
development of Chiral Stabilised Azom~thi~e Ylids: 
A Chiral memory Relay System. 

Abstract: Chin& stab&d azomethine ylids incorporated in cyclic templates derived from (IQ- 
or (S~2-phenylg~ycino~ and (S)-valine undergo enxntioseI~tive 13.dipolar cycl~~~tion 
reactions with a variety of ~~l~ph~es. Removal of the template in me case of adducts derived 
originally from (Q-vaiine furnishes e~ti~~y pun? [fi- substituted proline derivatives. 

Azometbine ylids are readily accessible from &amino acid preeursors,t but the chiral information at the 

u-centre is necessatily lost in the process of ylii gene&on. WE envisaged that in~ation of the amino acid 

into a chiral template and utilising its cbirality to set up a new chiral centre, could permit [3t2] cy~lo~tions 

with good stereocontrol to furnish adducts from which en~tio~~~~ly pure prohne derivatives could be 

derived after removal of the chiral template (Scheme l)? Although template removal in the final step of such a 

sequence necessarily involves destruction of the chiral centre used as the stem&ire&g element during 

cycloaddition, this involves no overall sacrifice of ebirality since it was envisaged that the chiral template would 

be de&d, by ehiral i~ucdon, from a pm&ii substrate. 
C- -I 

template removaf 
~r-.---~~~~-*~.~*~---~ 

EWG EWG EWG EWG 

# = ‘remembered’ cbiral centre 

Scheme 1 

Thii principle has been applied previously to deprotonation processes by Schmidt? Seebach and 

~ho~~~ and Seebach has coined the phrase “self ~p~~~on of chiity” for such a process. Invesdgations 

into en~tioselective ~yclo~ditions with asinine ylids have largely focussed upon the use of chiral 

auxiiiaries on the di@trophik$ although attention has been paid to the dipole7 and Grigg has recently presented 

work in which cbind catalysts have been used with achiral substrates.* 

For our candidate system we decided to investigate the potential of the 3-substituted-5- 

phenylmo~ho~~~eg template for generation and st~~n~ll~ trapping of aaomethine ylids &Scheme 2). 
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Central to our decision was a brief report by Willies that 5(~)~(~~~h~nyirno~holino~ can act as an 

azomethine ylid precursor which uudergoes stereocontrolkl cyclo~ti~, 10 bough such substrates could not 

be generated in a direct manner from cl-amino acids. 11 Our choice of 5-phenylmorpholinone derived systems 

was governed by the demonstration by Caplar that hydrogenation of the cyclic condensation products derived 

from a-bmmoacetophenone and o-amino acids occurs stereospecifically, forming homochiil3-substituted-S-- 

phenylmo~holinones with total 13-transfer of chiiality from the a-amino acid centre to the newly formed 

benzylic centre.12 In principle such a system could lead to the desired relay of the original amino acid chin&y, 

with the stereocentre at C-5 of the template, generated as a consequence of the chiirat centre at C-3, acting as the 

stereocontrolling element for the cycloaddition. 

Ph Ref. 12 Ph t: R 

) + HB 
‘ix 

H 

0 0 

IHCHOI */A 

(- HzD) 

I 

Scheme 2 

Initially, we carried out a model study using 5-(R)- and 5-(S)-phenylmorpholinone template (1) as a 

chiral glycine equivalent This was readily prepared by reaction of (R)- or (S)-phenylglycinol with phenyl 

bromoacetate using the method of Dellaria. ‘3 Such a substrate would permit us to test the overall viability and 

stereosekctivity of the sequence of ylid formation followed by in situ trapping [Scheme 3, (R)- series only 

shown], ai~ough ~~e~nzylation of the cycl~u~ts resulting from this sequence would result in destruction 

of the original chiral centre.14 

Ph 

H 

(1) 

Scheme 3 

Due to the propensity of the morpholinone (1) to dimerise* it was stored at 0 Oc prior to use and the 

ylid (2) generated under high-dilution conditions by dropwise addition to refluxing benzene containing 

p~o~ldehyde and the ~~l~~hile, following a modified method of that used by Tsuge.15 in S&U happing 

of the ylid with a variety of different alkene homophiles led to the,desired adducts, usually as et&o- exe- 

mixtures in the yields indicated in Scheme 4. Reaction of 2 with maleimide yielded the en&- adduct (3) in 

54% yield whilst the ego- adduct was found to have reacted with a further molecule of 2 to yield the his- adduct 

4 in 14% yield. ~sumably the en&-- analogue of blend 4 was not obtained due to greater steric ~m~ce 

to approach to the MH in this case. In all instances the et&-- adducts were formed p~domin~tly and, with 
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maleic anhydride as dipolarophile, no e.w-&duct could be isolated, possibly due to the reduced steric bulk of 

the anhydride compared to N-substituted tnaleimides. Gratifyingly however, the stereochemistry at C-3 of the 

morpholinone ring was always the same in every example studied 

1 PiI*! I 
YL 0 0 

(2) 

R=Ph, Me 

R= Ph (5) endo- (45%) 
R= Me (7) enlfo- (41%) 

n 

(lO)endo- (20%) 

Scheme 4 

(11) e.m- (6%) 

The stereochemical control can be rationalised by envisaging an axial approach of the dip&mphile to the 

least~inder~ face of the ylid held in a chair confo~ation in which the phenyl group is equatorial (Figure I). 

Figure 1 
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Subsequent to cycloaddition, flipping the morpholinone ring to a boat conformation results in all 

sub&rents lying in the sterically least demanding environments. X-ray structure determination of 5 together 

with n.0.e. difference studies confmed both the boat conformation of the morpholinone ring and the torul 

srereochemical integrity achieved at the newly formed ring junction of all products 3-11.a 

Attention was then turned to the use of alkyne dipolamphiIes, as the resultant cycloadducts would be free 

of stereochemical c~p~~at~ons resulting from ex+ or endo- attack. Generation of 2 followed by reaction with 

the symmetrical ~~I~phile dimethyl ace~len~c~xyla~ f~ish~, as expected, only one cy~loadd~t 

(12) in 29% yield (Scheme 5). In order to evaluate the regiocontrol possible with this system, ylid (2) was 

also reacted with methyl propynoate and was found to furnish a single product (13) in 30% isolated yield. In 

both instances no other monomeric products could be identified and the low yields presumably reflect reduced 

reactivity of the dipolamphiles. The regio- and stereochemistry of 13 were established by COSY and n.O,e. 

difference studies,2a the regioselectivity being the inverse of that usually observed for cycloaddltions of 

stabilised azomethine ylids with unsymmetrical dipolarophiIesr6 
CO&i9 I 

(2) 
L 

HC :CO&le 
* 

Scheme 5 

Having demonstrated that stereochemical control at the ring junction in the cycloaddition reactions of 

ylid (2) was uniformly excellent and the material yields ranged from moderate to good, we were encouraged to 

extend our studies towards the development of a chiral relay system utilising 3,S-disubstituted morpholinone 

templates in which the 3-substituent is derived from au a-amino acid. As our initial candidate we decided to 

utilise the known 3(~-isopr~yl-5(~)~henylmo~holinone (14) prepared from N-&c valine follo~ng the 

method of Caplar.12 Substrate (14) appeared resistant to the ~ublesome di~~sation side-reaction shown by 1 

on storage. The ylid generation and trapping procedure utilising 14 was carried out in a similar manner to that 

described for substrate (1) except that the generally lower reactivity exhibited by 14 meant that it was beneficial 

to perform this series of reactions in toluene to improve the yields of cycloadducts obtained (Seheme 6). Under 

these conditions, reaction with N-phenyl maleimide furnished cu. 5 : 1 mixture of err&- and exe- cycloadducts; 

whereas N-methyl maleimide gave only the endo- cycloadduct. Once again, only a single stereochemistry was 

observed at the regenerated chiral centre at C-3 of the morpholinone ring. Full characterisation of compounds 

16-18 included n.0.e difference studies and an X-ray structure determination of i?.2b 
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(151 (la) R=Ph34% (18) 7% 

(l’lfR=Me 46% 

Scheme 6 

The stereochemisties observed for adducts (16) - (IS) can be explained by our rationale of stericahy 

directed approach in the same miner as with ylid (2). In this case, the i~pmpyl substitue~ on the yIid (15) 

appears to favour en& approach of the dipolarophile slightly compared to the unsubstituted ylid (2) and may 

also explain the lower reactivity of (14) (Figure 2). 

Sterically preferred 
appr~h 

Figure 2 

Disap~indngly the iower reactivity of ~~~~inone (14) was reflected in the fact that attemptd 

happing of the derived ylid with dimethy mdeate gave no identi~ab~e products; whilst dimethyl 

a~tylene~~~~xyiate gave the Michael adduct (19) in 39% yield after chromatography as tbe only isolable 

monom~c material. Adduct (19) was found to show no optical rotation at a series of wav~en~s, and we 

rationabse this result by invoking ~ce~~tion under the conditions of thermolysis via a sequence such as that 

shown in Scheme 7 involving a series of pmtotropic shifts. 

l.WfBl,, t&ene, d 
molecular sieves 

c 

(14) 3(s8)?51sP)il*) 39% 

Scheme 7 

In order to demonstrate the feasibility of our overah strategy of chinal relay it simply remained to carry 

out t~plate removal by ~n~lic depmt~tion of adducts (16) - (18) followed by hy~lysis to yield pmline 

derivatives. In practice, benzylic hydrogenolysis (methanol, Pearlman’s Catalyst, H2,tritluoroacetk acid*? 

ooemred with concomitant hy~~ysis of the ester linkage to yield the free proline derivatives (20) - (22) in 

good yields @‘iire 3). 
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16 X=p-H, R=W 

17 x=p-Ii, R--Me 

IS X=a-H, R=Ph 

& / Pd(OH)L - C, MeOH, TFA, r.t. 

Figure 3 

Isolation of the pure amino acids 19-21 from the crude hydrogenolysis mixtures was achieved by 

means of the recently reported reverse-phase variant18 of dry flash chromatography,tg eluting with I : 1 

methanol / water. 

In an extension of this meth~ology, it was decided to investigate the outcome of trapping ylids 

generated by reaction of mo~holin~e (1) with aldeh~es other than ~o~aldehyde, in order to synthesize 

derivatives with ~n~tionality at the off-template a’-amino centre and to study the degree of stereocontrol 

possible at this centre. Williams has previously observed formation of mixtures of stereoisomers at this new 

centre using the ylid derived from S(R),6(~~~phenylmol~none and ~~~ehyde.lO Following the metb~ 

used to prepare adducts (3) - (13), compounds (23) - (26) were obtained in good total rnate~~ yield by 

reacting mo~ho~none (I) with ~nzaldehyde in the presence of N-methyl m~e~ide.(Sche~ 8) 

72% totat material yield 

The stru~tam of the major adduct (24) was confttmed by X-ray c~st~o~phi~ analysis (Figure 4).a 

et 

X-ray crystal structure of en&adduct(24 ) 

Figure 4 
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It can be seen from the relative yields of the adducts that the favoured cycloaddition pathway occurs via 

the ylid possessing the unri- configuration. This may be due either to preferential formation (lower steric 

inte~ction of the two phenyl gmups) or gnsater reactivity of a&- 22. It is it to note once again that total 

stereochemical inte@y at C-3 of the morpholinone ring is achieved for all of the adducts. 

Morpholinone 1, when reacted with benzaldehyde and dimethyl maleate in refluxing benzene, furnished 

the endo- adduct (27) as the onfy isolable material, but in a ~sap~intingly low 8% yield (Scheme 9). Since 

the yield of this reaction was low, it is possible that other adducts were formed but in qu~dties too small to 

detect in the crude reaction mixture. 

(1) (22) anti- 

Scheme 9 

(27) 8 % 

Currently work is being carried out on extensions of these studies towards the synthesis of substituted 

passes and amino acids and will be reported in due course. 

Experimental 

Infra red spectra were recorded on Perkin-Elmer 297 or 781 instruments. Proton n.m.r. spectra were 

recorded on Varian Gemini (200 MHz), Bruker WH300 (300 MHz) or Bruker AM500 (500 MHz) 

spectrometers. Carbon-13 n.m.r. spectra were recorded on a Varian Gemini (50 MHz) s~~rnet~. Melting 

points were recorded on a Kofler hot stage and are uncorrected. Mass spectra (m/z) were recorded on Masslab 

20250, V.G. micromass SOF, ZAB IF or Trio- 1 GCMS @B-S column) spectrometers, using desorption 

chemical ionisation (NH3 D.C.I.). N.0.e. difference data are quoted in the format: ovation ~siti~ (6), 

~~~ufe~~rQ~~~nhanc~ proton (% enh~e~nt). Mi~~alyses were carried out an a Carlo E&a 1106 

elemental analyser. Flash column chromatography was carried out using Sorbsil C60 40/60 or Merck Kieselgel 

60 (0.~-~.~3 mm diameter) silica. 

General method for the preparation of compounds (3) - 113) 

Pamformaldehyde (10 equiv.) was added to a solution of dipolarophite (5-7 equiv.) in sodium-dried 

benzene (300 ml). The flask was fitted with a condenser and Soxhlet extractor ~n~ning activated 3A sieves, 

and the mixture heated with stirring to reflux under nitrogen. Mo~holinone (1) (1 equiv., 5 mmol) was 

dissolved in benzene (10 ml) and the solution added dropwise via a cannula to by-pass the Soxhlet extractor. 

After 2h, the reaction mixture was allowed to cool to room temperature and filtered to remove excess 

p~f~ldehyde. Removal of solvent in vucuo yielded the crude mixture of products along with excess 

~~1~~~~. Cobmm c~~~~phy using gradient elution, typically 3: 1 hexane /ethyl acetate to 1: 1 hexane I 

ethyl acetate, yielded the pure cycloadducts: 

2~~~,6~~~,~~S~,8~R~ 2-pkanyl-l-slzn4~x~f#.3.~~.6~b~~c~o~~5~~-7,8~~Qr~~~~ (3) 

Colouriess needles (0.7 g, 54 %) m.p. 1%153OC; Rt= 0.12,2: 1 ethy1 acetate-hexane; (Found C, 62.9; 

H, 5.2; N, 9.8; C&Il4N2O4 requires C, 62.9; H, 4.9; N, 9.8 %); vmax (CHCl3) 1745 and 1710 *n-t; 8~ 

(500 MHz, CDCl3) 7.40-7.26, 5H, m, -Ph; 511,2H, m, 3uJJ3-I$ 4.29, IH, s, -MI: 4.17, HI, d, J=8.0 Hz, 



6&-H; 3.80, lH, t, J=8.2 & 7fL-ff; 3.56, lH, bt, J=8.0 Hz, 2+-H; 3.32, fH, dd, J=Zl, J’=T1.9 Hz, 

9arfft-H; 3*29, fH, dd, J=2,2, 3’=8.7, &z-H; 3.15, El, dd, J=9,4, J’=fZt Hz, 9a@-H; 6~ (50 MHz> 

CDCl$ 177.5, 175.8, 165.7, 135.1, 129.2, 129.1, 128.X, 73.Q 63.4, 62,8, 59.& 53.8, 4&B, 44.2, 30*9; 

m/z @CI+v NH3) 304,287 (100 %, M-G), 104 (85%); [t&m +45,3 (c 1.0, CHCl3), w-3 [a]$ -44.8 (c 

1 .O* CHClj). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

nonan-S-onti7,8-&urb&mide (4) 

Colourless solid. (0.3 g, 14 96) m.p. 122-125 “C; Rf = 0.29,2:1 ethyl acetate-hexane; (Found C, 6X7; 

I-I, 5.3; N, 8.3; C&H2sN306requires C, 65.7; H, 5.3; N, 8.8 %); vmrur (CHC13) 1750 and 1 710 cm-l: 6~ 

(500 MHz, cDCt3) X49-7.25, IOEI, m, -Ph; 4.61, lH, dd, J=4.4, 3’=11.5 Hz, 3a@-H; 4.52, IH, d, J=13.5 

Hz, 9’/V9’ol-I$ 4.46, fH, dd, J=6,3, J’=13.5 Hz, 3a@-H; 4.31, lH, d, J=13,6 Hz, 9’ajY~H; 4.31,2H, 

m, 3’rxf3’f$ and 2’~R 4.20, lH, dd, J=lW, J’=l2A Hz, 3’u/3+fs-N(; 3.96, lH, d, J=l7,1 Hz, 6W6’&& 

3-96, lH, dd, J-644, J’=6.3 Hz, 2rx-H; 3.79, lH, d, J=7.3 Hj 6/&R 3.74 II-I, d, J=17,1 Hz, 6’aWp-R 

3,61, lHi, da, 3=7+6, J’=8,2 Hz, 7a-H; 3.24, lHY dd, J=3.0, J’=10.7 fl[z, 9aB~I$ 3.19, lH, dt, J=3.0, 

J’=gA Rz, $a-H; 2.92, lH, dd, J=S.9, J’=10.7 Hz, 9a/PfS-H; k ($0 MYHz, CDCl?) 178.4, 17&3, 169.1, 

16K5.8, 137,4, 134,3, 129.0, 128.9, 12K7, 128& 73.2, ?f.6,61.2,59,8, 59.0, 57.2,53.4, 50.3, h-4,43.2; 

m/z (INN, NH3) 476 (25 96, M+l), 304, 287 (l&I%), 190, 178, 118, lO4 (100%); [a]#) +13.0 (c 1.0, 

CHC13), rrns-4 [a]$0 -14.2 (C 0.98, CHC13). 

N-phetryl2(R),d(R),7(S),8(R) 2-pheltyl-l-ozu-4~~~4.3.~~~~bicycl~nanan-5-one-7,8~c~o~~ (5) 

Cdwrless rds (1.76 g, 45 %) m.p. 222-224 “C; Rp 0,31,2:1 ethyl acetate-hexane; (Found C, 69.3; 

H, 4+7; N, 8.0; C2JH~~N204requirc.s C, 69.6; H, 5.0; N, 7.7 8); vmm QXC13) 1 753 and 1716 cml; 8~ 

(500 MHz, CDCl3) 7.54-7.27, IOH, m, -Ph; 4.34, lH, dd, S=ll.S, J’=13.2 Hz, 3a@-H 4.33, lH, dd, 

J=llS, J’=26.7 Hz, 3atpa; 4.27, lH, d, 3=7.8 Hz, 6#Lw; 3.93, 1% dd, J-7.8, JW.7 Hz, 7~H; 3.86, 

lH, dd, J-4.4$ f’=9+1 Hz, 2a-H; 3.46, El, m, 813-H; 3.35, lH, dd, J=3,3, J’=12.6 Hz, W&-H; 3.30, lH, 

dd, J=9.1, J’=l2,6 Hz, S&@-H; Sc (50 MHz, CDClj) 176.7, 174.4, X5.9, 135.4, 132.0, 129.4, 129.29 

129.1, 128.8, 127.9, 12X3,73.3, 6269, 60.07, 54.4,4X3,44.1, mb (XXI+, NH$ 330, 363 (50 %b, M+l), 

104 (lOU%); [a]p -42.3 (E 11.6, CHQQ, EM-5 [a]~= t38.9 (c 0.6, CHC13). 

N-phenyt 2(R~~~(R~~7(R~~8(S~ 2-pfrenyf-~-.~.Q-t~~b~~ctonon~-7,~~~~b~~~~ (6) 

Colwless filaments, (0.5 1 g, 13 %) tap. 220-222 *C; RF= 0.59,2:1 ethyl acetate-hexane; (Found C, 

69.3; H, 4.5; N, 8.3; C21H18N204 requires C, 69.6; H, 5.0; N, 7.7 %); vma (CHC13) 1759 and 1718 cm$ 

SH (500 MHz, CDCl3) 7.55-7.25, lOH, m, -Ph; 4.50, lH, d, J&.9 Hz, 6B_H; 4.46, lH, dd, 5=5.2, J’=12.3 

Hz, 3a/p-H; 4.23, lH, dd, J=1.3, J’=8.5 Hz, 7a-H; 4,21, lH, t, J=12.0, 3a/p-H, 3.95, lH, dd, J=5.2, 

J’=11.7 Hz, 2a-H; 3.69, lH, dd, J&9, J’=9.9 HZ, 9a-& 3.53, lH, dt, J=O.9, J’=8,3 Hz, 8a-H; 2.96, 

lH, d.d, J38.0, J’=9.9 Hz, 9P_H; n.0.e. expt: 4.50, @-&7&I (15.9%); 4.44, 3acH-2a-H tlOS%), -3fi- 

H (32,3%); 3.95, Za-N-9P_H (8.2%), -3a-H (9.1%); 3.68, 9a&-9f3-H (2X2%), -!!a-H (2%), -2a-H 

(1.7%); 3,52, 8aeH-9/3-H (7.8%), -7~H (11.5%); 2.9, 9bH-8a-H (13.3%), -9~H (30+2%), -2~H 

(10.2%); 6~ (50 MHz, CD&) 1769, 176.7, 169.6, 137+0, 132.0, 129.3, 129XI, 128.9, 128.5, 126.5, 

126.4,71.0, 62.6, 62.2, 5X2,45.2,43.9, m/z (DCI+, NH3) 380, 363 (65 %, M+l), lU4 (IOU%); [&* 

+88B (c 0.25, CHCk$, eat-6 [a3~-3~-&2 (c 0+25, CHCl$, 
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~-~~~~~ 2~Rj,6tRj,7(~j,~~Rj Z-phenyl-l~u~~xuf4.3.01~~~bicycfono~n-S-ane-7,B-dicarboxi (7) 

Colourless foam, unstable in the presence of ah, (0.96 g, 41 %) m.p. 115-l 17 ‘C; Rf= 0.25,2: I ethyl 

acetate-hexane; (Foand C, 64.2; H, 5.1; N, 9.0; cf&@@4 requires C, 64.0; H, 5.34; N, 9.3 8); vmax 

(CHCl3) 1 752 and 1 708 cm-l: 8~ (200 MHz, CDCI3) 7.5-7.2, SH, m, -Ph; 4.35,2H, m, 3al@-Hz 4.08, 1H, 

d, Jx7.8 Hz, tip--H, 3.75, lH, t, J=7.8, g&H 3.67, IH, t, J=6.3, 7@-H; 3.3, IH, m, 2~H, 3.25, IH, d, 

1~1.96, 9ct@-H; 3.08, lH, dd, J=9.4, J’=12.7, 9c@-H; 3.08, 3H, s, -NMe; 6~ (50 MHz, CDCt3) 178.4, 

176.0, 166.1, 134.9, 129.3, 129.2, 128.1, 73.3, 62.5, 59.3, 53.5, 48.0, 43.7, 25.5; m/z (DCI+, NH3) 318, 

301 (85%, M+l), 256, 104 (100%); [~z]$0+45.0 (c 1.0, CHC13), ent-7 [a]$0-45.9 cc 1.0, CHCI$ 

~-~thyl2~R},6(R),7fRj~8~~) Z-phenyl-I-Qza~~xa14.3.0~~6~bicyclononaR-5~~e-7,8~carbox~m~de (8) 

Coiourless foam, (0.45 g, 19 %) m.p. 110-f 12 ‘C; Rt= 0.52, 2:l ethyl acetate-hexane; (Pound C, 

64.2; H, 5.34; N, 9.48; CnjHteN204 requires C, 64.0; H, 5,34; N, 9.3 %); vmax (CHCI3) I 75’7 and 1 705 

cm-? &J (500 MHz, CDCJ3) 7.38-7.26, 5H, m, -Ph: 4.4, IH, dd, I=.?, J’=12.3 Hz, 3cr.@H, 4.38, IN, d, 

kl.2 Hz, 68-H: 4.19, IH, t, J=11.9 Hz, 34x&H; 4.07, lH, dd, J-1.2, 1’=8.4 Hz, 7a-H, 3,87, ZH, dd, 

J=5.0, J’=ll.? Hz, 201-H; 3.56. IH, dd, J-1.0, J’x9.9 Hz, 9a-If; 3.38, lH, t, J=8.1 Hz, Sc+H; 3.08, 3H, 

s, -NMe; 2.85, IH, dd, J=8.1, J’=9.9 Hz, 9kH SC (SO MHz, CDCIJ) 178.3, 178.0, 170.2, 137.0, 129.0, 

128.6, 126.8, 70.9, 62.8, 61.5, 56.6, 44.9, 43.7, 25.4; m/z (DC&, NH$ 318, 301 (85 %, Mel), 256, 104 

(I~%); ]tX]@ t30.9 (c 1.0, aCl3), en&8 [uJ$o-31.4 [c 1.0, cficI3). 

2~Rj,6(ff~,7(~j,S~R} 2-phenyE-I-aru~-oxa(4.3.O~~~~bicycfonoMn anhydride (9) 

Colourless plates, (0.40 g, 49 %) m.p. 190-192 “C; Rf= 0.51, 21 ethyl acetate-hexane; (Found C, 

62.7; H, 4.47; N, 4.8 %; Ct5Hl3N05 requires C, 62.7; H, 4.52; N, 4.9 %); vmax (CHCI3) 1 785, 1 774 and 1 

748 cm-l; 8~ (500 MHz, CDCl3) 7.42-7.27, 5H, m, -Ph; 4.38-4.43,2H, m, 3&J&H; 4.12, lH, d, Jz7.9 Hz, 

6j3-N; 4.02, lH, dd, Jx7.9, J’=9.1 Hz, 7&H, 3.86, IN, dd, J&4, J’z7.7 Hz, 2a-H; 3.54, lH, dt, J=2.0, 

J’x9.1 Hz, 8&H; J-46, lH, dd, J=2.0, J’zf2.8 Hz, 9c&-H; 3.15, lH, dd, J=9.2/128 Hz, Sat&H; & (50 

MHz, CRCl3) 172.1, 169.8, 164.6, 134.2, 129.4, 129.3, 128.1, 73.5, 63.9, 58.7, 54.7, 48.6, 44.0; m/z 

WI+, NH3) 30.5 (100 %), 288 (30 %, Mtt), 104 (65 %a); faJ$* t66.1 (c 0.58, CHQ), ent-9 [a]D20- 

65.8 (c 0.60, CHC!l$. 

Z~Rj,6~R),7~Sj,$fR} d~~thyi Z-phenyl-I-aza~~~~4.3.0~~~~bicyclononan-S-o~-7,8_dicur~~~ate (IO) 

Colourless filaments, (0.30 g, 20 %) m.p. t68- 169 “C; Rf = 0.5 I, 2: 1 ethyl acetate-hexane; (Pound C, 

61.5; H, 5.86; N, 4.3; C17Ht9NOe requires C, 61.3; H, 5.71; N, 4.2 %); vmax (CHCf3) I 747 cm-t; 8~ (500 

MHz, CDC13) 7.40-7.26, SH, m, -Ph; 4.65, XH, d, J37.3 Hz, 6&-H; 4.26, ZH, d, J=2.3 Hz, Jcr./P_I-I; 3.79, 

lH, dd, J&.8, J’=lO Hz, 2a-H; 3.77, 3H, s, -C@Me; 3.72, 3H, s, -CQMe; 3.69, lH, t, J=7.3 Hz, 7&-H; 

3.42, lH, dt, J=1.4, J’=5.5 Hz, 8fi--H; 3.29, lH, dd, J=l.J, J’=9.5 Hz, 9a/p-H; 2.76, lH, dd, J=5.5, 

J’s95 Hz, 9oJkH; & (50 MHz, CDC13) 172.1, 170.8, 137.3, 128.9, 128.5, 127.1,.71.9, 63.8, 58.9, 55.9, 

52.4, 52.3, 47.5, 45.6; m/z @XX+, NH3) 334 (100 %, M+l), 104 (60%); [a]Dzo +6.0 (c 0.73, CHC13), ent- 

10 [a]D2’ -6.2 (c O-75, CHC13). 

Colourless needles, (0.m g, 6 %); m.p. 139-141 “C; Rf= 0.45,2:1 ethyl acetate-hexane; (Found C, 

61.4; H, 5.79; N, 4.1; C~7Ht9N~r~uires C, 61.3; H, 5.71; N, 4.2 46); vmax (CHC13) 1 736 and 1 700 cm-t; 

&J (560 MHz, CDCl3) 7.43-7.27, 5H, m, -Ph; 4.45, lH, d, J=6.2 Hz, 68-H; 4.23-4.30, 3H, m, 2o and 

3(x@-K; 3.74, JR, m, 7~& 3.73, 3H, s, -C@Me; 3.67, 3H, s, -C@Me; 3.35, IH, dt, J=7.0, J’=ll.g Hz, 

k--H; 3.22, lH, dd, J=7.1, J’=9.3 Hz, 9&@-H 3.08, lH, dd, J==9.3, J’=11.8 Hz, 9cl&H; k (50 MHz, 
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CD@) 172.2, 170.4, 170.3, 137.7, 129.3, 128.8, 128.5, 127.7, 127.4,7X2, 63.0, 62.5, 54.1, 52.3, 52.1, 

49&45.2; m/z (DCJ+, NH3) 334 (100 %, M+l), 289, 104 (40%); [a]$‘-14.7 (c 0.87, cW&13), air-11 

&h”) +14.3 (C 0.85, C!HCJ$. 

2{~~,6~~~ ~imethyi 2-~~e~l-~~za~~~~~3.0~~6~~~~&fo~~~7-e~~~~-7,~d~~~~o~l~r~ (12) 

Pale yeJJow foam, (0.3’7 g, 18 %) m.p. 52-S “C; Rt= 0.35,2:1 ethyl acetate-hexane; (Pound C, 61.4; 

H, 5.28; N, 4.46; C17Ht7NOere@res C, 61.6; H, 5.13; N, 4.2 %); V~ (cHCl3) 1741,170O and 1593 cm 

t; St+ (300 MHz, CDCl3) 7.43-7.21,5H, m, -Ph; 4.76, lH, t, J=4 Hz, 2a-H, 4.72, lH, dd, J=4, J’=12 Hz, 

3p-HB; 4.68, lH, s, 6p-H; 4.55, lH, dd, J=4, J’=12 Hz, 3tr-H 4,16,2H, d, J=4 Hz, 9o$-H; 3.83, 3H, s, 

-COzMe; 3.61, 39 s, -(X&Me; k (50 MHz, CDC13) 166.9, 165.4, 164.8, 151.6, 135.0, 129.4, 129.1, 

128.8, 126.1, 90.1, 69.9, 56.8, 53.1, 51.1, 47.6; m/z @CIi, NH3) 332 (20 %, Mti), 320 (I~%)~ 104 

(18%); ]a]D*u-76 (C 0.82, CHCl3), ~-12 ]cr]tjm +74.8 (c 0.80, CHC13). 

2~~~,6~R~ ~2~~ 2~henyl-J~za~~xaf4.3.0~~6~6i~c~o~~7~~-~~~-~~~o~~~~ (13) 

Coiourrfess ne~les~.(O.20 g, 17 %) m.p. 167-169 “C; Rf= 0.56,2:1 ethyl acetate-hexane; (Pouud C, 

65.6; H, 5.45; N, 4.9; Ct5H15N04 requires C, 65.9; H, 5.50; N, 5.1 %); vmax (CHCf3) 1744 and 1726cm-1; 

6s (500 MHz, CDCl3) 7.46-7.32, 5H, m, -Ph; 6.92, lH, dd, J=1.7, J’f4.1 Hz, 8-H 5.09, lH, dt, 5=1.7, 

5”=6.3 Hz, 60-H; 4.31, ‘IH, dd, J=4.0,1’=11.8 Hz, fa@-H 4.25, 1H, t, J=10.8 Hz, 3tip-)f; 4.03, IH, dt, 

Jz2.2, J’=16.7 Hz, 9rt-H 3,94, lH, dd, J=4.0, J’z10.8 Hz, Z&-H; 3.84, 3H, s, -C&Me; 3.53, lH, ddd, 

JzI.9, J’=6.3, J”=16,7 Hz, 9kH; n.CJ.e. expt: &90,8-&9&H (3.6%), -9&H (5’7%); 5.10,6j3&-3a-H 

(6.2%); 4.03,9tz-H--9~-HP (23.8%), -8-H (10.9%), -Ph (2%); 3.95,2&k-9P-H (7.6%), -3P-H (6.9%), - 

Ph (3%); 3.53, 9&W-2a-H (10.2%), -901-H (25,70/o), -8-H (7%); 6~ (50 MHz, CDCl3) 140.5, 129.9, 

129.6, 128.6,.127.5, 12’7.1, 71.8, 65.2, 64.4, 60.9, 51.9; m/z (DC&, NH3) 291, 274 (100 Q, M+i), 229, 

104 (30%); [~]~20-32.8 (c 0.83, CHCl3), en&l3 [a]$o +33.6 (c 0.83, CHCI3). 

General method for the preparation of ctamptnmds (16) - (18) 

P~~aldebyde (10 equiv.) was added to a sohuion of dipo~ophiie (5-7 equiv.) in a~iurn-~~ 

toluene (300 ml for 1 equiv. of 14). The flask WBS fitted with a condenser and a Soxblet extractor inning 

activated 3& and the mixture heated to refIux with stiing under nitrogen. Morpholinone (14) (5 mmol, 1 

equiv.) dissolved in toiuene (10 ml) was added ~opwi~ via a c~nula to by-pass the Soxhlet extractor, After 

2h, the reaction mixture was allowed to cool to room tem~ature and filtered to remove excess 

p~~ldehyde. Removal of solvent in vaclul yielded the crude mixture of products along with excess 

di~l~p~~ Column ~~~to~ph~ using gradient ehrtion, typica@ 31 hexane I ethyl acetate to 1:l hexanel 

ethyl acetate, furnished the pure compounds: 

N--phenyl2(R),6{R),7(S,@(R) 6-isopropyf-2-phenyl-l~za~~xa~4.3.0~~~]bicyclononan-5~,ne-7,8- 

dicarboximide (16) 

~olo~iess needles. (1.25 g, 34 %) m.p. 220-222 “C; Rf = 0.50,2:1 ethyl ac~~-h~x~e; (Found C, 

71.33; H, 6.17; N, 7.0; Q4H24N204 requires C, 71.251; H, 5.94; N, 6.9 I); vmw (CHC13) 1784,1738,1 

703 cm-t; 8~ (500 MHz, CDCI3) 7.53-7.27, IOH, m, -Ph; 4.20, IH, t, J=iO.4 Hz, 3a@-H; 4.13, lH, dd, 

P3.4, J’=11.3 Hz, 3t@-& 3.97, LH, d, J=8.0 Hz, 7&H; 3.87, lH, dd, Jz3.4, J’=10.4 Hz, 2a-H; 3.60, 

lH, dd, J=9.8, J’=14,1 Hz, 9@-H; 3.40, lH, dt, 5=3-O, J’=8.0 Hz, Sa-H; 3.25, lH, dd, J=3.0, 3’=14.2 Hz, 

9a-H 2.18, IN, m, -iPr-CW, 1.32, 3H, d, J=6,8 Hz, &-Me; 1,23,3H, d, 54.8 Hz, iPr-Me; n.0.e. expt: 

4.20, j~H-~~-Me (4 %), -Ph (8.6 %); 4.15,3a-H-2a-H (9 %),-3&H (8 %); 3.97, 7~~-i~-~~ (2.2, 

7.3 %), iPr-CH (5.6 %); -8p.H (9 %); 3.81,2&S-9a-H (3.8 %>, -3a-H (5 %), -Ph (15 %); 3&0,9&H- 
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Colourless rhombs. (1.44 g, 46 %) m.p, 215-216 ‘C; Rf= 0.42,2:1 ettryl acetate-hexane; (Found C, 

66,7; H, 4,63; N, 8.4; Cl9H22N$& requires C, 66.7; I$ 6.43: N, 8.2 ‘PO); VW (CHC13) 1 785, 1 751 and 1 

699 cm-t; SH (Xl0 MHz, CDCI3) 7.37-7.22, 5H, M, -Ph; 4.14, lW, t, J=lO.8 Hz, 3or/p-H; 4.08, IH, dd, 

5=X4, .I’=1 1.3 Hz, 3@-H; 3.77, lH, d, J=7.9 Hz, ?jf$--N 3.63, El, dd, J=3.4, f’=10.4 Hz, 201-H; 3.46, 

lH, dd, J=P& J’=14,1 Hz, 98-H; 3.23, fR, ddd, J=3.0, F&9, J”=10.4 Hz, I@-H; 3.081 fH, dd, f=3.& 

5*=14.1 Nz, Brx-H; 3.01, ?H, s, -NMe; 2.13, lW, sept, J=6,8, -iPr-CH; 1,2-T, 3H, d, Jz6.8 Hz> iPr-Me; 

LB, 3H, d, J=6,8 Hz, Zr-Me; n,U.e. expt: 3.80, ?&F$-+Fr-Me (10.3 %>, -&+CH (7.3 VG), -Q-H (S-5 %); 

3.60,2&&-901-H (3 %70), -301-H (7.6 %), -Ph (10 %I; 3.S0, 9#&&iPr-CH (9.5 %b), -Pa-H (31 %I, -BP-M 

(10.2 %70); 3.25,8@L7&H (10.2 %i), -PfiLH (6.6 %,); 3.10, Pa-IT-S&H (2.9 a), -98-H (24 %/o), -2tx-H 

(6.3 W), -Ph (2 %); 2.12, iPr-CH-#r-Me (15.2 %), -3f3-N [3,7 B)l-9P-H (7.5 %), -7&H (5.6 a); k (50 

MHz, CDC13) 178.0, 176.2, 166.8, 1369, 132.0, X29.1, 129.0,,127,8, 125.8, 72.5, 61.6, 54.2, 53,3, 44&l, 

36.8,25,5, 18,4, 18.1; m/z (WI+, NH3) 360, 343 {lM) %, M+l), 2P9 (65%), 104 (8%); [al+’ +51.P (c 

0.78, CHCI3), 

N-phenyE 2~&6(R),7(R),8(S) 6-is~propyl-2-phenyl-r-az#~-clsral4.3,01 ,6~bicycZanonan-5-one-7,8- 

&xr&uxhi& (18) 

Colorless needles, (0.25 g, 7 %) m.p. 205-208 ‘C; Rf = US& 2:1 ethyl acetate-hexane; (Ftwd C, 
71.37; H, 5.83; N, 6.78; t&H~N$& requires 6,71,29; H, 5.94; N, 6.9 %); vrnax (CHC13) I 764 and 1 723 

cm-f;&jj (So0 MHz, CDC13) 7.48-7.26, lOH, m, -Ph; 4.28, W, t, J=ll,O Hz, 3cz$-E~ 4.21, lH, dd, J=3,2, 

J’=11.5 Hz, JQlfB-fI; 4.19, lH, d, J=10.4 Hz, 701-M; 3.96, lH, dd, J=3.2, J’=lOS Hz, 2a-Zf; 3.69, lH, q, 

3=9.? Ek, &x-kk 3.38, 1H, dd, kP.7, F-13,7 Hz, 901-lX; 3.20, IH, dd, J=9.6, 3’=13.? Hz, Pp-&; 3.00, 

El, sept, 14,6, -izJr-CR 1.22, 3H, d, h6.6 Hz, ipt-ME;; 1.06, 3H, d, J=&h Hz, if%-Me; n.0.e. eqx 4.00, 

2cc-&9a-I-I (4 %), -&a-H (5 %), -301-H (7 a), -Ph (lt %); 3,70, &a-H-Pa-H (S %), -2&I (3.3 %$, - 

?a-N (9.5 %d); 3&-l, 9a-H-9P-H (25.6 a), -8a-H (7S %‘o>; 3.20, 9&II-iE’r-Me (7.3 %), -9a-H (19.7 %); 

3,00, Q'WZ'H-R-Me (7.7 %), -3P-H (3 %I; 6~ (50 MHz, CDCl3) 175.2, 173.8, 172.6, 137-6, 131.9, 

129.3, 129.1,.128,7, 127.9, 126.4, 72.2, 61.4, 56.1, 55.2, 43.6, 35.2, 19.6, I8.1; m/z (DCI+, NH3) 422, 

405 (100 %, M-U), 361 (35%), 104 (8%); [a]$-1.08 (c 1.0, CHC13). 

Preparatian of Michael addud (19) 

Colourless powder, (0.264 g, 39 %); m,p, 178-180 T; Rf = 0.57,2:1 ethyl acetate-hexane; (Found C, 

63.0; H, 6.42; N, 3.8; Ct~H23N06requires C, 63.2; M, 6.37; N, 3+9 %I; vmax fCHC@) 1 766, 1 738 and I 

733 crd; 8~ f%l MHz, CWl$ ?.45-7.27,5H, m, -Ph; 4.79, XH, dd, J=6.2, J’=I2.0 Hz, 2-H; 4.68, lH, s, 

=CNCQ#e; 4447, H-I, dd, J=6.2, J’=12.9 Hz, 3rxi-w; 4.35, fH, t, J=12.4 Hz, 3B_R 3.37, lH, d, J=9.8 

HZ, 6-H; 3.78, 3H, s, X0$&; 3.56, 3H, s, -CU$ik; 2.21, lH_ deep, 3=6.7, f’=9.8 Hz, -ifi-CH; 1,32, 

W, d, J&6 Hz, iPi=Me; LU6, 3H, d, k6.6 Hz, i&-Me: k (SO MHz, CDCf3‘) I67.1, 166.9, 164,8, 153.8, 

335.2, 12R5, 128.9, 126.2, 92.0, 67.6, 67.4, 60.0, X&9, 51.0, 32.5, 20.8, 18,9; IlIfi @XI+, NH3) 362 (100 

%, M+l), 328,261,204 (48%). The product shawed no up&al activity at a riqe of wavelengtths. 
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General procedure for the preparat~en grounds (20) - (22) 

The cycl~du~t (16) - (18) (LO mmol) was dissolved in ~~~ol(125 ml), and Pearhuatt’s Catalyst 

(paua~um hydroxide, 300 mg) and trifiuoroaeetic acid (0.5 ml) added to the stirred solution. The rest&ant 

mixture was stirred under one atmosphere of hydrogen at room temperature for 18 h. Removal of the catalyst by 

fihratior~ through a Celite@ pad followed by evapotation of the solvent in V(ICUO furnished the crude free ammo 

acid. Dty flash reverse-phase c~to~hy,l* elu~g with l:l~~~l I water, yielded the pure ~no acid: 

2{~~,3[S},4~~~ 2~sopropyl-3;ldrj~henyrd~c~bo~~~~rro~~~~-2~~bo~~~c acid (20) 

Colourless filaments. (0.27 g, 72 %), 25526OT (dee.); Rt= 0.80, reversephase plates, I:1 methanol I 

water; (Pound C, 63.5; B, 5.91; N, 9.2% C16Ht8N204 requires C, 63.6; H, 5.96; N, 927 %); vatax (KRr 

disc) 2 4OO-2 8OO,l 780,l 718 cm-*; SK (Zoo MHz, D4-M&D) 7.5-7.3, SH, tn, -Pk 3.91-3.77, 3H, m, 4e 

H, W&-H; 3.52, IH, d, J=9.2 Hz, 3&H; 2.3, lH, m, -iPr-CH; 1.3, 3H, d, J=6,3 Hz, iPr-Me; 1.1, 3H, d, 

J=6.3 Hz, tPr-Me; 8~ (50 MHz, De-DMSO) 176.6, 174.5, 170.1, 132.9, 128.7, 128.2, 127.1, 77.8, 51.4, 

46.6,45.Y, 33.6, 185, 18.0; m/z (DC&, IW3) 317, 303 (RIO Q, Mtl), 257 (70%), 215 (45%), 68 (38%); 

&ID~ -21.3 (c 0.78, 1 M HCI). 

Colourless solid. (0.27 g, 77 %), 250-253 “C (dee.); Rt = 0.82, reverse-phase plates, 1: 1 mettumol- 

water; (Pound C, 54.7; H, 6.83; N, II.5 %; Cl $igN204 requires C, 55.0; H, 6.67; N, 11.7 %); Vma (KRr 

disc) 2 400-2 SO&l 780,1717,1629 cm-t; 8~ (ZOO MHz, D4-MeOD), 3,72-3.52,3H, m, 4&-H, 5a$-H; 

3.45, lH, d, J=8 Hz, 3&--N; 2.9,3H, s, -NMe; 2.25, lH, m, -iPr-CH; 1.28, 3H, d, J=7.2 Hz, &-Me; 1.1, 

3H, d, J=7.2 Hz, @r-Me; 6~ (50 MHz, D~DMSO) 177.6, 175.6, 171.1, 76.7, 51.5,46.7,46.4, 33.4, 24.5, 

18.1, 17.8; m/z @CJ+, h’H3) 241 (15 %, M+l), 195 (WEI), 179 (18%), 83 (18%); [tX]$0+15.3 (c 0.75,1 

M HCl). 

~~ourle~ solid. (0.040 g, 74 %), 255-260 *C (dec,); Rfr OSO, reverse-phase plates, 1:l ~~~01~ 

water; hound C, 63.5; H, 5.92; N, 9.3 96; ~t~18N2O4 requires C, 63.6 H, 5.96 N, 9.3 46); vmatfKBr 

disc) 2 400-2 800, 1775,17O5 cm-t; SR (200 MHz, D4-MeOD) 7.57.2,5H, m, -Ph; 3.77-3.71,3H, m, 4cr- 

H, SUJ’P-H; 3.61, lH, d, J=9.0 Hz, 3a-H; 2.3, lH, m, -iPr-CH; 1.3, 3H, d, J=6.3 Hz, &Me; 1.1, 3H, d, 

J=6.3 Hz, iPr-Me; 6~ (50 MHz, D6-DM~O) 177.3, 175.9, 172.1, 133.3, 127.7, 126.8, 125.1, 78.2, 54.4, 

46.3,45.3,3S.l, 18.8, 18.3; m/z (DCI+, NH3) 303 (15 %, M+l), 257 (lo), 94 (~%), 44 (38%); [CX]D20 

+19.6 (c = 0*7&l M HCi). 

Preparation of adducts (23) - (26) 

Freshly distilled ~az~e~yde (10 equiv,) was added to a solution of N-methyl maleitnide (‘I equk) in 

gurney benzene (300 ml). The flask was fitted with a condenser and a SoxhIet extractor ~n~rng 

activated 3A sieves, and the mixture heated to refhtx with stirring under aeon. ~~~i~e (1) (3 tnmol, 1 

equiv,) dissolved in tohtene (IO ml) was added dropwise via a car&a to by-pass the Soxhlet extractor. After 

2h, the reaction mixture was allowed to cool to room temperature. Fihration followed by removal of safvent in 

vuc&o yielded the crude mixmte of products along with excess #methyl malehnide as a pale yellow oil which 

p~ly astir on sing. Calm ~~to~phy using a gradient of 32 hex~~~yl acetate to 1:l 

ethyl ~~~-~~ asp the pme cyc~duc~: 
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Colourless needles, (0.136 g, 13 %) mp. 188-191 “C; Rf=0.54,2:1 ethyl ace~t~x~~ (Found C, 

70.0; H, 5.23; N, 7, i; C~H2~2O4 requires C, 70.2; H, 5.32; N, 7.4 %); VW (CHC13) 1753 and 1708 

cm-l; tiH (500 MHz, CDC13) 7.27-6.~9, lOH, m, -Ph; 4.78, lH, s, 6fk-H; 4.38, lH, dd, J=.W, J’=12.5 Hz, 

3p-H; 4.27, IH, t, 3=11.6 Hz, 3ct-H; 4.22, lH, d, 3=9.1 Hz, 9cl-H; 4.07, lH, d, k8.1 Hz, 7E-H 3.78, 

lH, dd, J--5.9, J’=lLS Hz, 2&-W; 3.52, IH, t, J&S Hz, &s-H, 2.96, 3H, s, -NMe; n.0.e. expt: 4.80,6& 

H-7a-H (3.8 %), -3ec-H (5.1 %o); 4.38,3&-N-2a-H (6.6 %), -3&-H (4.7 %); 4.27,3a-Ei-3@H (10.8 %), 

-6p-H (8.7 %); 4.21, Pa-f&B&H (16.4 %), -2a-H(lS.6 %); 4.08, 7a-N-8a-H (8.6 %), -6o-H (4.5 %); 

3.78,21r-H-9~H (9.9 %), -30-H (6.7 C}; 3.53, 8a-H-7ct-H (10.2 S), -9a-H (10.9 %); 6~ (50 MHz, 

CDCl3) 177.4, 174.4, 170.1, 138.3, 134.4, 128.6, 128.5,.128.4, 128.0, 126.8, 72.9, 70.8, 61.1, 61,0, 

49,0,45.8,25.1; m/z &XI+, NH3) 394,377 (100 8, M+l), 104 (15%); [~~]$~+88.5 (C 0.60, CHC13). 

N-methyl Z(R),6(R),7~S}B(R),90 2,9lliphe~i-J-a~~~~4.3.O~~~fbicycfononan-S-one--7,8- 

dicarbox~mid~ (24) 

Colourbss rods, (0.405 g, 38 W) m.p. 183-186 OC, Rt= 0.46, 2:l ethyl acetat~ex~e; (Found C, 

702; H, 5.30; N, 7.4; C22H~nN204 requires C, 70.2; H,S.32; N, 7.4 %); Vma.x (CHCt3) 1779,l 754 and 1 

698 cm-l; 6~ (500 MHz, CDC13) 7.25-7.09, lOH, m, -Ph; 4.60, IN, d, J=8.1 Hz, 9a-N; 4.28, lH, d, Jz4.8 

Hz, 68-N; 4.25, 2H, m, 3a@-H; 3.81, lH, t, J=8.7 Hz, @-H 3.73, 1H. dd, J=6.8, J’=8.7 Hz, 201-H; 

3.37, lH, dd, J=4.8, J’=9.1 Hz, 7p-W; 3.05, 3H, s, -NMe; n.0.e. expt: 4.65, 9a-&-8&H (14.1 %), - 

3odf?-H (4.2 %); 4.28, W/3-I&-Za-H (77.4 %), -9a-H (7.3 %); 3.85,8~N-?~-H (11.3 %), -6P-H (7.3 k), 

-got-H (13.2 Q); 3.75,2a-f.&-3o$-H (17.4 %); 3.40, 7@-H-8@-H (10.1 %), -68-H (4 %); 6~ (50 MHz, 

CDCl3) 176.8, 175.2, 166.9, 139.2, 136.5, 128.9, 128.6,.127.9, 127.4, 127.0, 72.3, 70.3, 61.5, 60.7, 

52.?,47.8,25.4; m/z @CI+, NH3) 394,377 (100 Q, M+I), 104 (25%); [o&$0+38.9 (e 1.10, CHC~J). 

N~e~h~l Z(R),6{R),?cRf,S(Sl,9(S) 2,9~~ken~tyf_l-~a~~~~~~3.~~~4~bicyclon~- 

d~carbo~jm~de (25) 

Colourless needles, (0.100 g, 9 %), m-p. 216-220 “C, Rf= 0.60,2:1 ethyl ace~te~ex~e; (Pound C, 

70.3; H, 5.52; N, 7.5 %; C22H20N2O4 requires C, 70.2; H, 5.32; N, 7.4 %); V~ (CHC13) I 772, 1 749 and 

1 705 cm-t: 8~ (500 MHz, CDCl3) 7.41-7.04, lOH, m, -Ph; 4.43, lH, d, J=2.1 Hz, 9p-H; 4.34, lH, dd, 

5=3.2, J’=8.4 Hz, 7a-H; 4.33, lH, d, Jz3.3 Hz, 68-H; 4.22, 2H, m, 3a@-H; 3.74, lH, dd, J=5.7, J’=9.7 

Hz, 2a-H; 3.57, 1H, dd, J=2,1, J’=8.4 Hz, 81x-H; 3.12, 3H, s, -NMe; n.0.e. expt: 4.43, 9~-~-g~-H (4.9 

%), -2a-H(2.4 %), 2&Ph, 9a-Ph (3.5 %, 13.5 %); 3.?4,2a-ff-9p-H (2.2 %), -3cz$-H (6.1 %), 2@-Ph, 

Qol-Ph (IO %, 4.6 W); 3.57,8&&613-H (8.4 %f, -9/j-H (3.7 %), 9a-Ph (6.2 %); 8~ (50 MHz, CDCl3) 

177.2, 177.1, 170.6, 137.7, 136.2, 134.2, 129.3, 128.9, 128.8, 128.5, 128.3, 127.2, 71.3, 67.6, 61.8, 

56,8,52.4,4.5.3,2S.5; m/z (DC&, m3) 394,377 (100 %, M+l), 104 (30%); f~]D~-~Ol.O (c 0.6, CHCl3). 

~~~~by~ 2e),6(at170$tR~,9{S~ 2,9diphenyl-l-aza-4_axa14.3.~~~6~bicyclono~n~~-one--7,8- 

dicarbo~~mi~ (26) 

CoIourless powder, (0,117 g, If ‘z&f, m.p. 232-235 “C; RF= 0;31,2:1 ethyl. aeeta~ex~e; (Found C, 

70.19; H, 5.25; N, 7.36; CzzH2~N2O4 requires C, 70.2; H, 5.32; N, 7.4 %); vmax (CHCi3) 1 775,l 738 and 

f 699 cm-t; 6H (500 MHz, CDC13) ‘7.48-7.04, IOH, m, -Ph; 4.92, lH, dd, J14.5, J’=l1.2 Hz, 3a-H; 4.75, 

IH, d, J=11.2 Hz, ?g-H; 4.05, lH, d, 3=4.4 Hz, 2&-H; 3.68, IH, d, J=9.2 Hz, 6fi--H, 3.66, fH, dd, J=5.3, 

J’f7.5 Hz, 8@-W, 3.36, IH, d, J=5.4 Hz, 9$-H; 3.25, lH, dd, J=7.3, J’=9.5 HE, 7/3-H 2.93, 3H, s, -NMe; 
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n.0.e. expt: 4.95, Ja-H-2a-H (9.2 %), -2@H (20.0 %); 4.75, ~~~-~~~ (3.0 %), -38-H (29.1 %), --WI 

(3.6%); 4.05,2oz-&2&-H (3.5 %), -3&H (5.8 %), -Ph (11.2 96); 3.30,9~~-8~-H (18.3 %), -Ph (5.3 

40); 3.25,7~~~~8~H (19.5 %); SC (50 MHx, cDC13) 182.5, 175.4 162.0, i49,?, 134.6, 131.7, 129.3, 

129.1, 128.9, 128.7, 65.6, 59.1, 54.2, 48.0,45.3, 29.7, 24.9; m/z (DCI+, NH3) 394, 377 (100 k, h&l), 

184 (15%); [@j% -20.4 (C 0.25, CHC13). 

Preparation of c~cl~adduct (27) 

Freshly distilled ~nzaidehyde (10 equiv.) was added to a solution of dimetbyl m&ate (7 equiv.) in 

s~ium-led ~nzene.(3~ ml). The flask was fitted with a condenser and a Soxhlet extractor containing 

activated 3A sieves, and the mixture heated with stirring to reflm under ni~ogen, Mo~ho~mone (1) (3 mmo1, I 

equiv.) dissolved in benzene (IO ml) was added dropwise via a cannula to by-pass the Soxhlet extractor. After 

2h, the reaction mixture was allowed to cool to room temperature. Filtration followed by removal of solvent in 

vactw yielded the crude mixture as a pale yellow oil. Column chromatography using a gradient of 3:2 hexane- 

ethyl acetate to 1:l ethyl acetate-hexane furnished pure 27 as the only ~de~abie, monomeric material. 

21R),61R~,7($,,8~R~R),90 dim~t~l2,9aiphenyl-I-f4J.OI,6llbicyclonona~5-ona-7,8- 

~~c~~~~~e (27) 

CMothss rods, (0.097 g, 8 95) m.p. 207-210 “C; Rf = 0.48,2:1 ethyl ~~~t~x~; (Found C, 67.8; 

H, 5.55; N, 3.3; C2~23NG~r~ui~ C, 67.5; H, 5.62; N, 3.4 %); Vmas (CHC13) 1733 and 1723 em-t; 8B 

(500 MHz, CDCI3) 7.27-6.96, lOH, m, -Ph; 4.72, lH, d, J=6.? Hz, 6@& 4.46, lH, dd, J3.7, J’zll.6 Hz, 

2ff-H; 4.45, IH, d, J-10.5 Hz, 9(x--H 4.40, 2H, m, 3o#-H; 3.90, 1H, t, J=6.8 Hz, 7p-H; 3.77, 3H, s, - 

C&Me; 3.57, 3H, s, -(X&Me; 3.32, lH, dd, J=7.3/10.5 Hz, @-R & (SO MHz, CDCl3] 139.2, 136.5, 

128.9, 128.6,.127,9, 127.4, 127.0, 72.3, 70.3, 61.5, 60.7, 52.7, 47.8, 25.4; m/z (DC&, NH3) 427, 410 

(100 %p M+1), 104 (45 %); [o]D20-57.1 (C 8.60, ‘%C13f. 
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