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Abstract: The title aminomethyl (5) and amino (6) alcohols, which are of interest as intermediates in
the synthesis of carbocyclic analogues of nucleosides. were prepared from (+)-camphoric acid via methyl
(15,3R)-3-carbamoyl-2.3.3-trimethvlcyclopentane carboxylate (8). Direct reduction of 8 gave § in 26%
yield. Amino alcohol 6 was prepared in 11-53% overall yields by several approaches, each involving
oxidative degradation of 8 followed by a reduction step. © 1998 Elsevier Science Lid. All rights reserved.

The interesting biological activity shown by carbocyclic analogues of nucleosides (CANs) such as
carbovir (1) has spurred the search for new analogues as potential antineoplastic and antiviral agents.' Like many

CANS, carbovir is prepared by constructing the heterocyclic base about an amino alcohol precursor, in this

snecific case the aminocvelanentenvimethanal 2 2 The oeneral annlicahility af this annroach hac led ta inereaced
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interest in cyclopentylamines as key synthetic intermediates for preparation of CANs.*
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We are currently investigating the relationship hetween the biological activity of CANs and various
structural and configurational features of their amino alcohol moiety.” To this end, we have previously prepared
the amino alcohols 3* and 4° and also some carbocyclic analogues of guanosine.® In the present work, we

describe the synthesis of 5§ and 6, which are isomeric with 3 and 4, respectively, and will serve as precursors for
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the synthesis of novel CANs. We also optimized the synthesis of amino acid 7, which is both an intermediate in
the synthesis of 6 and a potential GABA agonist.’

RESULTS AND DISCUSSION

The common precursor, methyl (15, 1R)-3-carbamoyl-2,2,3-trimethylcyclopentane carboxylate (8), was
easily prepared from (+)-camphoric acid by the method of Boeckman e al.®
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Scheme 1

Conversion of 8 into amino alcohol § (Scheme 1) required simultaneous reduction of the amide and ester
carbonyls, for which the traditional reagents NaBH,/TiCl,,” (CH;),S-BHs,'® and LiAIH,"" were assayed under
diverse conditions in an attempt to optimize the yield of 5. Table 1 lists the results, which varied greatly as
regards both the nature and yield of the compound(s) isolated. In most cases compound S was not isolated or

was isolated with one or more of compounds 9-13.

Poor or zero yields of § were obtained using NaBH/TiCl; or (CH:),S-BH; as reducing agent: reaction
~L <arisls : N r asa ke i N one tlen Al toalndad i diiabs amd coaatia AL O il
of 8 with T U as tne omy isoiatea proauct; and reaction or 8 wiln

product, but in slightly lower yield (entry 3). Attempts at increasing the yield of S by allowing the dimethyl
sulfide liberated to distil from the reaction mixture during the reaction'® afforded an even lower yield of 5,
together with minor amounts of (+)-a-campholide (12)'? and diol 13" (entry 4). Formation of 12 is attributable
to nucleophilic attack of the amide group by the alkoxide initially formed in the ester reduction step, followed

by BH;-promoted elimination of ammonia. Subsequent reduction of 12 would give 13.
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Table 1. Reduction of Carbamoyl Ester 8

Entry Reagent Reductant/8 Solvent T t Result*
1 NaBHy/TiCly 2.6/6.3 (CH;0CH>)» 18 20 10 (21%)
2 (CH;),S-BH; 29 THF 66 5 S (21%) + 10 (26%)
3 (CH;),S-BH; 29 THF 66 22 5(17%) + 10 (7%)
4 (CH,).S'-BH; 22 THF 66 I 5(11%) +12 (8%) + 13(9%)
5 LiAIH, 23 THF (11) 66 20 9 (22%) + 10 (18%)
6 LiAIH, 73 THF (34} 66 40 9 (38%) + 5 (12%)
7 LiAIH, 7.5 THF (73) 66 96 11 (40%)
8 LiAlIH, 13 THF (100) 66 17 5(26%)
*Yiclds are for isolated products after purification by standard techniques.

With LiAlH, as reducing agent, the ester group was usually reduced, in most cases with concurrent
dehydration and/or reduction of the amide group. The outcome of the reaction was greatly influenced by
dilution of the reagents. At low dilution, hydroxy nitrile 9 was the major product, the result of dehydration of
the amide by LiAlH,, as has been observed previously for sterically hindered amides.™ To our surprise, longer
reaction times at slightly higher dilution gave (+)-camphorimide 11 as the major product."” The best yield of

amino alcohol 5 was obtained using a high reductant/reactant ratio and high dilution conditions (entry 8 in

iy o

Table 1).
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2) Pb(AcO),, AcOH, reflux; b) Pb(AcO),, toluene, reflux; ¢) 2N HC|, dioxane, r.t.; d) Amberlite IRA-400(OH);
¢) 2N HCI dioxane, reflux; f) Dowex 50 x 8-200, H,O, NH4OH; g) PIFA, CH;CN, H;O, 25°C; h) LiBH,4, THF,
rethix; 1) 2N HCL, EtOH reflux; j) LiAlH,, THF, reflux; k) Ac,0, py, 25°C.

Scheme 2
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C
used as oxidant,'® which gave mixtures of diverse products (Table 2).

Table 2. Oxidative Degradation of Carbamoyl Ester 8 with Pb(OAc¢)s/Acetic Acid

Entry (n°) Time Result*
1 22 min iS5 (7%) + 16 (2%) + 17 (52 %)
2 35 min 15 (20%) + 18 (21%)
3 2h 15 (37%) + 16 (34%)
4 14 h 15 (9%) + 16 (54%)
S 24h 16 (54%)

*Yields are for isolated products after purification by standard techniques.

The main oxidation products isolated were the amino ester 15 and/or its acetyl derivative 16, in some

cases together with isocyanate 17 or urea 18. The pattern of products seemed to depend heavily on the reaction

time. Very short reaction times gave mainly 17, which is consistent with the mechanism proposed for this

oxidation.'” Hydrolysis of 17 would give amino ester 15, which at intermediate reaction times could add to 17

Oxidative degradation of 8 with lead tetraacetate under anhydrous conditions, using toluene as solvent,
gave isocyanate 17 as the only product. Partial hydrolysis of 17 with 2N HCI gave excellent yields of 15-HCI
when carried out at room temperature, or of the fully hydrolysed product 7-HCl when carried out for 2 h at

reflux. Isolation of the free bases 15 and 7 was easily achieved by ion-exchange chromatography using basic or

Oxidative degradation of 8 with [/,/-bis(trifluoroacetoxy)iodo]benzene (PIFA)™® led directly to 15-TICI,
though in considerably lower yields than obtained by oxidation with lead tetraacetate followed by hydrolysis. In

some assays, 7-HCI was also detected in the reaction mixture.

TL next step in + Q tn & viing rodiiatinm A
1 NC NCxXL 5 l I iine LUHVCIDIU“ O1 o 10 5 was reauction O

to selectively reduce the ester group'” of 16 led to fair yields of the hydroxy acetamide 19. However, 19 proved
highly resistant to a variety of hydrolysis conditions (Table 3), which was attributed to steric hindrance at the
carbon bearing the acetamido group. The best yield of 6 was obtained by refluxing a mixture of 19 in ethanolic
HCI for 240 h (entry 4 in Table 3).



M. L. Nieto et al. / Tetrahedron 54 (1998) 7819-7830 7823

Table 3. Hydrolysis of Hydroxy Acetamide 19

Entry Reagent Time (h)  Temperature (°C) Result*
| Ba(OH), 192 100 19 (88%)
2 2N HCI 7 100 19 (50%)**
3 2N HCI 18 100 6 (6%)**
4 2N HCI + EtOH 240 90 6 (29%)**

*Yields are for isolated products after purification by standard techniques. **The remaining product was an intractable tar.

Reduction of amino acid 7 with LiAIH, in refluxing THF for 5.5 h, followed by the customary work-up

(treatment with dilute NaOH and then chromatographic separation), gave pure amino alcohol 6 in 39% yield. A
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Attempts to reduce 15-HCI by refluxing it with lithium triethylborohydride in THF for 24 h also gave
lactam 20, this time as major product (55%). By contrast, reduction of free 15 with LiAIH, gave amino alcohol

6 in almost quantitative yield.

AAaltiom mmimte smre tvimmoiirmd mem oo Talobin s ool sbogeo o 3 NT TN 1ioan il s me o
VITILHIY PULIHS WEITC HICAsUICU LI d INCIVHCTL DNOLCT LHCTHTHOPpdD HU arc ullbUllCLLCU, INa=LJ IC poidrimetry wds
carried out at 25°C in a Perkin-Elmer 241 polarimeter; infrared spectra were recorded in a Perkin-Elmer FTIR

! ~

1640 spectrometer, 'H NMR and ° BC NMR spectra were recorded in a Bruker AMX 300 spectrometer; and
mass spectra were recorded in a Kratos MS-59 spectrometer. Silica gel (230 mesh) was purchased from Merck.
All other chemicals used were of reagent grade and were obtained from Aldrich Chemical Co. Methyl (15,3R)-
3-carbamoyl-2,2,3-trimethylcyclopentanecarboxylate (8) was prepared by the method reported by Boeckman er
al®

(1R,35)-3-Hyd: rxyn“ethyi-i,Z,Z-trimeihyicyﬁo“;e-ﬁmne-c;"th‘ trile (9) and (1R,35)-3-hydroxymethyi-1i,2,
2-trimethylcyciopentanecarboxamide (10). To a cooled (0°C) suspension of LiAlH, (041 g, 10.75 mmol) in

dry THF (25 mL) was added, dropwise, a solution of 8 (1 g, 4 69 mmol) in THF (25 mL) The suspension was
refluxed for 20 h, and then cooled and treated with wet Et;0 and water. The organic solvents were eliminated
using a rotary evaporator, the solids were filtered out, and the aqueous filtrate was extracted with EtOAc (3 x
50 mL). The combined organic layers were dried over anhydrous Na,SO, and then evaporated, which left 0.70
g of a doughy residue. Chromatography of this residue on silica gel (20 g), using 8:2 CH,Cl,/MeOH as eluant,

gave 9 (170 mg, 22%) and 10 (160 mg, 18%), in both cases as white solids. Compound 9 was recrystallized

-

from hexane to obtain an analytical sample. M.p. 88-90°C. IR (KBr): 3512, 2973, 2236, 1658, 1461, 1374,
1036, 798 cm™. 'H NMR (CDCly) &: 3.79-3.73 (m, 1H, 3-CHH), 3.62-3.56 (m, 1H, 3-CHH), 2.30-2.17 (m,
1H), 2.08-1.95 (m, 2H), 1.82-1.73 (m, 1H), 1.57-1.47 (m, 2H, 1H after D,O exch.), 1.32 (s, 3H, CHs), 1.09 (s,

6H, 2 CH:). *C NMR (CDCl;) §: 124.49 (CN), 64.90 (3-CH,), 48.38 (C3), 46.65 (C1), 45.94 (C2), 35.94
(C5), 26.02 (C4), 23.71 (CHs), 22.05 (CH3), 21.33 (CHs). EIMS m/z (%): 167 (6, M"), 152 (11), 138 (13),
137 (19), 136 (18), 123 (17), 122 (100), 110 (12), 109 (58), 108 (11), 107 (13), 97 (16), 96 (21), 95 (47), 94
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(1A R4 (10Y RI (17 2 (IR R1(1AY 70 (12 76 {11 70 (24Y A0 (76 &R (§7Y &7 {20) £€ (972) £2 (14)
NATW), UF QLV), UJ (117, & 10, VL (1), 77 \1J), TU L], TURLT), UT\LU), UO \J/ ), Ul \IF), JI LI, JI (17).
Calad £ LY NN 1T 98- T71 Q1L LT 1INIA-N Q127 Thoeend. ™ 979 N1 1T 1N 11T Q@ AN
LaiCl. 107 Uiori7INU (IO /.20 )0 U, /1.0, I, 1U L4, IN, 0.0 /. rOUna: L, 72.Ul, m, 1U.11, N, 8.2

Compound 10 was recrystallized from EtOAc to obtain an analytical sample. M.p. 136-137°C. [o]p®® +84.2 (c
1, MeOH). IR (KBr): 3348, 3185, 2965, 1676, 1603, 1458, 1406, 1095, 1058, 1023, 756 cm™. 'H NMR
(CDCl3) &: 5.53 (bs, 2H, D,0 exch., NH,), 3.75 (dd, 1H, J = 10.13, 5.28 Hz, 3-CHH), 3.55 (dd, 1H, J = 10.13,

1Eh, o/ — 1V.3J

8.22 Hz, 3-CHH), 2.40-2.30 (m, 1H), 2.13-1.93 (m, 2H), 1.72 (bs, 1H, D0 exch., OH), 1.56-1.41 (m, 2H)
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was reﬂuxed for 7h, whereupon the reaction was quenched and worked up as described above for the

N2 DTTL\ A

9 and 10, this time extracting the aqueous filtrate with three 150 mL portions of EtOAc. After
drying of the combined extracts over anhydrous Na,SO, and evaporation of the soivent, there remained 0.61 g
of a colourless oil, which was chromatographed on silica gel (20 g), using 8:2 CH,Cl,/MeOH as eluant.
Compound § (210 mg, 26%) was isolated as a white solid, which was recrystallized from EtOAc to obtain an
analytical sample. M.p. 88-90°C, [OL]D25 +40.3 (¢ 0.43, MeOH). IR (KBr): 3334, 2968, 1576, 1493, 1451,
1377, 1323, 1055, 1022, 992 cm™. '"H NMR (CDCly) &: 3.73 (dd, 1H, .J = 10.24, 5.40 Hz, 1-CHH), 3.52 (dd,
1H, J = 10.24, 8.40 Hz, 1-CHH), 2.61 (s, 2H, 3-CH,), 2.17-2,06 (m, 1H), 1.99-1.87 (im, 1H) 1.66-1.56 (m,
1H), 1.48-1 (m, 5H, 2H after D,O exch.), 0.98 (s, 3H, CHj3), 0. 95 (s, 3H, CH;), 0.7¢
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(22), 55 (48), 53 (18). Calcd. for CyoHyNO (171.28): C, 70.12; H, 1
N, 7.97.
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mL) and then HCl-saturated Et;O (7.11 mL) and stirred for 15 min at 0°C foliowed by 30 min at room
temperature. The solvent was eliminated in vacuo, and the gelatinous white residue (2.47 g) was dissolved in
MeOH (35 mL) and passed through a column of Amberlite IRA-400(OH) (50 mL), which was eluted with
methanol. The eluate (50 mL) was concentrated under reduced pressure, and the resulting oil (1.26 g) was
chromatographed on silica gel (30 g), using 9:1 CH>Cl,/MeOH followed by MeOH as cluants. First to elute
was the hydroxy amide 10 (390 mg, 26%), followed by compound 5 (300 mg, 21%). The physical and
spectroscopic data for these compounds were as listed above.

-

(15,3R)-3-(Acetylaminomethyi)-2,2,3-trimethylcyciopentyimethyi acetate (i4). A mixture of 5 (300 mg,

1,75 mmol) in Ac,O (2 mL) and pyridine (2 mL) was stirred at room temperature for 24 h. The mixture was
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exane/EtOAc as eluant. Ester 14 (290 mg, 65%) was
isolated as a colouriess oil. An analytical sample was obtained by bulb-bulb distiilation in a Kugelrohr apparatus
(oven temp. 117-120 °C/0.01 Torr). [o]p”® +25.3 (¢ 0.55, MeOH). IR (film): 3318, 2967, 1740, 1653, 1559,
1458, 1374, 1240, 1150, 1033 cm™. "H NMR (CDCly) 8: 5.47 (bs, 1H, D,0 exch., NH), 4.07 (dd, 1H, J =
10.84, 6.34 Hz, 1-CHH), 3.98 (dd, 1H, J = 10.84, 7.97 Hz, 1-CHH), 3.25 (dd, 1H, J = 13.40, 6.56 Hz, 3-
CHH), 3.18 (dd, 1H, .J = 13.40, 5.74 Hz, 3-CHH), 2.25-2.14 (m, 1H), 2.02 (s, 3H, CH;CO), 1.97 (s, 3H,
CH;CO), 1.94-1.81 (m, 1H), 1.72-1.61 (m, 1H), 1.42-1.26 (m, 2H), 0.95 (s, 3H, CH3), 0.91 (s, 3H, CH3), 0.80

(s, 3H, CH;). ®C NMR (CDCl;) &: 171.61 (CO), 170.50 (CO), 66.69 (1-CH,), 48.12 (C3), 46.6
3-

Oxidative degradation of 8. Preparation of methyl (1.5,3R)-3-amino-2,2,3-trimethylcyclopentane
carboxylate (15), methyl (1.5,3R)-3-acetylamino-2,2,3-trimethylcyclopentane carboxylate (16), methyl
(I.V.SR\—isgcya_natg 2,3,3- trlmethvl vclopentanecarboxylate  (17), and (1R,1’R, 35 3, Q-N,N’-hlc{’&-

=< = ~ \=7J3 bt 52 SRywRSye L5y

solvent was distilled from the reaction mixture under reduced pressure, and the dark brown residue was
dissolved in cold 1:1 CH,Cly/H,0 (50 mL) and neutralized with saturated NaHCO; solution. The white solid
formed was filtered out, washed with CH,Cl, (15 mL) and discarded, and the aqueous layer of the filtrate and
washings was separated and extracted with CH,Cl; (2 x 25 mL) and EtOAc (2 x 25 mL). This extract and the
organic layer above were combined, dried over anhydrous Na,SQO, and concentrated in vacuo. The oily residue
obtained was chromatographed on silica gel (25 g), using 7:3 CH,Cl,/MeOH as eluant. For the 2 h reaction,
first to elute from the chromatography column was 16 (360 mg, 34%), which was isolated as an oil that

crystallized spontaneously. Next eluted 15 (320 mg, 37%), which was isolated as a colourless oil.

Compound 15. An analytical sample was obtained by bulb-bulb distillation in a Kugelrohr apparatus (oven
temp. 60-65°C/0.01 Torr). [a]p® +52.86° (¢ 1.05, MeOH). IR (film): 3373, 2968, 2877, 1728, 1458, 1436,
1198, 1176 cm™. 'H NMR (CDCl:) 8: 3.69 (s, 3H, OCHs), 2.72 (dd, 1H, J = 9.45, 8.07 Hz, 1-H), 2.19-2.09
(m, 1H), 1.81-1.68 (m, 3H), 1.45 (bs, 2H, D,0 exch., NHy), 1.06 (s, 3H, CHys), 1.02 (s, 3H, CHz), 0.82 (s, 3H,
CH.). “C NMR (CDCly) &: 176.30 (CO), 62.57 (C3), 53.30 (C1), 51.86 (OCHs), 47.12 (C2), 39.26 (C4),

24.99 (CH:), 24.38 (CHa), 22.42 (C5), 19.77 (CHz). EIMS m 2 (%) 185 (1, M"), 154 (6), 126 (5), 111 (6)
110 QY 1N0Q (12Y QR {172y Q7 (7)Y Q5 (OQY S (AY RA (172Y K2 710 71 (1Y 70 ¢(100) A0 (22) /&7 (Q)Y SO (5)
LIV A\Z), LVT \(L4L), 7O 4&y, 771 1), 79\ 7], OF\V), OF \14), UI 1V}, 71 \Jij, IVIVV), V/ &), Vi \F), Y7\
LOQO £7TYN ST (NI C£ 7N E& 18N &2 74N MNalad A LI NN 7108 V8- T £AA QY2 IT 1IN 2A- N T A Earind:
20 {/1j, 27 {41), 501/}, 20 (12), 2310, LaICh. 101 LjoltjaiNU2 (105.£0)0 L, O4.05, I, 1U.3%, IN, /.00, riOuna.
C, 64.65, H, 10.52; N, 7.67.

Compound 16. An analytical sample of 16 was obtained by recrystallization from hexane. M.p. 62-64°C. [a]p®
+73.9 (¢ 1.01, MeOH). IR (KBr): 3340, 2973, 1733, 1721, 1653, 1541, 1508, 1438, 1374, 1308, 1173, 1086,
777 et 'TH NMR (CDCl:) 8: 6.06 (bs, 1H, D20 exch., NH), 3.6 9( H, OCHy), 2.71 (dd, 1H, /=936, 7.50

A VO ALY, .y 2 (A I ]

3
Hz, 1-H), 2.29-2.23 (m, 1H), 2.09-1 87 (m, 3H1), 1.95 (s, 3H, CH;CO), 1.41 (s, 3H, CHz), 1.09 (s, 3H, CH,),
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091 (¢ 13 CH.Y B NMR (CDCLY & 177 17 (OCOY 170 24 (NCOY £ 12 (0% S1 AN (1% € 14
V.S L (9, Jii, 2R3 Mo PNMAVAIN QWAARAF) UL T s (VLU 17ULIOU0 (INLUUY, UULI0 (LD, JO.AV (L), J4.14
(NCTII Y AQ 2T /I AL 2T [0AN DL AT /0L DM AE NN IOIY N NA SO £0OEN 10 £ 707 N N £ A FNYT e aon
(WVLII3), 9651 (Le), SU.01 (L), 2081 \LI3LU), 20,V (L), 240V (L)), 15.0/ (L), 15.04 (LH3). EIMD
m/z (%): 227 (40, M"), 184 (30), 168 (17), 167 (79), 154 (35), 153 (14), 126 (21), 125 (11), 124 (13), 113

s ON ~

(28), 112 (81), 110 (26), 1
(19), 67 (17), 60 (12), 58 (20
Found: C, 63.28; H, 9.43; N, 5

, 99 (20), 98 (36), 93 (13), 84 (15), 83 (12), 71 (55), 70 (100), 69
(20). Calcd. for CjHyNOs (227.30): C, 63.41; H, 9.31; N, 6.16.
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the 3 tion. elution of urea 18 (192 mo 21%) was followed by elution of comnannd 18 (172 mo
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TIO2.YY (€ 1.47, MIEUIn). 1IN (KDT) 3300, J0Y8, 2975, 1732, 1054, 1531, 1438, 1376, 1353, 1178, 1090 cm

'H-NMR (CDCl5) 3: 4.71 (bs, 2H. D,0 exch., 2 x NH), 3.69 (s, 6H, 2 x OCH3), 2.70 (dd, 2H, J = 9.53, 7 44
Hz, 3-H+3’-H), 2.21-2.00 (m, 4H), 1.96-1.82 (m, 4H), 1.40 (s, 6H, 2 x CHs), 1.11 (s, 6H, 2 x CHs), 0.89 (s,
6H, 2 x CH;). "C-NMR (CDCl;) 8: 177.05 (2 x C0O,), 158.42 (NCON), 65.33 (C1+C1°), 53.36 (C3+C3"),
52.08 (2 x OCH3), 48.78 (C2+C2’), 37.02 (C5+CS’), 25.85 (2 x CHs), 24.03 (C4+C4’), 21.14 (2 x CH3),
19.92 (2 x CHs). EIMS mz (%): 396 (16, M), 281 (4), 227 (2), 212 (3), 185 (34), 184 (13), 169 (26), 154
(27), 137 (34), 110 (17), 109 (54), 95 (12), 84 (16) 58
(16), 57 (16), 55 (16). Caled. for CoHzsN2Os (

N, 6.81.
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For the 22 min reaction, the combined CH,Cl, layers were quickly dried (Na;SQ,) and concentrated in vacuo,
to leave an oily residue which was identified (IR, '"H NMR) as 17 (see below, Method B). The combined EtOAc
layers gave, after the chromatographic work-up, 16 and 15.

Method B. A solution of 8 (10 g, 46.89 mmol) in dry toluene (250 mL) at reflux was treated with a single
portion of Pb(OAc), (20.60 g, 46.90 mmol) and the resulting suspension was refluxed for a further 30 min. The
reaction mixture was cooled and added to cold 4N HCI (300 mL) and stirred briefly. The solids were filtered
out and discarded, and the organic layer of the filtrate was separated, dried over anhydrous Na,SO, and
concentrated in vacuo. A yellow oil was isolated and identified as compound 17 (8.49 g, 86%). An analytical
sample was obtained by bulb-bulb distillation (oven temp., S0-55°C/ 0.1 Torr). [a]p” +20.91 (¢ 0.99, MeOH).
IR (film): 2976, 2258, 1735, 1458, 1436, 1380, 1357, 106, 1175 cm™. '"H NMR (CDCl;) &: 3.70 (s, 3H,
OCHz), 2.65 (dd, 1H, /=937, 732 Hz, 1-H), 231-2.20 (m, 1H), 2.12-2.01 (m, 1H), 1 86-1.72 (m, 2H), 1.33

4,00 221, 1. 1 i oL, 19 8 1/ < i, &Lik)
fo 2 I 1 NQ e 2 CTIY NOY (o LT LT RANMDR /ONCIN R 174 £2 (OO 197 £9 INCOY 40 AN
\5, 501, LI3), 1.UY S, 311, Uiy ), V.74 (5, 201, Lig). U INVIR (LDLIE) 00 17403 (ULU), 1£22.02 (INLUY, 0.4V
LN A NAFIN ST QNN Y A A LM YO AT TOYVAN L T T T SAVIT N AN AA SNEN AT A 72l & SN
(C3), 52.04 (C1), 51.590 \U\Jn:) 48.04 (C2), 38.47 (C4), 25.79 ; (UHs), 22,44 (U)), 21.21 (CHa).

17), 151 (55), 137 (29), 136 (22), 124 (61),
123 (20), 115 (70), 110 (24), 109 (57), 108 (22), 97 (92), 96 (65), 93 (26), 92 (23), 83 (67), 82 (27), 81 (20),
69 (33), 67 (32), 59 (20), 58 (31), 55 (31), 53 (21). Caled. for C;1H;7NO; (211.26): C, 62.54; H, 8.11; N, 6.63.
Found: C,62.73; H, 8.32; N, 6.54.

Method C. Compound 8 (1.43 o 670 mmol) was added in a single nortion to a solution of PIFA (290 9. 674
wmethoa ompound & (1.43 g, 0 /0 mmoti) S agaed i a singie portgn 1o a soation o1 FirA {250 g, 0.74
mmaly dn O OCON 1IN K mmT Y and Aictillad IO 710 & el )\ and ctirerad af rAanm tamamaratiira fhe 8§ 8 b Tha
lllllIUl) I L E3IN \I\J.J llllJl alitl uidtinicu 1I)\J \IU - llllJ} atiyu Stiricu at 1ouuil LCllchlalulC 1oy 0.0 Il 11iC
PS4 _l : PR S R R tat 1TAN] T TN PRSP S 1

reactuion mrL) « ﬂ(l ITC(][CU WItN 1ZIN riLl, ana ine aqueous pnase was

5
separated and washed with Et,0 . The aqueous layer was concentrated under reduced pressure, and

the yellow solid (0.95 g) obtained was recrystalllzed twice from an EtOH/Et,0O solvent pair, affording 15-HCI
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(451 mg, 30%). An analytical sample was obtained by further recrystallization from EtOH/Et,0. M.p. 181-
183°C. IR (KBr): 3419, 3042, 2985, 1732, 1644, 1526, 1458, 1429, 1382, 1369, 1322, 1201, 1154, 1016 c¢m™

D QJ, RFAS; 1207 IV s

'H NMR (DMSO-dq) 8: 8.21 (bs, 3H, DO exch., NH; %), 3.62 (s, 3H, OCHs), 2.81 (dd, 1H, J = 9.36, 8.0

1-H), 2.04-1.97 (m, 2H), 1.83-1.66 (m, 2H), 1.24 (s, 3H, CHs), 1.12 (s, 3H, CH;), 0.81 (s, 3H, CH;) Be
NMR (DMSO-ds) 6: 173.82 (CO), 64.37 (C3), 51.92 (C1 or OCH;), 51.78 (OCH; or C1), 46.09 (C2), 34.38
(C4), 22.58 (CHs), 22.22 (C5), 21.95 (CHs), 20.00 (CH;). The 15-HCI (400 mg, 1.80 mmol) was dissolved in
MeOH (15 mL) and passed through a column of Amberlite IRA-400(OH) (11 mL), eluting with MeOH. The
eluate (65 mL) was concentrated under reduced pressure, affording 15 (220 mg, 66%) as an oil identical to that

obtained by Method A,

Methyl (15,3R)-3-acetylamino-2,2,3-trimethylcyclopentanecarboxylate (16). Compound 16 could also be
prepared by reacting 15 (320 mg, 1.73 mmol) with acetic anhydride (1.59 mL, 16.83 mmol) in pyridine (1.36
mL). Reaction conditions and work-up were as described for preparation of 14, except that chromatography
used 7:3 EtOAc/hexane as eluant. Compound 16 (310 mg, 79%) was isolated as a solid identical to that
obtained by Method A.

\} J
15 (15-HC) could also be prepared by treating 17 (1 g, 4.73 mmol) with a mixture of dioxan (25 mL)
0 mL) at room temperature for 2 h. Evaporation of the solvent afforded 15-HCI (1.03 g, 98%) as
a white solid identical to that obtained by AMethod C.

(18,3R)-3-Amino-2,2,3-trimethylcyclopentanecarboxylic acid (7). A solution of 17 (4.50 g, 21.3 mmol) in a

it AN

mixture of dioxan (112 mL) and 2N HCI (180 mL) was refluxed for 2 h. Evaporation of the solvent afforded

7HCl (433 g, 98%) as a white solid. An analytical sample was obtained by recrystallization from an
" . - 1 180N - 12 lyy Aoy
EtOH/Et,O solvent pair. M.p. 251-253°C. IR (KBr): 2981, 1724, 1586, 1505, 1380, 1179, 1153. 'H NMR

{ )
(DMSO-ds) §: 12.41 (bs, 1H, D,0 exch., CO;H), 8.05 (bs, 3H, D,0 exch, NH;'), 2.72 (dd, 1H, J = 8.90, 7.84
Hz, 1-H), 2.05-1.96 (m, 2H), 1.82-1.67 (m, 2H), 1.22 (s, 3H, CHz), 1.11 (s, 3H, CHs), 0.86 (s, 3H, CHs). "*C
NMR (DMSO-dg) 8: 175.48 (CO), 64.64 (C3), 52.26 (C1), 45.87 (C2), 34.53 (C4), 23.07 (CHs), 22.21 (C5),
21.96 (CHs), 19.70 (CHs).

A solution of 7-HCI (4.30 g, 20.7 mmol) in water (36 mL) was isolated on a column of Dowex SOWXS8-
200(H") (43.5 mL of resin, 74 mL of water). The column was eluted with water until the eluate had pH < 6,
and then with 14M NH,OH (750 mL). Concentration of the ammoniacal eluate under reduced pressure gave 7
(3.47 g, 98%). An analytical sample was prepared by recrystallization from an EtOH/Et,0 solvent pair. M.p, >
276°C (decomp). [a]n? +51.69° (¢ 1.42, H;0). IR (KBr): 3060, 2965, 2880, 2518, 2202, 1718, 1664, 1654,
1623, 1558, 1284. '"H NMR (D,0) &: 2.51 (dd, 1H,.J = 9.20, 4.32 Hz, 1-H), 2.07-1.72 (m, 4H), 1.12 (s, 3H,
CHz), 0.88 (s, 3H, CHs), 0.86 (s, 3H, CH;). '*C NMR (D,0) 8 185.51 (CO), 67.23 (C3), 59.13 (C1), 46.92

138 126 (R) 8 3) R274) 71 (28) NV 60 (15) 8RR (4) 67 (D)
1o0 ) &V » » - ] \¥ /) » ¥ I Ve V) fL &V, Jy VAL VU T, V)
58 (10), 57 (25), 56 (13), 55 (8), 53 (7). Caled. for CoH NG, (171.24): C, 63.13; H, 10.01; N, 8.18. Found: C,
L AL TT N ON,N\NT a AaAn
63.35; H, 9.89; N, 8.23

(1R,35)-N-(3-Hydroxymethyl-1,2,2-trimethylcyclopentyl)acetamide (19). A suspension of LiBH, (0.17 g,
7.72 mmol) in dry THF (26 mL) was refluxed for | h. The mixture was cooled to 40°C, a solution of 16 (500
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mg, mol) in dry THF (25 mL) was added dropwise, and the mixture was refluxed for 4 h. The reaction
was quenched by addition of iced water (100 mL) and the THF was removed using a rotary evaporator. The

aqueous mixture was extracted with CH,Cl, (3 x 100 mL), and the extracts were combined, dried over
anhydrous Na,SO, and evaporated to dryness. The doughy residue (0.32 g) was chromatographed on silica gel
(10 g), using 4:1 EtOAc/hexane as eluant. Hydroxy amide 19 (300 mg, 68%) was isolated as a white solid. An
analytical sample was obtained by recrystallization from a hexane/EtOAc solvent pair. M.p. 102-104°C. [a]p”
+65.7 (¢ 0.97, MeOH)_ IR (KBr): 3244, 2974, 1648, 1549, 1378, 1319, 1036, 1018 cm™. 'H NMR (CDCl;) 5:
6.01 (bs, 1H, D0 exch., NH), 3.71-3.57 (m, 2H, 3-CH,), 2.27 (t, 1H, D,0 exch., /= 4.55 Hz, OH), 2.09-1.78
(m, 4 H), 1.90 (s, 3H, CH:CO), 1.52-1.39 (m, 1H), 1.36 (s, 3H, CH;), 1.00 (s, 3H, CHz), 0.87 (s, 3H, CHa).

“C NMR (CDCl;) §: 170.35 (CO), 65.50 (3-CHs), 64.33 (C1), 49.05 (C3), 46.32 (C2), 35.84 (C5), 25.66
) 24 {(‘A\ 20.38 (CH;, .

1.--..;..; LV.I0 N i3
Z

b
19
14

~
7
e}

(15,3R)-3-Amino-2,2,3-trimethylcyclopentylmethanol (6). Method A. A solution of 19 (220 mg, 1.10 mmol)
in a mixture of 2N HCI (4 mL) and EtOH (4 mL) was refluxed for 10 days. The solvent was evaporated and
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mg) Wl‘llCl‘\ was cnromatooraphea on smca gel ( g), usmg l i Ll’izblz/MeUH as eluant
Amino alcohol 6 (50 mg, 29%) was isolated as a white solid. An analytical sample was obtained by
recrystallization from EtOAc. M.p. 132-134°C. [a])” +13.94 (¢ 0.18, MeOH). IR (KBr): 3312, 2957, 2870,
2641, 1616, 1508, 1458, 1158, 1129, 1025, 1004, 915 cm™. '"H NMR (CDCl:) &: 3.66 (dd, 1H, J=11.03, 1.40
Hz, 1-CHH), 3.39 (dd, 1H, J = 11.03, 3.12 Hz, 1-CHH), 1.92-1.79 (m, 4H), 1.55 (b, 3H, D,0 exch., NH; +
OH), 1.47-1.41 (m, 1H), 1.15 (s, 3H, CH.), 0.96 (s, 3H, CH:), 0.90 (s, 3H, CH;). *C NMR (CDCl) 6: 62.36
(1-CHy), 61.00 (C3), 51.61 (C1), 47.53 (C2), 39.07 (C4), 29.57 (CH5), 25.94 (CHa), 22.64 (C5), 18.12 (CH,).

........ L =2

1;), 25
EIMS m/z (%): 157 (1, M"), 142 (1), 127 (4), 126 (2), 114 (2), 109 (2), 98 (4), 96 (4), 95 (17), 84 (8), 79 (3)

""""" A7 \=/ »y STy AN, BV TSR )
77 (2), 71 (21), 70 (100), 69 (16), 67 (5), 58 (9), 57 (18), 56 (7), 55 (4), 53 (3). Caled. for CsHioNO (157.25):
C,68.74, H, 12.18; 1”, 89‘1. round: C, 68.93; H, 1234, N, 8 74

Method B. Amino acid 7 (4.00 g, 23.36 mmol) was added in two portions to a cooled (0°C), stirred suspension
of LiAlH,(2.22 g, 58.5 mmol) in dry THF (56 mL) under argon. The suspension was refluxed for 5 h, and then

its was stirred vigorously, cooled to 0°C and quenched by slow, successive addition from a dropping funnel of
water (95 mL), IN NaOU (4'7 mL) and CH;C!z (142 mL). After a further 30 min stirring, the solids were
filtered out and washed with CH,Cl, (500 mL), and the two layers of the filtrate were separated. The aqueous

v—o

layer was extracted with CH,ClL, (3 x 150 mL), and the extracts were combined with organic layer and
washings, dried over anhydrous Na,SO, and concentrated under reduced pressure. The resulting solid residue
(2.54 g) was chromatographed on silica gel (80 g), using 1:1 CH,Cl,/MeOH as eluant. First to elute was 20°
(520 mg, 15%), followed by 6 (1.45 g, 39%), which was isolated as a white solid identical to that obtained by

Method A.
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=n
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he vigorously stirred suspension was cooled to 0°C and then quenched by slow, successive addition
dropping funnel of wet ether and water. The solids formed were filtered out and washed with CH,Cl, (100 mL),
and the organic layer of the filtrate was separated. The aqueous layer was extracted with CH,Cl (3 x 100 mL),
and these extracts and the organic layer and washings were combined, dried over anhydrous Na,SO, and
concentrated under reduced pressure. Amino alcohol 6 (403 mg, 95%) was isolated as a white solid identical to
that obtained by Methods A and B.

{1S5,3R)-3-Acetylamiiio-2,2,3- :imcthylcyclopenty’imethyi acetate (21). Amin
mmol) was stirred with Ac,O (4 mL) in pyridine (4 mL). Reaction conditions and work-up were as
described for preparation of 14. Lompound 22 (170 mg, 79%) was isolated as a yellow oil. An analytical
sample was obtained by chromatography on silica gel (8 g), using 1:2 EtOAc/hexane as eluant. [a]p® +62.50 (¢
0.94, MeOH). IR (film): 3325, 2969, 1742, 1655, 1541, 1369, 1244, 1034 cm™. "H NMR (CDCl:) &: 5.38 (bs,
1H, D,0O exch., NH), 4.07 (dd, 1H, /= 10.88, 6.52 Hz, 1-CHH), 3.99 (dd, 1H, J=10.88, 7.76 Hz, 1-CHH),
2.16-1.81 (m, 4H), 2.02 (s, 3H, CH;CO), 1.92 (s, 3H, CH;CO), 1.41-1.30 (m, 1H), 133 (s, 3H, CHs), 1.03 (s,
3H, CHs), 0.82 (s, 3H, CH;). "C NMR (CDCls) 8: 171.54 (CO), 170.01 (CO), 66.67 (1-CH,), 65.47 (C3),
46.05 (C1), 45.12 (C2), 36 Hs), 24.74 (CH CO). 21.38 (CH:CO)

vvvvv 1), 451 6.43 s L)), SO (LHL0), 2158 (LA;L0)
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12. a) (1R)-(+)-1,8,8-Trimethyl-3-oxabicyclo[3.2. 1]Joctan-2-one (12): M.p. 210-211°C (lit."® m.p. 210-211°C).
'H RMN (CDCl3) 8: 4.47 (ddd, 1H, ./ = 10.73, 2 98, 1.77 Hz, 4exo-H), 4.10 (d, J = 10.73 Hz, 4endo-H),
2.19-2.03 (m, 2H), 1.92-1.68 (m, 3H), 1.17 (s, 3H, CHz), 1.10 (s, 3H, CH3), 0.97 (s, 3H, cag), “C NMR
(CDCL) &: 177.28 (CO), 74.43 (C4), 54.08 (

13. a) (1R,35)-(+)-(3-Hydroxymethyl-1,2,2-trimethylcyclopentylmethanol (13): M.p. 133-135°C (ht m.p.
133-134°C). 'H NMR (CDCl;) 8: 3,74 (dd, 1H, J = 10.23, 5.29 Hz, 3-CHH), 3.59 and 3.47 (AB syst
2H, J = 10.73 Hz, 1-CH,), 3.52 (dd, 1H, J =10.23, 8.27 Hz, 3-CHH), 2.14-1.89 (m, 2H), 1.66-1.

vvvvvvvvvvv Laiig,

2 Iz 5
1H), 1.43-1.30 (m, 2H), 1.19 (bs, 21, D,O exch., OH), | 3( 3H, CHs), 1.02 (s, 3H, CHs), 0.79 (s, 3H,

el B S lgf’* NIRADY 70T Y L0 LM Y MTTY N LE A /0 MAITY N rnn A DY A A AN £
Lriz). U INMR {(LDUIz) 00 0Y.02 (1-LIp), 00,07 (3-U1y), DU.Y4 (\,_)), 49.2) (L,u, 44 .40 u,z), 34.14 (C5),
25.92 (C4), 24.61 (CHs), 20.82 (CHs), 18.92 (CH:). EIMS m/z (3); 157 (1, M'-CHs), 154 (3, M"-H,0),

139 (73), 123 (100), 121 (32), 111 (16), 109 (23), 96 (15), 95 (32), 93 (22), 85 (42), 84 (18), 83 (27), 82
(22), 81 (67), 79 (22), 71 (47), 69 (57), 68 (25), 67 (45), 58 (34), 57 (41), 55 (59), 53 (21). Caled. for
Ci1oH200, (172.27): C, 69.72; H, 11.70. Found: C, 69.65, H 11.87. b) Johnson, T. H.; Klein, K.C., J. Org.
Chem. 1979, 44, 461-462.

14. Newman, M. S.; Fukunaga, T., J. Am. Chem. Soc. 1960, 82, 693-696.

15.a) (1R)-(+)-1,8,8-Trimethyl-3-azabicyclo[3.2 1]octane-2 4-dione (11): Mp. 249-250 °C (lit."™ m.p.
248°C); [a]p? +5.81 (¢ 0.98, MeOH) (lit"™™° [a]p® +1.6 in HCCl:); IR (KBr): 3210, 3087, 2966, 1728,
1687, 1366, 1317, 1268, 1230, 1192, 1102 cm™. "H NMR (CDCl;) 8: 7.70 (bs, 1H. D;O exch., NH), 2.62
d, TH, /=692 Hz 5-H), 2.29-2.17 {(m, 1H), 2.06-1 B0 (m 3H), | 18 (s, 3H, CH;), 1.04 (s, :
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