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Abstract A highly dmstezwselec~ve one-pot tandem hkhael-Mtchael addmon reactlon developed m a rotamencally locked 
conformatton IS described Reacuon of tsocyanates 8 - 13 with hydroxylactone 14 gave tandem Michael-Michael adducts 22 - 26 
m good to excellent yields The mtermedtate tncycl~ oxazohdmones consisted of rotamer patrs 16 - 19, and the rotauon bamers 
of some of these compounds were determined The tandem addmon reaction was highly accelerated by mtroducmg conformatum 
anchormg group X A new versatde synthesis of octahydroacndmes 27 - 29 usmg the tandem adducts IS also described 

L.ockmg of the conformatron of the reaction center to a desued form is a pivotal SubJect for bmldmg up a 

molecule stereoselectively Synthencally, such a conformation lockmg has often been accomplished by using a 

low reaction temperature and/or complexaaon with metals to resmct the bond rotatlon In view of conformanon 

locking, studies on the reactlvlty of stable rotamers would provide a model for understanding the relation 

between the xeacttvlty and the conformatlonal flexibility of the funcnonal groups 2 In rotamenc systems, several 

groups have reported that remarkable hfferences m reactlvrty exist between the rotamers m haloacetamldes,3 

fluorenes,a mptycenes,s and arykh-t-butylcarbmols 6 Since the successful preparation7 and lsolatlon of stable 

rotamer pairs at room temperature8 m the lsobenzofuro[7a,l-d]oxazole nng system, we naturally became 

interested m the reacttvlty of this skeleton As shown m Scheme 1, this skeleton mvolves a nucleophlhc center 

la lb 

Scheme 1 
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at C - 5a of the cyclohexane rmg 9 If an elecuophthc center 1s present m one of the ortho di-substttuents on the 

benzene rmg, it is hoped that the bulkmess of the conformatton anchormg group X would govern the nacttvtty 

of the subsequent Michael atron Based on this newpomt, we mvestigated the mtramolecular Michael 

addition between the electrophthc center on the orfho subsutuent of the benzene rmg and the nucleophthc center 

(C - 5a) of the cyclohexane rmg 

In this report, we describe mamly thtee aspects The fist topic 1s a one-pot, &asteteoselecttve tandem 

Mrchael-Mtchael teachon whtch controls the relattve configuratton of four conttguous asymmemc centers, three 

of which am quatemary The second 1s a stenc acceleratton due to the rotamenc conformatton lcckmg in the 

Michael reaction The third is a synthetic application of the tandem adduct to the preparation of the 

octahydtoacndme skeleton 

RESULTS AND DISCUSSION 

At first. we prepared 2’-ammocmnamates having E configuration Because the correspondmg Z isomers 

are often difficult to obtain m pure form due to their energeucally unfavorable configuration and have been 

reported to cychze eastly to the carbostynl denvatlves under acidic condmons 10 The requisite (E)-2’- 

lsocyanatocmnamates 8 - 13 were easily prepared by reactmg the correspondmg (E)-2’-ammocmnamates 2 - 

71m. 11 wtth phosgene 12 The stereochemical configuratton of all of the olefimc moiety in compounds 8 - 13 

was determmed to be E by the couplmg constants of the olefmic protons m the 1H NMR spectra 

NH, NC0 
x I) HCI 

ii) COCl* 
in Toluene 

Scheme 2 2 - 7 8 - 13 

Table 1 -on of Q-2’-wnqenatocmnametes or correspondmg mtrde 8 - 13 
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6 12 CoOMe 

7 13 COOMe 

3 R-&d W Et20 - n-hexane 

R2 

H 

H 

Me 

H 

H 

H 

X 

H 

H 

H 

OMe 

Cl 

Me 
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(46) bu (°C/mmHn) 

68 55-6 (128-S/2) 

49 49-51 (133-S/2) 

59 (131-2/z) 

84 11670) 

52 115-76 

70 48-9”) 
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The transformattons outlined m Scheme 3 demonstrate our sequential Mchael addmon reacuon Imnal 

feastblllty studies were conducted wtth the reactton of hydroxylactone 14 and tsocyanate 8 m acetomtnle at 

room temperatme. As expected, the mcychc oxazoltdmone 16 was obtamed m 83% yield in the presence of 5 

mol% of methylamlne (TEA). None of the tandem adduct 22 was found m the crude reactton mixture The *H 

NMR spectrum of compound 16 m C!DC!13 showed the presence of a rotamer pair 16a and 16b m the ratto of 

approximately 1 2 The stereochemtcal relatton was elucidated by NOE study, m which we detected clear 

sahuatton transfer from the dated signal of one rotamer to the other rotamer stgnal Thus these rotamers ate 

inseparable at room temperature. The rate constants of interconversion @A, b) between 16a and 16b were 

8 - 13 

Me 
‘. 

0 

18a - 21a 

Me 

22 - 26 

15 (R’=C02Me, R’=H, X=Me 
was Isolated ) 

Me 
‘. R’ R2 x 

16C02Me H H 
17 CN H H 

+ 
R, 18 C02Me Me H 

19 CO,Me H OMe 
20 CO,Me H Cl 

21 CO,Me H Me 
16b - 21b Compounds 20 and 21 

R’ X 
were not isolated 

22 C02Me H 
23 CN H 
24 C02Me OMe 
25 CO,Me Cl 

26 C02Me Me 

k2B 
I 

Rotamer b 

Hydroxylactone 1st step 

lsocyanate t 
- Carbamate 

kl 

kl rate constant of the 1 st step 
ku\ rate constant of the 2nd step to Rotamer a 
k2B Eitf3 constant of the 2nd step to Rotamer b 
kA, kB rate constant of lsomenzatlon 

k rate constant of the 3rd step 

Scheme 3 

Rotamer a 

Tandem Adduct 
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detennmed by the saturation transfer method.13 From these data, we esttmated the bamer to mnverslon of 16a 

to 16b to be AG# = 17 6 kcal/mol and that to the reverse process to be AGS = 17 9 kcal/mol at 25 “C! As we 

have already reported.8 the bamer to rotahon about the N - C bond for the o&o-OMe derwattve of this skeleton 

1s AG# = 13 kcaVrno1 and that of the orrho-Me dertvattve is Ad = 19 kcal/mol Therefore, the bulluness of the 

acrylic motety m compound 16 is cons&red to be larger than that of the OMe group to some extent and slightly 

smaller than that of the Me group wtth respect to the rotattonal behavtor 

On the contrary, when thts reactton was conducted m the presence of a stronger base catalyst such as 5 

mol% of 1,8-d.taxabrcyclo[5 4 Olundec-7ene (DBU) or 5 mol% of K2CO3 with 1 mol% of 18Crown-6, the 

mtermediate 16 was completely consumed and the tandem Mtchael-Michael adduct 22 was obtamed m 60% and 

68% yield, tespecavely The reactron proceeded quite dtastereoselecnvely, because we could not detect the 

formation of other stereoisomerS It ts obvrous that the tandem adduct 22 1s formed only from the rotamer 16a 

and not from 16b Since the rotational bamer of compound 16 is not high enough to prevent the 

interconversion between the totamers under the reactton condrttons.14 the formatton of the tandem adduct 22 is 

constdered to be the result of eqmhbnum control This successful result of the tandem atron prompted us to 

mvesngate the general apphcabthty of thus reacnon Table 2 shows the summary of the results 

Table 2 Reaction of hydmxylactone 14 with lsocyanates 8 - 13 m acetommle at room temperature 

Startmg R&Xhotl Bas& Products Yield mp d, 

material ttme (h) Tncvchc adduct Tandem adduct (%) 
Q 

8 16 TEA 16 83 207-S 

24 DBU 22 60 204-5 

16 KzCO~~) 22 68 

9 48 TEA 17 51 232-3 

24 DMAP 17 43 

48 DBU 23 38 285-7 

5 K2C03b) - 23 43 

10 24 DBU 18 57 162-3 

11 48 TEA 19a, 19b 24 46c) 23 1-2e) 

16 DBU 19b 24 83c) 

12 16 TEA 25 86 228-9 

3 DBU 25 86 

13 16 TEA 26 80 221-2 

3 DBU 26 77 

a) The amount of TEA, DBU, or DMAP (Wf,Wchmethylammopyndme) used was 5 mol% b) The amount of K2CO3 used was 5 

mol% with 1 mol% of 18-Grown-6 In the absence of 18Crown-6, the reactton was very slow c) Yield of tandem adduct 24 

Compounds 19a (32%) and 19b (8%) were Isolated usmg TBA as a catalyst, and the rotamer 19a remamed (20%) even SW for 

one week at room temperature Compound 19b (8%) was Isolated usmg DBU as a catalyst and 19a was completely converted to 

24 d) Recrystalhzed from Et20-CHC13 except for compound 23 Compound 23 was recrystalhzed from CHC13 e) Mp of 

compound 24 



A &astereoselective tandem Michael-Michael addmon 9725 

Reaction of isocyanate 9 and 14 gave the mcychc oxazohdmone 17 (TEA or DMAP as a catalyst) and 

the tandem adduct 23 (DBU or K2CO3 as a catalyst), although the yields were somewhat lower than those of 8 

and 14 In case of lsocyanate 10, we could easdy obtam the mcychc compound 18 However, compound 18 

&d not pve the tandem adduct even under a severe reacnon con&non (at 60 “C for 6 h usmg DBU as a catalyst) 

and gradually decomposed to give amhne 4 and some unidentifiable mater& The rotational bamers for 

compounds 17 and 18 were considered nearly equal to that of compound 16, because we did observe 

saturation transfer m the NOE expenments of these compounds at 25 ‘C 

We next mtended to resmct the rotanon about the N-C bond more ngldly to lock the conformanon of the 

reacnon center of the tandem Michael addmon by mtmducmg another orrho-substituent X To our surprise. the 

mtroduchon of the subshtuent X slgmficantly changed the reactlvlty of the subsequent Michael addmon 

Treatment of 11 and 14 with TEA catalyst m acetomtnle gave three products which were easily 

separated by column chromatography Two of them were Idennfied to be the mcychc oxazohdmone 19a (32%) 

and 19b (8%) and the third component was the tandem adduct 24 (46%) The stereochemlcal structures of 

these compounds were elucidated by NOE expenments When each of the pure compounds 19a or 19b was 

heated above its meltmg point for 1 mm , we obtamed the rotamer mixture m a ratlo of approximately 19a 19b 

= 3 7 m both cases. Therefore, compounds 19a and 19b are a rotamer pair due to the resmcted rotation about 

the N - C bond The barners to rotation were determmed by measuring the rate constants of thermal 

lsomenzanon of each rotamer From the data, the barner to rotanon of the 19a to 19b process was estimated to 

be AG# = 29 4 kcal/mol, that to the reverse process to be AG# = 30 5 kcal/mol at 111 ‘C and the eqmhbnum 

constant K = a/b = 0 25 m favor of rotamer 19b In the case of DBU catalyst, the reaction of 11 and 14 gave 

the tandem adduct 24 m 83% yield, together with rotamer 19b m 8% yield 

Although the barners to rotanon of rotamers 19a and 19b are high enough to prevent the lsomenzatlon 

at room temperature, we exammed the posslblhty of DBU-catalyzed lsomenzafion of these compounds by using 

NMR Treatment of pure 19a with 5 mol% of DBU m CD3CN at room temperature for 20h gave a mixture of 

24 19b amlme 5=85 4 11 After 90h, the reaction slowly proceeded and the ratio was 24 19b 5=86 2 12 

Similarly, treatment of pure 19b gave a mixture of 24 19b 5~20 70 10 (after 20h) and 24 19b 5~60 20 20 

(after 90h) In both cases, rotamer 19a was completely converted to 24 Therefore, DBU-catalyzed slow 

lsomenzatlon really exist m these reactions This lsomenzatlon and amhne formation should be attnbutable to 

the rerro-Michael addmon of rotamers as shown below As the rate of lsomenzanon 1s slow, we believe that the 

tandem reaction proceeds; mamly under the kmehcally controlled condmon 15 

DBU Me Me 
Rotamer a L 
Rotamer b - 

Scheme 4 Ar 

Expenmental results of the reacnons of lsocyanates 12 or 13 with hydroxylactone 14 were very simple 

We obtamed the tandem adducts 25 or 26 m high yields not only using DBU as a catalyst but also even usmg 

TEA as a catalyst We checked the by-product dumbunon m these reactions However, we could detect only 

the formanon of small amounts of amlmes 6 or 7, but none of the rotamers 20 or 21 were found m the reaction 

mixture Although the reason for the site selectivity m this reactlon IS not clear at present, these results suggest 
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that the site selectlvlty of the lnihal Mxhael ad&uon IS highly biased toward the rotamers 20a or 21a Because, 

as 111 the case of compound 19, the rotahon bamers of compounds 20 or 21 are considered to be very ingh, one 

of the rotamers 20b or 21b should be obtamed if the site selectivity 1s not so highly biased 

Therefore, we next med to isolate the rotamers 20a or 21a by quenching the reaction before the 

completion of the tandem reacaon We camed out the reaction of 13 and 14 with TEA catalyst and quenched 

the reachon after 2 h by adding acetic acid The 1H NMR analysis of the crude reaction mixture followed by 

column chromatography revealed the formahon of carbamate 15 (50%) and the tandem adduct 26 (25%) 

Although the stamng matenals, 13,14, and the formation of small amounts of unidentifiable materials were 

detected, twne of the mtermedtate t~~cyck compound21 was found’ 

These observahons can be ranonahzed as follows Our sequenual reacnons consist of three bond- 

formmg steps The first step 1s the carbamate formahon, the second step 1s the mcycbc oxazohdmone formation 

and the thud step 1s the C-C bond formaaon gvmg the final adduct as shown 111 Scheme 3 

In the case where the conformaaon anchormg group was very small (X = H), we could not obtain the 

tandem adducts 22 or 23 m the TEA-catalyzed macoon Therefore, kg should be zero and if we wish to prepare 

22 under TEA-catalyzed condmons, the rate determmg step IS the thnd step In the case of a larger anchormg 

group (X = OMe), k3 became large because we could obtam the tandem adduct 24 m moderate yield even using 

TEA as a catalyst, When the conformation anchonng group 1s large enough (X = Me or Cl), the reaction rate of 

the third step becomes much larger Once mcychc adducts 20 or 21 are formed, then bamers to rotanon about 

the N - C bonds are considered to be higher than that of compound 19 because the Me or Cl group 1s bulher 

than the OMe group 16 Their nucleoptuhc and electroptnhc reaction centers are then spatially very close, and 

their conformational movements are much more restncted than that of compound 19 by the conformation 

anchormg group X Thus the subsequent Mchael ad&non 1s highly accelerated (k3 becomes very large), and 

the reaction can proceed even using a weak base catalyst such as TEA, resulnng in high yields Consequently, 

the hfenme of the mtermedlate rotamers 20 or 21 becomes too short to isolate them These results are new 

examples of stenc acceleranon due to the conformation lockmg 

The stereochemical configuration of C-8 of the tandem adducts 22 - 26 was determined by the CH-NOE 

study Inzbation of 8-H enhanced tbe signals of C-7, C-8, C-9,8-CH2, C-15, and COzVe If the location of 

8-H 1s on the opposite side of the lactone nng hke isomer B. the NOE would never be observed between 8-H 

and C-15 Therefore, the stereochemlcal structure was determined to be isomer A as shown m Scheme 5 We 

reconfirmed the stereochemistry of the tandem adduct by X-ray crystallographic analysis of compound 24 as 

shown m Figure 1 The asymmemc unit of this crystal consisted of a pnr of 1R and 1S isomers Thus, we 

determined the relanve configuration of the asymmetnc centers of the tandem adducts 22 - 26 to be lR*, 2R*, 

8R* and 9S*, and only the 1s form 1s shown m this paper These results suggest that the tandem addition 

proceeds VUI energetically favorable s - trans conformation in the C arom-CH= bond of the olefunc moiety 

w ; Hydrogen irradiated 
- ; CH-NOE observed 

carbon 

Isomer 

Scheme 5 1 R*, 2R*, 8R*, $iS 

0 
& 0 CO;Me 

Me LIP= ,4--- 0 

H Isomer B 

1 IT*, 2R*, 8S*, QS 
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Figure 1 Computer generated crystal structure for compound 24. 

Since the tandem Michael-Michael adducts have many functional groups of their own, we sought the 

synthetic utlhty of these compounds We studied the base-promoted cleavage of the oxazohdmone nng of the 

tandem adduct 17 After several mals, we found that cleavage of the oxazohdmone nng proceeded cleanly by 

merely heating the tandem adduct m the presence of an eqmmolar amount of NaOMe m MeOH to afford the 

octahydroacndme m high yield The stereochemlstry of the octahydroacndmes 27 - 29 were also deternnned 

by U-I-NOE and NOESY measurements By the n-radlatlon of 9-H, we observed enhancements at C-4a, C-8a, 

C-9, C-9a, C-lOa, and both ester OMe groups In NOESY measurement, 4a-acetyl Me group showed cross 

peaks between 9-H and 9a-C@Me Therefore, the locanon of 9-H IS on the same side of the 4a-acetyl and 9a- 

COzMe groups 

27 X=H 

22, 24, and 25 
MeONa 

28 X=OMe 
MeOH 

MeOOC - 29 X=CI 

Scheme 8 ‘COOMe 

Conceptually, the chemistry described here provides a new model for the conformatlon locking of the 

reaction center For synthetic purposes, sequential C - N followed by a C - C bond-formmg process would 

provide a useful methodology for buddtng up a new mtrogen-contammg heterocychc rmg system Moreover, It 

should be noted that quaternary centers are also easily formed by this methodology We are currently 

mvestlganng extension of the reactions m this rotamenc system 
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EXPERIMENTAL SECTION 

Commercially avatlable chemicals were of reagent grade, and used without further puIlficatlon unless 

othemse stated Acetommle was dned over molecular sieves 3A Melting points were determmed on a hot 

stage apparatus, and were uncorrected IR spectra were recorded on a SHIMADZU IR-440 spectmphotometer 

NMR spectra were recorded on a Vanan Gemm1200 (2OOMHz). or a JEOL JNM-GSX400 (400MHz) 

spectrometer m CDC13 or DMSO-4 solunons with tetramethylsllane as an internal standard Throughout this 

secnon chemical shifts (s) are @ven m ppm and couplmg constants Q are given m Hz Mass spectra were 

obtained on a HITACHI M-80 spectrometer using the electron impact (BI) or the chemical lomzanon (CI) 

method 

General Procedure for the preparation of (E)-2’-isocyanatocinnamates or 

cinnamonitrile (8 - 13): Cauhon, Phosgene 1s highly toxic The reaction should be carned out m a well- 

vennlured hood To a stirred solutton of aniline (2 - 7) (50 mmol) m toluene (100 mL) was mtroduced 

hydrogen chlonde for 20 mm under Ice-coolmg. The resulted suspension of the amhne hydrochlonde was 

heated to 90°C and phosgene (generated by the dropwtse addmon of mchloromethyl chlorofoxmate (15 mL) to 

active charcoal (1 g)) was introduced durmg 2 - 4 h to this suspension After cooling, toluene was removed 

under reduced pressure Et20 was added to the residue and msoluble matenals were filtered off The Et20 

soluble potion was concentrated and punfied by dlsnllaaon or recrystalhzanon 

Methyl (E)-2’4socyanatocinnamate (8): IR(KBr) v 2280(NCO), 1720(C=O)cm-1, 1H 

NMR(CDC13) S 3 82(s, 3H, OMe), 6 46(d, J=16, lH, =CHCO), 7 lS(m, 2H, 3’-H, 4’-H), 7 33(dt, J=l 5 

and 8, lH, 5’-H), 7 57(dd, J=l 5 and 8, 6’-H), 7 94(d. J=16, lH, Carom-CH=), 13C NMR(CDC13) 6 

51 78(OMe), 119 96(CH), 126 04(CH), 126 88(CH), 127 35(CH), 128 77, 131 08(CH), 132 76, 

139 38(CH), 166 95(C=O), MS(C1) m/z 204(M++l, lOO%), 146(24), Anal Calcd for Cl tHgN03 C, 65 02, 

H, 4 46, N, 6.89% Found C, 65 15, H, 4 50, N, 7 13% 

(W2’4socyanatocinnamonitrile (9): IR(KBr) v 2250(NCO), 2210(CN)cm-*, 1H NMR(CDCl$ 

6 5 95(d, 5=16, lH, =CHCN), 7 20(m, 2H), 7 4O(dt, J=l7 and 7 7, lH, 5’-H), 7 50(dd, J=l 7 and 7 7, lH, 

6’-H), 7 66(d, J=16, lH, Carom-CH=), 13C NMR(CDC13) 6 98 47(CH), 117 86(CN), 126 29(CH), 

126 75(CH), 127 24(CH), 127 75, 132 12(CH), 132 80, 145 44(CH), MS(C1) m/z 171(M++l, 80%), 

145(56), Anal Calcd for C1$I&O C, 70 58, H, 3 55, N, 16 46% Found C, 70 98, H, 3 79, N, 16 86% 

Methyl (E)-2’-isocyanato-t-methylcinnamate (10): IR(Neat) v 2280(NCO), 1720(C=O)cm-1, 

lH NMR(CDC13) 6 2 Ol(d, J=l 5, 3H, Me), 3 83(s, 3H, OMe), 7 12-7 35(m, 4H), 7 71(q, J=l 5, lH, - 

CH=), l3C NMR(CDCl3) 6 14 09(Me), 52 13(OMe), 125 48(CH), 125 57(CH), 129 31(CH), 129 83(CH), 

131 10, 131 26, 132 37, 134 38(CH), 168 24(C=O), MS(C1) m/z 218(M++l, 42%), 192(45), 160(100), 

Anal Calcd for C12HtlN03 C, 66 35, H, 5 10, N, 6 45% Found C, 66 74, H, 4 90, N, 6 47% 

Methyl (E)-2’-isocyanato-3’-methoxycinnamate (11): IR(KBr) v 2260(NCO), 1715(C=O), 

1640cm-1, 1H NMR(CDC13) 6 3 81(s, 3H, COzMe), 3 96(s, 3H, OMe), 6 48(d, 5=16, lH, =CHCO), 

6 89(dd, J=7 and 2 6, lH, 4’-H), 7 15(m, 2H, 5’ and 6’-H), 7 98(d, 3=16, lH, Carom-CH=), 13C 

NMR(CDC13) 6 51 58(ester OMe), 56 04(OMe), 111 79(C-4’), 112 6O(C-2’), 119 14(CH), 119 95(CH), 

124 03(NCO), 125 76(C-5’), 128 95(C-l’), 140 18(C arom-CH=), 154 31(C-3’), 167 69(C=O), MS(C1) m/z 

234(M++l, lOO%), 190(14), Anal Calcd for C12HllN04 C, 61 79, H, 4 75, N, 6 01% Found C, 6164, H, 

4 70, N, 6 00% 
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Methyl (E)-3’-chloro-2’4socyanatocinnamate (12): IR(KBr) v 2260(NCO), 1715(C=O)cm-1, 

tH NMR(CDCl3) S 3 83(s, 3H, C@Me), 6.47(d, J=l6, 1H. =CHCO), 7 15(t, J=7 7, lH, S-H), 7 46(m, 

2H, 4’ and 6’-H), 7.96(d, J=16, IH, Carom-CH=), *3C NMR(CDCl3) 6 51.75(OMe), 121 16(CH), 

125 9l(CH). 126 42(CH), 130 81, 131 M(CH), 131 48(CH), 132.67(CH), 139 74(CH), 167 28(C=O), 

MS(CI) m/z 238(M++l. lOO%), 240@4++3.35%), 180(53), Anal Calcd for CttH$lN@* C, 55 60, H, 3 39, 

N, 5.89%. Found: C, 55 41, H, 3 47, N, 6 14% 

Methyl (E)-2’-isocyanato3’-methylcinnamate (13): IR(KBr) v 2280(NCO), 17lO(C=O)cm-1, 

lH NMR(CDCl3) 6 2.38(s. 3H, Me), 3 83(s, 3H, COzMe), 6 44(d, J=16, lH, =CHCO), 7 12(t, J=8, lH, 5’- 

H), 7 24(d, J=8, lH, 6’-H), 7 43(d, J=8, lH, 4’-H), 7 99(d, J=16, lH, Carom-CH=), t3C NMR(CDCl3) 6 

18 37(Me), 51 60(OMe), 120 13(CH), 125 08(CH), 126 OO(CH), 129 34, 132 04, 132 45(CH), 134 82, 

140 33(CH), 167 52(C=O), MS(C1) m/z 218(M++l, 100%). 160(40), Anal Calcd for Ct2HttN03 C, 66 35, 

H, 5 10, N, 6 45% Found C, 66 21; H, 5 16, N, 6 75% 

General Procedure for the preparation of Compounds 16 - 26 To a stured soluaon of 

hydroxylactone7 14 (5 mmol) and lsocyanate 8 - 13 (5 mmol) m anhydrous acetommle (10 mL) was added an 

appropnate catalyst (0 25 mmol) at room temperature The reaction was monitored by TLC or tH NMR 

spectroscopy After the reaction had finished, several drops of acetic acid was added and acetommle was 

removed under reduced pressure The residue was dtssolved m small quantity of CHCl3 followed by gradual 

ad&non of Et20 to gave compounds 16 - 26 For the separauon of rotamers 19a, 19b, and tandem adduct 

24, the residue was chromatographed on s&a-gel (eluent CHC13 AcOEt = 20 1) 

Methyl (E)-(3aR*,5aR*,9aR*)-2’-(2,5-dioxo-3a-methyl-1,2,5,5a,6,7,8,9-octahydro- 

3aH-isobenzofuro[7a,l-dloxazol-1-yl)cinnamate (16): 

lnseparubk rofamer mtxture (I b=I 2, IR(KBr) v 177O(C=O), 1720(C=O)cm-1,lH NMR(CDCl3) 6 103(m, 

lH, 7-H,,), 1 40-l 80(m, 5H, 7-I-&, ~-HZ, 6-H,, 9-H& 1 95(s, lH, 3a-Me of rotamer a), 198(s, 2H, 3a- 

Me of rotamer b). 2 05-2 20(m, 2H, 6-I-&,, 9-I-I& 2 47(dd, J=7 and 12,0 33H, 5a-H of rotamer a), 2 95(dd, 

J=7 and 12,O 67H, 5a-H of rotamer b), 3 82(s, 3H, C@Me), 6 42(d, J=16, 0 33H, =CHCO of rotamer a), 

6 48(d, J=l6, 0 67H, =CHCO of rotamer b), 7 13(dd, J=2 8 and 6.0 67H, 3-Ham,,, of rotamer b), 7 22(dd, 

J=2 8 and 6, 0 33H, 3-Harem of rotamer a), 7 52(m, 2H), 7 58(d, J=l6, 0 33H, Carom-CH= of rotamer a), 

7 72(d, J=16, 0 67H, Carom-CH= of rotamer b), 7 80(m, lH), t3C NMR(CDCl3) 620 70(3a-Me), 21 21(3a- 

Me), 2145(CHz), 21 51(CH2), 22 OO(CH& 25 38(CH2), 26 44(CH2), 27 Ol(CH2). 27 5l(CH2), 44OO(C- 

5a), 44 99(C-5a), 51 90(COzMe), 51 99(C02Me), 69 95(C-9a), 70 28(C-9a), 110 22(C-3a), 110 41(C-3a), 

121 14(CH), 123 12(CH), 128 05(CH), 128 42(CH), 130 39(CH), 130 85(CH), 13149(CH), 131 56(CH), 

131 88, 132 26, 132 59(CH), 135 35, 135 88, 138 26(CH), 139 36(CH), 152 91(C-2), 153 46(C-2), 

166 02(COzMe), 166 68(COzMe), 172 58(C-5). 173 28(C-5). MS(C1) m/z 372(M++l, 43%), 340(27), 

296(33), 169(85), 15l(lOO), Anal Calcd for C2&tNO6 C, 64 68, H, 5 70, N, 3 77% Found C, 64 30, H, 

5 71, N, 400% 

(E)-(3aR*,5aR*,9aR*)-2’-(2,5-dioxo-3a-methyl-1,2,5,5a,6,7,8,9-octahydro-3a~- 

isobenzofuro[7a,l-dloxazol-1-yl)cinnamonitrile (17): 

mseparuble rorumer mlxrure a b=l 3, IR(KBr) v 2250(CN), 1780(C=O)cm-1, tH NMR(CDCl3) 6 1 OO(m, lH, 

7-H&, 1 35-l 9O(m, 5H, 7-Heq, ~-HZ, 6-Hax, 9-H&, 1 99(s, 0 75H, 3a-Me of rotamer a), 2 02(s, 2 25H, 

3a-Me of rotamer b), 2 05-2 30(m, 2H, 6-Heq, 9-&q), 2 4O(dd, J=6 and 11, 0 25H, 5a-H of rotamer a), 

2 91(dd, J=6 and 11,O 75H, 5a-H of rotamer b), 5 94(d, J=16,0 25H, =CHCN of rotamer a), 5 96(d, 5~16, 
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075H. =CHCN of rotamer b), 7 15(m, lH, 3-H =ern), 7.32(d. J=16, 0 25H. Carom-CH= of rotamer a), 

7 42(d, J=l6.0 75H, Cam,-CH= of rotamer b), 7 55(m, 2H), 7 70(m, 1H); 13C NMR(CDC13) S 20 88(3a- 

Me), 21 19(3a-Me), 21 62(CHz), 21 72(CH2), 21.98(CH2), 25 92(CH2), 26 28(CHz), 27 19(CH2), 

27 35(CH2), 44 31(C-5a), 44 89(C-5a), 70.23(C-9a), 100 09(=CHCN), 101 61(=CHCN), 110 40(C-3a), 

117 40(CN). 127 4l(CH), 127 68(CH), 130 54(CH), 13161((X), 131 79(CH), 132 42(CH), 132 68(CH), 

134 60, 144 17(Ca,,,-CH=). 145 44(C morn-CH=), 151 2(C-2), 152 5(C-2), 172 94(C-5), MS(CI) m/z 

339(M++l, lOO%), 171(38), 151(40), Anal Calcd for C&-I1gN204 C, 67 45, H, 5 36. N, 8 28% Found C, 

67 16, H, 5 44, N. 8 28% 

Methyl (E)-(3aR*,SaR*,9aR*)-2’-(2,5-dioxo-3a-methyl-l,2,5,5a,6,7,8,9-octahydro- 

3aH-isobenzofuro[7a,l-dloxazol-l-yl)-2-methylcinnamate (18): 

inseparuble rommermwe cr.b=Z I; IR(KBr) v 1805(CkO), 1765(C=O), 1710(C=O)cm-l, lH NMR(CDCl3) 6 

1 OO(m, 0 5H). 108(m, 0.5H). 132-l 62(m, 3H), 1 65-l 85(m, 3H). 1 85-2 20(m, 2H), 193(s, 1 5H, 3a- 

Me), 195(s, 1 5H, 3a-Me), 2 05(d, 3H. olefin Me), 2 35(dd. J=7 and 12, 0.5H, 5a-H of rotamer a), 3 02(t, 

J=7,0 5H, 5a-H of rotamer b), 3 82(s, 3H, OMe), 7 18(d, J=8, 0 5H, 3-H,, of rotamer b), 7 23(d, J=8, 

0 5H, 3-Harem of rokxmer a), 7 42-7 55(m, 3 5H. 4. 5, 6-H arom and Carom-CH= of rotamer a), 7 65(br s, 

0 5H. Carom-CH= of rotamer b), 13C NMR(CDC13) 6 14 14(olefin Me), 14 Zl(olefin Me), 20 39(3a-Me), 

21 19(CH2), 21.24(CHz), 21 35(3a-Me), 22 lO(CH2), 24 75(CH2), 26 59(CH2), 26 78(CHz), 27 64(CH2), 

43 76(C-5a), 45.16(C-5a), 52 18(OMe), 52.32(OMe), 69 79(C-9a), 70 16(C-9a), 110 06(C-3a), 110 19(C- 

3a), 129 45WI-I). 129 80(CH), 129 84(CH), 129 9O(CH), 130 77(CH), 131 27(CH), 131 34(CH), 131 56, 

13178, 132 17(CH), 132 26(CH), 132 89, 133 66(CH), 135 34(CH), 137 20, 137 44, 152 56(C-2), 

153 12(C-2). 167 73(ester CO), 168 30(ester CO), 172 74(C-5), 173 36(C-5), MS(C1) m/z 386(M++l, 73%), 

354(65), 310(100), 151(43), Anal Calcd for C2&3N06 C, 65 44, H, 6 01, N, 3 63% Found C, 65 04, H, 

5 82, N, 3 70% 

Methyl (E)-(3aR*,SaR*,9aR*)-2’-(2,5-dioxo-3a-methyl-1,2,5,5a,6,7,8,9-octahydro- 

3aH-isobenzofuro[7a,l-d]oxazol-l-yl)-3’-methoxycinnamate, rotamer a (19a): 

less mobile on TLC compared to 19b (silica gel, eluent, CHC13 AcOEt = 9 l), mp 214-5’C(CHC13 - Et20), 

IR(KBr) v 178O(C=O), 1710(C=O)cm- l, lH NMR(CDCl3) 6 108(m, lH, 7-H&. 130-l 50(m. 2H, 7-I&,-,, 8- 

Ha=), 1 50-l 65(m, 3H, S-I&,, 6-H ax, 9-Hax), 1 92(s. 3H, 3a-Me), 2 00-2 lO(m, 2H, 6-Heq, 9-He& 

2 75(dd, J=7 and 12. lH, 5a-H), 3 83(s, 3H, C&Me), 3 87(s, 3H, OMe), 6 42(d, J=16, lH, =CHCO), 

7 05(d, J=8, 1H. 4-Ham,,,), 7 30(d, J=8, lH, 6-Hare,,,), 7 45(t, J=8, lH, 5-Harum), 7 63(d, J=16, lH, Ca,,- 

CH=), 13C NMR(CDCb) 620 81(3a-Me), 21 48(C-8), 21 53(C-7), 25 18(C-6), 25 73(C-9), 45 03(C-5a), 

5193(-e), 56 05(OMe), 70 93(C-9a), 110 49(C-3a), 113 62(Carom-4), 119 84(C,,,-6), 12174(C,,,- 

2). 122 6O(=CHCO), 130 95(&n,,,,-5). 136 79(&,,,,-l), 139 12(Ca~o,,,-CH=), 153 66(C-2), 157 59(Carom- 

3). 166 23(COzMe), 172 98(C-5). MS(C1) m/z 402(M++l, lOO%), 326(70), Anal Calcd for C21H23N07 C, 

62 84, H, 5 78, N, 3.49% Found C, 62 56, H, 5 72, N, 3 51% 

Methyl (E)-(3aR*,SaR*,9aR2)-2’-(2,5-dioxo-3a-methyl-1,2,5,5a,6,7,8,9-octahydro- 

3a~-isobenzofuro[7a,l-dloxazol-l-yl)-3’-methoxyc~nnamate, rotamer b (19b): 

mp 199-201’C(CHClyEt20), IR(KBr) v 178O(C=O), 1710(C=O)cm-1; 1H NMR(CDC13) 6 105(m, lH, 7- 

Hax), 1 30-l 80(m, JH, 7-I-&, 8-H2,6-H ax, 9-H&, 1 96(s, 3H, 3a-Me), 2 00-2 lO(m, 2H, 6-I&+ 9-H&, 

2 68(dd, J=7 and 11, 1H. 5a-H), 3 79(s, 3H, OMe), 3 81(s, 3H, COzMe), 6 45(d, J=16, lH, =CHCO), 

7 05(dd, J=l and 8, lH, 4-Harem), 7 33&l, J=l and 8, lH, 6-H arom). 7 45(& J=8, lH, 5-Harod. 7 74(d, 
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J=16, lH, Carom- CH=), 13C NMR(CDC13) 620 51(3a-Me), 2141(C-8), 21 54(C-7), 25 57(C-6), 28.02(C- 

9). 43.49(C-5a), 5175(COMe), 55 33(OMe). 70 36(C-9a), 110 49(C-3a), 113 57(Camm-4). 119 46(C&m- 

6), 12125(=CHCO), 12153(C,,-2), 131 37(C amm-5). 137 14(Camm-1). 140 4O(c&&H=), 153 54(C- 

2), 157 75(Cam,n-3). 167 16(C@Me), 174.28(C-5), MS(CI) m/z 402(M++l, lOO%), 326(20), Anal Calcd for 

C21H23N@’ C, 62.84; H, 5.78, N. 3 49% Found. C, 62 62. H, 5 72. N. 3.44% 

(1R*,2R*,8R*,9S8)-5-Aza-3,14-dioxa-4,15-dioxo-8-methoxycarbonylmethy1-2- 

methyl-benzo[6,7]tetracyclo[7.4.0.2.*~901~5]pentadecane (22): 

IR(KBr) v 178O(C=O), 1735(C=O)cm -1,lH NMR(CDCl3) 6 12O(m, lH, 1 l-H=). 128-l 4O(m, 2H, 13-I-&, 

10-H,) 1.50-1.64(m. 3H, ll-He,, 12-Hz), 1 80-l 95(m. 2H, 13-K* 10-H,). 192(s, 3H, 2-Me), 2 85(m, 

lH, one of the 8-CHz), 3 37(m, lH, 8-H), 3 42(m, lH, one of the 8-CH2). 3 68(s, 3H, C@Me), 

7.20(d.J=8, lH, 3’-H), 7 34(t, J=8, lH, 4’-H), 7 39(t, J=8, IH, 5’-H), 7 44(d, J=8, lH, 6’-H), 13C 

NMR(CDC13) S 16 87(C-12), 17 2O(C-11), 21 26(2-Me), 24 46(C-lo), 25 89(C-13). 30 82(8-CH2), 

38 76(C-8). 52 17(OMe), 55 29(C-9), 69 08(C-1). 108 53(C-2). 125 24(C-3’). 125 68(C-6’), 128 02(C-4’), 

128 33((X), 132 21(C-6 or 7), 134 37(C-6 or 7). 15178(C-4), 171 59(ester GO), 176 29(C-15), MS(CI) 

m/z 372(M++l, lOO%), Anal Calcd for QoH2tN06 C, 64 68, H, 5 70. N, 3 77% Found C. 65 01, H, 

5 80, N. 3 88% 

(lR*,2R*,8R*,9S*)-5-Ata-3,14-dioxa-4,15-dioxo-S-cyanomethyl-2-methyl- 

benzo[6,7]tetracyclo[7.4.0.2.*~9Ol~~]pentadecane (23): 

IR(KBr) v 1785(C=O)cm-1,lH NMR(CDC13) 6 1 25(m, 1H). 1 37(m. lH), 150-l 70(m, 4H). 182(m, lH), 

190(m, lH), 193(s, 3H, 2-Me), 3 03(dd, J=9 and 17, one of the 8-CH2), 3 2O(dd, J=4 and 9, 8-H), 

3 4O(dd, J=4 and 17, one of the 8-CH2), 7 42-7 55(m, 4H), 13C NMR(DMSO-de) S 14 85(8-CH2). 17 19(C- 

12), 17 59(C-1 l), 20 80(2-Me), 24 71(C-lo), 25 39(C-13), 37 64(C-8), 54 17(C-9). 67 94(C-I), 108 96(C- 

2), 119 58(CN), 124 57(CH), 126 OS(CH), 127 4O(CH), 128 43(CH), 130 09(C-6), 133 91(C-7), 150 82(C- 

4), 176 22(C-15), MS(C1) m/z 339(M++l, lOO%), Anal Calcd for C19HlgN204 C, 67.45, H, 5 36, N, 

8 28% Found C, 67 41, H, 5 36, N, 8 18% 

(1R*,2R+,8R*,9S*)-5-Aza-3,14-dioxa-4,lS-dioxo-6’-methoxy-8- 

methoxycarbonylmethyI-2-methyl-benzo[6,7]tetracyclo[7.4.O.2.*~~O~~~]pentadecane (24): 

IR(KBr) v 178O(C=O), 1730(C=O)cm- l, lH NMR(CDC13) 6 1.05-l 20(m, 2H, 11-Hax, lo-Ha,), 1 25- 

1 35(m. lH, 13-Hax) 1 56-l 63(m, 3H, 11-I&+ 12-Hz). 1 83(m, lH, 10-H.& 195(s. 3H, 2-Me), 190- 

2 OO(m, lH, 13-H,&, 2 8l(dd, J=ll and 16, lH, one of the 8-CH2), 3 32(dd, J=2 and 11, lH, 8-H), 

3 42(dd, J=2 and 16, lH, one of the 8-CH2), 3 66(s, 3H, CaMe), 3 9O(s, 3H, OMe), 6 91(d, J=8, 1H. 3’- 

H), 6 97(d, J=8. lH, 5’-H), 7 32(t, J=8, lH, 4’-H), 13C NMR(CDC13) 6 16 2O(C-12), 16 75(C-11), 

21 40(2-Me), 23 68(C-lo), 25 38(C-13), 30 83(8-CHz), 39 25(C-8), 52 Zl(ester OMe), 55 76(C-9), 

56 20(OMe), 69 81(C-l), 108 81(C-2), 111 67(C-5’), 117 lO(C-3’), 122 95(C-6), 129 41(C-4’), 134 82(C- 

7), 151 63(C-4). 155 69(C-6’), 171 63(ester GO), 176 32(C-15), MS(C1) m/z 402(M++l, 100%). 358(47), 

286(26), Anal Calcd for QlH23N07 C, 62 84, H, 5 78; N, 3 49% Found C, 62 62, H, 5 65, N, 3 50% 

(1R*,2R*,8R*,9S*)-S-Aza-6’-chloro-3,14-dioxa-4,lS-dioxo-8-methoxycarbonyl- 

methyl-2-methyl-benzo[6,7]tetracyclo[7.4.0.2.*~9Ol~~]pentadecane (25): 

IR(KBr) v 1770(&O), 1730(C=O)cm- I, lH NMR(CDC13) 6 1 05-l 38(m, 3H, 11-Hax, 13-Hax, 10-H& 

1 50-l 70(m, 3H, 1 l-H,+ 12-Hz), 1 83-l 93(m, IH, 10-H,,), 1 96(s, 3H, 2-Me), 1 95-2 08(m, lH, 13- 

Heq), 2 80(dd, J=ll and 16, lH, one of the 8-CH2), 3 32(dd, J=2 4 and 11, lH, 8-H), 3 47(dd, 5~2 4 and 
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16, lH, one of the 8-CH2), 3 67(s, 3H, C@Me), 7 lS(d, 5=8. lH, 3’-H), 7 33(t, 5=8, lH, 4’-H), 7 46(d, 

5=8, lH, S-H), t3C NMR(CDC13) S 15 63(C-12), 16 14(C-11), 20 97(2-Me). 23 22(C-10). 25 21(C-13), 

30.31(8-CH2). 39.23(C-8). 52 16(OMe). 55.48(C-9), 69 84(C-l), 109 08(C-2), 124 16(C-5’). 129 59(C-3 

or 4’). 129 75(C-3’ or 4’). 132 62(C-6’), 133 18(C-6), 135 95(C-7), 151 45(C-4). 171 Il(ester GO), 

176 33(C-15). MS(CI) m/z 406(M++l, 100%). 408(M++3,36). Anal Calcd for cfi24~ClN06 C, 59 19. H. 

4 97, N, 3.45% Found: C. 58 87; H. 4 66, N, 3 36% 

(lR*,2R*,8R*,9S*)-S-Aza-2,6’-dimethyl-3,14-dioxa-4,lS-dioxo-8- 

methoxycarbonylmethyI-benzo[6,7ltetracyclo[7.4.O.2.~~~O~~~]pentadecane (26): 

IR(KBr) v 1765(C=O), 1735(C=O)cm -1; tH NMR(CDC13) 6 1 10-l 38(m, 3H, 11-Hax, 13-Hax, 10-I-I& 

150-l 65(m, 3H, ll-%, 12-HZ), 1 85(m, 2H, 10-I&,, 13-I&), 195(s, 3H, 2-Me). 2 37(s. 3H, 6’-Me), 

2 80&i, J=ll and 16, lH, one of the 8-CH2), 3 32(dd, J=2 and 11. lH, 8-H). 3 44&l. 5=2 and 16,lH. one 

of the 8-CH2). 3 65(s, 3H, C@Me). 7 05(m, IH, 4’-H), 7 25(m, 2H, 3’ and 5’-H), 13C NMR(CDC13) 6 

15 72(C-12), 16 19(C-1 l), 16.82(6’-Me). 20 99(2-Me), 23 OS(C-lo), 25 19(C-13). 30 33(8-CH2). 38 93(C- 

8), 5198(OMe), 55 3O(C-9). 69 84(C-l), 108 9O(C-2), 123 lO(CH), 128 61(CH). 130 25(CH). 133 09, 

133 59, 136 44, 152 09(C-4), 172 lO(ester C=O), 176 69(C-15). MS(C1) m/z 386(M++l, lOO%), 354(31), 

Anal Calcd for c21H23No6 C, 65 44, H, 6 01, N, 3 63% Found C, 65 65, H, 6 01, N, 3 69% 

General Procedure for the Preparation of Octahydroacridines 27 - 29 To a stirred solution 

of an appropnate tandem adduct (2 mmol) m MeOH (10 mL) was added 28% MeONa m MeOH (0 39 g, 2 

mmol) The mixture was refluxed for 3 h, then MeOH was removed under reduced pressure The residue was 

poured mto 0 1N HCl(20 mL), and extracted mth Et20 (20 mL x 3), washed with water (10 mL), then dned 

over anhydrous MgS04 After removal of Etfl, the residue was recrystalhzed from n-hexane - Et20 or CHC13 

- Et20 to afford the cctahydroacndmes 27 - 29 

(4aR+,9R*,9aS*)-4a-Acetyl-9a-methoxycarbonyl-9-methoxycarbonylmethyl- 

1,2,3,4,4a,9,9a,lO-octahydroacridine (27): 

Yield 95%. mp 148-9’C (CHC13 - EtzO), lR(KBr) v 34OO(NH), 1735(C=O)cm-1,lH NMR(CDC13) 6 1 16(dt, 

J=4 5 and 13 5, lH, l-H&. 1 47-l ;7(m, 3H, 2-Hax, 3-Hax, 4-H&, 1 62(m, lH, 3-I-Ieq) 1 72(m, lH, l- 

Hq), 193(m, 1H. 2-Q). 2 17(m, lH, 4-b), 2 2O(s, 3H, AC). 2 6O(m, 2H, 9-U+), 3 7O(s, 3H, C@Me), 

3 76(s, 3H, -Me), 3 85(br s, lH, NH), 4 05(m, lH, 9-H), 6 57(d, J=8, lH, 5-H), 6 70(t, J=8, lH, 7- 

H), 6 93(d, 5=8, lH, 8-H), 7 06(t, J=8, lH, 6-H). t?! NMR(CDClj) S 19 62(C-3), 21 14(C-2), 25 6O(C-l), 

27 76(Ac), 31 66(C-4). 35 99(9-CHZ), 37 64(C-9), 48 45(C-9a), 5194(OMe), 52 16(OMe), 65 12(C-4a), 

113 ll(C-5). 117 98(C-7), 12092(C-lOa), 127 32(C-8), 127 63(C-6), 140 95(C-8a), 173 61(COTMe), 

173 99(WMe), 210 5O(Ac), MS(CI) m/z 36O(M++l, 62%), 328(100), 316(86), Anal Calcd for C2oH25NO5 

C, 66 84, H, 7 01, N, 3 90% Found C, 66 96, H, 6 93, N, 3 86% 

(4aR*,9R*,9aS*)-(4a-Acetyl-S-methoxy-9a-methoxycarbonyl-9- 

methoxycarbonylmethyl-l,2,3,4,4a,9,9a,lO-octahydroacridine (28): 

Yield 85%. mp 127-8’C (Et20 - n-hexane), IR(KBr) v 3400(NH), 1735(C=O), 17OO(C=O)cm-1, tH 

NMR(CDC13) 6 1 13(dt, J=4 5 and 13 5, lH, l-H&, 1 45-l 80(m, 5H, l-I&,+ 2-Hax, ~-HZ, 4-H&, 1 80- 

2 OO(m, lH, 2-I&$, 2 15-2 25(m, lH, 4-I-I,&, 2 19(s, 3H, AC), 2 60( m, 2H, 9-CHZ), 3 71(s, 3H, CaMe), 

3 77(s, 3H, COZMe), 3 87(s, 3H, OMe), 4 05(dd, J=4 and 7, lH, 9-H), 4 42(br s, lH, NH), 6 64(m, 3H, 6, 

7, 8-H), 13C NMR(CDC13) 6 19 3O(C-3), 20 81(C-2), 25 35(C-l), 27 17(Ac), 31 28(C-4). 35 74(9-CHZ), 

37 39(C-9), 48 05(C-9a), 51 68(ester OMe), 51 9l(ester OMe), 55 38(OMe), 64 63(C-4a), 107 86(C-6), 
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116 55(C-7). 119 38(C-8). 120 91(C-lOa). 130 95(C-8a), 145.42(C-5), 174 15(COzMe), 174 66(COzMe), 

211 33(Ac), MS(CI) m/z 390(M++l, 85%), 358(63). 346(100), Anal Calcd for C2tH27NQj C, 64 77, H, 

6 99, N, 3 60% Found C, 64.58, H, 7.03, N. 3.63% 

(4aR*,9R*,9aS*)-4a-Acetyl-5-chloro-9a-methoxycarbonyl-9-methoxycarbonylmethyl- 

1,2,3,4,4a,9,9a,lO-octahydroacridine (29): 

Yield 90%; mp 140-l°C (CHC13 - EtzO), IR(KBr) v 3320(NH), 174O(C=O), 172O(C=O), 1695cm-t, lH 

NMR(CDC13) ii 1 lO(dt. 5=4.5 and 14, 1H. l-H&, 1 45-l 80(m, 5H, 1-Hes. 2-Hax. 3-H2,4-Ha=), 1 85- 

2 05(m, lH, 2-%), 2.19(s, 3H. AC), 2.20-2.35(m, lH, 4-H&, 2 6O(d, J=5, 2H, 9-(X2), 3 72(s. 3H, 

COzMe), 3.77(s, 3H, C@Me), 4.04(t, J=5. lH, 9-H), 4 53(br s, lH, NH), 6 63(t, J=8. lH, 7-H), 6 86(d, 

5=8, lH, 8-H), 7 18(d, J=8, 1H. 6-H), t3C NMR(CDC13) 6 19 15(C-3). 20 64(C-2). 25 29(C-1). 27 13(Ac), 

31 37(C-4). 35 80(9-CHZ), 37 52(C-9), 48 03(C-9a), 51 82(OMe), 52 OO(OMe), 65 09(C-4a), 117 58(C-5), 

117 72(C-7), 123 Ol(C-lOa), 126 07(C-6), 127 63(C-8), 137 33(C-8a), 173 89(COzMe), 174 21(COzMe), 

210 96(Ac), MS(C1) m/z 394(M++l, 33%), 362( lOO), 350(56), Anal Calcd for Cs24ClNO5 C, 60 99, H, 

6 14, N. 3 56%. Found C, 60 96, H, 5 98, N, 3 66% 

Determination of Barriers to Rotation for Compound 16 by the saturation transfer 

method For expenmental details, see our previous paper * We obtamed followmg rate constants for rotanon at 

25’C The eqmhbnum constant K was 0 48 m favor of rotamer 16b 

TlAeff 6) 0 97 MA 1 &A 0 58 kA (s-l) 0 76 

TlBeff 6) 0 98 MB 1 MOB 0 70 kB (s-l) 045 

Determination of Barriers to Rotation for Compounds 19a and 19b Compound 19a or 19b 

(30 mg) was separately mlxed m dphenylether (0 5 mL) and the solution was placed m a boding toluene (111 

“C) bath After an interval, a small portion of the solunon was taken mto a NMR sample tube and dissolved m 

CDCl3 The decrease m the startmg mater& and Increase m the corresponding rotamer were determined by 

integration of the respective NMR signals The ratlo of 19a and 19b was also checked by HPLC (column 

Cosmos11 lOC18-P, 4 6 mm x 25 cm, Mobile phase MeOH McIlvame buffer pH 2 2 = 6 4, flow rate 

2mWmm , detected at 254 nm Retention time of 19a = 3 6 mm 19b = 4 0 mm ) The equhbnum constant K 

was 0 25 m favor of 19b, obtamed after 12 h at 111 ‘C The rate constants were obtamed by assummg a 

reversible first-order process 

k/j (S-l) = 1 4 x lo4 (111 “C), kg (s-l) = 3 5 x lo-5 (111 “C) 

X-Ray Crystallographic Analysis for Compound 24. Crystal data C21H23NO7, M = 40142, 

monochmc, a = 16 217(g), b = 22 70(l), c = 10 776(5) A, jl= 105 65(4)‘, V = 3820(3)A3, space group P21/a, 

Z = 4. DC = 1 39 gem-3, R = 0 068 Full crystallographic data have been deposited with the Cambndge 

Crystallographic Data Centre, Umverslty Chemical Laboratory, Lensfield Road, Cambndge CB2 lEW, U K 
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