxypropyl)-1,7-diacetoxye 
and di-tert-butyl4ramin~[2-(tert-butoxycarbonyl)ethyl]heptan~~~, possessing 3-fold symmetry and branches 
emanating from a tetrahedral carbon branch point, is described. These monomers were reacted with a mono- 
functional adamantane core to evaluate the reaction efficiency, ease of purification of products, and spectral 
characteristics. 

Introduct ion 
The syntheses and spectral features of cascade polymers 

( a r b ~ r o l s ) ~  possessing ~ w o - ? ~  three-? and four-direction- 
a17-10 microenvironments with functionalized polar outer 
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Scheme I 

surfaces have been recently reported from our laboratories; 
related work on these dendritic macromolecules has been 
reviewed.ll Depending on their molecular shape, many 
of these macromolecules aggregate to form aqueous gels6 
or show novel micellar characteristics in aqueous solu- 
tion?JO In view of our continued interest in generating a 
spherical hydrophilic surface with a compact lipophilic 
core,12 we herein probe the development of a cascade 
system emanating from a central adamantane core. The 

~~~~ ~ 

(11) Reviews: Seiji, S. Kagaku 1987,42,74. Chen, Y. Youji Huaxue 
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tained derivatives of "bis-homotris".1b~17 Commercially 
available18 4-nitro-4-(3-hydroxypropyl)-l,7-dihydroxy- 
heptane was treated with Ac20 in pyridine to give the 
corresponding tria~etate, '~ which was catalytically reduced 
with T-1 Raney nickel,2O affording the desired 4-amino- 
4-(3-acetoxypropyl)-l,7-diacetoxyheptane (6) in nearly 
quantitative overall yield. 

Treatment of l-adamantanecarbonyl chloride with 
amine 6 afforded (78%) the triacetate 7 (Scheme 111) as 
white microcrystals. The 13C NMR for 7 confirmed the 
transformation by the presence of peaks a t  170.6 ppm 
(COMe) and 176.7 ppm (CONH) in a nearly 3:l intensity 
ratio. A quantitative transesterification of 7 was accom- 
plished by the use of anhydrous K2CO3 in ethanol giving 
the bis-homologated derivative 8. Although the spectral 
data support the structure by the retention of the 179.9 
ppm signal for the amide carbonyl and shift (64.1-63.3 
ppm) for the CH20 moieties, the analytical data were 
outside acceptable standards due to its hygroscopic 
characteristics. Subjecting 8 to Ac20 in pyridine under 
mild conditions regenerated (ca. 100%) the initial tri- 
acetate 7, which was identical in d respects to the start ing 
material. 

Generation of the next tier was possible via several op- 
tions. Oxidation of triol 8 to the corresponding triacid 9 
would permit application of peptide coupling procedures.21 
Therefore, triol 8 was treated with Ru0222 in the presence 
of NaI04 to afford (86%) the desired triacid 9 (Scheme 
1111, which was supported (13C NMR) by loss of the peak 
a t  63.3 ppm (CH20H) and appearance of a peak a t  177.5 
ppm (C02H). I t  should be noted that peak assignments 
in the 13C NMR were based on the data obtained from 
DEPT e ~ p e r i m e n t s ~ ~  as well as the intensities of related 
peaks; such calculations and intensity relationships were 
also used for the larger structures in this series. 

Treatment of triacid 9 with amine 6, dicyclohexyl- 
carbodiimide (DCC), and l-hydroxybenzotriazole in an- 
hydrous DMF a t  25 "C for 24 h afforded (72%) the no- 
naacetate 10. The 13C NMR spectrum for 10 showed two 
carbonyl peaks a t  171.0 ppm (COCH3) and 172.7 ppm 
(CONH) in an approximate 3:l intensity ratio and the two 
peaks a t  58.5 and 59.4 ppm for the two side-chain qua- 
ternary carbons; d other absorptions are easily assignable. 
This nonaacetate 10 was quantitatively converted to the 
corresponding arborol 11 via transesterification in ethanol. 
The 13C NMR data for 11 support its assignment by the 
retention of the peak a t  175.3 ppm (CONH) and loss of 
the acetate signals (171.0 and 20.5 ppm); the shifted triplet 
to 3.36 ppm for the CH20H (4.05 ppm for CH20Ac) in the 
'H NMR spectrum lend further support. 

Attempted oxidation of 11 via a Ru02 procedure met 
with limited success in that complete oxidation was not 
reproducible. To circumvent this problem as well as to 
shorten the overall iterative procedure, a new building 
block di-tert-butyl 4-amino-[2-(tert-butoxycarbonyl)- 
ethyllheptanedioate (12) was prepared (Scheme IV). An 
attempt to synthesize the desired nitro precursor 13 by 
modification of the procedure reported by Bruson and 

Scheme 11' 

3a (n=O) 
3 b  (n=l ) 

4a (n=O) 
4b (n=l ) 

Jhk CONHc (m,m) 3 1 3 

5a (n=O) 
5 b  (n=l ) 

'Reagents: (a) HC(C02Et)S, KPC03, dry DMF, 100-110 "C, 4 h; 
(b) H2NC(CH20H),, K2C03, Me,SO, 25 "C, 12 h. 

bridgehead positions of adamantane provide the suitable 
geometry to mimic a tetrahedral nucleus and, thus, can 
be envisioned as an extended methane core and an ideal 
starting point toward four-directional cascade arborols. We 
herein report the preliminary synthetic methodology to- 
ward the construction of a one-directional arborol moiety 
on an adamantane nucleus. 

Results and  Discussion 
The simplest arborol in this series 2 was prepared (90%), 

as colorless crystals, by reacting methyl l-adamantane- 
carboxylate ( 1)13 with tris(hydroxymethy1)aminomethane 
(Tris) under the standard (K2C03/Me2SO) conditions 
(Scheme I). The 13C NMR spectrum of triol 2 confirmed 
the amidation by the upfield shift (A 2 ppm) of the car- 
bonyl carbon (6 180.3) and new signals a t  6 41.0 and 62.8 
for the a-bridgehead and side-chain quaternary carbons, 
respectively. This facile, high-yield conversion has been 
shown5 to occur via initial transesterification followed by 
an intramolecular amidation. 

In order to probe the effects of the tied-back quaternary 
center and to investigate the application of our reported 
 route^^-^ to the adamantane series, the synthesis of the 
simple arborol 5a with a one-carbon side chain on the 
adamantane skeleton was attempted (Scheme 11). 
Treatment of l-[(mesyl~xy)methyl]adamantane'~ (3a) with 
triethyl methanetricarboxy1atel5J6 in DMF and anhydrous 
K2C03 under diverse reaction conditions afforded the 
unchanged mesylate rather than the desired triester 4a. 
On the other hand, its homologue, 1-[2-(mesyloxy)- 
ethylladamantane (3b), was smoothly converted (70%) to 
triester 4b, which upon treatment with Tris and anhydrous 
K2C03 in Me2S0 afforded (90%) arborol5b as a colorless 
solid. The '3c NMR spectrum of 5b supported the desired 
conversion: ester (167.3 ppm) vs amide (170.2 ppm) C=O 
as well as the loss of ethyl signal and the appearance of 
the new peak at  59.5 ppm for the hydroxymethyl moieties. 

After establishing the limitations caused by the neigh- 
boring bridgehead position, the inherent reduced reactivity 
of the neopentyl moiety of the Tris terminal groups had 
to be circumvented. Homologation by introduction of a 
separate spacer moiety is possible3 but adds further steps 
to the iterative synthetic process. Key reagents, which 
incorporate the necessary two-atom spacer, are easily ob- 

(13) Halls, G. J. Chem. SOC. B 1967,91. 
(14) Pfeiffer, F. R.; Weisbach, J. A. US. Pat. 3,705,213, Dec. 5, 1972; 

(15) Newkome, G. R.; Baker, G. R. Org. Prep. R o c .  Int. 1986,18,119. 
(16) Skarhewski, J. Tetrahedron 1989,45,4593; Synthesis 1990,1125. 

U.S. Pat. 3,678,137, July 18, 1972. 

(17) Broussard, M.; Juma, B.; Fronczek, F. R.; Watkins, S. F.; Newk- 

(18) Aldrich Chemical Co. No. 36, 153-4. 
(19) Weie, C. D.; Newkome, G. R. J. Org. Chem. 1990,55, 5801. 
(20) Domingues, X. A.; Lopez, I. C.; Franco, R. J. Org. Chem. 1961, 

26, 1625. 
(21) Bodanezky, M.; Bodanezky, A. The Practice of Peptide Synthesis. 

In Reactivity and Structure: Concepts in Organic Chemistry; Spring- 
er-Verlag: New York, 1984; Vol. 21, p 145. 

(22) Imgartinger, H.; Reimann, W. J .  Org. Chem. 1988,53, 3046. 
(23) Breitmaier, E.; Voelter, W. Carbon-13 NMR Spectroscopy; VCH 

New York, 1987; pp 80-84. 

ome, G. R.; Moorefield, C. N. Acta Crystallogr. C,  in press. 
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Scheme 111' 
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OReagents: (a) amine 6, NEh, C&, 25 OC, 20 h; (b) anhyd KzC03, absolute EtOH, 25 OC, 15 h; (c) with 8: NaIO,, RuOz, acetone, HzO, 
25 "C, 5 h; (d) amine 6, DCC, 1-hydroxybenzotriazole, DMF, 25 "C, 24 h; (e) AczO, py. 

Scheme IVa 

Mew2 

13 

% Ib  

tBu 

12 
a Reagents: (a) DME, Triton-B, CHZ=CHCOz-t-Bu, 70-80 OC; 

(b) T-1 Raney nickel, EtOH, 60 OC. 

R i e n e p  using tert-butyl acrylate in place of acrylonitrile 
gave a poor yield (5%). To circumvent this sluggish nu- 
cleophilic addition, the reaction temperature was elevated 
during the initial addition phase and then maintained at  
70-75 "C for 1 h. This modified procedure gave (72%) the 
desired triester 13, which was confmed ('% NMR) by the 
peaks for the quaternary and carbonyl carbons (92.1 and 
170.9 ppm, respectively). The lH NMR spectrum showed 
a singlet at 1.45 ppm assigned to (CH&CO and a multiplet 
a t  2.21 ppm for the methylene protons. Ultimate confir- 
mation was subsequently obtained by crystal structure 
analysis.26 

Diverse reductive conditions have been reportedz6 for 
the conversion of nitroalkanols to aminoalkanols; in this 
case, the use of platinum, palladium, and Raney nickel 
catalysts all resulted in very poor yields and gave mostly 
recovered 13. However, reduction with specially generated 
T-1 Raney nickelm at  elevated temperature (60 "C) gave 
(88%) the amino ester 12 after purification. Successful 

(24) Bruson, H. A.; Riener, T. W. J.  Am. Chem. SOC. 1943, 65, 23. 
(25) Newkome, G. R.; Behera, R. K.; Fronwk, F. R.; Baker, G. R. 

Acta Crystallogr., Sect. C ,  submitted for publication. 
(26) Gakenheimer, W. C.; Hartung, W. H. J.  Org. Chem. 1944,9,85. 

Noland, W. E.; Kneller, J. F.; Rice, D. E. Ibid. 1957,22,695. Fanta, P. 
E.; Smat, R. J.; Piecz, L. F.; Clemens, L. Ibid. 1966,31,3113. Controulis, 
J.; Rebstock, M. C.; Crooks, H. M., Jr. J.  Am. Chem. SOC. 1949, 71,2463. 
Wheatly, W. B. Ibid. 1954, 76, 2832. Newman, M. S.; Edwards, W. M. 
Ibid. 1954,76,1840. H e n ,  W.; Tocker, S. Ibid. 1955, 77,3554. Baer, H. 
H.; Fischer, H. 0. L. Ibid. 1960,82,3709. 

Scheme Va 
OR 

14(R = t-Bu) 
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OR 

I 

5 
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b (  16 (R - H) 

a Reagents: (a) H2NC(CHzCHzCO2-t-Bu)~ (12), NEh, CBHB, 25 
OC, 20 h; (b) 96% HC02H, 25 OC, 20 h; (c) 12, DCC, l-hydroxy- 
benzotriazole, DMF, 25 OC, 24 h. 

reduction was confirmed (13C NMR) by an upfield shift 
for the quaternary carbon (52.2 ppm). The 'H NMR 
spectrum of 12 showed a singlet a t  1.44 ppm for the 
tert-butyl group, multiplets a t  1.68 and 2.26 ppm for the 
methylene protons, and a broad singlet a t  5.49 ppm for the 
amino moiety. 

Since related alkyl esters of amine 12 could not be 
prepared because of facile intramolecular lactam forma- 
tion2' during the hydrogenation of the nitro moiety, the 
tert-butyl ester seems to be ideal in that no cyclization was 
observed (Scheme IV). The advantages of tert-butyl ester 
12 are (a) reduced number of overall steps for cascade 

(27) Allen, S. J.; Napler, J. G. US. Patent 2,502,548, Apr. 4, 1950. 
Butler, D. E. US. Patent 4,454,327, June 12,1984. 
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synthesis; (b) easy preparation on a large scale; (c) facile 
hydrolysis to the desired acids in nearly quantitative y i e l ~  
and (d) the poly tert-butyl esters were easily purifiable 
solids. 

Treatment of adamantanecarbonyl chloride with amine 
12 furnished (71%) the desired triester 14 (Scheme V), 
whose structure was confirmed (13C NMR) by the peaks 
at 172.8 (ester C=O), 177.4 (CONH), and 56.7 ppm 
(side-chain quaternary carbon). Hydrolysis of ester 14 to 
the triacid 9 was accomplished (ca. 100%) by treatment 
with formic acid and was identical in all respects to a 
sample prepared by the above procedure. Application of 
peptide coupling procedures of acid 9 with amine 12 in the 
presence of DCC and 1-hydroxybenzotriazole in dry DMF' 
afforded (61%) nonaester 15. The presence (13C NMR) 
of two carbonyl peaks at 172.6 (ester C=O) and 177.0 ppm 
(CONH) as well as the peaks for the side-chain quaternary 
carbons at 57.6 and 57.0 ppm confirmed the transforma- 
tion. The  specific assignment of internal and external 
methylene signals was based on the intensity ratios as well 
as shape (the internal methylenes were broader). Acid 16 
was obtained (95%) by the treatment of ester 15 with 
formic acid. The obvious absence of the tert-butyl groups 
in the NMR spectra and the shift for the carbonyl, 172.6 
ppm (ester) to 177.6 ppm (acid), support the hydrolysis. 

Conclusion 
Cascade polymers can be easily prepared using either 

4-amino-4-(3-acetoxypropyl)-l,7-diacetoxyheptane (6) or 
di-tert-butyl4-amin04 2-(tert-butoxycarbonyl)ethyl] hep- 
tanedioate (12) as the building-block reagent. Both 
reagents are readily available in high yield and on large 
scale, react with multiacid cascades via traditional peptide 
synthetic methods, and are readily deprotected. The 
tert-butyl ester affords the additional benefit of not re- 
quiring an oxidation step to generate the next tier. Work 
is currently in progress utilizing this technology for the 
preparation of four-directional cascade polymers. 

Experimental Section 
General Comments. Melting point data were obtained in 

capillary tubes with a Gallenkamp melting point apparatus and 
are uncorrected. 'H and 13C NMR spectra were obtained in 
CHC13, except where noted, with Me4Si as the internal standard 
(6 = 0 ppm), and recorded at either 80 or 360 MHz. IR spectral 
data were obtained on an IBM IR-38 spectrometer. Elemental 
analyses were performed by MicAnal Laboratories in Tucson, AZ. 
1-(Methoxycarbony1)adamantane (1). A solution of 1- 

adamantanecarbonyl chloride (Aldrich No. 11,772-2; mp 52-54 
"C, 2 g) in dry MeOH (25 mL) was refluxed under an inert 
atmosphere for 4 h. After concentration in vacuo to ca. 10 mb 
and cooling (0 "C), ester 1 separated (83%) as colorless needles: 
mp 39 "C (lit.13 mp 38-39 "C); 13C NMR 6 27.3 (7-CHZ), 36.4 
(6-CH), 38.7 (@-CHz), 40.6 (a-C), 51.3 (CH30), 178.3 (C=O). 

1-[ [N-[2-Hydroxy-l,l-bis(hydroxymethyI)ethyl]amino]- 
carbonylladamantane (2). A stirred mixture of 1 (450 mg, 2.3 
mmol), tris(hydroxymethy1)aminomethane (Tris; 280 mg, 2.3 
mmol), and anhydrous KzCO3 (350 mg) in redistilled MezSO (20 
mL) was maintained at 25 "C for 20 h After filtration, the solvent 
was removed in vacuo to give a solid, which was dissolved in a 
minimum volume of water and precipitated with added acetone. 
The solid was washed with absolute ethanol and then dried in 
vacuo to give (90%) the hygroscopic triol 2 as a white solid: mp 
160 "c; 'H NMR (MezSO-d6) 6 1.7 (m, @-CHz, 6 H), 1.9 (m, &CHz, 
6 H), 2.1 (m, yCH, 3 H), 3.5 (bs, CHzO, 6 H), 4.75 (bs, OH, 3 H), 

(KBr) 3468-3280,2929, 2838,1658, 1506, 1236,1062 cm-'. 
1-[2-(Mer~yloxv)ethyI]adamantane (3b). To a stirred solution 

of 1-(2-hydroxyethyl)adamantane (Aldrich No. 18,811-5; 1.8 g, 
10 "01) and redistilled EgN (1.5 g, 15 m o l )  in CHzClz (50 mL) 
at 0 "C was added methanesulfonyl chloride (1.3 g, 11 mmol) at 

6.8 (bs, NH, 1 H); 13C NMR 6 28.0 (Y-CH), 36.3 (6-CHZ), 39.2 
(B-CHZ), 41.0 ((Y-C), 61.2 (CHZO), 62.8 (CCHZ), 180.3 ( C 4 ) ;  IR 
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such a rate that the temperature does not exceed 5 "C. After an 
additional 10 min, the contents were washed successively with 
ice water, 10% HC1, saturated aqueous NaHC03, and finally with 
brine. The organic layer was dried (MgSO,), and the solvent was 
removed in vacuo to give a thick viscous residue, which solidified 
after ca. 12 h, and then was recrystallized from CHC13/ether (1:3) 
to give (76%) mesylate 3b as a colorless solid: mp 47 OC; 1.98 
g; 'H NMR 6 1.5 (m, /3-CHz, CHzC, 8 H), 1.7 (m, 6-CHz, 6 H), 1.9 
(m, yCH, 3 H), 3.0 (a, CH3, 3 H), 4.30 (t, CHzO, J = 4 Hz, 2 H); 

42.2 @CHzC), 42.6 (CH2CHzO), 66.6 (CHzO); IR (KBr) 2897,1500, 
1452,1360,1140,978 cm-'. Anal. Calcd for C13HZO3S C, 60.46, 
H, 8.52. Found C, 60.31; H, 8.40. 

Ethyl 2,2-Bis(ethoxycarbony1)-4-( 1-adamanty1)butanoate 
(4b). A stirred mixture of mesylate 3b (2.6 g, 10 mmol), ethyl 
methanetricarboxylateE (2.6 g, 11.2 mmol), and anhydrous K&O3 
(1.5 g, 11 "01) in dry DMFZ8 (50 mL) was heated at 100-110 
"C for 48 h. After concentration in vacuo, the residue was treated 
with water and extracted with benzene. The organic extract was 
washed sequentially with aqueous NaOH (lo%), water, and brine, 
dried (MgSO,), filtered, and concentrated to give a residue, which 
was distilled to afford (70%) the desired ester 4b as colorless 
viscous liquid 2.8 g; bp 210 "C (0.5 mm); 'H NMR 6 1.28 (t, J 
= 7.2 Hz, CH3,9 HI, 1.5 [m, @-CHz, (CHZ)~, 10 HI, 1.75 (m, 6-CHz, 
6 H), 2.1 (m, yCH, 3 H), 4.25 (9, CHzO, J = 7.2 Hz, 6 H); 13C 
NMR 6 13.7 (CHB), 26.7 (a-CCHz), 28.5 (yCH), 31.9 (a-C), 37.0 

167.3 ( C d ) ;  IR (neat) 2983,2903,2846,1738,1448,1072 cm-'. 
Anal. Calcd for CZ2HMO6: C, 67.00; H, 8.62. Found C, 66.89; 
H, 8.60. 
N-[2-Hydroxy-lyl-bis(hydroxymethyl)ethyl]-2,2-bis[ [ [2- 

hydroxy- lyl-bis( hydroxymethyl)ethyl]amino]carbonyl]-4- 
(1-adamanty1)butanamide (5b). A mixture of triester 4b (700 
mg, 1.8 "011, Tris (690 mg, 5.6 mmol), and anhydrous K2CO3 
(800 mg, 5.8 mmol) in dry MezSO (20 mL) was stirred for 12 h 
at 25 "C. After filtration, the solvent was removed in vacuo to 
give a residue, which was worked up as described above to give 
(90%) the triamide 5b as a light hygroscopic yellow solid 700 
mg; mp 140 "C dec; 'H NMR (MezSO-d6) 6 1.5 (m, @-CHz, 
CHra-C, 10 H), 1.92 (m, &CHZ, 6 H), 2.1 (m, yCH, 3 H), 3.5 (be, 

(Me#O-de) 6 26.1 (a-CCHJ, 27.0 (y-CHJ,30.6 (a-C), 35.6 (&CHJ, 

(HNC), 170.2 (C=O); IR (KBr) 3472-3300,2928,2841,1660,1246, 
1060 cm-l. 
4-Amino-4-(3-acetoxypropy1)-ly7-diacetoxyheptane (6). 

Freshly prepared T-1 Raney nickelz0 was added to a solution of 
tris(yacetoxypropy1)nitromethane (6.7 g, 20 mmol), prepared19 
from the available tris(y-hydroxypropyl)nitromethane:8 in EXOH 
(80 mL) and hydrogenated at 50 psi on a Paar hydrogenator. After 
hydrogen uptake ceased (ca. 24 h), the solution was carefully 
filtered and the solvent was removed in vacuo to give (92%) amine 
6 as colorless oil, which was flashed chromatographed (SiOz), 
eluting with EtOAc: 6.3 g; 'H NMR 6 1.32-1.59 (m, CHzCHz, 12 

(quat C), 64.40 (CHzO), 170.39 (M); IR (neat) 3371 (NH), 1735 

4.23. Found: C, 58.14; H, 8.74; N, 4.26. 
1-[ [N-[4-Acetoxy-l,l-bis(3-acetoxypropyl)butyl]a~no]- 

carbonyl]adamantane (7). A solution of 1-adamantanecarbonyl 
chloride (1 g, 5 mmol), amine 6 (1.98 g, 5 mmol), and EgN (600 
mg, 6 "01) in dry benzene (25 mL) was stirred at 25 "C for 20 
h. The mixture was washed sequentially with aqueous NaHC03 
(lo%), water, cold aqueous HC1 (lo%), and brine. The organic 
layer was dried (NazS04), and the solvent was removed in vacuo 
to afford a viscous residue, which was flash chromatographed 
@ioz), eluting with EtOAc to give an oil, which on standing gave 
(78%) 7, as a white solid 1.9 g; mp 48-50 "C; 'H NMR 6 1.57-1.69 
(m, CH,, CH, 27 H), 1.90 (8,  CH3C0, 9 H), 3.90 (t, J = 6.1 Hz, 

13C NMR 6 28.2 (T-CH), 31.6 (cu-C), 36.7 (6-CHz), 37.2 (CH,S), 

(6-CHZ), 38.4 (CHZC), 41.9 (@-CHz), 61.7 (CHZO), 62.2 ( C C d ) ,  

CHZO, 18 H), 4.6 (bs, OH, 9 H), 7.5 (be, NH, 3 H); 13C NMR 

40.8 (a-CCHzCHz), 41.2 (@-CHz), 55.2 (CCO), 59.5 (CHZO), 61.1 

H), 2.06 (8, CH3, 9 H), 4.10 (t, CHZO, J = 6.0 Hz, 6 H); 13C NMR 
6 20.83 (CH3), 22.40 (CHZCHZO), 35.41 (CHZCHZCHZO), 51.93 

( c 4 )  cm-'. hd. Calcd for C16HmNO6: c, 57.98; H, 8.82; N, 

CHZO, 6 H), 4.85 (bs, NH, 1 H); 13C NMR 6 20.7 (CH3), 22.4 
(CHZCHZO), 27.9 (Y-CH), 30.7 (CC'HZ), 36.2 (6-CHz),39.2 @-CH,), 
40.9 (a-C), 56.8 (NHC), 64.1 (CHZO), 170.6 (COCH3), 176.7 

(28) Trisler, J. C.; Feasier, B. F.; Wu, S.-M. Tetrahedron Lett. 1974, 
687. Newkome, G. R.; Robinson, J. M. Ibid. 1974, 691. 
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(CONH); IR (KBr) 3348,2939,2844,1736,1635,1255,1038 cm-'. 
Anal. Calcd for C27H43N07: C, 65.69; H, 8.78; N, 2.80. Found 
C, 65.72; H, 8.76; N, 2.78. 

1-[ [N-[rl-Hydroxy- l,l-bis(3-hydroxypropyl)butyl]- 
amino]carbonyl]adamantane (8). A mixture of triacetate 7 
(1.5 g, 3 mmol) and anhydrous K2CO3 (125 mg, 0.9 mmol) in 
absolute EtOH (25 mL) was stirred at 25 OC for 15 h. After 
filtration through Celite, the solvent was removed in vacuo to give 
(100%) triol 829 as a white solid 1.1 g; mp 98-100 "C; 'H NMR 
(CD,OD) 6 1.75, 1.86 (m, CH2, CH, 27 H), 3.53 (t, J = 6.5 Hz, 

(CCH2), 37.6 (6-CHz), 40.3 (@-CH2), 42.4 (a-C), 59.2 (NHC), 63.3 
(CHzOH), 179.9 (CONH); IR (KBr) 3500-3000,3328,2930,1650, 
1304,1055 cm-'. Anal. Calcd for CZ1H37N04: C, 68.63; H, 10.15; 
N, 3.80. Found C, 66.05; H, 9.82; N, 3.22. 
l-[[N-[3-Carboxy-l,1-bis(2-carboxyethyl)propyl]amino]- 

carbonyl]adamantane (9). Method A. Sodium periodate (4.5 
g, 21 mmol) and Ru02 (65 mg, 486 pmol) were added to a cold 
solution of triol 8 (1 g, 2.7 mmol) in acetone-water (l:l, 40 mL). 
The resultant suspension was stirred vigorously for 5 h at 25 "C, 
filtered through Celite, and washed with acetone (50 mL). The 
solvent was removed in vacuo to give a white solid, which was 
extracted with warm acetone (5 X 50 mL). The combined extract 
was filtered (SO2), eluting with acetone. The residue obtained 
after concentration was dissolved in aqueous NaOH (10%) and 
acidified with concentrated HC1 to give (86%) triacid 9 as a white 
solid: 950 mg; mp 204-208 "C; 'H NMR (MezSO-d6) 6 1.64-1.92 
(m, CHz, CH, 27 H), 3.33 (bs, OH, 3 H), 6.29 (bs, NH, 1 H); 13C 

40.1 W-CHJ, 42.4 (a-C), 58.4 (HNC), 177.5 (COZH), 179.8 (CONH); 
IR (KBr) 3360,3330-2600,2903,1741,1700,1245,1095 cm-'. Anal. 
Calcd for C21H31N07: C, 61.59; H, 7.63; N, 3.42. Found C, 61.60, 
H, 7.61; N, 3.39. 
Method B. A solution of the tert-butyl ester 13 (1.7 g, 3 "01) 

in formic acid (96%, 10 mL) was stirred at 25 OC for 12 h. After 
concentration, toluene (5 mL) was added and the solution was 
again evaporated in vacuo to remove azeotropically any residual 
formic acid. Purification, as described in method A, gave (94%) 
triacid 9: 1.1 g. 

1-[ [N-[3-[ [N-[4-Acetoxy-l,l-bis(3-acetoxypropyl)butyl]- 
amino]carbonyl]-l,l-bis[2-[ [N-[4-acetoxy-l,l-bis(acetoxy- 
propyl)butyl]amino]carbonyl]et hyl]propyl]amino]- 
carbonyl]adamantane (10). A mixture of triacid 9 (400 mg, 1 
mmol), amine 6 (1.16 g, 3.5 mmol), dicyclohexylcarbodiimide 
(DCC; 620 mg, 3 mmol), and 1-hydroxybenzotrizole (400 mg, 3 
"01) in dry DMF% (15 mL) was stirred at 25 OC for 24 h. After 
filtration of the dicyclohexylurea, the solvent was removed in 
vacuo. The residue was dissolved in CH2C12 (50 mL) and se- 
quentially washed with cold aqueous HCl (lo%), water, aqueous 
NaHC0, (lo%), and brine. The organic phase was dried (Na2- 
SO4). Removal of solvent in vacuo gave a thick viscous residue, 
which was subjected to flash chromatography (SiOJ, eluting with 
EtOAc and then 10% MeOH in EtOAc to furnish (72%) 10 as 
a light yellow oil: 970 mg; bp >300 OC (2 mm); 'H NMR 6 
1.69-1.85 (m, CH2, CH, 63 H), 2.04 (8,  CH3, 27 H), 4.05 (t, CHzO, 

CHZOH, 6 H); 13C NMR 6 27.5 (CH2CH20), 29.8 (Y-CH), 32.4 

NMR 6 29.3 (CH&O2H),29.6 (T-CH), 30.7 (CCH2), 37.4 (6CH2), 

J = 6.1 Hz, 18 H), 5.87 (be, HN, 4 H); 13C NMR 6 20.5 (CH,), 
22.3 (CH2CH20), 27.9 (T-CH), 30.7 (CH&H&H20), 31.5, 32.1 

CCH2CHzCO), 57.6 (HNCCH2CH&H20), 64.2 (CHZO), 171.0 
(CH2CH2CO), 36.2 (6-CHz), 39.1 (j3-CH2), 41.1 (a-C), 57.0 (HN- 

(COCH,), 172.7 (CONH); IR (neat) 3352,2936,2848,1740,1638, 
1250,1036 cm-'. Anal. Calcd for C&I112N40~: C, 61.40; H, 8.40; 
N, 4.15. Found: C, 61.39; H, 8.42; N, 4.11. 

1-[ [N-[ 3-[ [N-[ 4-Hydroxy- l,l-bis(3-hydroxypropyl)bu- 
tyl]amino]carbonyl]- 1 ,I-bis [ 2- [ [ N-[ 4- hydroxy- 1, l  -big( 3- 
hydroxy propyl)butyl]amino]carbonyl]ethyl]propyl]- 
amino]carbonyl]adamantane (1 1). A mixture of the nona- 
acetate 10 (900 mg, 667 mmol) and K2C03 (200 mg) in absolute 
EtOH (200 mL) was stirred at 25 "C for 15 h. The mixture was 
filtered through Celite, and the solvent was removed in vacuo to 
give (97%) the very hygroscopic alcohol llB as a white solid 630 
mg; 'H NMR (CD30D) 6 1.09-1.84 (m, CH,, CH, 63 H), 3.36 (t, 

Newkome et al. 

(29) Due to the hygroscopic nature of the arborols, this poly01 was 
treated with freshly distilled AczO in the presence of pyridine at 100 O C  

for 18 h to regenerate the starting acetate, whose spectra were superim- 
possible with a known sample. 

CHZOH, J = 6.4 Hz, 18 H); 13C NMR 6 27.4 (CHzCH20), 29.6 
(T-CH), 32.2 (CHZCHZCO, CH2CHZCHzO), 37.5 (a-CHz), 40.2 
(P-CHZ), 42.4 (a-C), 58.5 (CCHzCH&O), 59.4 (CCH&HZCH20), 
63.3 (CH,OH), 175.3 (CONH); IR (KBr) 3304-3409,2936,1648, 
1550, 1455, 1059 cm-'. 
Di-tert -butyl 4-Nitro-4-[2-( tert -butoxycarbonyl)ethyl]- 

heptanedioate (13). A stirred solution of MeNOz (6.1 g, 100 
mmol), Triton B (benzyltrimethylammonium hydroxide, 40% in 
MeOH; 1.0 mL) in dimethoxyethane (DME 20 mL) was heated 
to 65-70 OC. tert-Butyl acrylate (39.7 g, 310 "01) was added 
portionwise to maintain the temperature at 70-80 "C. Additional 
Triton B (2 X 1 mL) was added when the temperature started 
to decrease; when the addition was completed, the mixture was 
maintained at 70-75 OC for 1 h. After concentration in vacuo, 
the residue was dissolved in CHC1, (200 mL), washed with 10% 
aqueous HCl(50 mL) and brine (3 X 50 mL), and dried (MgSOJ. 
Removal of solvent in vacuo gave a pale yellow solid, which was 
crystallized (95% EtOH) to afford (72%) triester 13 as white 
microcrystals: 33 g; mp 98-100 OC; 'H NMR 6 1.45 (8, CH,, 27 
HI, 2.21 (m, CH2, 12 H); '3c NMR 6 27.9 (CH3), 29.7 (CHzCO), 
30.2 (CCHJ, 80.9 (CCHJ, 92.1 (OzNC), 170.9 (CO); IR (KBr) 1642 
(NOz), 1740 (CO) cm-'. Anal. Calcd for C22H39OgN C, 59.30; 
H, 8.82; N, 3.14. Found C, 59.27; H, 9.00; N, 3.14. 
Di- tert -butyl 4-Amino-4- [ 2- ( tert -butoxycarbony 1)et hyll- 

heptanedioate (12). A solution of nitro triester 13 (4.46 g, 10 
mmol) in absolute EtOH (100 mL) with T-1 Raney Nizo (4.0 g) 
was hydrogenated at 50 psi and 60 OC for 24 h. The catalyst was 
cautiously filtered through Celite. The solvent was removed in 
vacuo, affording a viscous liquid, which was column chromato- 
graphed (SOz), eluting with EtOAc to give (88%) the amino 
triester 12 as a white crystalline solid 3.7 g; mp 51-52 O C ;  'H 
NMR 6 1.44 (s, CH,, 27 H), 1.78 (m, CHz, 12 H); 13C NMFt 6 27.8 

172.8 ( 0 ) ;  IR WBr) 1745 (CO) an-'. AnaL Calcd for C,H,,O&: 
C, 63.58; H, 9.95; N, 3.37. Found: C, 63.72; H, 10.05; N, 3.38. 

1-[ [N-[3-( tert -Butoxycarbonyl)-l,l-bis[2-( tert -butoxy- 
carbonyl)ethyl]propyl]amino]carbonyl]adamantane ( 14). 
A solution of 1-adamantanecarbonyl chloride (1 g, 5 mmol), amine 
12 (2.1 g, 5 mmol), and Et3N (600 mg, 6 mmol) in dry benzene 
(25 mL) was stirred at 25 "C for 20 h. The mixture was washed 
sequentially with aqueous NaHCO, (lo%), water, cold aqueous 
HC1 (lo%), and brine. The organic layer was dried (N@04) and 
then concentrated in vacuo to give a residue which was chro- 
matographed (Si02), eluting f i t  with CH2Clz to remove some 
byproducta and then with EtOAc to give (71%) eater 14 as a white 
solid 2 g; mp 84-86 OC; 'H NMR 6 1.46 (8, CH,, 27 H), 1.68-2.1 
(m, CH, CH2, 27 H), 4.98 (bs, NH, 1 H); 13C NMR 6 28.0 (CH,), 

@-CHJ, 41.2 (a-C),56.7 (NHC), 80.5 (CCHJ, 172.8 (COO), 177.4 
(CONH); IR (KBr) 3350,2934,2846,1740,1638,1255,1038 cm-'. 
Anal. Calcd for CSSHS607N C, 68.58; H, 9.60; N, 2.43. Found 
C, 68.36; H, 9.66, N, 2.36. 

1-[ [N-[3-[ [N-[3-( tert -Butoxycarbonyl)-l,l-bis[2-( tert - 
butoxycarbonyl)ethyl] propyl]amino]carbonyl]- l,l-bis[2- 
[ [N-[3-(tert -butoxycarbonyl)-l,l-bis[2-( tert -butoxy- 
carbonyl)ethyl]propyl]amino]carbonyl]ethyl]propyl]- 
amino]carbonyl]adamantane (15). A mixture of triacid 9 (400 
mg, 1 mmol), amine 12 (1.45 g, 3.5 mmol), DCC (620 mg, 3 mmol), 
and 1-hydroxybenzotrimle (400 mg, 3 "01) in dry DMFZ (15 
mL) was stirred at 25 OC for 48 h. Using the procedure described 
above for 10, but in the purification stage eluting f i t  with Et- 
OAc/CH2C12 (1:l) then with 5% MeOH in EtOAc, furnished 
(61%) eater 15 as a white solid 970 mg; mp 115-118 OC; 'H NMR 
6 1.42 (8, CH,, 81 H), 1.64-2.20 (m, CH, CH2, 63 H), 5.88 (be, NH, 

(CH,), 29.8 (CHZCO), 34.2 (CCHZ), 52.2 (HZNC), 80.0 (CCHS), 

28.2 (T-CH), 29.8, 30.1 (NHCCH~CHZCO), 36.4 (6-CHz), 39.2 

4 H); "C NMR 6 27.9 (CH,), 28.4 (T-CH), 29.6, 30.0 (NHCC- 
HZCH2COO), 31.6, 32.2 (NHCCH&H&ONH),36.6 (6-CHZ), 39.2 
(BCHZ), 41.1 (cu-C), 57.0 (NHCCHZCH2COO), 57.6 (NHCCHZC- 
H2CONH), 80.3 (CCH3), 172.6 (COO), 177.0 (CONH); IR (KBr) 
3348,2936, 2850,1740,1665,1260,1040 cm-'. Anal. Calcd for 

9.30; N, 3.39. 
1-[ [N-[3-[ [N-[3-Carboxy-l,l-bis(2-carboxyethyl)propyl]- 

amino]carbonyl]-l,l-bis[2-[ [N-[3-carboxy-l,L-bis(2- 
carboxyethyl)propyllamino]carbonyl]et hyl]propyl]- 
amino]ca?bonyl]adamantane (16). A solution of the tert-butyl 
ester 15 (800 mg, 500 mol) in formic acid (96%, 5 mL) was stirred 

CB7H148022N4: C, 65.22; H, 9.31; N, 3.50. Found C, 65.41; H, 
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at 25 O C  for 12 h. The workup and purification as described above 
in method A gave (95%) acid 16 as a white solid 520 mg, mp 
346 O C  dec; 'H NMR (Me2SO-d6) 6 1.82-2.40 (m, CH, CH2, 63 
H), 4.45 (bs, OH, 9 H, exchanged with D20), 6.28 (bs, NH, 4 H); 
13C NMR (Me#O-d,J S 29.6 (yCH), 30.2 (NHCCH2CH2COOH), 

177.6 (COOH), 179.8 (CONH); IR (KBr) 3360,3340-2600,2900, 
1744,1690,1245,1090 cm-I. Anal. Calcd for CS1H,8022N4: C, 
55.83; H, 6.98; N, 5.11. Found C, 55.71; H, 7.04; N, 4.98. 
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Shinjulactone D (1) belongs to a group of highly oxy- 
genated quassinoids isolated from Ailanthus altissima 
Swingle.' The C(8), C(11) bridged hemiketal structural 
unit present in shinjulactone D is common to a large 
number of quassinoids (cf. glaucarubolone, 2). The role, 
if any, that this functional arrangement plays in the ob- 
served pharmacological properties2 (e.g. antitumor activity) 
of quassinoids remains unclear. We detail below the first 
synthesis of shinjuladone D which confirms the structural 
assignment for 1 which was based on 'H NMR and 13C 
NMR measurements recorded by Takahashi and co- 
workers in 1983.' 

OH OH 

Hoe,,, 

1 2 

The synthesis of shinjulactone D commences with the 
known tetracyclic compound 3 which served as a key in- 
termediate in a recently completed total synthesis of 
~haparrinone.~ With the necessary functionality already 
present in ring C of 3 for construction of the C(8), C(l1) 
bridged hemiketal unit, the primary task was elaboration 
of the vicinal trans-diol arrangement in ring A. Toward 
this end tetracyclic dione 3 was selectively converted (88%) 
into silyl enol ether 4 by employing lithium hexamethyl- 

(1) Ishibashi, M.; Furuno, T.; Tsuyuki, T.; Takahashi, T.; Mataushita, 
K. Chem. Pharm. Bull. 1983,31,2179-2181. Furuno, T.; Ishibashi, M.; 
Noara, H.: Murae, T.; Hirota, H.; Tsuvuki. T.: Takahashi. T. Bull. Chem. . 
SOC. Jpn. 1984,57, 2484-2489. 

(2) (a) Cassady, J. M.; Suffness, M. In Anticancer Agents Based on 
Natural Product Models; Academic Press: New York 1980, pp 254-267. 
(b) Polonsky, J. Chemistry and Biological Activity of the Quassinoids. In 
The Chemistry and Chemical Taxonomy of the Rutales; Waterman, P. 
G.,  Grundon, M. F., Eds.; Academic Press: New York, 1983; p 247. 

(3) Gross, R. S.; Grieco, P. A.; Collins, J. L. J. Am. Chem. SOC. 1990, 
112,9436-9437. 
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disilazide. The selective formation of 4 was anticipated 
due to the fact that the C(9) proton is extremely hindered. 
The trans-diequatorial arrangement of the vicinal C(l), 
C(2) diol was realized via hydroboration of the less hin- 
dered a face of the silyl enol ether: Thus addition of 
diborane in tetrahydrofuran to 4 provided in 72% yield 
tetracyclic diol 5. Protection of the C(l), C(2) diol as ita 
cyclic carbonate followed by selective hydrolysis of the 
protected lactone and subsequent oxidation a t  C( 16) 
provided crystalline tetracyclic lactone 6, mp 188-189 "C. 

OMOM OMOM 

HO,,,, & DPS DPS 
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Completion of the synthesis of shinjulactone D was re- 
alized by a three-step process. Trimethyhilyl iodide in- 
duced cleavage of the C(12) methoxymethyl ether afforded 
(90%) keto1 7, mp 208-210 "C, which upon treatment with 
potassium carbonate in methanol-tetrahydrofuran (1:l) 
generated crystalline tetracyclic triol 8 in 87% yield. 

OH OH 

7 0 

Exposure of 8 to tetra-n-butylammonium fluoride in tet- 
rahydrofuran provided crystalline racemic shinjulactone 
D whose spectral properties (IR, 'H NMR, 13C NMR) were 
identical with spectra kindly provided by Professor Tak- 

(4) Klein, J.; Levene, R.; Dunkelblum, E. Tetrahedron Lett. 1972, 
2845-2848. 
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