Tetrahedron Vol 49,No 43, pp 9721-9734, 1993 0040-4020/93 $6 00+ 00
Prnted 1n Great Britan © 1993 Pergamon Press L

A Highly Diastereoselective Tandem Michael-Michael Addition
~Reaction in a Rotameric Ring System:
Steric Acceleration due to Conformation Locking

Kenp Saito,* 1 Makoto Yamamoto, and Kazutosh1 Yamada

Graduate School of Science and Technology, Chiba University, 1-33 Yayoi-cho, Chiba-shi, 260, Japan
Hideo Takag

Organic Synthesis Laboratory, Nippon Soda Co Lid , 345 Takada, Odawara-shi, Kanagawa, 250-02, Japan
(Recewved in Japan 15 June 1993, accepted 12 August 1993)

Abstract A highly dastereoselective one-pot tandem Michael-Michael addition reaction developed in a rotamencally locked
conformation 1s descnibed Reaction of 1socyanates 8 - 13 with hydroxylactone 14 gave tandem Michael-Michael adducts 22 - 26
1in good to excellent yields The intermediate tncyclic oxazolidinones consisted of rotamer pairs 16 - 19, and the rotation barriers
of some of these compounds were determined The tandem addition reaction was highly accelerated by introducing conformation
anchoring group X A new versanle synthesis of octahydroacnidines 27 - 29 using the tandem adducts 1s also descrnibed

Locking of the conformation of the reaction center to a desired form 1s a pivotal subject for building up a
molecule stereoselectively Synthetically, such a conformation locking has often been accomphished by using a
low reaction temperature and/or complexation with metals to restrict the bond rotation In view of conformation
locking, studies on the reactivity of stable rotamers would provide a model for understanding the relation
between the reactivity and the conformational flexibility of the functional groups 2 In rotameric systems, several
groups have reported that remarkable differences 1n reactivity exist between the rotamers 1n haloacetamides,3
fluorenes,? tnptycenes,3 and aryldi-¢-butylcarbinols & Since the successful preparation? and 1solation of stable
rotamer pairs at room temperature in the 1sobenzofuro[7a,1-dJoxazole ring system, we naturally became
nterested 1n the reactivity of this skeleton As shown 1n Scheme 1, this skeleton involves a nucleophilic center
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at C - 5a of the cyclohexane ing @ If an electrophilic center 1s present 1n one of the ortho di-substituents on the
benzene ning, 1t is hoped that the bulkiness of the conformation anchoring group X would govern the reactivity
of the subsequent Michael additon Based on this viewpoint, we investigated the intramolecular Michael
addition between the electrophilic center on the ortho substituent of the benzene ning and the nucleophilic center
(C - 5a) of the cyclohexane ring

In this report, we describe mainly three aspects The first topic 1s a one-pot, diastereoselective tandem
Michael-Michael reaction which controls the relative configuration of four contiguous asymmetric centers, three
of which are quaternary The second 1s a steric acceleration due to the rotameric conformation locking in the
Michael reaction The third 15 a synthetic application of the tandem adduct to the preparation of the
octahydroacndine skeleton

RESULTS AND DISCUSSION

At first, we prepared 2'-aminocinnamates having E configuration Because the corresponding Z 1somers
are often difficult to obtain in pure form due to their energetcally unfavorable configuration and have been
reported to cychze easily to the carbostynl derivatives under acidic conditions 10 The requisite (E)-2'-
1socyanatocinnamates 8 - 13 were easily prepared by reacting the corresponding (E)-2'-aminocinnamates 2 -
710b, 11 with phosgene 12 The stereochemical configuration of all of the olefinic motety 1n compounds 8 - 13
was determined to be E by the couphing constants of the olefinic protons in the IH NMR spectra

NH, NCO
X N R1 i) HCl X N R
R? iy cocl, R?
in Toluene
Scheme 2 2-7 8 -13
Table 1 Preparation of (E)-2'-1socyanatocinnamates or corresponding mitrile 8 - 13
Starting Product R! R2 X Yield mp °C
—material (%) __bp (C/mmHg) _
2 8 COOMe H H 68 55-6 (128-9/2)
3 9 CN H H 49  49-51 (133-5/2)
4 10 COOMe Me H 59 (131-272)
5 11 COOMe H OMe 84 116-7%
6 12 COOMe H Cl 52 115-79
1 13 COOMe H Me 70 48-9%)

%) Recrystallized from Et0 - n-hexane
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The transformations outlined in Scheme 3 demonstrate our sequential Michael addition reaction  Inital
feasibility studies were conducted with the reaction of hydroxylactone 14 and 1socyanate 8 1n acetominile at
room temperature. As expected, the tricyclic oxazolidinone 16 was obtained 1n 83% yield 1n the presence of 5
mol% of triethylamine (TEA). None of the tandem adduct 22 was found 1n the crude reaction mixture The H
NMR spectrum of compound 16 1n CDCI3 showed the presence of a rotamer pair 16a and 16b 1n the ratio of
approximately 1 2 The stereochemical relation was elucidated by NOE study, in which we detected clear
saturation transfer from the wrradiated signal of one rotamer to the other rotamer signal Thus these rotamers are
nseparable at room temperature. The rate constants of interconversion (ka, k) between 16a and 16b were

b d = |5

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

R’ R?Z X
16 CO,Me H H
17 CN H H
18 CO,Me Me H
19 CO,Me H OMe
20 CO,Me H Cl
21 CO,Me H Me

Compounds 20 and 21
were not 1solated

16b - 21b

R’ X
COgM e H
CN H
CO,Me OMe
CO,Me ClI
CO,Me Me
k.
22 - 26 — - Rotamer b
Hydroxylactone 1st step
e arbam —
Isocyanate } K, Carbamate 2nd step ka | | ka
k rate constant of the 1st step
ko rate constant of the 2nd step to Rotamer a P ’ Rotamer a
kg rate constant of the 2nd step to Rotamer b
ka, kg rate constant of isomerization ks |3rd step

ks rate constant of the 3rd step
Scheme 3 Tandem Adduct
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determined by the saturation transfer method.13 From these data, we esumated the barmer to conversion of 16a
t0 16b to be AG# = 17 6 kcal/mol and that to the reverse process to be AG¥ = 17 9 kcal/mol at 25 °C  As we
have already reported,8 the barrier to rotation about the N - C bond for the ortho-OMe denvattve of this skeleton
15 AG# = 13 keal/mol and that of the ortho-Me denvative 1s AG¥ = 19 kcal/mol Therefore, the bulkiness of the
acrylic motety 1n compound 16 1s considered to be larger than that of the OMe group to some extent and shightly
smaller than that of the Me group with respect to the rotational behavior

On the contrary, when this reaction was conducted 1n the presence of a stronger base catalyst such as 5
mol% of 1,8-diazabicyclo[5 4 OJundec-7-ene (DBU) or 5 mol% of K2CO3 with 1 mol% of 18-Crown-6, the
intermediate 16 was completely consumed and the tandem Michael-Michael adduct 22 was obtamed 1n 60% and
68% yield, respecuvely The reaction proceeded quite diastereoselectively, because we could not detect the
formation of other stereoisomers It 15 obvious that the tandem adduct 22 1s formed only from the rotamer 16a
and not from 16b  Since the rotational barrier of compound 16 1s not high enough to prevent the
interconversion between the rotamers under the reaction conditions, 14 the formation of the tandem adduct 22 1s
considered to be the result of equilibrium control This successful result of the tandem addition prompted us to
investigate the general applicability of this reaction Table 2 shows the summary of the results

Table 2 Reaction of hydroxylactone 14 with 1socyanates 8 - 13 in acetomtnile at room temperature

Starung  Reaction Base®) Products Yield mp®
matenial __ume (h) Tricyche adduct _Tandem adduct %) ‘o
8 16 TEA 16 - 83 207-8
24 DBU - 22 60 204-5
16 K2C03b) - 22 68
9 48 TEA 17 - 51 2323
24 DMAP 17 . 43
48 DBU . 23 38 285-7
5 KCO3») . 23 43
10 24 DBU 18 . 57 162-3
11 48 TEA 19a, 19b 24 469 231-2¢)
16 DBU 19b 24 83%
12 16 TEA - 25 86 2289
3 DBU - 25 86
13 16 TEA . 26 80 2212
3 DBU - 26 77

a) The amount of TEA, DBU, or DMAP (4-N N-dimethylaminopyndine) used was 5 mol% b) The amount of K2CO3 used was 5
mol% with 1 mol% of 18-Crown-6 In the absence of 18-Crown-6, the reaction was very slow c) Yield of tandem adduct 24
Compounds 19a (32%) and 19b (8%) were 1solated using TEA as a catalyst, and the rotamer 19a remained (20%) even stirred for
one week at room temperature  Compound 19b (8%) was 1solated using DBU as a catalyst and 19a was completely converted to
24 d) Recrystallized from Etg0-CHCl3 except for compound 23 Compound 23 was recrystallized from CHCl3  ¢) Mp of
compound 24



A diastereoselective tandem Michael-Michael addiuon 9725

Reaction of 1socyanate 9 and 14 gave the tricyclic oxazolhidinone 17 (TEA or DMAP as a catalyst) and
the tandem adduct 23 (DBU or K»COs as a catalyst), although the yields were somewhat lower than those of 8
and 14 In case of 1socyanate 10, we could easily obtain the tricychc compound 18 However, compound 18
did not give the tandem adduct even under a severe reaction condition (at 60 °Cfor6h using DBU as a catalyst)
and gradually decomposed to give aniline 4 and some umdentfiable matenals The rotational barriers for
compounds 17 and 18 were considered nearly equal to that of compound 16, because we did observe
saturation transfer in the NOE expeniments of these compounds at 25 °c

We next intended to restrict the rotation about the N-C bond more ngidly to lock the conformation of the
reaction center of the tandem Michael addition by introducing another ortho-substituent X To our surprise, the
ntroduction of the substituent X sigmficantly changed the reactivity of the subsequent Michael addition

Treatment of 11 and 14 with TEA catalyst 1n acetonitrile gave three products which were easily
separated by column chromatography Two of them were 1dentified to be the tricychc oxazolidinone 19a (32%)
and 19b (8%) and the third component was the tandem adduct 24 (46%) The stereochemical structures of
these compounds were elucidated by NOE expeniments When each of the pure compounds 19a or 19b was
heated above 1ts melting point for 1 min , we obtained the rotamer mixture 1in a ratio of approximately 19a 19b
=3 7i1n both cases. Therefore, compounds 19a and 19b are a rotamer pair due to the restrnicted rotation about
the N - C bond The barners to rotation were determined by measuring the rate constants of thermal
1somerization of each rotamer From the data, the barmer to rotation of the 19a to 19b process was estimated to
be AGE = 29 4 kcal/mol, that to the reverse process to be AG¥ =30 5 kcal/mol at 111 °C and the equilibrium
constant X = a/b = 0 25 1n favor of rotamer 19b In the case of DBU catalyst, the reaction of 11 and 14 gave
the tandem adduct 24 1n 83% y:eld, together with rotamer 19b 1n 8% yield

Although the barriers to rotation of rotamers 19a and 19b are high enough to prevent the 1somerization
at room temperature, we examined the possibility of DBU-catalyzed 1somenzation of these compounds by using
NMR Treatment of pure 19a with 5 mol% of DBU in CD3CN at room temperature for 20h gave a mixture of
24 19b amiline 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
1somerization really exist in these reactions This 1somenzation and aniline formation should be attributable to
the retro-Michael addition of rotamers as shown below As the rate of 1somenzation 1s slow, we beheve that the
tandem reaction proceeds mainly under the kinetically controlled condition 15

Rotamer a
Rotamer b

Scheme 4

Expenmental results of the reactions of 1socyanates 12 or 13 with hydroxylactone 14 were very simple
We obtained the tandem adducts 25 or 26 1n high yields not only using DBU as a catalyst but also even using
TEA as a catalyst We checked the by-product distribution 1n these reactions However, we could detect only
the formation of small amounts of anilines 6 or 7, but none of the rotamers 20 or 21 were found 1n the reaction
mixture Although the reason for the site selectivity in this reaction 1s not clear at present, these results suggest
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that the site selectivity of the imitial Michael addition 1s highly biased toward the rotamers 20a or 21a  Because,
as 1n the case of compound 19, the rotation barriers of compounds 20 or 21 are considered to be very high, one
of the rotamers 20b or 21b should be obtained if the site selectivaty 1s not so highly biased

Therefore, we next tried to 1solate the rotamers 20a or 21a by quenching the reaction before the
completion of the tandem reaction We carnied out the reaction of 13 and 14 with TEA catalyst and quenched
the reaction after 2 h by adding acetic acid The 1H NMR analysis of the crude reaction mixture followed by
column chromatography revealed the formation of carbamate 15 (50%) and the tandem adduct 26 (25%)
Although the starting matenals, 13, 14, and the formation of small amounts of umdentfiable materials were
detected, none of the intermeduate tricyclic compound 21 was found!

These observations can be rationalized as follows Our sequential reactions consist of three bond-
forming steps The first step 1s the carbamate formation, the second step 1s the tnicychic oxazohdinone formation
and the third step 1s the C-C bond formation giving the final adduct as shown 1n Scheme 3

In the case where the conformation anchoring group was very small (X = H), we could not obtain the
tandem adducts 22 or 23 in the TEA-catalyzed reaction Therefore, &3 should be zero and 1f we wish to prepare
22 under TEA-catalyzed conditions, the rate determing step 1s the third step In the case of a larger anchoring
group (X = OMe), k3 became large because we could obtain the tandem adduct 24 1n moderate yield even using
TEA as a catalyst. When the conformation anchoring group 1s large enough (X = Me or Cl), the reaction rate of
the thurd step becomes much larger Once tricychce adducts 20 or 21 are formed, their barners to rotation about
the N - C bonds are considered to be higher than that of compound 19 because the Me or Cl group 1s bulkier
than the OMe group 16 Their nucleophilic and electrophilic reaction centers are then spaually very close, and
thewrr conformational movements are much more restricted than that of compound 19 by the conformation
anchoring group X Thus the subsequent Michael addition 1s highly accelerated (k3 becomes very large), and
the reaction can proceed even using a weak base catalyst such as TEA, resulting in high yields Consequently,
the lifeume of the intermed:ate rotamers 20 or 21 becomes too short to 1solate them These results are new
examples of steric acceleration due to the conformation locking

The stereochemical configuration of C-8 of the tandem adducts 22 - 26 was determined by the CH-NOE
study Irradiation of 8-H enhanced the signals of C-7, C-8, C-9, 8-CHjy, C-15, and COaMe  If the location of
8-H 1s on the opposite side of the lactone ning like 1somer B, the NOE would never be observed between 8-H
and C-15 Therefore, the stereochemical structure was determined to be 1somer A as shown in Scheme 5 We
reconfirmed the stereochemstry of the tandem adduct by X-ray crystallographic analysis of compound 24 as
shown 1n Figure 1 The asymmetric unit of this crystal consisted of a pair of 1R and 1§ 1somers Thus, we
determined the relative configuration of the asymmetnc centers of the tandem adducts 22 - 26 to be 1R*, 2R¥,
8R* and 9S*, and only the 1S form 1s shown 1n this paper These results suggest that the tandem addition
proceeds via energetically favorable s - trans conformation in the Carom-CH= bond of the olefinic moiety

?/(%‘ /yoo CO,Me

=g ; Hydrogen irradiated
—»; CH-NOE observed Me
carbon

Isomer A 4 + Isomer B

Scheme 5 1R*, 2R*, 8R*’ 9S* 1R*, znt’ 83‘, 9S*
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Figure 1 Computer generated crystal structure for compound 24,

Since the tandem Michael-Michael adducts have many funcuonal groups of their own, we sought the
synthetic utility of these compounds We studied the base-promoted cleavage of the oxazolidinone ring of the
tandem adduct 17 After several tnals, we found that cleavage of the oxazolidinone ning proceeded cleanly by
merely heating the tandem adduct 1n the presence of an equimolar amount of NaOMe 1 MeOH to afford the
octahydroacridine 1n high yield The stereochemistry of the octahydroacndines 27 - 29 were also determined
by CH-NOE and NOESY measurements By the irradiation of 9-H, we observed enhancements at C-4a, C-8a,
C-9, C-9a, C-10a, and both ester OMe groups In NOESY measurement, 4a-acetyl Me group showed cross
peaks between 9-H and 9a-COsMe  Therefore, the location of 9-H 1s on the same side of the 4a-acetyl and 9a-
CO2Me groups

27 X=H
MeON
22, 24, and 25 eo™a 28 X=OMe
MeOH
MeOOC 29 Xx=Cl
Scheme 6 \COOMe

Conceptually, the chemistry described here provides a new model for the conformation locking of the
reaction center  For synthetic purposes, sequential C - N followed by a C - C bond-forming process would
provide a useful methodology for building up a new mtrogen-containing heterocyclic ning system Moreover, it
should be noted that quaternary centers are also easily formed by this methodology We are currently
nvestigating extension of the reactions 1n this rotameric system
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EXPERIMENTAL SECTION

Commercially available chemicals were of reagent grade, and used wathout further punification unless
otherwise stated Acetonitnile was dried over molecular sieves 3A  Melting points were determined on a hot
stage apparatus, and were uncomected IR spectra were recorded on a SHIMADZU IR-440 spectrophotometer
NMR spectra were recorded on a Vanan Gemini1200 (200MHz), or a JEOL JNM-GSX400 (400MHz)
spectrometer 1 CDCl3 or DMSO-dg solutions with tetramethylsilane as an internal standard Throughout this
section chemical shifts (8) are given in ppm and coupling constants (/) are given in Hz Mass spectra were
obtained on a HITACHI M-80 spectrometer using the electron impact (EI) or the chemical i1omzation (CI)
method

General Procedure for the preparation of (E)-2'-isocyanatocinnamates or
cinnamonitrile (8 - 13): Caution, Phosgene is highly toxic The reaction should be carned out in a well-
ventilated hood To a stirred solution of aniline (2 - 7) (50 mmol) 1n toluene (100 mL) was introduced
hydrogen chlonde for 20 min under ice-cooling. The resulted suspension of the amline hydrochlonde was
heated to 90°C and phosgene (generated by the dropwise addition of trichloromethyl chloroformate (15 mL) to
active charcoal (1 g)) was introduced duning 2 - 4 h to this suspension After cooling, toluene was removed
under reduced pressure Et;0 was added to the residue and insoluble matenials were filtered off The EtpO
soluble portion was concentrated and purified by distillation or recrystallization

Methyl (E)-2'-isocyanatocinnamate (8): IR(KBr) v 2280(NCO), 1720(C=0O)cm-1, 1H
NMR(CDCI3) 6 3 82(s, 3H, OMe), 6 46(d, J=16, 1H, =CHCO), 7 18(m, 2H, 3-H, 4-H), 733(dt, J=15
and 8, 1H, 5'-H), 7 57(dd, /=15 and 8, 6-H), 7 94(d, J=16, 1H, Carom-CH=), 13C NMR(CDCl3) é§
51 78(OMe), 119 96(CH), 126 04(CH), 126 88(CH), 127 35(CH), 128 77, 131 08(CH), 13276,
139 38(CH), 166 95(C=0), MS(CI) m/z 204(M++1, 100%), 146(24), Anal Calcd for C11H9NO3 C, 65 02,
H, 446, N, 6.89% Found C, 6515, H,450,N,7 13%

(E)-2'-Isocyanatocinnamonitrile (9): IR(KBr) v 2250(NCO), 2210(CN)cm-1, 1H NMR(CDCl3)
8 595(d, J=16, 1H, =CHCN), 7 20(m, 2H), 7 40(dt, J=1 7 and 7 7, 1H, 5'-H), 7 50(dd, J=17 and 7 7, 1H,
6'-H), 7 66(d, J=16, 1H, Carom-CH=), 13C NMR(CDCIl3) § 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(CI) m/z 171(M*+1, 80%),
145(56), Anal Calcd for C1gHgN20 C, 70 58, H, 3 55, N, 16 46% Found C, 7098, H, 379, N, 16 86%

Methyl (E)-2'-isocyanato-2-methylcinnamate (10): IR(Neat) v 2280(NCO), 1720(C=0)cm-!,
IH NMR(CDCl3) & 2 01(d, J=1 5, 3H, Me), 3 83(s, 3H, OMe), 7 12-7 35(m, 4H), 7 71(q, J=15, 1H, -
CH=), 13C NMR(CDCl3) § 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=0), MS(CI) m/z 218(M+*+1, 42%), 192(45), 160(100),
Anal Calcd for C12H)1NO3 C, 66 35, H, 510, N, 6 45% Found C, 6674, H, 490, N, 6 47%

Methyl (E)-2'-isocyanato-3'-methoxycinnamate (11): IR(KBr) v 2260(NCQ), 1715(C=0),
1640cm-1, IH NMR(CDCI3) § 3 81(s, 3H, COzMe), 3 96(s, 3H, OMe), 6 48(d, J=16, 1H, =CHCO),
6 89(dd, J=7 and 26, 1H, 4-H), 7 15(m, 2H, 5' and 6-H), 7 98(d, J=16, 1H, Carom-CH=), 13C
NMR(CDCIl3) 51 58(ester OMe), 56 04(OMe), 111 79(C-4"), 112 60(C-2"), 119 14(CH), 119 95(CH),
124 03(NCO), 125 76(C-5"), 128 95(C-1"), 140 18(Carom-CH=), 154 31(C-3"), 167 69(C=0), MS(CI) m/z
234(M++1, 100%), 190(14), Anal Calcd for C12H11NOs C, 6179, H, 475, N, 601% Found C, 61 64, H,
470, N, 6 00%
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Methyl (E)-3'-chloro-2'-isocyanatocinnamate (12): IR(KBr) v 2260(NCO), 1715(C=0)cm-1,
1H NMR(CDCl3) 6 3 83(s, 3H, CO2Me), 6.47(d, /=16, 1H, =CHCO), 7 15(t, J=77, 1H, 5'-H), 7 46(m,
2H, 4' and 6-H), 7.96(d, /=16, 1H, Carom-CH=), 13C NMR(CDCl3) § 51.75(0OMe), 121 16(CH),
125 91(CH), 126 42(CH), 130 81, 131 07(CH), 131 48(CH), 132.67(CH), 139 74(CH), 167 28(C=0),
MS(CI) m/z 238(M++1, 100%), 240(M++3, 35%), 180(53), Anal Calcd for C;1HgCINO3- C, 55 60, H, 3 39,
N, 5.89%. Found: C, 5541, H, 347, N, 6 14%

Methyl (E)-2'-isocyanato-3'-methylcinnamate (13): IR(KBr) v 2280(NCO), 1710(C=0)cm-1,
1H NMR(CDCl3) & 2.38(s, 3H, Me), 3 83(s, 3H, CO2Me), 6 44(d, J=16, 1H, =CHCO), 7 12(1, J=8, 1H, 5'-
H), 7 24(d, J=8, 1H, 6-H), 7 43(d, J=8, 1H, 4-H), 7 99(d, J=16, 1H, Carom-CH=), 13C NMR(CDCl3) &
18 37(Me), 51 60(OMe), 120 13(CH), 125 08(CH), 126 00(CH), 129 34, 132 04, 132 45(CH), 134 82,
140 33(CH), 167 52(C=0), MS(CI) m/z 218(M++1, 100%), 160(40), Anal Calcd for C12H11NO3 C, 66 35,
H, 510, N, 645% Found C, 66 21; H,5 16, N, 6 75%

General Procedure for the preparation of Compounds 16 - 26 To a stirred solution of
hydroxylactone? 14 (5 mmol) and 1socyanate 8 - 13 (5 mmol) 1n anhydrous acetonitrile (10 mL) was added an
approprate catalyst (0 25 mmol) at room temperature The reaction was monitored by TLC or IH NMR
spectroscopy  After the reaction had finished, several drops of acetic acid was added and acetonitrile was
removed under reduced pressure The residue was dissolved 1n small quantity of CHCl; followed by gradual
addition of Et70 to give compounds 16 - 26 For the separation of rotamers 19a, 19b, and tandem adduct
24, the residue was chromatographed on silica-gel (eluent CHCl3 AcOEt =20 1)

Methyl (E)-(3aR*,5aR*,9aR*)-2'-(2,5-dioxo-3a-methyl-1,2,5,52a,6,7,8,9-octahydro-
3aH-isobenzofuro(7a,1-dloxazol-1-yl)cinnamate (16):
inseparable rotamer mixture a b=1 2, IRGKKBr) v 1770(C=0), 1720(C=0)cm-1, IH NMR(CDCI3) & 1 03(m,
1H, 7-Hax), 1 40-1 80(m, 5H, 7-Heg, 8-Hz, 6-Hax, 9-Hax), 1 95(s, 1H, 3a-Me of rotamer a), 1 98(s, 2H, 3a-
Me of rotamer b), 2 05-2 20(m, 2H, 6-Heq, 9-Heq), 2 47(dd, /=7 and 12, 0 33H, 5a-H of rotamer a), 2 95(dd,
J=7 and 12, 0 67H, 5a-H of rotamer b), 3 82(s, 3H, CO;Me), 6 42(d, J=16, 0 33H, =CHCO of rotamer a),
6 48(d, J=16, 0 67H, =CHCO of rotamer b), 7 13(dd, /=2 8 and 6, 0 67H, 3-Hayom of rotamer b), 7 22(dd,
J=2 8 and 6, 0 33H, 3-Hargm of rotamer a), 7 52(m, 2H), 7 58(d, /=16, 0 33H, Cyrom-CH= of rotamer a),
7 72(d, J=16, 0 67H, Carom-CH= of rotamer b), 7 80(m, 1H), 13C NMR(CDCl3) 6 20 70(3a-Me), 21 21(3a-
Me), 21 45(CH3), 21 51(CHz2), 22 00(CH2), 25 38(CH3), 26 44(CH2), 27 01(CH3), 27 51(CHy), 44 00(C-
5a), 44 99(C-5a), 51 90(CO2Me), 51 99(CO2Me), 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), 131 49(CH), 131 56(CH),
131 88, 13226, 132 59(CH), 135 35, 135 88, 138 26(CH), 139 36(CH), 152 91(C-2), 153 46(C-2),
166 02(CO2Me), 166 68(CO2Me), 172 58(C-5), 173 28(C-5), MS(CI) m/z 372(M++1, 43%), 340(27),
296(33), 169(85), 151(100), Anal Calcd for CooH21NOg C, 64 68, H, 570, N, 377% Found C, 64 30, H,
571, N, 400%

(E)-(3aR*,5aR*,9aR*)-2'-(2,5-dioxo0-3a-methyl-1,2,5,5a,6,7,8,9-0octahydro-3aH-
isobenzofuro[7a,1-dJoxazol-1-yl)cinnamonitrile (17):
inseparable rotamer mixture @ b=1 3, IRGKKBr) v 2250(CN), 1780(C=0)cm-!, TH NMR(CDCl3) 5 1 00(m, 1H,
7-Hax), 135-190(m, 5H, 7-Heq, 8-H2, 6-Hax, 9-Hax), 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-Heq), 2 40(dd, J=6 and 11, 0 25H, 5a-H of rotamer a),
291(dd, J=6 and 11, 0 75H, 5a-H of rotamer b), 5 94(d, J=16, 0 25H, =CHCN of rotamer a), 5 96(d, /=16,
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075H, =CHCN of rotamer b), 7 15(m, 1H, 3-Harom), 7.32(d, J=16, 0 25H, Carom-CH= of rotamer a),
7 42(d, J=16, 0 75H, Carom-CH= of rotamer b), 7 55(m, 2H), 7 70(m, 1H); 13C NMR(CDCl3) & 20 88(3a-
Me), 21 19(3a-Me), 21 62(CH3), 21 72(CH2), 21.98(CHj), 25 92(CHj), 26 28(CHs3), 27 19(CH,),
27 35(CH3), 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 41(CH), 127 68(CH), 130 54(CH), 131 61(CH), 131 79(CH), 132 42(CH), 132 68(CH),
134 60, 144 17(Carom-CH=), 145 44(Cyrom-CH=), 151 2(C-2), 152 5(C-2), 172 94(C-5), MS(CI) m/z
339(M*++1, 100%), 171(38), 151(40), Anal Calcd for C1gH gN2O4 C, 67 45, H, 5 36, N, 8 28% Found C,
67 16, H, 544, N, 8 28%

Methyl (E)-(3aR*,5aR*,9aR*)-2'-(2,5-dioxo-3a-methyl-1,2,5,52a,6,7,8,9-octahydro-
3aH-isobenzofuro[7a,1-dloxazol-1-y1)-2-methylcinnamate (18):
inseparable rotamer mxture a-b=1 I; IR(KBr) v 1805(C=0), 1765(C=0), 1710(C=0O)cm-1, 1H NMR(CDCl3) §
1 00(m, 0 5H), 1 08(m, 0.5H), 1 32-1 62(m, 3H), 1 65-1 85(m, 3H), 1 85-2 20(m, 2H), 1 93(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, /=8, 0 5H, 3-Hgrom of rotamer b), 7 23(d, J=8,
0 5H, 3-Hyrom of rotamer a), 7 42-7 55(m, 3 5H, 4, 5, 6-Harom and Carom-CH= of rotamer a), 7 65(br s,
0 5H, Carom-CH= of rotamer b), 13C NMR(CDCl3) § 14 14(olefin Me), 14 21(olefin Me), 20 39(3a-Me),
21 19(CH3), 21.24(CHy), 21 35(3a-Me), 22 10(CH3), 24 75(CHy), 26 59(CHj), 26 78(CH>), 27 64(CH>),
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 45(CH), 129 80(CH), 129 84(CH), 129 90(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(CI) m/z 386(M++1, 73%),
354(65), 310(100), 151(43), Anal Calcd for C21H3NOg C, 6544, H, 601, N, 363% Found C, 6504, H,
582, N, 370%

Methyl (E)-(3aR*,5aR*,9aR*)-2'-(2,5-dioxo-3a-methyl-1,2,5,52,6,7,8,9-0ctahydro-
3aH-isobenzofuro[7a,1-dloxazol-1-yl)-3'-methoxycinnamate, rotamer a (19a):
less mobile on TLC compared to 19b (silica gel, eluent, CHCl3 AcOEt =9 1), mp 214-5°C(CHC13 - Er0),
IR(KBr) v 1780(C=0), 1710(C=0)cm-1, IH NMR(CDCl3) 6 1 08(m, 1H, 7-Hax), 1 30-1 50(m, 2H, 7-Heg, 8-
Hax), 150-165(m, 3H, 8-Heq, 6-Hax, 9-Hax), 192(s, 3H, 3a-Me), 2 00-2 10(m, 2H, 6-Heq, 9-Heq),
2 75(dd, J=7 and 12, 1H, 5a-H), 3 83(s, 3H, CO2Me), 3 87(s, 3H, OMe), 6 42(d, J=16, 1H, =CHCO),
7 05(d, J=8, 1H, 4-Harom), 7 30(d, J=8, 1H, 6-Harom), 7 45(t, J=8, 1H, 5-Harom), 7 63(d, /=16, 1H, Carom-
CH=), 13C NMR(CDCl3) 820 81(3a-Me), 21 48(C-8), 21 53(C-7), 25 18(C-6), 25 73(C-9), 45 03(C-5a),
51 93(CO2Me), 56 05(OMe), 70 93(C-9a), 110 49(C-3a), 113 62(Carom-4), 119 84(Carom-6), 121 74(Carom-
2), 122 60(=CHCO), 130 95(Carom-5), 136 79(Carom-1), 139 12(Carom-CH=), 153 66(C-2), 157 59(Carom-
3), 166 23(CO2Me), 172 98(C-5), MS(CI) m/z 402(M++1, 100%), 326(70), Anal Calcd for C21H23NO7 C,
6284, H,578, N, 3.49% Found C, 6256, H,572,N,351%

Methyl (E)-(3aR*,5aR*,9aR*)-2'-(2,5-dioxo-3a-methyl-1,2,5,5a,6,7,8,9-0ctahydro-
3aH-isobenzofuro[7a,1-d]oxazol-1-y1)-3'-methoxycinnamate, rotamer b (19b):
mp l99-201°C(CHCl3-Et20), IR(KBr) v 1780(C=0), 1710(C=0)cm-1; !H NMR(CDCl3) § 1 05(m, 1H, 7-
Hax), 130-1 80(m, 5H, 7-Heq, 8-H2, 6-Hax, 9-Hax), 196(s, 3H, 3a-Me), 2 00-2 10(m, 2H, 6-Heq, 9-Hey),
2 68(dd, J=7 and 11, 1H, 5a-H), 3 79(s, 3H, OMe), 3 81(s, 3H, CO2Me), 6 45(d, /=16, 1H, =CHCO),
7 05(dd, J=1 and 8, 1H, 4-Harom), 7 33(dd, J=1 and 8, 1H, 6-Harom), 7 45(t, /=8, 1H, 5-Harom), 7 74(d,
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J=16, 1H, Cgrom-CH=), 13C NMR(CDCl3) §20 51(3a-Me), 21 41(C-8), 21 54(C-7), 25 57(C-6), 28.02(C-
9), 43.49(C-5a), 51 75(CO2Me), 55 33(OMe), 70 36(C-9a), 110 49(C-3a), 113 57(Carom-4), 119 46(Carom-
6), 121 25(=CHCO), 121 53(Carom-2), 131 37(Carom-3), 137 14(Carom-1), 140 40(Cyrom-CH=), 153 54(C-
2), 157 75(Carom-3), 167 16(COoMe), 174.28(C-5), MS(CI) m/z 402(M*+1, 100%), 326(20), Anai Caicd for
C21H23NO7* C, 62.84; H, 5.78, N, 349% Found. C, 62 62, H, 572, N, 3.44%
(1R*,2R*,8R*,95*)-5-Aza-3,14-dioxa-4,15-dioxo-8-methoxycarbonylmethyl-2-
methyl-benzo[6,7]tetracyclo[7.4.0.2.2,901,;5]pentadecane (22):
IR(KBr) v 1780(C=0), 1735(C=0)cm-1, IH NMR(CDCl3) & 1 20(m, 1H, 11-Hpy), 1 28-1 40(m, 2H, 13-Hyx,
10-Hgy) 1.50-1.64(m, 3H, 11-Heq, 12-H»), 1 80-195(m, 2H, 13-Heq, 10-Heq), 1 92(s, 3H, 2-Me), 2 85(m,
iH, one of the 8-CHj), 3 37(m, 1H, 8-H), 3 42(m, 1H, one of the 8-CHj), 3 68(s, 3H, CO2Me),
7.20(d,J=8, 1H, 3-H), 734(t, J=8, 1H, 4-H), 739(t, /=8, 1H, 5'-H), 7 44(d, J=8, 1H, 6-H), 13C
NMR(CDCl3) 6 16 87(C-12), 17 20(C-11), 21 26(2-Me), 24 46(C-10), 25 89(C-13), 30 82(8-CH»),
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(C-5"), 132 21(C-6 or 7), 134 37(C-6 or 7), 151 78(C-4), 171 59(ester C=0), 176 29(C-15), MS(CD)
m/z 372(M++1, 100%), Anal Calcd for CogH21NOg C, 64 68, H, 570, N, 377% Found C, 6501, H,
580, N, 388%
(1R*,2R*,8R*,95%)-5-Aza-3,14-dioxa-4,15-dioxo-8-cyanomethyl-2-methyl-
benzo[6,7]tetracyclo[7.4.0.2.2:901,5]pentadecane (23):
IR(KBr) v 1785(C=0)cm-!, IH NMR(CDCl3) § 1 25(m, 1H), 1 37(m, 1H), 1 50-1 70(m, 4H), 1 82(m, 1H),
190(m, 1H), 193(s, 3H, 2-Me), 3 03(dd, J=9 and 17, one of the 8-CHj), 3 20(dd, /=4 and 9, 8-H),
3 40(dd, J=4 and 17, one of the 8-CHp), 7 42-7 55(m, 4H), 13C NMR(DMSO-ds) 6 14 85(8-CH»), 17 19(C-
12), 17 59(C-11), 20 80(2-Me), 24 71(C-10), 25 39(C-13), 37 64(C-8), 54 17(C-9), 67 94(C-1), 108 96(C-
2), 119 58(CN), 124 57(CH), 126 08(CH), 127 40(CH), 128 43(CH), 130 09(C-6), 133 91(C-7), 150 82(C-
4), 176 22(C-15), MS(CI) m/z 339(M++1, 100%), Anal Calcd for C1gH1gN20O4 C, 67.45, H, 5 36, N,
8 28% Found C, 6741, H,536, N, 8 18%
(1R*,2R*,8R*,95*)-5-Az2a-3,14-dioxa-4,15-diox0-6'-methoxy-8-
methoxycarbonylmethyl-2-methyl-benzo[6,7]tetracyclo[7.4.0.2.2:901,5]pentadecane (24):
IR(KBr) v 1780(C=0), 1730(C=0)cm"l, ITH NMR(CDCl3) & 1.05-1 20(m, 2H, 11-Hax, 10-Hax), 1 25-
135(m, 1H, 13-Hax) 1 56-1 63(m, 3H, 11-Heq, 12-H3), 1 83(m, 1H, 10-Heq), 1 95(s, 3H, 2-Me), 1 90-
200(m, 1H, 13-Heq), 2 81(dd, /=11 and 16, 1H, one of the 8-CHz), 3 32(dd, /=2 and 11, 1H, 8-H),
3 42(dd, J=2 and 16, 1H, one of the 8-CHj), 3 66(s, 3H, CO;Me), 3 90(s, 3H, OMe), 6 91(d, /=8, 1H, 3'-
H), 697(d, /=8, 1H, 5'-H), 7 32(t, J=8, 1H, 4-H), 13C NMR(CDCl3) & 16 20(C-12), 16 75(C-11),
21 40(2-Me), 23 68(C-10), 25 38(C-13), 30 83(8-CHy), 39 25(C-8), 52 21(ester OMe), 55 76(C-9),
56 20(OMe), 69 81(C-1), 108 81(C-2), 111 67(C-5%, 117 10(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 C=0), 176 32(C-15), MS(CI) m/z 402(M++1, 100%), 358(47),
286(26), Anal Calcd for C31H23NO7 C, 6284, H,578; N, 349% Found C, 6262, H, 5 65, N, 3 50%
(1R*,2R*,8R*,95%)-5-Aza-6'-chloro-3,14-dioxa-4,15-dioxo-8-methoxycarbonyl-
methyl-2-methyl-benzo[6,7]tetracyclo[7.4.0.2.2:201:5]pentadecane (25):
IR(KBr) v 1770(C=0), 1730(C=0O)cm-!, !H NMR(CDCl3) § 1 05-1 38(m, 3H, 11-Hax, 13-Hax, 10-Hgx)
150-1 70(m, 3H, 11-Heq, 12-Hj), 1 83-193(m, 1H, 10-Heg), 1 96(s, 3H, 2-Me), 1 95-2 08(m, 1H, 13-
Hegq), 2 80(dd, J=11 and 16, 1H, one of the 8-CH2), 3 32(dd, J=24 and 11, 1H, 8-H), 3 47(dd, J=2 4 and
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16, 1H, one of the 8-CHj), 3 67(s, 3H, CO;Me), 7 15(d, J=8, 1H, 3"-H), 7 33(t, J=8, 1H, 4'-H), 7 46(d,
J=8, 1H, 5'-H), 13C NMR(CDCl3) & 15 63(C-12), 16 14(C-11), 20 97(2-Me), 23 22(C-10), 25 21(C-13),
30.31(8-CHy), 39.23(C-8), 52 16(OMe), 55.48(C-9), 69 84(C-1), 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 81(ester C=0),
176 33(C-15), MS(CI) m/z 406(M++1, 100%), 408(M++3, 36), Anal Calcd for CogHy9CINOg C, 59 19, H,
497, N, 3.45% Found: C, 58 87; H, 4 66; N, 3 36%

(1R*,2R*,8R*,95*%)-5-Aza-2,6'-dimethyl-3,14-dioxa-4,15-diox0-8-
methoxycarbonylmethyl-benzo[6,7]tetracyclo[7.4.0.2.2:901,5)pentadecane (26):
IR(KBr) v 1765(C=0), 1735(C=0)cm-1; IH NMR(CDCl3) § 1 10-1 38(m, 3H, 11-Hax, 13-Hax, 10-Hayx)
150-1 65(m, 3H, 11-Heq, 12-Hp), 1 85(m, 2H, 10-Heq, 13-Heg), 1 95(s, 3H, 2-Me), 2 37(s, 3H, 6'-Me),
2 80(dd, J=11 and 16, 1H, one of the 8-CH3), 3 32(dd, J=2 and 11, 1H, 8-H), 3 44(dd, J=2 and 16, 1H, one
of the 8-CH3), 3 65(s, 3H, CO2Me), 7 05(m, 1H, 4-H), 7 25(m, 2H, 3' and 5'-H), 13C NMR(CDCl3) §
15 72(C-12), 16 19(C-11), 16.82(6'-Me), 20 99(2-Me), 23 08(C-10), 25 19(C-13), 30 33(8-CH,), 38 93(C-
8), 51 98(OMe), 55 30(C-9), 69 84(C-1), 108 90(C-2), 123 10(CH), 128 61(CH), 130 25(CH), 133 09,
133 59, 136 44, 152 09(C-4), 172 10(ester C=0), 176 69(C-15), MS(CI) m/z 386(M*+1, 100%), 354(31),
Anal Calcd for C21Hp3NOg C, 65 44, H, 601, N, 3 63% Found C, 6565, H, 601, N, 3 69%

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

of an appropnate tandem adduct (2 mmol) 1n MeOH (10 mL) was added 28% MeONa in MeOH (039 g, 2
mmol) The mixture was refluxed for 3 h, then MeOH was removed under reduced pressure The residue was
poured 1nto 0 1N HCI (20 mL), and extracted with Et70 (20 mL x 3), washed with water (10 mL), then dried
over anhydrous MgSO4 After removal of Et;0, the residue was recrystallized from n-hexane - Et;0 or CHCl3
- Et20 to afford the octahydroacridines 27 - 29

(4aR*,9R*,9aS*)-4a-Acetyl-9a-methoxycarbonyl-9-methoxycarbonylmethyl-
1,2,3,4,4a,9,9a,10-octahydroacridine (27):
Yield 95%, mp 148-9°C (CHCl3 - Et20), IR(KBr) v 3400(NH), 1735(C=0)cm-!, IH NMR(CDCl3) 5 1 16(dt,
J=45 and 13 5, 1H, 1-Hyy), 147-1 5/7(m, 3H, 2-Hax, 3-Hax, 4-Hax), 1 62(m, 1H, 3-Heq) 1 72(m, 1H, 1-
Heg), 193(m, 1H, 2-Heg), 2 17(m, 1H, 4-Heg), 2 20(s, 3H, Ac), 2 60(m, 2H, 9-CH2), 3 70(s, 3H, COz2Me),
376(s, 3H, CO2Me), 3 85(br s, 1H, NH), 4 05(m, 1H, 9-H), 6 57(d, J=8, 1H, 5-H), 6 70(t, J=8, 1H, 7-
H), 6 93(d, /=8, 1H, 8-H), 7 06(t, J=8, 1H, 6-H), 13C NMR(CDClI3) § 19 62(C-3), 21 14(C-2), 25 60(C-1),
27 76(Ac), 31 66(C-4), 35 99(9-CHy), 37 64(C-9), 48 45(C-9a), 51 94(OMe), 52 16(OMe), 65 12(C-4a),
113 11(C-5), 117 98(C-7), 120 92(C-10a), 127 32(C-8), 127 63(C-6), 140 95(C-8a), 173 61(CO,Me),
173 99(CO2Me), 210 50(Ac), MS(CI) m/z 360(M++1, 62%), 328(100), 316(86), Anal Calcd for CooHasNO5
C, 6684, H,701,N,390% Found C, 6696, H, 693, N, 3 86%

(daR*,9R*,9a5*)-(da-Acetyl-5-methoxy-9a-methoxycarbonyl-9-
methoxycarbonylmethyl-1,2,3,4,4a,9,9a,10-octahydroacridine (28):
Yield 85%, mp 127-8°C (Et20 - n-hexane), IR(KBr) v 3400(NH), 1735(C=0), 1700(C=0)cm-1, 1H
NMR(CDCIl3) § 1 13(dt, J=4 5 and 13 5, 1H, 1-Hax), 1 45-1 80(m, 5H, 1-Heg, 2-Hax, 3-H2, 4-Hgy), 1 80-
2 00(m, 1H, 2-Heq), 2 15-2 25(m, 1H, 4-Heq), 2 19(s, 3H, Ac), 2 60(m, 2H, 9-CH3), 3 71(s, 3H, CO2Me),
3 77(s, 3H, CO2Me), 3 87(s, 3H, OMe), 4 05(dd, /=4 and 7, 1H, 9-H), 4 42(br s, 1H, NH), 6 64(m, 3H, 6,
7, 8-H), 13C NMR(CDCl3) § 19 30(C-3), 20 81(C-2), 25 35(C-1), 27 17(Ac), 31 28(C-4), 35 74(9-CHy),
37 39(C-9), 48 05(C-9a), 51 68(ester OMe), 51 91(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-10a), 130 95(C-8a), 145.42(C-5), 174 15(CO,Me), 174 66(CO,Me),
211 33(Ac), MS(CI) m/z 390(M*+1, 85%), 358(63), 346(100), Anal Calcd for Co1H27NOg C, 64 77, H,
699, N,360% Found C, 64.58, H, 7.03, N, 3.63%

(4aR*,9R*,9a5*)-4a-Acetyl-5-chloro-9a-methoxycarbonyl-9-methoxycarbonylmethyl-

1,2,3,4,4a,9,9a,10-octahydroacridine (29):
Yield 90%; mp 140-1°C (CHCI3 - Ety0), IR(KBr) v 3320(NH), 1740(C=0), 1720(C=0), 1695cm-1, IH
NMR(CDCI3) 6 1 10(dt, J=4.5 and 14, 1H, 1-Hax), 1 45-1 80(m, 5H, 1-Heq, 2-Hax, 3-H2, 4-Hax), 1 85-
205(m, 1H, 2-Heg), 2.19(s, 3H, Ac), 2.20-2.35(m, 1H, 4-Heg), 2 60(d, J=5, 2H, 9-CH2), 3 72(s, 3H,
CO2Me), 3.77(s, 3H, COxMe), 4.04(t, J=5, 1H, 9-H), 4 53(br s, 1H, NH), 6 63(t, J=8, 1H, 7-H), 6 86(d,
J=8, 1H, 8-H), 7 18(d, J=8, 1H, 6-H), 13C NMR(CDCl3) & 19 15(C-3), 20 64(C-2), 25 29(C-1), 27 13(Ac),
31 37(C-4), 35 80(9-CHy), 37 52(C-9), 48 03(C-9a), 51 82(OMe), 52 00(OMe), 65 09(C-4a), 117 58(C-5),
117 72(C-7), 123 01(C-10a), 126 07(C-6), 127 63(C-8), 137 33(C-8a), 173 89(CO;Me), 174 21(CO,Me),
210 96(Ac), MS(CI) m/z 394(M++1, 33%), 362(100), 350(56), Anal Calcd for CogH24CINOs C, 6099, H,
614, N, 356%. Found C, 6096, H, 598, N, 3 66%

Determination of Barriers to Rotation for Compound 16 by the saturation transfer
method For experimental details, see our previous paper 8 We obtamned following rate constants for rotation at
25°C The equilibnium constant X was 0 48 1n favor of rotamer 16b

T1Aeff (8) 097 Ma / Moa 058 ka(sh 076
T1Beff (8) 098 Mg / Mos 070 kp (s-1) 045

Determination of Barriers to Rotation for Compounds 19a and 19b Compound 19a or 19b
(30 mg) was separately mixed in diphenylether (0 5 mL) and the solution was placed 1n a boiling toluene (111
°C) bath After an interval, a small portion of the solution was taken into a NMR sample tube and dissolved 1in
CDCl3 The decrease 1n the starting material and increase in the corresponding rotamer were determined by
integration of the respective NMR signals The ratio of 19a and 19b was also checked by HPLC (column
Cosmosil 10C18-P, 4 6 mm x 25 cm, Mobile phase MeOH Mcllvaine buffer pH 2 2 = 6 4, flow rate
2mL/min , detected at 254 nm Retention ime of 19a=3 6 min 19b =40 min) The equlibrium constant K
was 0 25 1n favor of 19b, obtained after 12 h at 111 °C  The rate constants were obtained by assuming a
reversible first-order process
ka(s1)=14x104(111°C), kg (s1) =3 5x 105 (111 °C)

X-Ray Crystallographic Analysis for Compound 24. Crystal data C21H23NO7, M = 401 42,
monochnic, a = 16 217(8), b = 22 70(1), ¢ = 10 776(5) A, B=105 65(4)°, V = 3820(3)A3, space group P21/a,
Z=4,Dc=139 gcm3, R = 0068 Full crystallographic data have been deposited with the Cambndge
Crystallographic Data Centre, Umversity Chemical Laboratory, Lensfield Road, Cambndge CB2 1EW, U K
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