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SKELETAL REARRANGEMENTS BY DENITROGENATION O F  
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Ahsrr-arr - Triazolines (2, 6 and 12) derived from the corresponding azobridged 

polycycles undergo rapid denitrogenat~un in the presence of several heterogeneous 

acids (e.g. silica gel) with formation of the aziridines (3. 7, and 13) together with 

the rearrangement products (4) and (8). In addition to 7 and X, funher products are 

formed on extrusion of nitrogen from 6 by dissolved acids. especinlly formic acid. 

In these reactions the azo group of 6 is involved. and hydrazine (9) and enanine 

(10) are produced. These two products are also isolated from the very slow acid 

catalyzed rearrangement of aziridine (7). The most likely reaction paths are 

exemplified with maroline (6) in Scheme 1. 

In earlier papers of t h ~ s  series we have described a rather general Diels-Alder reaction with reversed electron 

demand between cyclic nz~nes and xlkenes or  :!lkndienes.3 The 14121 adducts with dimes constitute a special 

class of rigid skeletons in which ;In N = N  and ; ~ n  C=C group are located in a pwdlel fashion within a definite 

distance. T o  these systems the well established 1.3-dipolar [3+2] cycloaddition between olefins and azides4 can 

easily be applied. We concentrate here on those oiazolines which are derived from systems which contain a 

norbomene moiety together with iln azo bridge and a z i d o f o r l ~ c  acid ester as the 1,3-dipole. The well 

documented extrusion of dinitragen from these triazol~nes is of special interest, since this reaction may trigger 

skeletal rearrangements o r  lead to azridines5 whicl~ again may rearrange under solvolytic  condition^.^ We 

wondered, if the nature of our systelns would influrnce the different rext ion paths and if even the azo group 

present would be involved. 

Tr iazo l i~m a n d  their. d e r ~ i r r o g e t m i o ~ ~  

Addition of azidoformic acid ester to system (5) and the smooth decomposition of the mazoline (6) by silica gel 
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in dichloromethane has alrexiy been described6 Azindine (7) and the rearranged urethane (8) are the only 

reaction products which could be isolated by clirom;~tugr:tphy. 

System 1.5 in which the positions of the N=N and C=C compxed to 5 are exchanged again is smoothly 

transformed into the corresponding niazoline (2). which, however, decomposes easily. Therefore crude 2 was 

subjected to denitrogenation by silica gel, yielding the expected aziridine (3) together with urethane (4). These 

results demonstrate that [he different geometry of triinzolines (2) and (6) is not reflected in the course of the 

nitrogen extrusion reactions catalyzed by silica gel. Su far. the uretI1:tne (4) is the only representative of this 

skeleton which contains the N=N and C=C groups in exolexo position. The corresponding isomers are 1 

(exolendo)? 5 (endotexu, basic system knownj3" and 8 ( e n d o ~ e n d o ) . ~  As to be expected from earlier 

in~estigations.3~.8 only 8 undergoes a smooth [2+2] photocycloaddition.6 

Nmogen extrusion from ui;~zolines (2) and (6) by silica gel is very convenient. In case of 6 the overall yield and 

the ratio of products (7) and (8) remnins nearly consunt with Lewatit SPC 1129 and the Montmorillonit K 10 3s 

catalysts, whereas with Alox s I ~  the overall yield was reduced to 42%.6 

All the above mentioned acidic catalysts act in the solid state. We wondered, how dissolved (Lewis) acids, rarely 

applied so far.1' would behave. Indeed, with criazul~ne (6) :IS a model not only products (7) and (8) are 

observed, but nlso the transonular products (9) and (10): In acetone with 2 N HCI, in dichloromethane with 

HC02H. CF3C02H (8 and 10) and BF3.Et20 (7 and 9). 

This unexpected behav~ur of 6 has been studied in more detail with formic acid at 0°C and 25'C by hplc when all 

four products (7 - 10) are observed. Whereas the iunuunt of aziridine (7) remains constant, at the lower 

temperature 9 is formed in much higher. 8 ;md 10 in much lower yield. 

Triazoline (12). e a i l y  obta~nett from the olefin (11)2.12 and azidoformic acid ester, was also subjected to silica 

gel in dichloromethane. Interestingly, only the corresponding' aziridine (13) could be isolated, but rearranged 

product. e.g. urethane (14). was not detected. At first glance the structural pattern around the mazoline moieties 

in 2 and 12 look rather simil;rr. However, the different urientntion and the larger distance of the azo group in 12 

obviously suppress rearrangements. 

The well established photo denitrogenation of t r 1 a z o l i n e s ~ . ~ 0 . ~ ~  cannot be applied to 2, 6 and 12. The n + n* 

transition of the azo group is located at longer wave length than that of the triazoline moiety. Therefore, as 

exemplified with 66, irradi:;tion by a mercury lamp removes two equivalents of dinitrogen yielding the a i r i d h e  

(16) exclusively. On applying the 365 nrn line of a n  Argon laser, liowever, the azo group in 6 is expelled 

selectively leaving the niazoline moiety in 15 completey intact. Consecutive irradiation of 15 o r  even better 
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. 
12 1 4  

treatment with CuCl yields 16 qui~ntitatively.6 Nitrogen extrusion from triazolines by CuCI, obviously not 

described so far. may gain general importance. 

365 nm, M e C N  

- N7, 99% 

or CuCl  
- N*, 9 3 %  - 9 7 %  -\ / 

*N 

Acids 

Acid catalyzed dinitrogen extrusion from tri:lzolines is known to occur rather rapidlyll whereas the 

corresponding ring opening of nziridines proceeds extremely slowly.14 If these aziridines are derivatives of 

azatr icyc l0[3.2.1.0~~~10~1~ne,  solvolyses provoke Wagner-Meetwein rearrnnfements14.15 which therefore are 

also expected for our tnodel (7). 

Aziridine (7) reacts vety slowly under different conditions (tlc tnonitoring) and mostly with partial 

decomposition. Reaction products are the rearrnnged colnpounds (9) or  (101, depending on the acid employed as 

demonstrated by the following reaction sequence. 
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2 N HCI originates not fi-om the two phase conditions, since the homogeneous 

re:~ctions with and CF3C02H are not Enster. The much higher activity of formic acid is hard to 

comprehend. 

It is rern:lrhable that in these four experiments either Y or 10, but none of the rearrangement product (8), could 

be isolated. The norbotnene derivative (8) does not act :is a precursor for 9 or LO since treatment of 8 under the 

same acidic condirton.? leaves this compound untouched even after 30 days (hplc). The high yield of 9 which is 

achieved with formic acid nwy result from the short reaction time. But the reducing properties of the acid could 

also be important since the folinet~on of 9 must include :I reduction step (vide irfm). 

Srrlrcrtrrc c l ~ ~ i d a r i o ~ ~  ofrlw p~.odf!crs 

Routine 'H- and 1 3 ~ - n ~ n r  spectra of 2 - 4, 12, :~nd 13 ore completely in accord with the structures given above. 

Their l e m r e s  correspond well with those of 6 - 8 m i  slinilar compounds obtained previosly in this series. 
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Besides. all products. exept 9 and 10 exhibit ;In uv absorption at 362 - 368 nln (Ig E = 2.15 - 2.56) which is 

typical for a diazabicyclo[2.2.1]hepten-2-ene system integrated into the rigid frameworks under discussion. 

Structures (9) and (10) could be assigned from thew I ~ - n m r  spectra after several NOE experiments and by 

co~nparison with cenain models reported in the l i t e l - ~ t ~ r c . ~ ~  However, it was not possible to discriminate 

between a "parallel" cyclization as given in 9. and n "cross" cyclization. The fomier seems to be more likely since 

in similar systems "parallel" cyclizxion is the preferred one.l3"e rather unexpected structure of 10 is 

supported by the I ~ - n m r  dubletts at 4.83 ppm and 4.36 ppln with a typical gelninal coupling constant of 

0 .6 Hz for exo-methylene groups18 and the 1 3 ~ - n m r  signals at 165.2 (s) and 95.5 (I) indicative for 1.1- 

disubstituted olefins.19 The persistmce of that ennmine ;~g;linst acid hyd~olysis is another argument for structure 

(10): Formxion of the i~ntnonium ion would violate Bredt's rule 

Disc~~ssinn of the r c o ~ ~ r o ~ ~ g e m o ~ r s  

As described above, silica gel is a useful catalyst for Inwogen extrusion from triazolines (2, 6 ,  and 12) whereby 

the wi~idines (3, 7. and 13) are fanned together w ~ t h  the urethanes (4) and (8). The mechanism of these 

reactions should be close to the well documented thermal deco1n~osition.20 These two types of products 

together with an m i n e  and an iminel3a have also been observed with the rather similar mazoline obtained from 

norbolnene and azidofomi;lte. Since the reaction of the uo-anellated c.ro-aiazolinonorbornane (6) gives rise to 

the etlrlo-anellnted norbornene derivntive (8), mdo-;meIlated <,.YO-triazolinonorbornene (2) consequently yields 

the ex-anell:~ted norboniene derivnt~ve (4). 

As reported above. decomposit~on of riazoline ( 6 )  w ~ t h  dissolved acids produces not only aziridine (7) and 

urethane (81, but also the cage compounds (9) and (or) (10) by including the azo group into the rearrangement. 

The most probable competing reaction routes for 6 are collected in Scheme 1. There, only classical structures of 

the'cntions are presented, although we are aware of their non classical nature. 

After extrusion of nitrogen by the protic acid (e.g. fomiic acid) the cruci;ll intermediate is supposed to be the 

norbornyl cation (17). Its ring closure to aziridine (7) is doubtlessly a dead end reaction under the applied 

conditions. Its proton catalyzed reopening to 17 proceeds much 1no1-e slowly but consequently also produces the 

reamngement products ( 9 )  and (10). 
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Scheme 1 

Wagner-Meerwein rearrangement of 17 occurs on a himilat tme  scale yielding the new norbornyl cation (20) 

which on deprotonation ends up as 8. However, attack of the carbenium ion in 20 on the azobridge should form 

the nitrenium ion (19) which after another skeletal re:u-rangement to 18 and deprotonation yields enarnine (10). 

Since no isomeric enarnine was detected the renlnngement 19 + 18 must occur stereospecifically. It is not clear 

if the steric requirements in 19 cause such a clean re;unngernent or if fust a nucleophile is added to 22 which 

after protonation provoke :I concerted "anti"-rearr;~ngel~lent to 18. 

l i e  formation of 9, which includes :I reductive step, may occur by two different routes. Both formal addition of 

a hydride ion to 19 and fonnal substitution of the nucleophile on route 20 + 22 + (19) should be possible. 

Accordmg to earlier repons21-24 on formal nitreniul-n tons radical pathways are likely too. 
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Alkylation of a nitrogen atom in diazabicycloalkene derivatives together with consecutive redox reactions has 

already been reported. In dl these cases the lone pair of the nitrogen is approached by the elecuophile. Now the 

rigid structure of intermediate (20) only allows intramolecular elecuophilic attack on the n bond of the azo 

group, perhaps the first example of this type of reaction. On the basis of the very weak nucleophilicity of the azo 

group it is remarkable that compounds (9) and (10) are formed at all in addition to the "normal" products of 

hiazoline deniuogenation. 7 and 8. 

' " O a  + AcO 

The reaction sequence 17 + 20 -+ 19 or 22 compares well with results from the solvolysis of brosylate (26).27 

This can be judged from pmducts (27 - 30) which are fonned besides some others. It should be mentioned, that 

with the carbocyclic system cross coupling 28 as well as parallel coupling 27 is observed, whereas in case of 6 

only one reaction mods is found as discussed above. 

EXPERIMENTAL 

Melting points are taken under a microscope and are col~ected. Ir: Perkin Elmer 1420; uv: Perkin Elmer 330; 

I ~ - n m r :  Bruker WM 400. AC 250 [vs. CDC13 (6 = 7.271, toluene (6 = 2.32) or benzene (6 = 7.29)]: ~~c-~IIu: 

Bruker WM 400. AC 250 [vs. CDC13 (6 = 77.011; Ins: Varian MAT CH7 (70 eV). Flash chromatography (FC) 

on silica gel 32 - 63 pm (WOELM). Medium pressure chromatography (MPC) on Lichrosorb 15 - 25 pm 

(Merck), column 25 x 2.4 cm (N = 7200). Solvent: ethyl acetate/petroleum ether (E/P).Uv detection at 340 n m  

All solvents were purified and dried xcording to common procedures. 
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Erhyl (3ar.4ac,8uc,9ot)-3a,4,4a,5,8,8a,9,9~-O~1ahydro-4r,9~;51,8~-dimefhano/.2,3/friazolo/4.5-glphthola- 

zinc-I-carhoxylatc (friazolitie 2) 

A solution of 15 (335 mg, 2.09 mmol) and N3C02Et (313 mg, 2.94 mmol) in 5 ml of CH2Cl2 is reacted for 

4 d (tlc monitoring). After removal of the solvent, crude 2 is stirred with a mixture of Si02 (1 g) and CH2Cl2 

(5 mi) for 45 min. The filtered pale yellow solution is separated in portions (- 50 mg product) by mpc (Em = 

[:I). Fraction I: 3, fraction 11: 4. 

Erhyl ~lu~.~uc.6oc,7ari-lu.2.Zu,3,6,6u.7,7a-O~~~hyd1~~~-2r,7~:3r,6r~dimerhat1~~~zirio[.3-~]~~hrhalazinc-l-carb- 

o.~ylare (uzirrdi~le 3) 

3: 171 mg (39%). colorless crystals, mp 114 - 115 "C, decomp. with evolution of gas. Ir (KBr): v = 2990. 2960. 

2920 (C-HI, 1705 (C=O), 1390, 1370, 1270, 1230, 1180, 1105 cm-l: uv (hexane): hm (log E) = 343 (2.40). 

338 (2.12) nm: MeCN: A,,,, (log &)= 343 (2.22) nm; EtOH: Amax (log E )  = 342 (2.18) nm: l ~ - n m r  (CDC13, 

200 MHz): 6 = 0.89 (d, IH, 8-H, J=10.2 Hz), 1.03 (d, IH, 9-H, J=12.0 Hz), 1.17 (t, 3H [ethyl]), J=7.1 Hz), 

1.51 (br s, 2H, 2a-H, 6a-H). 1.60 (d, IH, 8'-H, 1 = 10 Hz). 1.90 (d. 1H. 9'-H, J = 12 Hz), 2.57 (br s, 4H, la-H, 

7a-H. 2-H. 7-H), 4.01 (q. 2H [ethyll, J = 7 Hz), 4.96 (br s, ZH, 3-H, 6-H) ppm; 13c -nm (CDCI3. 50.3 MHz): 6 

= 14.02 (q, [ethyl]), 32.73, 36.26 (t, '2-8, C-9), 37.31, 37.61, 40.50 (3d. C-2, C-7, C-la, C-7a, C-2a, C-6a), 

62.1 1 (t ,  [ethyl]), 76 00 (d, C-3, C-6). 162.0 (s, C=O) ppm: ms (70 eV): m/z (%) = 154 (5). 153 (30). 152 

(loo), 130 (101, 124 (23). 108 (41). 92 (17). 91 (30). 81 (14). 80 (100). 67 (24), 66 (28). 53 (26). 41 (23). 39 

(221, 29 (90). 27 (811, 27 (27). Anal. Calcd for C13H17N302: C, 63.14: H. 6.93; N, 16.99. Found: C, 63.25: H, 

7.12; N, 16.94. 

Erhylii~4ur,Sutl-l.4,4u,5,S,Su-He.~u/~ydro-lr,4~:5c.8~-dm1~rhuttophrholorit1e-9-yl])-9-~arbamate (carbamide 

esrer 4) 

4: 48.0 mg (1 1%) colorless crystals, mp 108-1 10 OC decomp. with evolution of gas. - 11 (KBr): v = 3360 (N-H), 

3000-2980, 2920 (C-H), 1690 (C=O), 1540, 1470, 1370. 1345, 1250, 1230, 1215, 1110, 1050, 700 cm-l; uv 

(EtOH). A,,, (log &) = 344 ( 2  09) nm: 1 ~ - n m r ( ~ ~ ~ 1 3 .  200 MHz): 6 = 0.84 (br d, IH, 10-H, 1=12.8 Hz), 1.19 

(3H. [ethyl], 1=7.1 Hz). 1.34 (pseudo I. 2H, 4a-H. X:i-H, band widths 1.3 Hz). 2.13 (d, IH, 10'-H. not fully 

resolved),2.73-2.75 (mc, 2H, 5-H, 8-H), 4.03 (q, 2H [ethyl], J = 7  Hz), 4.63 (d, IH, 9-H, J g , ~ . ~ = 9 . 1 ) ,  4.98 (d, 

3H. I-H. 4-H, N-H, J=1.2 Hz), 6.14 (br s, 2H. 6-H. 7-H) ppm; 13c-nmr (CDC13, 50.3 MHz): 6=14.51 (q. 

[ethyl]), 29.60 (t, C-lo), 42.86, 46.69 (2d. C-5, C-8, C-4n, C-Xa), 60.75 (t, [ethyl]), 62.27 (d, C-9), 76.36 (d, C- 
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I,  C-41, 136.57 (d, C-6, C-7). 156.28 (s, C=O) ppln; ms (70 eV): m/z (%)= 153 (14). 146 (6), 131 (14). 129 

(55). 128 (16). 117 (31). 115 (33). 102 (13). 94 (15). 91 (?I), 82 (21). 81 (44). 80 (44). 66 (75). 65 (ZI), 39 

(23). 30 (38),29 (100), 28 (58). 27 (39). Anal. C;~lccl for C13H17N302: C, 63.14; H, 6.93; N, 16.99. Found: C, 

63.53; H. 7.10: N. 16.77. 

Reactio~r of ~ r i uzo l i ne (6 )~  ~ , ~ t h  Formic Acid 

A solution uf 6 (200 mg, 0.60 mmol) in CH2C12 (2 ml) is reacted with 33 ing (0.66 mmol) uf HC02H at 20°C 

until 6 is consumed (tlc monitoring, 23 11). The solutmn 1s extrnctzd with sat. NaHC03, the aqueous phase with 

2x3 lnl of CH2C12. ;lnd the u rgmc  ph;~se dr~ed  with K2CO3. After evopor~tion tlie product mixture is separated 

by mpc (EP 1:l). F~xc t~wi  I: h l .0  mg (33%) azil'idux (7) (mp. l ~ - ~ - n ~ ~ i r ) .  Fnlction 11: 41.0 mg (23%) carbalnate 

ester (8)  ( I ~ - n r n r ) . ~  l:jn:il clution w t l ~  CH2Cl2/MeOH/conc. N H j  100:1ll:l, and FC of the crude product with 

tlie same eluent y~elds 44 mg (24%) of enmilie (10) slid 35 rng (19%) of urethane (9) (purifications of 9 and 10 

by subll~nntion under reduced pressure). 

E1l~yl(l.4,10,I0-T~r1~i1rrii~thylr,rtuhyiI~~i-2,7-~yclo-1.4:5,~~-iir~~1~rhoiii~~~IiiI1i1Iu~i1ii1-Y-u111i~yIJcurhun1ur ( ~ ~ r e r h u , ~ ~  9) 

Colorless c~yst;~js. ~ i l p  307-208 OC Ir (KBr): v= 3310 (N-H), 2950 (C-1-1). 1680 ( G O ) ,  1540, 1250 (C-0). 975 

an - I :  I ~ - n r n r  (CDC17, 400 MHz). 6= 0.82 (5, 31N 11-1.1). 0.92 (s, 31-1, 13-H), I.OX (s, 3H, 14-H), 1.17 (s, 3H, 

12-H), 1.20 (1, 3H, letliyll, J=6.7 Hz), 1.35 ((Id, IH, 7'-H, J 7 , , ~ = 6  Hz, J7,,6=6 Hz), 2.35 (d, IH, 8-H, J = 12 

Hz), 2.42 (d, IH, 7-H, J7,7,=12.0 Hz), 2.55-2.60 (m, IH, 4e-H), 2 63-2.68 (111, IH, 5-H), 3.24 (br s, IH, NH), 

3.40 (dd. 1H. X~I-H, J8, ,~=5.1 HZ. J ~ ; ~ , 4 ; ~ = 5 .  I Hz). 3.45 (ddd, IH. 6-H, J6,7,=5.1 Hz, J6,5=5.1 Hz, 16,&=1.8 

Hz), 3.78 (d, IH, 9-H, 1101 Fully rewived), 4 06 iq, 2H. letliyll. J = 7 I-lz). 4 78 ((1. IH, NH, JNH,g=S.0 Hz) 

ppm: 1 3 ~ - n ~ n l -  (CDC13, 100 h MI-lz): 6= 12 27, 14.54, 17 65, 21.88. 23 I9 (Sq, C-11). C-12, C-13, C-14 

letliyll), 26.44 (1, C-7). 42 l l ([I. C-9). 47.52 (5, C-10). 51.8O. 52.59 i2d, C-5, C-8). 55.16 (d, C-6). 59.07. 

59.50 (2d. C-4a. C-Xa), 60.74 (1, letl~yll), 78.43 is. C-4). 91.45 (s, C-I),  156.19 (s, C=O) ppm; ms (70 eV): mnfz 

(%)= 306 (8). 247 (14). 125 (100), I08 (25). 107 (18). 94 (13). 82 (151, 81 (18). 56 (20). 43 (26). 41 (16). 

Annl. Cllcd forC17H27N302: C, 66.88: H, 8.85; N, 13.77. Foillid C, 67.08: H. 8.66; N, 13 51. 
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(C-0). 1170, 1095, 1045, 910, 875 c n - I ;  l ~ - n i n r  (CDC13, 400 MHz): 6= 1.03, 1.06, 1.15 (3s. each 3H, 10-H), 

12-H, 13-H), 1.20 (1, 3H, Ierhyll, J=5.9 Hz), 1.43 (dd, IH, 8'-H, J = 8 Hz), 2.35-2.45 (m, ZH, 4-H, 8-H), 2.60- 

2.70 (m, 1H, 7b-H), (In, l H, 2a-H), 3.13 (dd, IH, 4;1-H, J4,,4=5.9 Hz, J4a,7=5.9 Hz), 3.48 (ddd, IH, 2-H, 

J2 3'=5.2 Hz, J2&=5.2 Hz, J2,7b=2.0 Hz), 3.79 (11. IH. 3-H, inot fully resolved), 4.06 (q, 2H [ethyl], J = 7 Hz), 

4.41 (IH, 9-H), 4.83 ( IH,  ').-H. J 9 ~ , = 0 . 6  Hz), 4 93 (d. NH, J N H , ~ = ~  5 HZ) ppm; 13c-nlnr (CDC13, 100.6 

MHz): 6= 11.69, 14.52.24.89, 26.28 (4q, C-10, C-1 I ,  C-12 [ethyll), 26.23 (t, C-X), 41.94 (d, C-3), 45.06 (s, C- 

7). 52 28. 52.33 (2d. C-22. C-4). 54.92 (4. C-2). 60.65 (t [etliyll), 59.20, 69.17 (2d. C-4a, C-7b), 78.24 (s. C- 

72),96.86 (I, C-9). 156.23 (5, C=O), 165.17 (s, C-6) pp~n; ms (70 eV): i d z  (%)= 303 (100, M+), 288 (39), 257 

(14). 242 (13). 216 (10). 215 (57). 199 (34). I80 (20). I62 (171, 150 (21), 147 (22). 135 (46). 125 (20). 124 

(25). I09 (33). 106 (25). 94 (21). 91 (30). 80 (18). 79 (18). Hplc: purity >99.5%. Silica, k 2 1 0  nm, methyl 

1-bulyl ether/meth;~nul 1403 ,  1 ~ = 1 6  07 inm) Ali.11 Cdcd fbr C17H25N102. exitcl m s s  C17H25N302f: 

303 1946. Found. 303.1946 

Eili?/ 3 . 7 , / 2 , / 2 - T ( ~ r r ~ 1 ~ ~ 1 ~ ~ i / i ~ . I - l / ~ 1 1 , 2 ~ 1 ~ , . i ~ 1 ( . . 7 ~ ~ ~  .,Ym ,Y~1~ l - l~1 .2 .2~1,3 ,3~ ,4 ,7 ,7u ,S.H0,9 ,9u-c~oc /~~uhydr~-2r ,9~ : -3 r .  

~8!.4~,7r - ~ ~ I ~ ~ I ~ ~ I ? ~ ~ ~ I ~ I ~ ~ : I ~ ~ ~ ~ ~ ~ ~ / ~ , S / / ~ ( ~ ~ ~ : ~ I / / , ~ - ~ / / ~ / I ~ / I ~ I / ~ I : I ~ ! ~ ~ ~ I - ~ ~ I I  /~01~/urr ,  (i12irii//!zi, 13) 

Cidorle\r crysr;lls. imp 174-176 T .  11- (KBr): v=2980-2'120 (C-tl). 1740 (C=O), 1490. 1440, 1375, 1360, 1275. 

1250. 1170, 1100. 1040 c n - I .  I I V  (hex;~ne): hll,cl, ( lof E)= 363 (2.27) nm; (MeCN): hi,, (log &)= 363 

(2. 12) 11111: EtOH: hill,,, (102 EJ= 102 (1.99) 11111: ltl-m11r (CDC13, 200 MHz): 6= 0.29 (s, 3H, 14-H), 0.63 ((1, 

11'-H. J=lo.C Hz), 0.70 (5.  3H. 13-H). 1.17 (I, 3H lrtliyll, J=7.1 Hz), 1.34 (brs ,  2H, 10-H), 1.44 (d, IH, 11-H, 

partly d~sguiscd by the following siyul),  1.46 (br 5. 211. 2;1-H. 8;i-HI, 1.56 (s, 6H. 15-H. 16-H). 1.64 (br s, 2H, 

3n-H. 711-H), 2.25 (br s. 2H, 3-H, X-H), 2.50 (br s, 2H1, 2.55 (br s, 2H. I;I-H, 2-H, 9-H, 92-H), 4.00 (q, 2H 

Icthyll, J = 6 Hz). ppln; 13C-nmr (CDC13. 50.3 MHz): F= 12.38 (q, 2C. C-15. C-16). 14.11 (q), 15.42 (q), 

17 30 (11, C-13, C-14, Irthyll), 30.44 (t), 32.00 (I,  C-10, C-I I ,  35.64 (11). 38.58 (d), 40.42 (d), 52.20 (d), 5 4 4 3  
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(d, C-3:1, C-7a. C-3, C-8, C-2;1, C-Xa. C-2, C-9, C-la. C-921). 61.10 (s, C-12). 61.95 (t lethyll). 90.34 (s. C-4, 

C-7). 162.32 (s, C=O) ppin: 111s (70 cV): 1n1z (%I)= 327 (23). 32h (100). 280 (161, 237 (30), 218 (11). 199 (15). 

173 (31). 153 (361, 152 (741, 147 (88). 131 (221, 129 (32). 123 (56). 122 (87). I08 (33). 107 (67). 105 (34), 91 

(64). 80 (62), 79 (441, 67 (31). 29 (94). 28 ((17) Anal. Calcd for C22H3]N302: C. 71.51; H, 8.46; N, 11.37. 

Found: C, 71.61; H. 8.59; N 11.47. 

Reztction of 7 in dicI i l~~ro~iict l i : i~~e w ~ t h  diffelrnt x i c l  ;it rooin te~nper~iturc is  nin until all 7 i s  consumed (tlc 

~iionitonng). The re;ict~m iiiihtwe I \  wiished w ~ t h  \ill, iiqtleouC Nit2C03, dried over K2CO3 and evaporated. 

Flash cliro~ii;ttogrnpliy (fc) or mpc (conditions see above) of the colnplex mixtures yields rettmnged pruduct (9) 

or (101. 

A) A solution of 7 (200 111g. 0.66 ~iimol) in 2 inl of Ct12CI2 i i ~ l  2 1111 o f  2 N HCI i s  violently stirred for 6 

tnonths. After work up 9 (59.0 ing, X9%. l ~ - ~ t ~ t i r .  1iip1 i\ isulilted. B) A iiiixture (if 7 (200 ing, 0.66 mmol) and 

BF3.Et20 (140 mg, 0.90 iiinwl) IS mi-I-cd for 6 ~iionlIt\. Fro~n the brow11 residue (136 ing) 10 (30.0 mg, 15%. 

1~-n i i i r ,  mp) i\ isol;ucd by mpc. C)  Reitction 01 7 (200 inf. 0.66 ~iimol) with C F ~ C O Z H  (83 mg. 0.73 mmol) in 

2 ml of CH2C12 for (3 iiiontlis yields a brown oil (184 mg). Af tc~ fc 10 (96.0 mg, 48%. l ~ - n ~ i i r ,  mp) is isolated. 

D) Rextlon of 7 (150 ing. 0.50 mmol) with HC02H (40 mg, 0.87 mmol) in 2 ml of CH2CI2 co~nplets in 3 days. 

The crude is pol-ified by fc (A1203, MeOHICH?CI2 1 .hO) ;ind theit recrystnllized fro111 CClq, y~eld~ng 9 (1 12 mg, 

76%. l ~ - n n i r ,  mp). 
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