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GENERAL INTRODUCTION 

Success in organic chemistry requires a combination of skil l, luck, 

and persistence. Reagents are constantly being discovered which display 

more specificity or selectivity than those previously known. Their 

uti l ization can lead to the synthesis of a biologically important 

molecule in a novel or elegant manner. The skil l of the chemist is to 

recognize the uti l i ty and be blessed with the good fortune to have i t  

compatible with his complex system. Parts t and 11 describe the novel 

assemblage of a heterocyclic system and i ts elaboration into a natural 

product. Part III described the uti l ization of a very old molecule, the 

1,2-benzoquinonediazide, in syntheses of useful precursors toward 

natural product systems. 

Explanation of Thesis Format 

This thesis is written so that each part represents an article in 

a publishable form. For this reason, the numbering scheme adopted for 

the figures and tables is independent in each section. 
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PART I. 1,3-D I POLAR CYCLOADDITIONS OF STABILIZED AZOMETHINE YLIDES 
LEADING TO SUBSTITUTED PYRROLES OR PYRROLIDINES 
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INTRODUCTION 

1 , 3 -Dipolar cycloadditions have a rich history in the annals of 

organic chemistry. In general, a multiply bonded system combines 

with a 1,3~dipo1e, £"^"£> where atom £ has an incomplete valence shell 

with a formal positive charge, and atom £ possesses a negative charge. . 

A new f ive membered ring system is formed by the creation of two £-bonds. 

\ / 

There is some debate as to whether the ylide exists as a charge sepa

rated molecule or a spin paired diradical ( l,2), but the generally 

accepted form is the charge separated one, which best explains the 

reported results. 

A milestone in the f ield of physical organic chemistry was reached 

when the famous Woodward-Hoffman rules were found to apply also to 

this type of addition. The 1,3-dipolar cycl izations can be as stereo-

specific as the Diels-Alder reaction, but uncertainties in the transi

tion state geometry make the results of the calculations of secondary ef

fects somewhat more diff icult to predict. With further understanding of 

the complex mixture of steric and electronic factors, the 1,3-dipolar 

addition may become a tool comparable in uti l i ty to the Diels-Alder 

reaction. 
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HISTORICAL 

The cyclizations that occur via nitrogen ylides are an interesting 

and important class of reactions. The general scheme involves con

verting an amine into a tetravalent salt and creating an anionic center 

adjacent to i t. This ylide, i f properly stabil ized, can undergo 

semiconcerted additions to centers of unsaturation such as alkenes, 

acetylenes, or a variety of other functional groups. Zugravescu and 

Petrovann have reviewed the subject in a recent text (3). 

Unlike the ylides of phosphorus, which gain stabil ity by becoming 

pentavalent, nitrogen cannot adopt this valency, having no 3d-orbita1s 

available to do so. The only stabil ization gained involves electrostatic 

interactions between the two charges located on adjacent atoms. How

ever, stabil izing groups can be appended to either or both ends of the 

ylide. This class of stabil ized nitrogen ylides has received enormous 

attention due to its versatil i ty as synthetic building blocks. 

This l i terature review wil l summarize the five known azomethine and 

ni tr i le ylide types that have been shown to undergo 1,3-dipolar cyclo

additions to activated olefins and acetylenes. They include: ( l) 

acyclic azomethine ylides, (2) pyridinium ylides, (3) diazinium ylides, 

(4) nitri le ylides, and (5) five-memberedN-heterocyclic azomethine 

ylides. 

Acyclic Azomethine Ylides 

The simplest of these dipoles, the azomethine ylîde (1), was f irst 

predicted by Huisgen (4,5). Ylides of this type have been formed 
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situ by aziridine ring opening. Olefins and acetylenes have been shown 

to be efficient trapping agents for these 1,3-dipoles, yielding 

pyrrolidines (2 and 3) or 1,2-dihydropyrroles (4 and 5) (6,7,8,9). 

,2^^ „ /X N 

Rl 

HAC=CR 

A2 I r5 

The addition orientation of a dipole such as 1 where = R^ = Ph, 

R^ = H, R^ = R^ = COgEt, has been studied by Huisgen and co-workers (10). 

When the unsymmetrical ethylenic compound was of the trans-geometry with 

activating group (A) equal to ester, acyl, or nîtrî le, the product was 

only that with the regiochemistry of pyrrolidine 2, With a cis-activated 

olefin, the products were mixtures of 2 and 3. Although the regio

chemistry is sometimes a mixture, the geometry of the groups attached 

to the olefin is preserved in the product. This is referred to as "cis" 

addition and is a general rule for 1,3-dîpole cycloadditions (4,11,12). 

An interesting anomaly is observed in the resulting stereochemistry 

of the C-4 and C-5 carbons of the pyrrolidines 6 and 7-



www.manaraa.com

6 

A 

Ph' 
•|c02Et)2 

I 
Ph 

1 6 

R^=R^=Ph 

R^=R^=CO„Et 

r2=H 

(R')A _^R'(A) 

Ph 
Ph 

7 

If a trans-olefin is employed, the product 6 is observed with the more 

sterically crowded geometry at C-4 and C-5. i f  a cis-ethylenic compound 

is used, the less crowded product 7 is obtained. This effect is ex

plained by Texier (13) as resulting from two unfque approach orienta

tions of the dipolarophile with respect to the 1,3-dipole. With cis-

olefins, the addition seems to preferentially occur in such a direction 

as to minimize the steric repulsion of the groups that wil l be attached 

to C-4 and C-5. With a trans-olefin, the secondary it orbital overlap be

tween the activating group (A) and the phenyl group on the dipole seems 

to be the controll ing factor of the stereochemical outcome in the prod

uct (14). This explanation has been refined by Zugravescu and Petrovanu 

in terms of ylide geometries adopted for cyclization (3). They believe 

that of the two possible dipolar conformations, U or W, the less stable 

conformer, U, is the one responsible for the observed product stereochem

istry. It is contended that this orientation is taken in additions to 

both cis- and trans-olefins. 
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Ph COgR 

Ph '̂̂ ^ N 

H COgR 

I 
Ph 

U 

I 
Ph 

COgR 

W 

Cis-olefins approach the dipole so as to maximize the it orbital 

overlap between the ethelenic activating group (A) and the dipole's ir 

orbitals. This is similar to the endo-rule in Diels-Alder reactions. 

Trans-olefins, on the other hand, approach the dipole so as to maximize 

the ÏÏ orbital overlap between the activating group CA) and the secondary 

ÏÏ orbitals on the stabil izing group attached to the dipole, Tn this case 

phenyl. 

0 A 
\ / 

Ph N n 

(CO,Et) 

Ph 

Ô 
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Ph-

0^4:; 9 0 —^ >co,Et), 

0 Ph 

0 

I 
Ph 

This explanation predicts the observed stereochemistry, but the 

factors responsible for the different approach paths are as yet not 

totally understood. In any event, the outcome is always such that cis-

addition is obeyed and the groups becoming attached to C-3 and C-5 

always adopt a trans-orientation. 

As mentioned earlier, acetylenes add to give dihydropyrroles. 

Unsymmetrical alkynes yield products (4 and 5) resulting from both 

addition orientations (13). 

Grigg and co-workers report that imines such as 8, which thermally 

isomerize to the zwitterionic form 9, can be trapped by dipolarophiles. 

Again, a mixture of regioisomers îs obtained with unsymmetrical olefins 

or acetylenes (15). 
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Ph COOR' 
Ph 

H 
I 

Ph 

Ph 

H2C=CRH 

(R=CN, COg# 

(H)R M R )  

Ph^ N Ph-^N 
. CO,R 

iROgCCECCOgR 

COgR 

-Ph 

, kOgR' 

Pyridinium Type YUdes 

The next important class of azomethine ylides is that containing 

the nitrogen in a pyridine (10) or benzopyrîdine ring (l ia and ]3bl. 

o 
-V 

10 11a lib 

The standard method of preparation is hydrogen halide elimination 

from the quaternary pyridinium salt (16). The ylides are much more 

stable than the acyclic azomethine yJides of type K The anionic charge 
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can be stabil ized through resonance with the aromatic ring, or through 

delocalization with the activating group (I2a and 12b). 

12a 12 12b 

Pyridinium y 1 ides have been shown to add to activated olefins in a 

Michael addition fashion (17) • I f there is an available proton in the 

acidic position a- to the pyridinium nitrogen, anion exchange occurs to 

regenerate an ylide (13). In many cases, the-new ylide can be isolated 

as a stable product (18). Products arising from further cyclizations 

(i.e., anion attack on the aromatic ring) are not observed. 

10 
CH2=CHA' 

13 

Additions to acetylenes, conversely, afford bicyclic products. 

With an activated alkyne, the ylide bonds f irst in a Michael addition. 

The resulting vinyl anion then attacks the 2-position of the pyridinium 

ring, yielding bicyclic 14. Due to the observation that varying amounts 

of proton-abstracted open chain products are formed, a synchronous 
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mechanism is not accepted. The products 14 show a marked tendency to 

dehydrogenate under the reaction conditions to form aromatic systems 

(15) (4,19,20,21). 

HC=CA 
-2H > 

14 15 

The 3-hydroxy-n-aIkylpyridinium salt 16 can be easily deprotonated 

to yield ylide 17. This ylide has been reported to add regiospecifically 

to unsymmetrical activated olefins to give bicyclic 18, as a mixture of 

exo- and endo-isomers (22). 

0 "— 
I 
R 

16 

Isoquinolinium ylides (l ia) behave l ike their pyridinium ylide 

counterparts toward olefins; i.e., normal Michael addition without subse

quent cyclization (23). Cycloadducts were, however, observed with acti

vated acetylenes, such as DMAD (dimethylacetylene dicarboxylate). These 

adducts dehydrogenated to give the aromatic tricyclic system 19 (24). 

cr ° CH2=CHA^ 

> a2 

17 18 
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lia 
-2H 

MeO,C CO.Me 

MeCOgCsCOgMe 

(DMAD) 

19 

No additions to activated olefins were reported for monoactivated 

quinolinium ylides (l ib). They are somewhat less stable than the 

corresponding isoquinolinium ylides. Dipolar compounds such as l ib do 

react with DMAD to give aromatic tricyclic systems (20) after dehy-

drogenation (25). 

lib + DMAD -2H 

20 

The benzo[fIquinolini urn yl ide 21 wil l add to both activated 

acetylenes and olefins. Products 22 and 23 are formed, respectively. 

Subsequent aromatization of the five-membered ring in product 23 does 

not occur (26). 
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COJMe 

-2H 

COJMe 
DMAD 

CH„=CHA 

The last ylide of this type reported to undergo a cycloaddition is 

the dipole generated in situ from N-phenacyl-phenanthridinium bromide 

(24). Trapping by DMAD gave adduct 25 after dehydrogenation (27). 

EtgN 
COgMe 

DMAD 

(-2H) 

24 25 

Diazinium Y1ides 

Ylides derived from the unsubstituted pyridizine (26) are not very 

stable and l i tt le information about cycloaddition to activated olefins 

and acetylenes is available (28,29). 
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Substitution in the 3"Position by an aryl group, however, greatly 

stabil izes the dipole and cycloadditions are reported for these com

pounds. The addition to DMAD gives the expected ring system (28), 

wherein the double bond has moved into conjugation with the dipole 

stabil izing group (A^). Further dehydrogenation gives the fully 

aromatic system (29) (30). 

Ar Ar 

28 29 

Activated alkenes wil l also add to the ylide. Only one regio-

isomer is obtained i f the olefin is unsymmetrical. Addition to acrylo-

nitri le gives adduct 30. No comment was made concerning the stereo

chemistry of the three resulting centers (31). 
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27 
CH2=CHCN 

N. A 

Similarly, the phthalazinium ylides (31) undergo 1,3-dipolar 

cycloadditions with DMAD or maleic anhydride to give products (32) 

and (33), respectively (32). I t is unclear whether the mechanism 

leading to these products is a synchronous cyclization or one occurring 

in two discrete steps. 

31 

DMM 

(-2H) X 
N ^  ̂A^ 

MeOgC^ '  COgMe 

32 

0= 

33 

When the position a- to the ylide nitrogen is blocked by an 

aromatic ring (dipole 34), the addition takes a different course. 
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Cyclization to the adjacent nitrogen is observed, yielding system (35) 

(33). 

COgMe 

N 

34 35 

The isomeric pyrazinium ylide (36) and benzopyrazinium ylides (37) 

undergo 1,3~dipolar cycloadditions to DMAD to give heterocyclic systems 

(38) and (39) (34,35). 

Afli 
36 

a:: 
37 

DMAD 
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Nitri le Y1ides 

Ni tr i le y)ides (40) are generated via either hydrogen halide elimi 

nation from the imidohalide (4l) (36) or by ring opening of an 

arylazirine (42) (37). 

Ar 

RCHgN 
-HX 

R 
\- + 
—N=C—Ar ; 

H 

41 I 
or hv 

-Ar 

42 

\ + -
^C=N=C—Ar 

H 

40 

These highly reactive ylides add quite readily to olefins and 

acetylenes. The adducts formed are mixtures of cis- and trans-A 

pyrrolidines (43). The products are usually dehydrogenated to pyrroles 

(44)  ( 36 ) .  

40 

CH =CHCO Me 
—£ 1+ 

fCOgMe 
-2H 

Ar 

C02Me 

43 44 
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The orientation of addition to activated unsymmetrical olefins is 

one which yields a five-membered ring with both activating groups located 

on adjacent carbons. The predominant resonance form for addition seems 

to be that which has the anionic charge located on the sp carbon (see 

40). The secondary orbital interaction as the two units approach each 

other along parallel planes in the transition state is considered to be 

the controll ing factor for the stereochemical outcome of the product. 

The work of Padwa and Smolanoff seems to support this theory. They 

report efficient trapping of the ni tr i le ylide 45 by both i  ntra- and 

inter-molecularly activated olefins (38). This ylide is photochemically 

generated by ring opening of the corresponding arylazirine (46). This 

ylide is in resonance with its carbene isomer 4?. If the parallel plane 

geometry is attained with diff iculty in the transition state, the 

products are primarily those arising from carbene insertion. This is 

observed when the intramolecular trap is an allyl group, leading to 

cyclopropane 48. The dipolar cycloaddition reaction is enhanced by 

either lengthening the chain attaching the olefinic trap (49), thereby 

allowing the correct transition state geometry to be attained, or 

appending an activating group on the terminus of the olefin (50), 

causing the homo-lumo energy differences between dipole and dipolaro-

phile to decrease and, therefore, suppressing the carbene reaction. 
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hv 

r R 

45 47 

45 

CH2-CH=CH2 

hv 

48 

45 

CH2CH2-CH=CH2 

hv 

N-Vl 

CU 
49 

45 hv 

CH2CH=CH-C02Me 
CO.Me 

50 
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The five-membered heterocyclic systems 51 are obtained when activated 

acetylenes are added to the 1,3-dipoles (39). 

This last class of 1,3-dipoles encompasses the azomethine ylides 

formed from five-membered heterocyclic compounds with a nitrogen in the 

ring (52-57). The most common method of preparation is quaternization 

of the nitrogen in the parent aromatic system followed by deprotonation 

of the acidic methylene group attached to the iminium salt. 

40 

51 

Five-Membered-N-Heterocyclic Azomethine Ylides 

1 

R 

52 53 54 

pyrrole ylide pyrazolium ylide triazolium ylide 
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U 
55 X = NR • • imidazoliurn ylide 

56 X = 0 -- oxazoliurn ylide 

57 X = S • thiazolium ylide 

Ylides of the pyrrole systems (52) show no tendency to undergo 

cycloadditions. The anionic center wil l Michael add to DMAD creating a 

ketene enolate which abstracts a proton to give a 1-substituted 

pyrrole (40). However, indolizine (58) has a resonance form of an 

ylide nature (59), and can add to dipolarophiles such as DMAD (4l). No 

examples of additions to olefinic compounds have been reported. 

DMAD 

(-2H) 

CO^Me 

The pyrazolium ylfdes (53) are a family of stable dipoles which 

show no tendency to add to either olefins or acetylenes. Michael 

addition occurs followed by proton migration to yield a new stable 

ylide (42). 

Triazolium ylides (54) are reported to add stereo- and regio-

specifically to unsymmetrical olefins to give bicyclic compounds (60). 
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NMR, NOE and irradiation studies indicate that the cycloaddition occurs 

to produce adducts with the stereochemistry as shown (43). 

CH2=CHR' 
n ^ n  

54 

Rr=CN, COgEt 

60 

Imidazolium y 1 ides (55) show a marked tendency to undergo cyclo

additions to activated acetylenes. Addition to ethylpropiolate (61) 

is believed to go via a two-step mechanism involving a zwitterionic 

intermediate (62) (44). 

,1 

55 

EtCOgCSCH 

(61) 

A' 

O 
R 

62 

(-2H), 

The corresponding benzimidazoliurn ylide (63) undergoes analogous 

cycloaddition to DMAD (45). 

a, 

r 
I. DMAD 

63 

CO.Ife 
-2H^ 
! 

'N. 

N 

.COgMe 

:02Me 
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Oxazolium y 1 ides (56) are not reported to add to alkenes or 

alkynes, but benzoxazoliurn ylides (64) wil l add to 2 equivalents of DMAD 

in what is believed to be a two-step mechanism (46). 

It was found that the dipole formed from the 5-hydroxy derivative 

(65) can be efficiently added to activated acetylenes and olefins (47,48). 

The init ial olefin adduct appears to retain the stereochemistry of the 

starting compound. 

R R' 

65 

-CO, 

R C=CR, 

-CO, 

.NR. 

Me„OC 
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Ylides of the thiazolium class (57) are reported to add to a variety 

of activated olefins and acetylenes, yielding bicyclic structures 66 

and 67 (49,50,51). The dipoles, generated in si tu, have been shown to 

add regio- and stereospecif ically to the dipolarophiles in what is 

believed to be a concerted mechanism. The init ial acetylenic adduct is 

observed to undergo a structural rearrangement via cleavage to the vinyl 

sulf ide fol lowed by attack upon the carbonyl group, yielding hemithio-

ketal 67 (50). 

MeOC 

.OH 

A' 2 

67 
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RESULTS AND DISCUSSION 

The small number of examples reported for 1,3-dipolar cycloaddit ions 

with thiazolium y 1 ides (57) prompted us to investigate the stabil i ty and 

reactivity of these dipoles. I t  was hoped that selective carbon-hetero 

atom (N or S) bond cleavage may be achieved to eventually yield a stereo-

spec i f  ically substituted pyrrolidine. The two retrosynthetic modes of 

bond disconnections are depicted as a and b, both of which lead back to 

the original 1:1 adduct from the dipolar cycloaddit ion. 

Our goal was threefold; f irst, to determine the reactivity of the 

thiazolium yl ide with respect to activation and sterfc hîndrance on the 

dipolarophile; second, to identffy the stereochemical configurations at 

the four new asymmetric centers created in the cyclization; and third, 

A' 2 
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to demonstrate the uti l i ty of the addit ion reaction by defining condi

t ions for selective cleavage to pyrrolidines. 

We chose 5"niethyl-thiazol-4-ethanol (68) as our start ing material 

due to i ts ready availabil i ty from an inexpensive source — the hydrolysis 

of thiamine. This compound is far less expensive than the parent 

unsubstituted thiazole. Facile salt formation with either ethyl 

bromoacetate, chloroacetone, or chloroacentonitr i le gave thiazolium 

halides 69, 70 and 71, respectively, by a procedure analogous to that 

reported by Potts and co-workers (50). These salts proved to be easily 

purif ied and amenable to storage indefinitely with no observable signs 

of decomposit ion. 

clchocn 

ct 

71 oh 
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The init ial study involved creating the yl ide of salt 69 with 

tr iethylamine and reacting i t  with one equivalent of ethyl acrylate to 

produce the bicyclic molecule assigned structure 72a. The proton NMR 

spectrum seemed to confirm this assignment. I t  contained two unique 

ethyl ester groups, a sharp downfield doublet at 6 5.20 (tentatively 

ascribed to H^) and a sharp methyl singlet appearing at 6 1.50. A mass 

spectrum of 72a supported this structure. Along with the adduct, a small 

amount of colored, very polar material was formed during the course of 

the reaction. Passage of the crude mixture over a short si l ica gel 

column easily separated the two components, but we were quite surprised 

to f ind that the isolate had a sl ightly changed proton NMR spectrum. The 

downfield doublet now appeared at 6 5-60 and the methyl singlet, at 

6 1.60. We reasoned that the bicyclic molecule 72a had undergone a r ing 

closure to form tr icyclic diester 73a upon exposure to si l ica gel. 

coget 

- -H 

OH ^ 

lit 73a 

This structural assignment appeared to f i t  al l  of the data, 

especially the disappearance of both the olefinic absorbance (1550, 

1540 cm ^) and the hydroxy! absorbance (3510 cm ^) in the IR spectrum. 

A single crystal X-ray structure of adduct 73s concretely confirmed this 

structural assignment (see pg. 28), In some cases, a mixture of 
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Figure 1. Molecular structure of adduct 73s as determined by a single 
crystal X-ray analysis 
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diastereomers were formed, due to the new quaternary center which is 

created. This is evidenced by two sets of doublets (H^) appearing down-

f ield between 6 5 and 6. 

The results of a study of the cycloaddit ions of thiazolium salts 

69-71, with a variety of mono-, di-, tr i- and tetrasubstituted olefins, 

are compiled in Table 1. A portion of the results has been published 

as a communication (51). 

a^n^s r^=<r4 

OH 

69 A = COgEt, X = Br' 

70 A = COMe, X = CT 

71 A = CN, X = CI" 

The yields of cycloadducts were found to be signif icantly higher 

when a heterogeneous solution of thiazolium salt in acetonîtrî le was 

reacted, compared to a homogeneous st irred solution in dimethylformamide. 

The init ial adducts (72) were al l  converted rapidly into tr icyclic 

compounds (73) by exposure to si l ica gel, because the tr icyclic species 

tended to be signif icantly more stable than the open form. 

The init ial determination of the regiochemistry of the cycloaddi

t ion reaction was made by comparing the diethyl-2,4-pyrrole-dicarboxylate 

, R R , 1 R' r 3 
L-R' «Li I-J' 

A^ SIUCA N S 
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Table 1. The 1 , 3 -dipolar cycloaddit ions of thiazolium ylides generated j_n 
salts 69-71 

situ from thiazolium 

Entry 
Thiazoli um 

Salt Olefin No. 
Eq. 

Solvent^ Temp. I  Yield^ Adduct 73 

1 69 Et02CCH=CH2 1 DMF 0°C 55 Rl=R2=R4= H; R^=CO 2Et a 

2 69 Et02CCH=CH2 1 CHGCN 0°C 8 2  R^=R2=R^= H; R^=CO 2 E t  a 

3 69 CH^COCH=CHCH^ 1 DMF 0°C Low R^=R^=H; R^=C0CH2 b 

4 69 CH^COCH=CHCH^ 1 CHGCN 0°C 70 
1 4 R'=R^=H; R^=CH^; R^=COCH^ b 

5 70 CH^COCH=CHCH^ 1 DMF 0°C Low 
1 4 R =R =H; R^=CH^; R^=COCH^ c 

6 70 CH^COCH=CHCH^ 1 DMF 45°C 45 R^=R^=H; R^=CH^; R^=COCH^ c 

7 70 CH^C0CH=CHCH2 1 CH^CN 23°C 75 R^=R^=H; R^=CH^; R^=COCH^ c 

8 70 CHGCOCH^CHCHG 1 CH^CN 0°C 98 RL=R4=H; R^=CH^; R^=C0CH2 c 

^React ions  run  in  DMF were  homogeneous  so lu t ions ;  those  in  CH^CN were  he terogeneous .  

^These  y i e lds  were  a l l  based  on  mater ia l  co l l ec ted  a f ter  a  pass  over  a  s i l i ca  ge l  f lush  co lumn.  
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Table 1, Continued 

entry th'saïl'"" 01*?:" eq: s°1vent= 

9 70 p-MePhS02CH=CH2 1 O.MF 

10 70 ' c",cn 

me0,c^^^^^^;:0,me ^ ("sC" 

^ -- meoztk, _ ,,p02"(! ' '"3'" 

13 69 {^=0 ^ 

14 69 CH^(CH2)2CH=CH2 1 DMF 

15 69 CH^C0CH=CHPi i  1 CHgCN 

16 71 Et02CCH=CH2 1 CH^CN 

17 71 ncch=ch2 1 chgcn 

0^0 1 CH-CN 
J 

Temp. % Yield^ Adduct  

0°C 55 R^=R^=R^=H; R^=p-MePhS0, 

0=0 89 rl=r4=h; r^=r^=c02me 

0 ° C  8 7  R ^ = R ^ = H ;  R ^ = R ^ = C 0 2 M e  

o ° c  5 0  

0°C 

r^=r^=h; r^=r^=c02me 

0°C 

23°C 77 r^=r '*=H; R^=Ph;  R^=C0CH2 

0°C 57 R^=R'*=R2=H; R^=C02Et 

0°C 53 R^=R^=R^=H; R^=CN 

cc 
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Table 1. Continued 

Entry Olefin Solvent* 

19 70 ncch^chg 1 chgcn 

20 70 PhCH=CHCHO 1 CH^CN 

21 70 CH^C0CH=CHPh 1 CH^CN 

22 70 ch^ch=chch=chc02me 1 ch^cn 

23 71 CH_COCH=CHCH, 1 CH CN 
3 v ^ 

24 69 0=^^=0 1 DMF 

25 69 chg-cfchgico^me 1 ch^cn 

26 70 (CN)2C=C(CN)2 1 CH^CN 

27 69 1 chgcn 

Temp. X Yield^ Adduct 73 

0°c 56 r^=r^=r^=h; r?=cn 

23*C 

23°C 52  R^=R^=H;  R^=Ph;  R^=C0CH^ 

0°c 

23°C 33 R^=R^=H; R^=CH2; R^=COCH^ 

0°C 

o^c 30 r^=r^=h; r^=ch^; r^=c02me 

0°C 

23°C 55 
1 2 3 R =R =H; Rr,R^= \  / 

lk) 
n) 
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Table  1 .  Cont inued  

Entry Olefin Solvent^ Temp. % Yield^ Adduct 73 

30 70 

Q" 28 69 ( )=0 1 CHgCN 23*C ~30 R^=R^=H; R^,R'*= \ / p^ 

0 

29 70 ^ ^=0 1 CH^CN 23°C "-30 R^=R2=H ; R^,R^= ( ^ 

ff'^^T^=0 1 CH CN 23°c 35 R^=R^=H; R^,r'*= 

31 69 CH^C0CH=CH(CH2)20Bz .6 CH^CN 23°C 59^ r^=r' '=H; R^=(CH2)2OBZ; r^=COCH^ s 

32 6 9  CH,COCH=CH(CH,)OSi+ .4 CH_CN 23°C 78*^ R^=R^=H; R^=(CH_)-OSi+; I^^=COCH- t  
j /. i j z  z  I j 

c  
Solutions of exomethylene cyclohexanone were prepared and used immediately with only approxi 

known concentrations. 

These yields were based on equivalents of thiazolium salt reacted. 
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74 (prepared from adduct 73a) with a sample of authentic material 

synthesized via permanganate oxidation (52) of ethy]-4-formyl-2-pyrrole-

carboxylate prepared by the route of Sonnet (53). Adduct 73a was 

cleaved by treatment with methanesulfonic acid, fol lowed by tr iethyl-

amine, then an unexpected oxidation with a stirred suspension of sodium 

hydride in THF exposed to the air. Product 74 was identical to authentic 

2,4-diethylpyrrole dicarboxylate by proton NMR and values on TLC 

plates. 

73a 
1) CH3SO3H/CH3OH 

TTit^n/ch^oh 

3) NaH/THF/Og 

74 

General methods were explored for cleavage of the tr icyclic skel

etons (73a) to yield pyrrolidines with preservation of the stereochemi

cal centers created by the init ial dipolar addit ion. Our init ial 

attempts using strong acids, strong bases, metal hydrogénation catalysts 

(Ra-Ni, Rh/C, Ru/CX-NiClg '  SHgO/NaBH^, CuBr^/NaCNBH^, BF^ - OEtg/Et^SiH, 

Cul/EtgSiH, MCPBA, Al-Hg, and dissolving metal reductions (Li, Na, Ca 

in NH3) were unsuccessful. Either start ing material or products 

arising from attack at other sites in the molecule were recovered. 

Undaunted, we proceeded to investigate further bond cleavage con

dit ions. A method reported by Luhowy and co-workers (54) for hydrolysis 

of thiazolidines proved to be moderately successful. Under aqueous 

condit ions in the presence of si lver ( l), 73a is cleaved in good yield 
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(67%) to 3,5"dicarbethoxy-a -pyrroline (75)> which compared closely to 

the similar diester prepared by Saegusa and co-workers (55). The 

enamine 75 can then be subsequently reduced with sodium cyanoborohydride 

to diethy-2,4-pyrrolidine-dicarboxy1 ate (76) (as a mixture of diaster-

eomers) in 86% yield, via the method of Borch and co-workers (56). 

Alternately, 75 can be converted into 74 by MnO^ oxidation. 

73a 
AgNOgfaq.) 

cat. NaHCO, 

74 

COLEt 

EtOH/HCl 

etogc 

The si lver (I) cleavage has been tested on a number of tr icyclic 

systems with mostly gratifying results, although the stereochemistry at 

C-4 is lost. Compounds 73b, 73h, 73n, 73g, 73s, and 73t yielded 

2 
and a -pyrrolines 77-82, respectively, in high yields. 

73b 
AgNO-

EtOLC 

COCH, 

77 90% 
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agno^ 
73n ,..-x 1 1 

73q 
AgNCL 

AgNO, 
73s » 

etogc 

ch^oc 

EtO.C 

79 98% 

80 79% 

81 80% 

73t 
AgNO, 

EtO, 

CH, 

82 35%' 

^The yield of this compound was rather low due to its high water 
solubility, causing difficulties in isolation. 
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Compounds 79, 80, and 82 were isolated as imines. The quaternary 

2 
center of 73n and 73g makes isomerization to the A -pyrrolines impossible. 

In the case of 73t, formation of the hemiketal al lows isolation of the 

imine. This is in keeping with our postulated mechanism: init ial coor

dination of the sulfur atom to the si lver ion, fol lowed by cleavage to 

the iminium salt 8 3 .  Subsequent hydrolysis and isomerization allows 

2 
for formation of compounds of the A -pyrroline type. Compound 79 was 

identical to one of the isomers in the diastereomeric mixture synthesized 

by Saegusa and co-workers (55). 

83 

Compounds 77-82 have al l  been reduced to their respective pyr-

2 
rol idines (by NaCNBH^) with varying degrees of success. The A -pyr

rol ines containing ketone groups afforded some overreduction products. 

This is reasonable since NaCNBH^ is known to reduce carbonyl groups in 

highly acidic media. In only a few cases, were the reductions reason

ably clean. Most of the reactions were contaminated by many side 

products and the yields of pyrrolidines were quite low. Loss of the 

C-4 stereochemistry seemed unavoidable by this procedure, since al l  

attempts to reduce the unisomerized intermediate at the iminium ion 

stage fai led. 
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Although i t  was an exceedingly useful reaction, the reproducibil i ty 

of the si lver-mediated cleavage in some cases is poor. The reaction is 

very solvent dependent. The solubil i ty of the start ing tr icyclic com

pounds in the very polar solvent can be a problem. In some cases, a 

precipitate of unknown structure forms and hampers the progress of the 

reaction. For some systems, the reaction fai ls completely for no 

obvious reason. 

Because of these uncertainties, we sought to develop an improved 

reaction using somewhat more standard chemical transformations. In the 

system where an acidic proton is available on the C-4 carbon 73b, 73s, 

and 73t, we found that strong equil ibrating bases such as potassium 

t-butoxide in t-butanol smoothly created the enolate which spontane-

2 
ously opened to the A -pyrroline. An excess of methyl iodide rapidly 

methylates the result ing thiolate, similar to the work of Brain and co

workers (57). The bicyclic compounds 84-86 are obtained as a mixture 

of diastereomers on the tetrahydrofuran ring. 

R COCH. 

73b R = CH3 84 R = CH3 

85 R = (CHgjgOBz 

86 R = (CH,),OSi-f 
C u i 

73s R = (CHgigOBz 
I 

73t R = (CHgjgOSij-
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The a-ami no ethers 84-86 were found to be both cleaved and reduced 

to pyrrolidines in one step by NaBH^CN in EtOH/HCl. A mixture of 

products arising from ci s/trans isomers on the newly-created asymmetric 

centers plus a diastereomeric mixture of secondary alcohols (caused by 

overreduction) is obtained. Compound 86 showed a tendency to lose the 

si lyl protecting group due to the strongly acidic reaction condit ions, 

and a small amount of hemiketal 89 was obtained. 

84 and 85 
NaCNBHg 

EtO.C--
EtOH/HCl 

I 
1 2 3^ 87a = CH,; R\ R = 0 

•WW'S# 4 9 q 
87b R = CHg: R = H; R = 

88a R^ = (CHgigOBz; R^, R^ = 0 

88b R^ = (CHgigOBz; = H; R^ = OH 

OH 

se , eto^c 

EtOH/HCl 

89 
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The crude mixture of secondary amines 88a and 88b was protected as 

their N-^-butoxycarbonyl derivatives (58).  The ketones 90 were separated 

chromatographically from secondary alcohols 91. 

(+oc)„o 
88a, 88b L-

CH, 

t-BOC t-BOC 

90 R = (CHgjgOBz 91 R = (CH^)^OBz 

The isomers of compound 90 were subjected to epimerization condi

t ions (DBU/CHgClg/RT). The cis-isomer was observed to convert completely 

into the trans-isomer, as evidenced by both TLC analysis and carbon-13 

NMR. 
OBz 

y:ochg 

90 22 ' ^ EtO.C 

t-BOC 

chgclg/rt 

Trans - 90 

This route proved to be quite ineff icient due to the overreduction 

by-products created. Since reoxidation of 91 to the acetyl compound 

with either MnOg or DCC proved to be unsuccessful, modif ied approaches 

were explored. Elimination with potassium ^-butoxide methyl iodide 

2 
and cleavage of the a-ami no ether with 2N NaCl in EtOH afforded the A -

pyrroline 77 (synthesized earl ier via the si lver ion route). This new 

two step procedure proved to be more reproducible and sl ightly easier 

to carry out on larger scales. 
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After a substantial amount of 77 had been prepared, condit ions for 

eff icient reduction to the corresponding pyrrolidine were sought. 

Catalytic hydrogénations (Pd/C, Ra-Ni, Rh/Al) proved unsuccessful, 

yielding either start ing material, pyrroles, or unidentif iable resinous 

matter. Hydride reductions suffered the same fate as observed with 

NaCNBH- reduction of bicyclic 84— that of overreduction to secondary 

alcohols. Some indication that a reduction by organotin reagents (59) 

may be effective, prompted us to try tr i- j i-butylt in hydride with 77, but 

the reaction yielded only start ing material. 

We postulated that i f  an enol ether could be formed with the 

acetyl group of 77, the result ing iminium salt should be facilely 

reduced with a borohydride reagent. Enamine 77 smoothly formed the 

tr imethy1 si1yl enol ether-iminium salt 32 with tr imethylsi lyl tr i f luoro-

methane-sulfonate in CHgClg at 0°C (60) .  This intermediate was not 

isolated, but reduced in situ with a sl ight excess of NaCNBH^, added in 

CHgCN to yield pyrrolidine 93* 

77 tms-^ 

-cfsso, 

OTMS 

iA-me 

Ï "CFoSO 3""3 

NaCNBH, 

CH3CN EtOoC^Nx^ 

OTMS 

H,0 
87a 

92 93 

Compound 93 was found to be contaminated by varying amounts of 

ketone 87a, due to hydrolysis of the enol ether during the course of 

purif ication. Subsequent hydrolysis with aqueous acid transformed 93 
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completely into 87a as an isomeric mixture at C-4. Litt le overreduced 

product 87b was observed. 

This reaction sequence was carried out on 8l which yielded 88a in 

a much higher overall yield. The cis-/trans- mixture was transformed 

into the N-_t-butoxycarbonyl derivative, which again epimerized nicely to 

trans-90. 

Shortly after the condit ions for the iminium salt reduction were 

determined, a l i terature reference (61) prompted us to explore radical 

cleavages on the init ial tr icyclic molecules 73- We were quite delighted 

to f ind that in the presence of one equivalent of tr i-£-butylt in hydride 

and a catalytic amount of AIBN (2,2'-azobis(2-methylpropionitr i  le)) in 

benzene at reflux temperature, 73s was smoothly cleaved to trans-88a 

after treatment with acidic ethanol. The N-_^-butoxycarbonyl derivative 

was identical (^H NMR, C-13 NMR, and values on TLC plates) to the 

epimerized material, trans-90. 

The uti l ization of this radical cleavage process represents an 

extremely rapid route from tr icyclic adducts 73 to highly substituted 

pyrrolidines. I t  preserves the stereochemistry produced at three of 

the four centers derived from the 1,3-dipolar cycloaddit ion of 

thiazolium ylides with activated olefins. The generality of this route 

has been demonstrated with a few representative tr icyclic systems 73a, 

73g, and 73s, which yielded pyrrolidines 76, 94, and trans-88a, 

respectively. 
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y OBZ 
COgEt COgMe COgMe ( ÇOMe 

73a, 73g, 73s 
1) {n-bu)3snh : d a O 2) HCl/EtOH ... , , . 

EtOpd I EtO,C I EtOLC I 
H 2 H 2 H 

76 94 Trans -88a 
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EXPERIMENTAL 

General 

Diethyl ether, benzene and THF were disti l led from l i thium aluminum 

hydride, ethanol from CaHg, and ^-butyl alcohol from NaH. DMF and 
o 

acetonitr i le were dried over 4 A molecular sieves. All organic extracts 

were dried over NagSO^. Melt ing points were determined on a Fisher-Johns 

melt ing point apparatus and are uncorrected. Infrared spectra were 

determined on a Beckman Acculab 2 spectrometer. Nuclear magnetic 

resonance spectra were determined in CDCl^ on a Hitachi Perkin-Elmer 

R-20B 60 MHz or a Varian EM-36O instrument with absorptions recorded 

in ppm downfield from internal Me^Si. High resolution mass spectra were 

recorded on an AEI MS-902 high resolution mass spectrometer. Low reso

lution mass spectra were recorded on a Finnigan 4023 mass spectrometer. 

Carbon-13 NMR spectra were determined on a JEOL FX-9OQ Fourier transform 

spectrometer, with absorptions expressed in ppm relative to the chemical 

shift of Me^Si. 

General Procedure for Thiazolium Salts 6 9 ,  70, and 71 Formation 

The 5~niethyl-thiazol-4-ethanol (68) (0.1 mole, 14.3 g) was dissolved 

in 200 ml of anhydrous ethanol. One equivalent of the halide was added 

and the solution was al lowed to reflux overnight. After cooling the 

solution, the solvent was removed and a brown solid formed upon standing. 

3 - (2-Ethoxy-2-oxQethyl)-5"(2-hydroxyethy1)-4-methy1thiazolium bromide ( 6 9 )  

Crude 6 9  crystall ized from isopropyl alcohol after cooling to 0°C. 

A  wh i te  so l id  was  co l lec ted  by  f i l t ra t ion ,  resu l t i ng  in  2 7 . 6  g  (O . O 8 9  
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moles, 89%) of pure 6 9 .  IR (f i lm in CDCl^) 3310, 2990, 1745, 1590, 

1220 cm'T; 60 MHz NMR (D^O, Réf.: Tier's salt) ô I .30 (t, ^ = 7 Hz, 3 H), 

2.49 (s, 3 H), 3.15 (t,  J = 5 Hz, 2 H), 3.85 (t, ^ = 5 Hz, 2 H), 4.31 

(q, 2 = 7 Hz, 2 H), 4.60 (s, 1 H), 5.49 (s, 2 H), 9.88 (s, 1 H); 90 MHz 

C-13 NMR (D^O, with TMS cap.) 6 11.77, 13.98, 30.04, 54.17, 61.00, 64.64, 

1 3 6 .04, 143.59, 1 5 8 . 0 3 ,  167.45. 

3-(2-0xopropyl)-5~(2-hydroxyethyl)-4-methy1thiazolium chloride (70) 

Crude 70 was recrystal1ized from isopropyl alcohol and cooled to 

0°C. A white solid was collected by f i l tration yielding I8 g (O .O8 mole, 

80%) of pure 70. 60 MHz NMR (D^O, Réf.: Tier's salt) 6 2.50 (s, 3 H), 

2.59 (s, 3 H), 3.20 (t, _J = 7 Hz, 2 H), 4.00 (t, ^ = 7 Hz, 2 H), 4.60 

(s, 1 H), 5.80 (s, 2 H), 9.S5 (s, 1 H). 

3~Cyanornethy1- 5 - (2-hydroxyethyl)-4-methylthiazolium chloride (71) 

Crude 71 was recrystal1ized from isopropyl alcohol and cooled to 

0°C.  A  tan  so l id  was  co l lec ted  by  f i l t ra t ion  to  g ive  15 .0  g  (O . O 6 9  

moles, 69%) of pure 71. 60 MHz NMR (D^O, Réf.: Tier's salt) 5 2.50 

(s, 3 H), 3.02 (t,  J = 7 Hz, 2 H), 3.77 (t, J = 7 Hz, 2 H), 4.60 (s, 

1 H), 5.55 (s, 2 H), 10.03 (s, 1 H). 

General Procedure for 1,3~Dipolar Cycloaddit ions 
of Thiazolium Ylides Generated from Salts 69-71 to Olefins 

DMF as solvent 

A solution of the thiazolium salt (2.0 mmoles) in DMF (5.0 ml) 

with the définie adduct was prepared. The reaction temperature (see 

Table 1) was adjusted and neat tr iethylamine (2.0 mmoles) was slowly 
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added. The result ing orange-colored solution was st irred at the reac

t ion temperature for 3 hours, at which t ime the mixture was di luted 

with ether (25 ml) and was washed three times with brine. The organic 

extract was dried over NagSO^ and removal of the solvents gave a colored 

residue of the crude addit ion product. Passage of the residue over a 

short si l ica gel column (with ethyl acetate/hexane: 1/10) gave pure 

adduct 73 as a mixture of isomers at C-8a and C-9a. Only the major 

isomer is reported in the 60 MHz NMR spectra. 

CHgCN as solvent 

A slurry of the thiazolium salt (2.0 mmoles) in CH^CN (3.0 ml) with 

the olefinic adduct was prepared. The reaction temperature (see Table 1) 

was adjusted and neat tr iethylamine (2.0 mmoles) was slowly added. The 

result ing solution was st irred at the reaction temperature for 3 hours, 

at which t ime the mixture was di luted with ether (25 ml) and was washed 

3 t imes with brine. The organic extract was dried over NagSO^. Removal 

of the solvents gave a residue of the crude addit ion product. Passage 

of the residue over a short si l ica gel column (with ethyl acetate/ 

hexane: 1/10) gave pure adduct 73 as a mixture of isomers at C-8a and 

C-9a. Only the major isomer is reported in the 60 MHz NMR spectra. 

Adduct 73a 

The melt ing point was found to be 76-78.5*0 (from hexane). IR 

(f i lm) 2980, 1730, 1440, 1365, 1170, 1020 cm"S 60 MHz NMR (CDCl^) 6 

1.32 (t, 2 = 7 Hz, 6 H), 1.60 (bs, 3 H), 2.0-3.0 (m, 4 H), 3.5-4.6 (m, 

5 H), 4.45 (bq, J = 7 Hz, 4 H), 5.5 (bd, ^ = 8 Hz, 1 H); 90 MHz C-13 
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NMR (CDCIg) 6 13.78 ( 2 C ) ,  22.24, 29-20, 3 3 - 6 2 ,  46-30, 5 5 - 0 8 ,  6 O . 6 7  ( 2 C ) ,  

6O-8O, 65.87, 74.98, 109.83, 107.18, 172.72. High resolution mass 

spec t rum fo r  C^^H^^NO^S requ i res  m/e  3 2 9 - 1 2 9 7 0 ;  f ound  m/e  3 2 9 . 1 3 0 8 4 .  

Adduct 73b 

60 MHz NMR (CDClg) 5 1.00 (d, ^ = 6 Hz, 3 H), 1.28 (t, ^ = 7 Hz, 

3 H), 1.45 (s, 3 H), 2.1-2.4 (m, 3 H), 2.23 (s, 3 H), 3-6-4.3 (m, 5 H), 

4.25 (bq, J = 7 Hz, 2 H), 5.55 (bd, £ = 5 Hz, 1 H); 90 MHz C-13 NMR 

(CDCig )  6  1 4 . 1 1 ,  2 1 . 7 2 ,  2 7 . 0 5 ,  3 0 . 2 4 ,  33 . 4 9 ,  34 . 4 7 ,  34 .79 ,  4 0 . 90 ,  5 8 . 1 4 ,  

5 9 . 8 3 ,  6 0 . 2 2 ,  6 0 . 5 4 ,  6 1 . 9 1 ,  6 3 . 2 1 ,  6 3 . 6 6 ,  6 4 . 2 3 ,  6 5 . 4 8 ,  6 8 . 6 1 ,  71-53, 

7 1 . 9 9 ,  1 0 3 . 7 2 ,  1 0 7 . 6 9 ,  1 7 2 . 6 6 ,  2 0 3 . 6 1 ,  2 0 5 - 8 2 .  

Adduct 73c 

The melt ing point was found to be 155-159°C (from hexane). IR 

(f i lm) 2990, 1710, 1580, 1160 cm'T; 60 MHz NMR (CDCl^) 6 1.92 (bd, 

J.= 7 Hz, 3 H), 1.34 (bs, 3 H), 2.1-2.4 (m, 3 H), 2.24 (bs, 6 H), 

3-2-3.5 (m, 2 H), 3-7-4.1 (m, 3 H), 5-52 (bd, £ = 5 Hz, 1 H); 90 MHz 

C-13 NMR (CDCIg) 6 14.37, 22 .50, 28.81, 29-72, 33-95, 42-73, 56.71, 

61.84, 6 6 . 3 3 ,  72.25, 74.85, 109.97, 203.09, 2 1 0 . 9 6 .  High resolution 

mass spectrum for C^gH^gNOgS (parent minus CgH^O) 240.10583; found 

240.10536. 

Adduct 73d 

60 MHz NMR (CDCl^) (major isomer) 6 1-50 (s, 3 H), 2.20 (s, 3 H), 

2.2-2 .8 (m, 4 H), 2-43 (s, 3 H), 3-2-4.6 (m, 5 H), 5-66 (d, ^ = 8 Hz, 

1 H), 7.2-8.0 (m, 4 H). 
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Adduct 73e 

60 MHz NMR (CDCl^) 6 1.42 (s, 3 H), 1.55 (s, 3 H), 2.0-2.4 (m, 4 H), 

2.22 (bs, 6 H), 3.6-4.5 (m, 10 H), 3.70 (bs, 12 H), 5.0-5.5 (m, 4 H); 

90 MHz C-13 NMR (CDCl^) « 22.43, 22.63, 25.23, 25.62, 26.53, 27.51, 

32.84, 33.82, 46.69, 48.64, 49.74, 50.98, 51.24, 52.41, 52.74, 56.05, 

56.51, 56.64, 66.27, 66.98, 69.26, 69 .52, 70.82, 71.86, 73-74, 110.03, 

110 .23 ,  169 .73 ,  1 7 0 . 64 ,  170 .77 ,  171 .22 ,  171 .49 ,  1 7 2 . 0 1 ,  2 0 8 . 6 8 ,  2 0 9 . 0 1 .  

Adduct 73f 

60 MHz NMR (CDCl^) 6 1.55 (bs, 3 H), 2.15-2.65 (m, 2 H), 2.33 (s, 

3 H), 3.5-4.3 (m,11 H), 4.31 (d, 2 = 4 Hz, 1 H), 5-30 (d, J = 5 Hz, 1 H). 

Adduct 73g 

IR (f i lm) 2950, 1735, 1430, 1 1 8 5 ,  1025 cm"S 60 MHz NMR (CDCl^) 6 

1.30 (t, 2 = 7 Hz, 3 H), 1.60 (s, 3 H), 1.9-2.6 (m, 2 H), 3-5-4.4 (m, 

6 H), 3.70 (s, 3 H), 3.75 (s, 3 H), 4.20 (q, J = 7 H, 2 H), 5.28 (d, 

^ = 5 Hz, 1 H); 90 MHz C-13 NMR (CDCl^) S 13.85, 22.11, 33.62, 48.58, 

4 9 . 1 0 ,  5 1 . 6 3 ,  5 2 . 4 1 ,  5 5 . 3 4 ,  6 1 . 3 9 ,  6 1 . 9 1 ,  6 5 . 7 4 ,  7 2 . 5 7 ,  1 0 8 . 2 1 ,  1 6 9 . 7 3 ,  

170.64, 1 7 1 . 8 7 .  High resolution mass spectrum for Ci&HggNOyS requires 

m/e 373.11953; found m/e 373.11858. 

Adduct 73h 

60 MHz NMR (CDCIg) 6 0.75 (t, J = 7 Hz, 3 H), 1.38 (s, 3 H), 1.96 

(s, 3 H), 2.0-2.4 (m, 2 H), 3-3-4.1 (m, 6 H), 4.00 (bq, £= 7 Hz, 2 H), 

5.45 (d, ^ = 4 Hz, 1 H), 7.03 (s, 5 H); 90 MHz C-13 NMR (CDCl^) 13-53, 

2 2 . 4 3 ,  2 9 . 7 2 ,  3 4 . 1 4 ,  4 6 . 1 1 ,  5 6 . 1 9 ,  6 0 . 2 2 ,  6 0 . 6 1 ,  6 6 . 5 3 ,  6 7 . 1 8 ,  7 4 . 9 8 ,  

1 0 9 . 9 0 ,  1 2 7 - 4 6 ,  1 2 7 . 8 5 ,  1 2 8 . 3 0 ,  1 2 9 . 0 2 ,  1 3 7 . 4 7 ,  1 7 0 . 9 6 ,  2 0 3 . 0 9 .  
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Adduct 73i 

60 MHz NMR (CDCl^) 6 1.21 (bt, 7 Hz, 3 H), 1.45 (bs, 3 H), 

1.8-2.7 (m, 4 H), 3.3-4.5 (m, 5 H), 4.08 (bq, J = 7 Hz. 2 H), 5.10 (bd, 

2 = 7 Hz, 1 H). 

Adduct 73j 

60 MHz NMR (CDCIg) 6 1.42 ( s ,  3 H), 1.60 (s, 3 H), 1.9-2.8 (m, 8 H), 

3.4-4.6 (m, 10 H), 4.95 (d, 6 Hz, 1 H), 5.22 (d, J = 5 Hz, 1 H). 

Adduct 73k 

60 MHz NMR (CDCtg) 6 1.80 (bs, 3 H), 2.2-2.6 (m, 4 H), 2.30 (s, 

3 H), 3.3-3.8 (m, 4 H), 4.27 (t, J = 7 Hz, 1 H), 5.12 (d, J = 6 Hz, 1 H). 

Adduct 731 

60 MHz NMR (CDCIg) 6 1.40 (bs, 3 H), 1.58 (bs, 3 H), 1.9-2.4 (m, 

4 H), 2.40 (bs, 12 H), 3.5-4.5 (m, 12 H), 5.10 (d, 7 Hz, 1 H), 

5.52 (d, J = 7 Hz, 1 H), 7.16 (bs, 10 H). 

Adduct 73m 

60 MHz NMR (CDCl^) 6 1.22 (bd, 2= 7 Hz, 3 H), 1.82 (bs, 3 H), 

2.0-2.5 (m, 3 H), 2.10 (bs, 3 H), 2.9-3.6 (m, 4 H), 4,13 (d, £= 8 Hz, 

1 H), 5.70 (d, 1=6 Hz, 1 H). 

Adduct 73n 

60 MHz NMR (CDClg) 6 1.28 (t, ^ = 7 Hz, 3 H) ,  1.43 (s, 3 H), 1.58 

(s, 3 H), 1.6-2.4 (m, 3 H), 3.05 (bt, J = 11 Hz, 1 H), 3.5-4.3 (m, 4 H), 

3.70 (s, 3 H), 4.20 (q, J = 7 Hz, 2 H), 5.13 (s, 1 H); 90 MHz C-13 NMR 
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(CDClg) 5 1 3 . 7 2 ,  2 1 . 9 1 ,  2 5 . 6 2 ,  3 3 . 3 6 ,  36.48, 5 1 . 5 7 ,  5 2 . 8 0 ,  5 5 . 0 2 ,  6 0 . 5 4 ,  

61.00, 65.88, 81.55, 109.97, 172.98. 173.89. 

Adduct 73o 

IR (f i lm) 2990, 1740, 1455, 1380, 1280, 1260, 1175, 1035 cm"^ 

60 MHz NMR (CDCIg) (major isomer) 6 O .85 (m, 2 H), 1.28 (t,  £=7 Hz, 

3 H), 1.43 (s, 3 H), 1.8-2.7 (m, 6 H), 2.9-3.6 (m, 2 H), 3.5-4.2 (m, 

2 H), 4.18 (q, ^ = 7 Hz, 2 H), 5.25 (d, J = 7 Hz, 1 H) .  

Adduct 73p^ 

6 0  MHz NMR (CDCIg) 6 1.27 (bt, ^ = 7 Hz, 3 H), 1.2-1.7 (m, 6 H), 

1.57 (bs, 3 H), 1.9-2.6 (m, 6 H), 3 .4-3.7 (m, 2 H), 3.8-4.6 (m, 4 H), 

5.80 (s, 1 H). Low resolution mass spectrum for C^yHg^NO^S requires 

m/£ 339.0; found m/£ 339-0, fragments: 315-0, 275.0, 256.0, 229.0. 

1 9 6 . 0 .  

Adduct 73q^ 

60 MHz NMR (CDCl^) 6 1.30 (s, 3 H), 1.4-2.8 (m, 12 H), 2,20 (s, 

3 H), 3.2-4.3 (m, 4 H), 5.40 (s, 1 H). 

Adduct 73r^ 

60 MHz NMR (CDClg) 6 1.45 (bs, 3 H), 1.9-2.7 (m, 4 H), 2.30 (bs, 

3 H), 3.5-4 .5 (m, 4 H), 5.30 (s, 1 H), 6.6-7.4 (m, 4 H). Low resolution 

^Exomethylene cyclohexanone was prepared according to the method of 
G.  M,  Ksander ,  J .  E .  McMur ry  and  M.  Johnson ,  Org .  Chem.  1977 ,  42 ,  I I 8 0 .  

2 
Exomethylene indole was prepared according to the method of R. L. 

Hinman and C. P. Bauman, Org. Chem. 1964, 29, 2431. 
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mass spectrum for requires m/£ 344.0; found m/£ 343.9, 

fragments: 300.9, 228.0, 207.0, 145.0 

Adduct 73s^ 

IR (f i lm) 2950, 1740, 1720, 1l80, 1160 cm"^ 60 MHz NMR (CDCI^) 6 

1.25 (t^ J = 7 Hz, 3 H), 1.42 (s, 3 H), 2.08 (s, 3 H), 2.1-2.3 (m, 5 H), 

3.1-4.5 (m, 9 H), 4.35 (s, 2 H), 5.45 (d, J = 5 Hz, 1 H), 7.28 (s, 5 H) ;  

90 MHz C-13 NMR (CDCI^) Ô 13.89, 21.84, 22.24, 27.12, 29.85, 30.63, 

33.30, 34.08, 37.20, 38.89, 56.51, 57-75, 59.76, 60.28, 60.74, 63.47, 

65.35, 66.20, 68.02, 68.67, 68.93, 70.82, 72.57, 74.65, IO7.62, 109.64, 

1 2 7 . 5 2 ,  128 .17 ,  1 3 8 . 19 ,  171 .94 ,  1 7 2 . 5 3 ,  2 0 3 . 2 2 ,  2 0 3 . 8 7 .  

Adduct 73t^ 

60 MHz NMR (CDClg) 6 0.01 (s, 6 H) ,  O . 8 3  (s, 9 H), 1.21 (t, ± = 

7 Hz, 3 H), 1.3-1.7 (m, 2 H), 1.40 (bs, 3 H), 2.1-2.5 (m, 3 H) ,  2.12 

(bs, 3 H), 3.3-4.4 (m, 7 H), 4.11 (bq, J = 7 Hz, 2 H), 5.32 (d, J = 7 Hz, 

7-Benzy1oxy-3-hexene-2-one (bp 135-l40°C/~l mm Hg) was prepared 
via PCC oxidation (E. J. Corey, J. W. Suggs Tetrahedron Lett, 1975, 
2647) of 3"benzyloxy-n-propanol (C. L. Butler, A. G. Renfrew, M. Clapp 

Amer. Chem. Soc. 1938, 60, 1472) fol lowed by a Witt ig reaction with 
tr iphenyl phosphineacetylmethylene (F. Ramirez, S. Dershowitz Org. 
Chem. 1957, 22, 41). 

2 
7"t-Butyldimethylsl lyloxy-3-hexene-2-one was prepared as fol lows: 

alkyiation of 4-1itho-4-p-toluenesufony1 butanone ethylene ketal with 
al lyl bromide (K. Kondo, D. Tunemoto Tetrahedron Lett. 1975, 1397) fol
lowed by ozonolysis (O^/MeOH) with reductive work-up (NaBHij/O'C) and 
deketal ization (HOAc/H2O/(CH2)2C0/25°C), yielding 1-methyl-1-hydroxy-
3-(p-toluene sulfone)-tetrahydropyran, which was opened and protected 
with a _t-butyldimethylsi lyl group (E. J. Corey;. A. Venkateswarl u 
Amer. Chem. Soc. 1972, 94, 6190) and, f inally, eliminated with Na2C03 
in DMF (J. Fayos, J. Clardy, L. J. Dolby, T. Farnham Org. Chem. 
1977, 42, 1349) (bp 85-95°C/~1 mm Hg). 
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1 H); 90 MHz C-13 NMR (CDCl^) 6 14.11, 18.l4, 22.24, 25.82, 27.12, 30.50, 

32.71, 32.91, 33.23, 38.30, 57.62, 59.70, 60.15, 60.61, 60.80, 61.71, 

63.14, 65.10, 67.83, 70.43, 107.49, 172.40, 203.61. 

Diethyl -2,4-pyrrole-cl icarboxylate (74) 

Adduct 73a (0.44 g, 1.3 mmoles) was treated with methane sulfonic 

acid (0.20 ml, 3-1 mmoles) in methanol (20 ml). A TLC analysis (si l ica 

gel, hexane: ethyl acetate, 1:1) revealed only origin material. The 

solution was poured into a mixture of tr iethylamine (2.5 ml, 18 mmoles) 

and methanol (10 ml) and stirred for four hours. The solution was 

evaporated to a residue and then redissolved in dry THF (10 ml). Excess 

NaH (hexane-washed) was added and the reaction was al lowed to stir at 

room temperature protected by a drying tube (CaSO^) for 24 hours. Addi

t ion of HgO (50 ml) fol lowed by extraction wîth CH2CI2 three t imes, 

drying (NagSO^) and evaporation gave a small amount of 74 (O . O 5  g). 

Compound 74 had identical on TLC plates (si l ica gel) and 60 MHz NMR 

spectra as diethy1-2,4-pyrrole-dicarboxylate prepared by the known 

procedure (52,53). 60 MHz NMR (CDCl^) Ô 1.38 (bt, ^ « 7 Hz, 6 H), 4.37 

(dq, ^ = 7 Hz, 4 H), 7.37 (dd, J = 1 Hz, 1 H), 7.64 (dd, ^ = 1 Hz, 1 H). 

Low resolution mass spectrum for C^qH^^NO^ requires m/£ 211.0; found 

211.1, fragments: 196 .1,  183.0, 166.0, I4t3.1, 120.0. 

2 
3 , 5 -Dicarbethoxy-A -pyrroline (75) 

A suspension of adduct 73a (0.33 g, 1.0 mmole) st irred in H^O 

(10 ml) containing a catalytic amount of NaHCO^ was prepared. To this 

suspension a AgNO^ (2.2 ml, 0.5 N(aq)) solution was added drop-wise. 
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The mixture became turbid and after about 1 hour, a yel low residue had 

sett led out and the solut ion was extracted four t imes with CH^Cl^,-

Drying of the organic layer over NagSO^ fol lowed by evaporation gave 

0.14 g (0.67 mmoles, 67%) of 75, as a very pure yel low isolate which 

tended to decompose upon standing: 6O MHz NMR (CDCl^) 6 1.28 ( t ,  = 

7 Hz, 3 H), 1.32 (t ,  2 = 7 Hz, 3 H), 3.04 (bs, 1 H), 3.17 (bs, 1 H), 

4.2-4.8 (m, 1 H), 4.22 (q, J = 7 Hz, 2 H), 4.30 (q, J = 7 Hz, 2.H):,  :5.1 

(s,1 H), 7.3-7.4 (m,1 H). The NMR data compared favorably to the l i t 

erature (55). Low resolut ion mass spectrum for C^qH^^NO^ requires m/£ 

213.0; found m/e^ 213.0,  fragments: l40.1, 96.1, 68.1. 

Diethyl-2,4-pyrrol idine-dicarboxylate ( 76 )  

Enamine 75 (0.40 g, 1.8 mmoles) was dissolved in dry ethanol (4 ml) 

containing a trace amount of bromocresol green (as indicator). 2N HCl 

in ethanol was added unti l  the solut ion turned yel low. Solid NaCNBH^ 

(0.13 g, 2.1 mmoles) was added in one port ion, fol lowed by subsequent 

small  addit ions of 2N HCl in ethanol when the indicator turned green. 

After the color no longer changed to green, within 20 minutes excess 

sol id NagCOg ( ' \ ,1 g) was added and the ethanol was removed by evaporation. 

The residue was taken up in CHgClg and washed 3 t imes with saturated 

NaHCOg solut ion. Drying over NagSO^, fol lowed by evaporation, gave 

0.33 g (1.54 mmoles, 86%) of 76 as a mixture of diastereomers: IR 

(f i lm) 3500, 2990, 1730, 1450, 1375, 1185, 1030 cm'T; 60 MHz NMR 

(CDCIg) (major isomer) 6 1.28 ( t ,  J = 7 Hz, 6 H), 2.2-2.5 (m, 2 H), 

2.75 (bs, 1 H), 3.9-3.4 (m, 2 H), 3.65-4.1 (m, 2 H), 4.22 (q, ^ = 7 Hz, 
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k H). High resolut ion mass spectrum for requires m/e^ 215.11576; 

found m/£ 215.11526. 

MnOg oxidation of 75 to 74 

Enamine 75 (0.24 g, 0.93 mmoles) was st irred at room temperature 

for 48 hours in benzene with excess MnOg (2.3 g). Fi l trat ion through 

eel i te, fol lowed by evaporation of the solvent and chromatography 

(si l ica gel),  gave 0.113 g (0.44 mmoles, 47%) of pyrrole 74 which was 

identical to authentic material by TLC and 60 MHz NMR. 

2 
3-Acetyl-4a-methy1-5a-carbethoxy-A -pyrrol ine (77) 

Adduct 73b (0.313 g, 1.00 mmoles) was cleaved by AgNO^ as in the 

procedure for 73a. Isolat ion gave 0.147 g (0.73 mmoles, 73%) of 77 

as a l ight-colored oi l :  IR (f i lm) 3020, 2990, 1730, 1570, 1370, 1250, 

1180, 1030 cm"^ 60 MHz NMR (CDCl^) <S 1.05 (d, J = 7 Hz, 3 H), 1.28 ( t ,  

J = 7 Hz, 3 H), 2.10 (s, 3 H), 3.2-3.6 (m, 1 H), 4.20 (q, J = 7 Hz, 

2 H), 4.60 (d, 2 = 10 Hz, 1 H), 6.00 (bs, 1 H), 7.22 (bs, 1 H); 90 MHz 

C -13 NMR (CDCIg) 14.243 (2 C) ,  25.56, 37-52, 61 .13, 65.74, 119.85, 

148.53, 170.70, 191.19. Low resolut ion mass spectrum for C^qH^^NO^ 

requires m/£ 197.0; found m/e 197.1, fragments: 182.1 ,  156.1, 124.1 ,  

116 .1 .  

3-Acety1-4a-pheny1-5a-carbethoxy-A^-pyrrol ine ( 78 )  

Adduct 73h ( 0 .17  g, 0.46 mmoles) was cleaved by AgNO^ as in the pro

cedure for 73a. A mixture of methanol:H20 (2:1) was used as the sol

vent system. Isolat ion gave O .O87 g (0.33 mmoles, 73%) of 78 as a 
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l ight-colored oi l :  60 MHz NMR (CDCl^) 6 0.84 ( t ,  ̂  = 7 Hz, 3 H), 2.10 

(s, 3 H), 3.40-3.95 (m, 2 H), 4.77 (q, J = 7 Hz, 2 H), 5-95 (bs, 1 H), 

7.30 (s, 5 H), 7.3-7.5 (m, 1 H); 90 MHz C-13 NMR (CDCl^) 13.33, 25.43, 

48.64, 60.67, 66.66, 118.03, 127.65, 128.11, 128.82, 139.10, 150.28, 

169.73, 190.60. 

3a-Carboxyniethy1 - 33 -methyl-53-carboxyethyl-A^-pyrrol ine (79) 

Adduct 73n (0.331 g, 1.00 mmoles) was cleaved by AgNO^ as in the 

procedure for 73a. Methanol was used for the solvent. The reaction was 

fol lowed by TLC analysis (st l ica gel, hexane:ethyl acetate, 1:1). 

Isolat ion gave 0.209 g (0.98 mmoles, 98%) of 79 as an oi l :  IR (f i lm) 

3560 ,  2990,  1740,  1630 ,  1450,  1370,  1190 ,  1040 cm"^  ( l i t .  (55)  1620 ,  

1720 cm'T); 60 MHz NMR (CDCl^) 6 1.30 ( t ,  ^ = 7 Hz, 3 H), 1.48 (s, 3 H), 

1 .82 (d, J = 7 Hz, 1 H), 2.05 (d, J = 7 Hz, 1 H), 3.74 (s, 3 H), 4.26 

(q, i  = 7 Hz, 2 H), 4.7-5.1 (m, 1 H), 7.66 (d, J = 3 Hz, 1 H) (This 

spectrum was identical to the l i terature (55) NMR spectrum.); 90 MHz 

C -13 NMR (CDClg) S 13.86, 21.79, 36.49, 52.42, 60.35, 61.20, 74.33, 

171.16, 171.62, 172.27. 

3a-(Spi ro-2-oxocyclohexyl)-53-acetyl-A^-pyrrol i  ne (80) 

Adduct 73q ( 0 .122  9, 0.39 mmoles) was cleaved by AgNO^ as in the 

procedure for 73a. Ethanol was used as the solvent. After 4 hours of 

st irr ing, 2N HCl in ethanol (3 ml) was added and al lowed to react 

overnight. Isolat ion gave 0.055 g (0.31 mmoles, 79%) of 8O: 60 MHz 

NMR (CDClg) Ô 0.9-2.5 (m, 10 H), 2.25 (s, 3H), 3.8-4.2 (m, 1 H), 7.60 

(bs, 1 H). 
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2 
3-AcetyI-^a-(2-benzy1oxyethy1)-5oi-carbethoxy-A -pyrrol ine (81) 

Adduct 73s (1.00 g, 2.30 mmoles) was cleaved by AgNO^ as in the 

procedure for 73a. MethanolzHgO (5:1) was used as the solvent system. 

Isolat ion gave 0.58 g (1.8 mmoles, 80%) of 81 as a yel low oi l :  IR 

(f i lm) 3280, 2940, 1740, 1570, 1450, 1370, 1200, 1090 cm"^ 60 MHz NMR 

(CDCIg) 6 1.22 ( t ,  2= 7 Hz, 3 H), 1.8-2.5 (m, 2 H), 2.15 (s, 3 H), 

3.46 ( t ,  J = 7 Hz, 2 H), 3.4-3.9 (m, 1 H), 4.18 (q, J = 7 Hz, 2 H), 

4.44 (s, 2 H), 4.57 (d, J = 12, 1 H), 4.96 (bs, 1 H), 7-32 (bs, 6 H); 

90 MHz C-13 NMR (CDClg) 6 14.11, 25.56, 29.46, 39.67, 61.26, 65.88, 

68.28, 72 .64, 118.68, 127 .34, 127.65, 128.17, 138.71, 148.85, 170.57, 

191.19. 

Hemiketal 82 

Adduct 73t (1.46 g, 3.20 mmoles) was cleaved by AgNO^ as in the 

procedure for 73a. Methanol was used as the solvent. Isolat ion gave 

0.30 g (1.3 mmoles, 35%) of 82 as a mixture of diastereomers: IR ( f i lm) 

3400, 2990, 1740, 1680, 1555, 1390, 1265, I I80,  1045 cm"^ 60 MHz NMR 

(CDCU) Ô 1.27 ( t ,  J = 7. Hz, 3 H), 1.9-2.2 (m, 3 H), I .96 (s, 3 H) ,  

2.7-3.3 (m, 1 H), 3.6-4.4 (m, 2 H) ,  4.14 (q, ±= 7 Hz, 2 H) ,  4.9 (d, 

2 = 10 Hz, 1 H), 5.8 (bs, 1 H), 8.00 (s, 1 H). Low resolut ion mass 

spectrum for C^^H^^NO^ (82-H2O) requires m/£ 209.0; found 209.1, frag

ments :  131 .1 ,  163 .1 ,  136 .2 ,  109 .1 .  

Enamine 84 

Adduct 73b (1.20 g, 3.80 mmoles) was dissolved in CHgClgit^butyl 

alcohol (20 ml:40 ml) containing CH^I (0,5 ml, 8.0 mmoles) and cooled to 
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0°C. Sol id ^-butanol:t-butoxide complex ( l : l )  (0.74 g, 4.00 mmoles) was 

added in one port ion yielding an orange-yel low heterogeneous solut ion. 

The reaction was st irred under for 3 hours, then warmed to room tem

perature. A TLC analysis (si l ica gel, hexanerethyl acetate, 1:1) indi

cated that no start ing material was present. 

The solvents were then removed by evaporation. The last traces of 

j^butanol were careful ly el iminated by azotropic evaporation with 

benzene. The residue was taken up in methanol (20 ml) and f i l tered. 

The solvent was once again evaporated, then redissolved in CHgClg and 

washed once with saturated aqueous NaCl solut ion. The aqueous layer 

was extracted three t imes with CHgClg. Al l  the organic layers were 

combined and dried over NagSO^. Evaporation gave 1.05 g (3.20 mmoles, 

84%) of 84 as a set of diastereomers: (major) 60 MHz NMR (CDCl^) 6 1.14 

(d, J = 7 H, 3 H), 1.33 ( t ,  J = 7 Hz, 3 H), 1.53 (s, 3 H), 2.0-2.5 (m, 

2 H), 2.22 (s, 3 H), 2.25 (s, 3 H), 3-12 ( t ,  J = 8 Hz, 2 H), 3.4-4.0 

(m, 2 H), 4.28 (q, ^ = 7 Hz, 2 H) ,  4.54 (d, £= 10 Hz, 1 H) ,  7.49 (s, 

1 H); 90 MHz C-13 NMR (CDCl^) 6 14.24, 15-35, 25.88, 26.47, 31-54, 

33.29, 37.65, 56.97, 60.48, 66.98, 68.28, 95.33, 117.77, 148.79, 170.44, 

190.93. Low resolut ion mass spectrum for C^^H^^NO^S requires m/^ 

327.0; found 327.1, fragments: 197.1, 154.1, 130.0, 84.0. 

Enamine 85  

Adduct 73s (4.46 g, 10.3 mmoles) was el iminated with ^-butanol :^-

butoxide ( l : l )  in a similar procedure as that employed for 73b. Isola

t ion gave 3.33 g (7.4 mmoles, 72%) of 85 as a mixture of 3 diastereomers 
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which were separated by f lash chromatography (si l ica gel: 230-400 mesh): 

IR (f i lm) 2990, 1745, 1575, 1455, 1380, 1185, 1025 cm"^(major) 60 MHZ 

NMR (CDClg) 6 1.24 ( t ,  £ = 7 Hz, 3 H), 1.43 (s, 3 H), 1.7-2.5 (m, 4 H), 

2.16 (s, 3 H), 2.18 (s, 3 H), 3.00 ( t ,  ±= 8 Hz, 2 H), 3-3-4.3 (m, 2 H), 

3.45 ( t ,  2= 7 Hz, 2 H), 4.12 (q, £= 7 Hz, 2 H) ,  4.45 (s, 2 H), 4.45 

(d, 2= 10 Hz, 1 H), 7.23 (s, 5 H), 7-37 (s, 1 H); 90 MHz C-13 NMR 

(CDCIg) 14.11, 25.17, 25.82, 25.95, 29.52, 31.60, 33.23, 39-34, 55-54, 

60.54, 67.37, 68.61, 72.38, 95.01, 116.27, 127.20, 127.59, 128.11, 

138.84, 149.96, 169.99, 191.32; (1st minor) 60 MHz NMR (CDCl^) 6 1.19 

( t ,  2 = 7 Hz, 3 H), 1.64 (s, 3 H), 1.9-2.6 (m, 4 H), 2.15 (s, 3 H), 

2.19 (s, 3 H), 2.8-3.2 (m, 2 H), 3-3-4.1 (m, 4 H), 4.12 (q, J = 7 Hz, 

2 H), 4.19 (d, J = 14 Hz, 1 H), 4.50 (s, 2 H), 7.21 (s, 1 H), 7.27 (s, 

5 H); (2nd minor) 60 MHz NMR (CDCl^) 6 1.22 ( t ,  ̂  = 7 Hz, 3 H), 1.66 

(s, 3 H), 1.9-2.6 (m, 4 H), 2.11 (s, 3 H), 2.13 (s, 3 H), 2.8-3.2 (m, 

2 H), 3.3-4.1 (m, 4 H), 4.09 Cq,  J = 7 H, 2 H), 4.15 (d, J = 14 Hz, 

1 H), 4.45 (s, 2 H), 7.09 (s, 1 H), 7.23 (s, 5 H). 

Enami ne 86 

Adduct 73t (1.07 g, 2.34 mmoles) was el iminated with ^-butanol:_t-

butoxide (1:1) in a similar procedure as that employed for 73b. Isola

t ion gave 0.978 g (2.07 mmoles, 89%) of 86 as a mixture of diastereomers: 

(major) 60 MHz NMR (CDCl^) 6 0.10 (s, 6 H), 0.94 (s, 9 H), 1.36 ( t ,  

J = 7 Hz, 3 H), 1.77 (s, 3 H), 2.0-2.8 (m, 4 H), 2.20 (s, 3 H), 2.23 

(s, 3 H), 3-0-3.4 (m, 2 H), 3.6-4.2 (m, 4 H), 4.33 (q, J = 7 Hz, 2 H), 

4.51 (d, J = 11 Hz, 1 H), 7-36 (s, 1 H). 
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Reduction of 84 with sodium cyanoborohydride 

The diastereomeric mixture 84 (O.I63 g, 0.5 mmoles) was reduced by 

NaCNBH^ (0.07 g, 1.1 mmoles) at 0°C with a procedure similar to that 

for the reduction of 75. Isolat ion gave 0.045 g (0,23 mmoles, 45%) of 

a 1:1 mixture of cis- and trans-ketones 87a: 60 MHz NMR (CDCl^) 6 O.8I 

(d, 2= 7 Hz, 3 H), 1.27 ( t ,  ^ = 7 Hz, 6 H), 1.47 (d, J = 8 Hz, 3 H), 

2.17 (s, 6 H), 2.5-3.8 (m, 8 H), 3.70 (d, J = 5 Hz, 1 H), 3.98 (d, £ = 

7 Hz, 1 H), 4.16 (q, £ = 7 Hz, 4 H) ;  and 0.040 g (0.20 mmoles, 40%) of 

a 1:1 mixture of cis- and trans-alcohols 87b: 60 MNz NMR (CDCl^) <5 

0.9-1.4 (m, 3 H), 1.09 ( t ,  J = 7 H, 3 H), 1.20 (d, ^=3 Hz), 2.5-3-0 (m, 

2 H), 3.5-4.2 (m, 4 H), 4.13 (q, ^ = 7 H, 2 H). 

Reduction of 85 with sodium cyanoborohydride 

The diastereomeric mixture 85 (0.822 g, 1.84 mmoles) was reduced by 

NaCNBHg (0.243 g, 3.86 mmoles) at 0°C with a procedure similar to that 

for the reduction of 75. Isolat ion gave 0.374 g of a diastereomeric 

mixture of cis- and trans-ketones 88a and cis- and trans-alcohols 88b 

(approximately 1:1, ketone:alcohol):  60 MHz NMR (CDCl^) 6 1.1-1.4 (m, 

10 H), 1.22 (bt, J = 7 Hz, 6 H), 2.05 (bs, 3 H), 3-2-4.9 (m, 12 H), 

4.10 (bq, 7 Hz, 4 H), 4.44 (s, 4 H), 7.25 (s, 10 H). 

Reduction of 86 with sodium cyanoborohydride 

The diastereomeric mixture 86 (0.542 g, 1.15 mmoles) was reduced 

by NaCNBHg (0.152 g, 2.42 mmoles) at 0°C with a procedure similar to 

that for the reduction of 75. Isolat ion gave a small  amount of 89, 



www.manaraa.com

60 

along with a variety of other products as evidenced by a low resolut ion 

mass spectrum. 

N-t^butoxycarbonyl derivatives of 88a and 88b 

The crude mixture of pyrrol idines 88a and 88b (0.63 g, 2.00 mmoles) 

were dissolved in CHCl^ (20 ml), H^O (3 ml) and a catalyt ic amount of 

NaHCOg. Di-_t-butylcarbonate (0.48 g, 2.20 mmoles) was added to the 

rapidly st irred solut ion. The mixture was al lowed to st ir  overnight, 

then di luted with CHCl^ (30 ml) and washed three t imes with saturated 

aqueous NaHCO^ solut ion. Drying (Na^SO^^) of the organic layer, fol lowed 

by evaporation, gave a mixture of 90 and 91 which could be easi ly 

separated by f lash chromatography (si l ica gel: 230-400 mesh; hexane: 

ethyl acetate, 10:1). Isolat ion gave 0.26 g (.0.62 mmoles, 28%) of 90 

as a mixture of cis- and trans-diastereomers: IP. ( f i lm) 2990, 1740, 

1700, 1400, 1390, 1365, 1195, 1135 cm"S 60 MHz MMR (CDCl^) 6 1.23 (bt,  

1 = 7 Hz, 3 H), 1.40 (s, 9 H), 1.8-2.5 (m, 3 H), 2.08 (bs, 3 H), 3 2-

4.2 (m, 6 H), 4.10 (bq, 2 H), 4.45 (bs, 2 H), 7.23 (s, 5 H): and 

0. l8 g (0.43 mmoles, 22%) 91 as a diastereomeric mixture of cis- and 

trans-alcohols: IR (f i lm) 3500, 2990, 1740, 1700, 1395, 1185 cm 

60 MHz NMR (CDCl^) 6 1.20 ( t ,  = 7 Hz, 3 H) ,  1.31 (d, J_ = 8 Hz, 3 H), 

1.40 (s, 9 H), 1.9-2.7 (m, 4 H), 2.8-4.4 (m, 6 H), 4.13 (q, 1= 7 Hz, 

2 H), 4.50 (s, 2 H), 7.28 (s, 5 H); 90 MHz C-13 NMR (CDCl^) 6 14.31, 

21.13, 21.59, 21.91, 28.29, 29.13, 42.99, 47.93, 48.25, 60.67, 62.88, 

63.21, 63.66, 67.89, 68.61, 69.84, 70.23, 73.03, 79.92, 127-72, 127.98, 

128.37, 137.99, 171.88. 
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Epimerization of 90 

The mixture of cis-:trans-isomers of 90 (0.26 g, 0.62 mmoles) was 

dissolved in CH^Cl^ (10 ml) containing a catalyt ic amount of 1,8-diaza-

bicyclo[5.^.0]undec-7~ene (DBU) at room temperature. The solut ion was 

al lowed to st ir  overnight, after which a TLC analysis (si l ica gel; 

hexanerethyl acetate, 10:1) indicated that the two isomers had coalesced 

into one. Passage over a short si l ica gel column to remove the catalyst 

gave 0.26 g (0.62 mmoles, 100%) of trans-90:60 MHz NMR (CDCl^) 6 1.27 

( t ,  2=7 H, 3 H), 1.41 (s, 9 H), 1.60 (q, J = 6 H, 2 H) ,  2.0-2.4 (m, 

1 H), 2.11 (s, 3 H), 2.8-3.7 (m, 3 H), 3.47 ( t ,  £= 6 Hz, 2 H), 4.18 

(q, J = 7 H, 2 H), 4.28 (d, 2 = 6 Hz, 1 H), 4.40 (s, 2 H), 7.30 (s, 5 H); 

90 MHz C-13 NMR (CDCl^) 6 14.24, 28.22, 40.58, 41.03, 48.84, 53-45, 

54.30, 60.80, 62.88, 68.02, 72.70, 80.25, 127.59, 128.24, 138.12, 153.28, 

171.68, 206.73. 

Cleavage of 84 with acidic ethanol 

Compound 84 (0.96 g, 2.93 mmoles) was dissolved in anhydrous 2N HCl 

in ethanol (3 ml) and al lowed to st ir  for four hours at ambient tempera

ture. After making the solut ion basic with sol id NaHCO^, the solvent 

was evaporated and the residue was puri f ied by f lash chromatography 

(si l ica gel: 230-400 mesh, methanol:ethyl acetate, 1:100). Isolat ion 

gave 0,43 g (2.20 mmoles, 75%) of 77. 

Reduction of 77 to 87a via the si lyl  enol ether 

Compound 77 (0.048 g, 0.25 mmoles) was dissolved in CHgClg (3 ml) 

and cooled to 0°C. Trimethylsi lyl  tr i f luoromethanesulfonate (0.@42 ml. 
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0.25 mmoles) was added slowly and al lowed to st ir  for two hours. 

NaCNBHg in CH^CN (2.03 ml, 0.128 M) was added. A TLC analysis indicated 

the presence of some start ing material.  Further addit ions of the NaCNBH^ 

solut ion drove the reaction to near completion. The reaction was di luted 

with CHgClg (20 ml) and was washed once with saturated aqueous NaHCO^ 

solut ion. Drying of the organic layer over NagSO^, fol lowed by evapora

t ion, gave a mixture of 93 and 87a. The crude mixture was hydrolyzed 

with di lute HCl (aq.) (1 ml, 0.5N) in acetone (3 ml) at room temperature 

for 2 hours. The solut ion was di luted with saturated aqueous NaHCO^, 

and extracted with CHgClg to give 0.031 g (0..16 mmoles, 64%) of 87a 

after a pass over a si l ica gel column: Ccns^;trans-isomers, 1:1). 

Reduction of 81 to 88a via the si lyl  enol ether 

Compound 81 (0.462 g, 1.46 mmoles) was transformed into the enol 

ether and then reduced with NaCNBH^ in a reaction sequence similar to 

that for 87a. Isolat ion gave 0.190 g (0.60 mmoles, 4l%) of 88a in a 

1:1 mixture of cis-:trans-isomers. The low resolut ion mass spectrum 

for C^gHggNO^ requires m/£ 320.0; found n]/e_ 320.0, fragments: 302.0, 

290.0, 276.0, 248.0, 230.0, 184.0. 

Reduction and cleavage of 73a by tr i-n-butyl t in hydride 

Adduct 73a (0.474 g, 1.44 mmoles) was added to a solut ion of dis

t i l led benzene (10 ml) and tr i-n^butyl t in hydride containing a 

catalyt ic amount (10 molar percent) of ABIN. The solut ion was heated at 

ref lux for 1 to 3 hours. A TLC analysis (si l ica gel, hexane:ethyl 

acetate, 1:1) indicated that there was no start ing material present. 
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After the reaction was cooled to room temperature, excess 2N HCl in 

ethanol (anhydrous, 5 ml) was added and the mixture was st irred for 

3 hours. The solvents were then removed by evaporation, and the yel low 

residue was taken up into 2N (aq.) HCl and washed three t imes with 

ether. The aqueous layer was made basic with sol id NaHCO^ and then 

extracted four t imes with CHgClg. The CHgClg extract was dried over 

NagSO^ and evaporated giving 0.136 g (0,63 mmoles, 45%) of 76 as a 

viscous yel low oi l .  

Reduction and cleavage of 73g by tr i- j i -butyl t in hydride 

Adduct 73g (0.252 g, 0.67 mmoles) was reduced and cleaved by tr i-n^-

butyl t in hydride fol lowed by acidic ethanol in a procedure similar to 

that employed for 73a. Isolat ion gave 0.103 g (0.42 mmoles, 63%) of 94 

as a yel low oi l :  IR (f i lm) 3500, 2990, 1730, I6OO, 1530, 1435, 1200, 

1020 cm"^ 60 MHz NMR (CDCl^) 6 1.28 ( t ,  ^ = 7 Hz, 3 H), 3.2-4.3 (m, 5H), 

3.65 (s, 3 H), 3.70 (s, 3 H), 4.20 (q, J = 7 H, 2 H); 90 MHz C-13 NMR 

(CDClg) Ô 13.92, 49.16, 51.76, 52.28, 52.54, 61.52, 61.73, 61.91, 170.77, 

171.16, 172.00. 

Reduction arid cleavage of 73s by tr i- j i^-butyl t in hydride 

Adduct 73s (1.81 g, 4.18 mmoles) was reduced and cleaved by tr i-r^-

butyl t in hydride, fol lowed by acidic ethanol, in a procedure similar to 

that employed for 73a. Isolat ion gave 1.08 g (3.39 mmoles, 81%) of 

trans-88a as a yel low oi l :  IR (f i lm) 3440, 2940, 287O, 1730, 1710, 1450, 

1365, 1180, 1090 cm'l ;  60 MHz NMR (CDCl^) 6 1.23 ( t ,  £ = 7 Hz, 3 H), 

1.5-1.8 (m, 2 H), 2.06 (s, 3 H), 2.7-3.2 (m, 3 H), 3.2-3.6 (m, 3 H), 



www.manaraa.com

64 

3.86 (d, J = 7 Hz, 1 H), 4.14 (q, J = 7 Hz, 2 H), 4.40 (s, 2 H), 7.28 (s, 

5 H); 90 MHz C-13 NMR (CDCl^) 6 13-85, 29.20, 29.78, 42.20, 49.36, 56-77, 

60.28, 63.92, 68.35, 72.44, 127.33 (3C), 127.91 (2C), 137.86, 172.72, 

208.16. 
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PART I I .  TOTAL SYNTHESIS OF a-ALLOKAINIC ACID 
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INTRODUCTION 

(±)a-Allokainîc acid (1) is a member of a class of pyrrol idine 

alkaloids isolated from the marine algae Digenea simplex ( l ) .  Other 

members of this class include a-kainic acid (2) and domoic acid (3). 

Aminoacid 1 has been shown to have antihelmintic propert ies (2) and 

At the t ime this work was ini t iated, no synthesis which involved 

1,3-dipolar addit ion for either of these compounds had been reported. 

This section wi l l  detai l  a study, which resulted in the total synthes 

of (±)a-al lokainic acid via a dipolar cycl ization of a stabi l ized 

thiazol i  um yl i  de (4). 

potent neurophysiological act ivi ty in mammals (3). 

/ 

H 
HO,C I 
^ H H 

2 3 
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HISTORICAL 

a-AI1okainic acid was f i rst synthesized in a nonstereospecif ic man

ner by Miyamoto and co-workers (5). Their key intermediate was 4, which 

underwent an intramolecular Dieckmann condensation to form ketone 5* 

ÇH3 y-N(CHg)2 

—I 

I 
COgEt 

COgEt 

CCLEt 

Diester 5 was then transformed into the tr iester ammonium salt  6, 

which underwent thermal el imination to the isopropenyl pyrrol idine 7. 

(CHgjgNpH 

T) Hg 

2) (CHgCOOgO 

--.y/" CO,Et 

3) (EtgOOgCHg ^ N '^OgEt XNX^OgEt 

"̂3: CCLEt COgEt 
5) AggO 2 2 

6 7 

Saponif ication, decarboxylat ion, and epimerization were al l  accom

pl ished with KO H in one step to give ( i ja-al loka in;Ic acid (1). Several 

other syntheses by the same workers were reported which employed the 

same type of methodology (6,7,8). 

Honjo reported that a r ing contraction of the a-bromo amide 8 pro

duced the pyrrol idine system 9 which subsequently led to (±)a-al lokainic 

ac id  ( 1 )  i n  s ix  s teps  ( 9 ) .  
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COUEt 

1) A 
2) HBr 

CHg" T T f 1 3) HCI/MeOH ^ 

4) ClCOgEt, 

NaHCOg 

o 0 5) PBr^/Pyr. 

6) KOH 

In a rather elegant synthesis, Oppolzer and Andres have synthesized 

1, based on the ut i l izat ion of an intramolecular ene reaction ( lO). They 

reported the thermal cycl ization of their !<ey intermediate 10 to produce 

pyrrol idine 11 in a 97% yield. Compound 1 was subsequently obtained in 

two steps with high overal l  yield. 

CO-Et 

GOgEt 

-COgEt 
A^ 1 f 1) NaOH ^ 

L 2) PH=2/80°C 

I  COgEt I 
COCFj 

10 12 

The same workers were able to produce a-kainic acid (2) by a similar 

intramolecular ene reaction (11). Key intermediate 12 was postulated to 

be in equil ibr ium with 13 under thermal condit ions; compound 13 cycl ized 

to 14 in high yield. Hydrolysis and epimerization were readily accom-

pl ished to yield 2. 
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COCF 

13 

COCF 

12 

(Ï8Ô°cf 

COCF 

At the t ime of writ ing this manuscript,  domoic acid (3) had 

only once been synthesized. Ohfune and Tomita reported formation of the 

appropriate skeleton by a Diels-Alder reaction to a pyrrolone (12). 

The bicycl ic system 15 was cleaved and the functional groups were appro

priately modif ied, giving diester 16. 
1) 03 

t-BOC t-BOC 

2) CHgNg n  COoMe 

-0, 

Hco,. 

5) pTSA/MeOH ( "H 
6) PDC t-BOC 
7) CH2N2 

15 16 

The side chain at the C-4 posit ion was successful ly appended by two 

sequential Witt ig reactions on the aldehyde produced by removal of the 

acetal from I 6 .  Compound 3 is obtained after several functional group 

. , ~ 0 
manipulat ions. 11 

1! Br 

1) AcOH J| " 

2) Ph,fcH„OCH,(Cl) ''^3''\^-
16 1 ^ \  { o _ .  Z > I  

t-AmO~Nà L N xL 2) CrO. 
3) PhSeCl/EY , 3) 

4) NBS - 4) CFgCOgH 

2 eq. n-BuLi 
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RESULTS AND DISCUSSION 

Encouraged by the results of our dipolar addit ions of thiazol ium 

yl ides described in Part I ,  we embarked on a course to elaborate an 

adduct into a natural product system. Start ing with N-^-butoxycarbony1-

3a-(2-benzyloxyethyl)-43-acetyl-ci-prol ine-ethyl-ester (see Part I  trans-

90), formed via the cycloaddit ion of 3"(2-ethoxy-2-oxoethyl)-5-(2-

hydroxyethyl)-4-methylthiazol ium bromide with 7"benzyloxy-3"hexene-2-one 

(see Part I  adduct 73s), a few simple functional group manipulat ions and 

an epimerization were needed to produce (±)a-al lokainic acid ( I) .  

Removal of the benzyloxy protecting group of N-_t-butoxycarbonyl-3a~ 

(2-benzyloxyethyl)-43-acetyl-a-prol ine-ethyl"ester with 10% pal ladium 

on carbon under a hydrogen atmosphere gave a diastereomeric mixture of 

hemiketals 17 as evidenced by the loss of the acetyl methyl in the proton 

NMR spectrum. The N-_t-butoxycarbonyl group experiences hindered rota

t ion with diastereomeric geometries at room temperature, giving r ise to 

some f ine spl i t t ing of signals especial ly in the C-33 NMR spectra (13). 

Jones oxidation of hemiketals 17 yielded the carboxyl ic acid ( l8) 

as a white, highly crystal l ine compound. Both a single crystal X-ray 

t-BOC 

10% Pd/C 

18 psi Hg ^ 

2 
t-BOC 

17 
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structure, and an independent elemental analysis confirmed this as the 

correct structure. 

COgH 0 

17 Jones* Reagent ^ j f 

(CH,)oCO 

II 

(CHglgCO EtOgC^ I 

t-BOC 

18 

Conversion of the free acid into the methyl ester (19) with diazo-

methane, fol lowed by addit ion of methylenetr iphenylphosphorane, gave the 

isopropenyl compound (20). 

COgMe n COoMe Cj-

CHgNg 

18 

CHgClg EtOgC^N" EtO.f 

t-BOC 1-BOC 

19 W 

Saponif ication of both esters and removal of the N-_t-butoxycarbonyl 

group from 20 yielded amino diacid 21, which was isolated as the t r i -

f luroacetate salt  (10,12). 

CO^fi- CHp 
j  2 n  ̂  

1) 2.5% (aq.) KOH/MeOH_^ 

wn ^ M 

,  jj  COjHe 

y-r"^ y-f'^ 

N Et.o N 

20 : 
2) CFgCOgH HOgCt -QgCCFg 

21 
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Figure 1. Molecular structure of N-'^-butoxycarbonyl-Ba-carboxymethyl 
^g-acetyl-a-prol Fne-ethyl '-ester [18) as determined by a 
single crystal X-ray analysis 
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We anticipated that epimerization of the C-2 acid group to the trans

configuration of (1) might occur during the hydrolysis reaction, but 

this appeared not to be the case. A 300 MHz NMR spectrum showed sig

nif icant dif ferences between our synthetic material and that of an 

authentic sample supplied to us by Dr. Y. Ohfune. Our ini t ial  attempts 

to epimerize 20 or 21 with either equil ibrat ing bases (DBU, t-butoxide/ 

t^butanol),  or strong bases (1 i  th. i ' .um-2,2,6,6-tetramèthyl piper id ine, 

l i thium diisopropylamide) were unsuccessful.  

We found that L-prol ine was almost completely racemized by the 

action of 0.5N aqueous sodium hydroxide at a temperature of 175"l80°C in 

a sealed tube. This result indicated to us that moderately high tem

peratures in very polar media were required to form the dîanîon of 

prol ine. 

We cautiously subjected 21 to similar condit ions and observed that 

substantial amounts of highly insoluble polymeric material were formed 

above 155°C. A 300 MHz NMR spectrum of the soluble port ion of the 

reaction mixture showed approximately 20% of a material having an 

identical spectrum to the authentic compound 1. Repeating the reaction 

keeping the temperature sl ightly below 155°C caused only small  amounts 

of polymer to form and the conversion of 21 to 1 occurred in 30 to 50% 

yield based on 300 MHz NMR spectra peak rat ios. 

in our synthesis, two of the three asymmetric centers are correctly 

set by the ini t ial  dipolar cycl ization, making this method superior to 

the earl ier nonstereoselective routes. Only Oppolzer and Andres' syn

thesis offers the advantage of sterëospécif ic molecular construction. 
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EXPERIMENTAL 

General 

Diethyl ether was dist i l led from l i thium aluminum hydride. Al l  

organic extracts were dried over NagSO^. Melt ing points were determined 

on a Fisher-Johns melt ing point apparatus and are uncorrected, infrared 

spectra were determined on a Beckman Acculab 2 spectrometer. Nuclear 

magnetic resonance spectra were determined on a Varian EM-36O instrument 

or a Bruker WM 300 MHz instrument in CDCl^ wfth absorptions recorded in 

ppm downfield from internal Me^SÎ, Carbon-13 NMR spectra were recorded 

on a JOEL FX-9OQ Fourier Transform Spectrometer, with absorptions ex^ 

pressed in ppm relat ive to the chemical shif t  of CDCl^. Elemental 

analyses were performed by Galbraith Laboratories, Inc. 

Hemiketal 17 

N-_t-Butoxycarbonyl-3a~(2-benzyloxyethy1)-4g-acetyl-a-prol ine-ethyl-

ester (see Part I)  (0.45 g, 1.08 mmoles) was dissolved in 95% ethanol 

(3 ml) containing a suspension of 10% Pd/C (0.5 g). A hydrogen pressure 

of 18 psi was applied on a Parr shaker apparatus. The reaction was 

shaken for approximately one hour and fol lowed to completion by TLC 

analysis (si l ica gel, hexane;ethyl acetate, 2:1). The solut ion was f i l 

tered through Celi te, and the solvent removed, leaving 0.26 g (O.8O 

mmoles, 79%) of 17 as a mixture of diastereomers; IR ( f i lm) 3500, 2990, 

1740, 1700, 1400, 1380, 1190 cm"^ 60 MHz NMR (CDCl^) Ô 1.28 ( t ,  £ = 

7 Hz, 3 H), 1.45 (s, 9 H), 1.46 (s, 3 H), 2.0-2.4 (m, 4 H), 3.1-3.8 (m, 

4 H), 4.1-4.5 (m, 1 H), 4.20 (q, J = 7 H, 2 H); 90 MHz C-13 MNR (CDCl^) 
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(major isomer) 6 14.11, 15-09, 22.83, 28.09, 38.37, 46.30, 47-86, 55-41, 

60.48, 61.97, 79-60, 97-74, 153-73, 171-09-

N-^-Butoxycarbonyl-3a-carboxymethyl-43~acety1-a-prol i  ne-ethyl -ester ( l8) 

Hemiketal 17 (0.129 g, 0.39 mmoles) was dissolved in acetone (5 ml). 

A solut ion of Jones reagent (0.5 ml, 8N dissolved in 7 ml acetone) was 

added dropwise unti l  a red-brown color persisted for 15 minutes. Two 

drops of isopropanol were added to discharge the color. The solut ion 

was di luted with ether (10 ml) and f i l tered through paper. The solvents 

were removed by evaporation, the residue was taken up in ether and 

extracted four t imes with IN NagCO^. The aqueous extract was made 

acidic with conc. HCl, extracted four t imes with CHgClg, and the extract 

dried over NagSO^. Evaporation gave O.O8I g (0.24 mmoles, 63%) of I8 as 

a f ine white crystal l ine sol id: MP 132-133°C CCCl^); IR ( tn CH2CI2) 

3020, 2990, 1735, 1705, 1400, 1365, 1255, 119.5, 1160, 1140 cm'T; 60 MHz 

NMR (CDClj) 6 1.26 ( t ,  £ = 7 Hz, 3 H), 1.4l (s, 9 H), 2.2-2.6 (m, 3 H), 

2.19 (s, 3 H), 2.9-3-4 (m, 3 H), 4.15 (q, i  = 7 Hz, 2 H), 4.4-4.6 (m, 

1 H), 7.8 (bs, 1 H); 90 MHz C-13 NMR (CDCl^) (major isomer) Ô 14.18, 

28.29, 34.40, 39.41, 48.12, 52.67, 53-58, 61.32, 62.04, 80.70, 153-47, 

171.55 (2C), 206.47. Anal- calcd. for C^^Hg^ NO^: C, 55-97; H, 7-34-

Found: C, 56.16; H, 7-63-

N-^-Butoxycarbonyl-3a-methoxycarbonyImethy1-43-acety1-a-prol ine-ethyl-
ester (19) 

Acid 18 (0.077 g, 0.22 mmoles) was dissolved in CHgClg (3 ml) and 

excess CH^N^ (0.5N in EtgO) was added dropwise unti l  a yel low color 
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persisted. The solvents and excess reagent were removed by evaporation 

leaving 0.078 g (0.22 mmoles, 100%) of 19 as colorless oi l :  IR ( f i lm) 

2980, 1735, 1700, 1390, 1360, 1250, 1190, 1160, 1125 cm'^; 60 MHz NMR 

(CDClg) 6 1.23 ( t ,  ^ = 7 Hz, 3 H), 1.43 (s, 9 H), 2.1-2.5 (m, 3 H), 

2.19 (s, 3 H), 2.8-3.5 (m, 3 H), 3.66 (s, 3 H), 4.15 (q, i= 7 Hz, 2 H), 

4.2-4.6 (m, 1 H); 90 MHz C-13 NMR CCDCl^) (major isomer) 6 14.18, 28.22, 

33.75, 39.41, 48.06, 51-76, 52,54, 61.06, 61.71, 61,91, 80,51, 153.34, 

171.29, 171.42, 205.87. 

N-_t-Butoxycarbonyl -3a-methoxycarbonylmethyl -46-îsopropenyl -a-prol ine-
ethyl-ester (20) 

A solut ion of diester 19 (0,030 g, O.O85 mmoles) in dry Et^O (.1 ml) 

was added to a cooled (0°C) solut ion of methylenetr iphenylphosphorane 

(0.053 g, 0.13 mmoles tr iphenylmethylphosphonium Iodide and Q.11 mmoles 

of jT^-butyl l i thium) fn EtgO (4 ml), under nitrogen. The ini t ial  rust-

red colored solut ion turned white and gave a precipitate upon addit ion. 

The solut ion was al lowed to st ir  for two hours, then the mixture was 

al lowed to r ise to ambient temperature. Fi l trat ion, fol lowed by removal 

of the solvent, gave a yel low oi l ,  which was f lash chromatographed 

(si l ica gel: 230-400 mesh, hexaneîethyl acetate, 10;1), tsolatîon gave 

0.017 g (0.048 mmoles, 57%) of 20, as a clear oi l :  60 MHz NMR (CDCl^) 6 

1.25 ( t ,  ±= 7 Hz, 3 H), 1.43 (s, 9 H), 1.80 (s, 3 H), 2.1-2.4 (m, 2 H), 

2 .4-2.9 (m, 2 H), 3.0-3.4 (m, 1 H), 3.5-3.8 (m, 1 H), 3.67 (s, 3 H), 

4.13 (q, _J = 7 H, 2 H), 4.3-4.6 (m, 1 H) ,  4.84 (bs, 2 H) ;  90 MHz C-13 

NMR (CDClg) (major isomer) 6 14.24, I8.6O, 28.35, 33,36, 40.64, 48.38, 

49.36, 51.70, 60.93, 61.84, 80.12, 114.65, 141.31, 153-60, 171-55, 172.07. 
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3a-Carboxyniethy 1 -4g- i  sopropenyI -a-pro1 i  ne (21 ) 

Diester (20) (0.017 g> 0.048 mmoles) was dissolved in aqueous KOH 

(3 ml, 2.5%) and methanol (0.5 ml), and brought to ref lux (66°C) for 

two hours. A TLC analysis (si l ica gel, hexane:ethyl acetate, 5:1) 

indicated none of the start ing material (20) was present in the mixture. 

The solut ion was acidif ied with conc, HCl ('v^S on pH paper), and evapo

rated to dryness. Excess tr i f luoroacetic acid (0.5 ml) was added and 

the solut ion was al lowed to st ir  for 15 rntn, at room temperature. The 

excess CF2CO2H was removed by vacuum, yielding a white sol id, 21 (along 

with some KCl): 300 MHz NMR (D^O, Ref: TMS cap.) 6 1.71 (s, 3 H), 

2.42, 2.48 (dd, 2 = 9.8 Hz, 1 H), 2.66, 2.72 (dd, ^ = 4.9 Hz, 1 H), 

2.76-2.83 (m, 1 H), 2.89-3.00 (m, 1 H), 3.25-3-33 (m, 1 H), 3.67, 3-71 

(dd, 1= 8.3, 1 H), 4.68 (d, 2 = 8.6 Hz, 1 H), 4.96 (s, 2 H) ,  5.00 (bs, 

4 H). 

( ± ) a -Al lokainic acid (I)  

The white sol id 21 was dissolved in aqueous NaOH (0.5N, 1 ml) and 

freeze-thaw degassed four t imes. The mixture was sealed in a thick-

walled glass tube under N^. The temperature was raised to ]30-l40°C for 

f ive hours. A very sl ightly discolored solut ion along with a small  

amount of white precipitate were obtained. The solut ion was f i l tered and 

and evaporated to dryness, yielding a mixture of 21 and 1. The 300 MHz 

NMR spectrum of 1 compared exactly to the authentic sample of 

(±)oi-al lokainic acid: 300 MHz NMR (D^O, Réf.:  TMS cap.) (disodium salt) 
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6 1.65 (s, 3 H), 2.11-2.30 (m, 1 H), 2.4-2.8 (m, 1 H), 2.47-2.56 (m, 2 H), 

2.84-2.87 (m, 2 H), 3.03 (d, ^ = 7.8 Hz, 1 H), 4.72 (s, 3 H); 300 MHz 

NMR (DgO, Réf.: TMS cap.) (trîf1uroacetic acid salt) 6 1.69 (s, 3 H), 

2.72-2.78 (m, 2 H), 2.8-3,0 (m, 1 H), 3-31 (t, 11.3 Hz, 1 H), 3.5-

3.6 (m, 2 H), 4.24 (d, ±= 3.2 Hz, 1 H), 4.7 (bs, 4 H), 5.0 (bs, 2 H). 

The mixture of 21 and 1 has been separated by an ion exchange resin 

(Dionex DC-6A) with a Durrum model D-400 amino acid analyzer, and their 

ninhydrin derivatives detected by a 440nm UV detector. With a f low rate 

of approximately 31 ml per hour over a 30 cm column (0.9 cm inner 

diameter), 21 eluted with a retention time of 49.5 (±0.5) min. and 1 

eluted with a retention time of 56.4 (±1.2) min. with a pH 3.1 buffer 

(0.67 M sodium citrate). Injection of a mixture of our synthetic 1 and 

authentic a-allokainic acid showed identical retention times. 
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PART I I I .  CYCLOADDITION REACTIONS OF 1,2-BENZOQUINONEDlAZI DES 
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introduction 

Cyclizations of 1 ,2-benzoquinonediazides are a relatively unexplored 

area of carbene addit ion reactions. Compounds of this class are impor

tant precursors to a wide variety of 1,2-dihydrobenzofurans and other 

heterocyclic systems. At the t ime this work was init iated, the l i tera

ture contained only a small number of examples of cycloaddit ions 

occurring with the carbenes generated from 1,2-benzoquinonediazides 

(1,2,3,4,5). This manuscript wi 11 detail the results of our efforts in 

the investigation of some of the aspects of 1,2-benzoquinonediazide 

cyclizations (6). 
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historical 

1 ,2-Benzoquinonedîazides 1 have been known for almost a century. 

Since their init ial detection by Hantzsch and Davidson (7) in 1896, a 

wide variety of reactions have been reported for these interesting com

pounds. A recent book on the subject describes at length the many 

facets of their known chemistry (8). This l i terature review wil l  focus 

on only the cycloaddit ion reactions that have been reported. 

Through the loss of nitrogen, these systems become exceedingly 

prone to thermal and photochemical decomposit ion. Unlike aromatic 

diazonium salts, which decompose to the aryl carbonium ion upon loss 

of nitrogen, 1,2-benzoquinonediazides give a cyclic carbene, 3,5" 

cyclohexadien-2-onylidene (2). 

Huisgen and co-workers were the f irst to report addit ion of the 

carbene so generated to carbon-carbon mult iple bonds (1,2). They 

trapped the 3,^,5>6-tetrachloro-3,5"cyclohexadien-2-onyndene (3) with 

dimethyImaleate and dimethylfuarate to produce dihydrobenzofurans 

(4a + 4b) in approximately 50% yields. The reaction is shown to be 

stereospecif ic, since a trans-geometry about the olefin results in a 

trans-configurâtion on the dihydrofuran moiety. 

or A 

1 2 
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The ground state, calculated with the LCAO-MO method using the 

Huckel approximation (9), was found to be the tr iplet for the analogous 

2,5-cyclohexadien-4-onylidene. But, i t  is the singlet excited state 

that is generally thought to be responsible for the stereospecif icity 

in the addit ions to 1,2-disubstituted olefins (10). Addit ion of the 

tr iplet form carbene is postulated to give an intermediate 1,3-biradical 

(5), which may rotate before closure. The observation of retention of 

stereochemistry in the product is taken as evidence for addit ion of the 

singlet form of the carbene. 
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COUR 

CO,R -

S. CCLR 

\ / 

The fo rmat ion  o f  1 ,2-d ihydrobenzofurans f rom 3 ,4 ,5 ,6- te t rach loro-

3 ,5"cyc lohexad ien-2-ony l idene (3)  add i t ion  to  o le f ins  may invo lve  an 

in termedia te  cyc lopropane which undergoes a  rap id  isomer iza t ion  a t  the  

react ion  temperature .  A l though no exper imenta l  ev idence i s  over ly  

compel l ing  fo r  th is  mechan ism,  in  the ana logous 2 ,5"cyc lohexad ien-4-

ony l idene (6)  (genera ted f rom 1,4-benzoqu inoned iaz ide) ,  t rapp ing by  

o le f ins  g ives  h igh y ie lds  o f  sp i rocyc lopropanes (7)  (11) .  

M 

I f  the a-keto-carbene is  t rapped by  a  subst i tu ted benzene der iva

t i ve ,  two un ique products  are  formed depend ing on the nature  o f  X 
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(4,12). This is believed to be due to a preferred direction of 

opening of the postulated cyclopropane intermediate. 

Acetylenes, acting as the trapping agent, have been reported to 

add satisfactori ly to the ful ly halogenated carbene 3, yielding benzo-

furans (8) (1,3,5). In the case of a product arising from addit ion to 

an unsymmetrical acetylene (8a), only one regioisomer is observed. 

This is again believed to be due to a preferred direction of cyclo

propane ring opening. 

4 

X 

R 1 

CI 
R^—C=C— 

a: R^ = H. R^ = CgHg 

b: R^ = r2 = COOR 

130°C (-Ng) 2 

4 CI 
4 
8a , 8b 

Carbon-heteroatom multiple bonds in a wide variety of systems have 

been reported to trap the carbene which results from decomposit ion of 1,2-
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benzoquinonediazides. Table 1 gives a l ist ing of adducts and their corre

sponding heterocyclic products result ing from addit ion of carbene 3-

The isomerization of a divalent carbon adjacent to a carbonyl group 

into a ketene is well-known in the chemical l i terature as a Wolff rear

rangement (13). This structural reorganization is seen as a major by

product for carbenes generated from 1,2-benzoquinonediazides but not 

from their 1,4-isomers. The result ing ketene, 9, is rather unstable 

and usually reacts with the solvent or another molecule of start ing 

material ( l4,15). 

9 

There is some debate as to whether an actual carbene intermediate 

is involved or whether ketene formation is concurrent with nitrogen 

elimination (16). i t  has been shown that transformation of a-keto-

carbenes into ketenes is a dark process, making the free carbene mecha

nism of the Wolff rearrangement seem more preferable (17). 

As the stabil i ty of the carbene center is decreased, the formation 

of the Wolff-rearranged products increases. The carbene can in some 

cases be so exceedingly reactive that no products of bimolecular addi

t ions are seen. This trend was noted by Huisgen, where a steady 

decrease in the yield of addit ion products with carbonbisulf ide was 

observed as chlorine atoms were sequential ly replaced by hydrogen atoms 
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Table 1. Heterocyclic products from addit ions to carbene 3 

Adduct Product 
Method 

Yield % of Ref. 
Gener. 

S=C=S 

C^H^C(S)OEt 

C^H_N=C=S 
O 3 

CgH^C=N 

CgH^N=C=0 

0 
II 

0 
(^685)2^=00 

CgH^COCH^ 

CgH^COH 

CI, 

c i .  

Cl. 

:NC6H3 

^6«5 

a:>o 
>-'=<v5'2 

Cl. 
2CC6H5 

80 hv, A 

58 

57 

61  

36 

25 

32 

A 

hv 

A 

hv 

~30 hv 

50 

~30 hv 

~36 

4, 5 

1. 4 
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in the 1,2-benzoquinonediazide system (4). The tetrachloro derivative, 

being the most stable added in a yield of 80%, while the monochloro 

analogue yielded only a 9% yield of cycloaddit ion product. The halogens 

are believed to increase the electrophi1 icity of the carbene moiety, 

favoring addit ion rather than rearrangement ( l8,19). The Wolff-rear-

rangement of 1,2-benzoquinonediazides has been developed into a useful 

synthetic transformation called the Sus reaction, and has been carried 

out on a wide variety of systems (8). 

This survey summarizes al l  the known cycloaddit ions of the car-

benes generated from 1,2-benzoquinonediazides to carbon-carbon and 

carbon-heteroatom multiple bonds. There are many aspects of this rela

t ively untouched f ield of research that need to be investigated. 

1,2-Benzoquinonediazides appear to be exceedingly useful intermediates 

in multistep syntheses of complex heterocycles. Once their reactivity 

is bracketed and stereo and regiospecif icity understood, their general 

ut i l i ty may become widespread. 
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RESULTS AND DISCUSSION 

We decided to undertake a study of the cycloaddit ion reactions of 

carbon-carbon mult iple bonds to the carbenes generated from decomposi

t ion of 1,2-benzoquinonediazides. Our goal was threefold: 1) to deter

mine the regiochemistry of addit ion to unsymmetrical olefinic and 

acetylenic molecules; 2) to investigate which chemical groups, either 

on the adduct or carbene-bearing molecule, enhance the reactivity 

towards addit ion rather than Wolff rearrangement, and 3) to attempt to 

apply the addit ion product toward an intermediate in a synthesis of a 

biologically interesting natural product. 

Intrigued by the results of Huisgen (see Historical section) with 

the successful addit ion of the carbene generated from the 3,4,5,6-tetra-

chloro-1,2-benzoquinonediazide to olefins and acetylenes, we f irst pro

ceeded to determine the minimum number of halogens attached to the ring 

that are needed to promote any addit ion reaction. While the ful ly 

halogenated example is mechanistically interesting, the products are 

not especially useful in natural product synthesis. Few naturally 

occurring compounds contain ful ly halogenated aromatic r ings as subunits. 

In our f irst attempt, we prepared the nonhalogenated system— 

1,2-benzoquinonediazide by the method of Kikot' (20). All attempts to 

add the carbene (generated via thermal decomposit ion at 135°C in a 

sealed tube with the trapping agent as solvent) to olefins fai led. In 

al l  cases uncharacterizable dark, tarry matter was recovered. 

The 4,6-dichloro-1,2-benzoquinonediazide (10) has been thermally 

decomposed to the carbene in the presence of phenylacetylene, to give 
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adduct 11 ( 3 ) .  Although the yield of 11 was reported to be only 13% 

for this cycloaddit ion, we decided to explore i ts reactivity toward 

other systems. 

'p;: 
CI 

1 0  

CgHg-CECH 

A simple three-step procedure from readily available 2,4-dichloro-

6-nitrophenol was employed. This is a sl ightly modif ied version of the 

reported preparation (21,22). Catalytic hydrogénation of the nitro 

group to the amine (12) fol lowed by acidif ication with hydrochloric acid 

gave the anil inium salt 13- Treatment with isoamyl nitr i te in methanol 

at 0°C gave an almost instantaneous orange-yellow precipitate. This 

solid was characterized by NMR, IR, and NMR as 4,6-dichloro-

1,2-benzoquinonediazide (10). 

CI 

2 HCl 
NW.Cl 

„ 3 MeOH 
I : ^ 10 

K_ ONO 

In the synthesis of 1,2-benzoquinonediazide (1), the precursor is 

o-diazoniumphenol, an isolable salt which, upon treatment with base, 
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i somer izes  to  the product .  Un l ike  the  parent  sys tem ( l ) ,  no d iazon ium 

sa l t  i s  iso lab le  w i th  the 2 ,4-d ich loro  ana logue (10) .  The 1 ,2-benzo-

qu inoned iaz ide i s  formed spontaneous ly  by  d iazot iza t ion  o f  the  an i l in ium 

sa l t .  

The 5-methoxy derivative of 4,6-dichloro-1,2-benzoquinonediazide 

(l8) has been concomitantly synthesized. Starting with commercially 

available m-methoxyphenol, chlorination according to the l i terature 

procedure (23) gave 2,4-dichloro-5-methoxyphenol ( l4) which crystall ized 

upon standing. Treatment of 14 under nitration condit ions (HNG^/HOAc) 

gave 2,4-dichloro-5-methoxy-6-nitrophenol (15) as a l ight yellow solid. 

Catalytic reduction of 15 with platinum on carbon (10%) under 90 psi of 

Hg in ethanol gave amine 16 which was not isolated due to the fear of 

suspected instabil i ty, as reported for similar systems (24). This 

anil ine was instead converted to the hydrochloride salt (2N HCl in 

ethanol) and isolated as a tan solid (17). The purif ied anil inium salt 

(17) was dissolved in methanol and was exposed to the diazotizing agent, 

isoamyInitr i te, at 0°C. Evaporation of the solvent gave an orange solid 

which was identif ied by ^H, NMR, IR, and NMR as 4,6-dichloro-5-

methoxy-1,2-benzoquinonediazide ( l8). 

OH 

SOCl 

0°C 

2 

CI CI 

14 15 
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Cl MeOH 

ONO 
Cl 

Cl 

Cl 

Cl HCl 

Pt/C 

Cl 

16 17 18 
«W  ̂A,# 

Compounds 10 and 18 were thermolyzed in tl ie presence of a variety 

of olefins to give substituted dihydrobenzofurans or benzofurans (see 

footnote c, Table 2) (19). The results of this study are compiled in 

Table 2 (6). 

We found the highest yields of adducts were obtained with electron 

rich olefins, such as vinyl ethers and acetates. Litt le or no addit ion 

was observed with acetylenes, electron-poor olefins such as dimethyl-

maleate, conjugated dienes, quinones, or unactivated olefins such as 

1-hexene. This seems reasonable based on the calculations indicating 

carbenes of this type are electrophil ic in nature (9). The major 
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Table 2. Benzoquinonediazide cyclizations 

Entry^ 1,2-benzoquinonediazide R2 R3 % Yield^ 19 

1 10 H Et H 55 a 

2  10 H COCHg H b" 

3 10 H COCHg CH3 

U
 0
 

L
A

 c 
c 

4 18 H Et H 46 d 

5 10 H CH3 CH=CH2 e 

6 10 H COCHg Ph 52^ f '  

7 10 -CH 2CH2- H 

L
A

 L
A

 

9 

8 18 -CH 2CH2- H 45 h 

^The reactions denoted by entries 1-6 were run by Mr. Jim Delano, 
an undergraduate working in our group, I982-I983. 

^The yields were al l  based on chromatographically separated 
compounds. 

^These yields are based on the conversion of the addit ion prod
ucts into benzofurans by el imination of acetic acid. 
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by-product seems to be that result ing from Wolff-rearrangements and 

dimerizations. No further characterization of the highly colored resin 

by-products has been attempted. 

Entries 2, 3> and 6 showed a tendency to partial ly eliminate acetic 

acid during the course of the cyclization reaction, giving mixtures of 

benzofurans and 1,2-dihydrobenzofurans. I t  was found that complete 

el imination to benzofurans could be accomplished by simply treating 

the result ing mixture with a catalytic amount of p-toluenesulfonic acid 

in benzene at reflux overnight. 

The addit ions to unsymmetrical olefins are observed to give only 

one regioisomer, that which has the activating group adjacent to the 

1,2-dihydrofuran oxygen. This can be rationalized in terms of the 

adduct oxygen assisting in opening of the cyclopropane to the zwittei— 

ionic resonance form. 

The reactions denoted by entries 7 and 8 yielded highly interesting 

tr icyclic molecules, 19g and 19h. Only one regioisomer is formed, as 

in the earl ier examples. This tr icyclic skeleton was recognized as a 

major subunit in various classes of natural products such as aflatoxins 

and the versicolor ins (25). 

+ 
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EXPERIMENTAL 

Genera l  

Mel t ing  po in ts  were determined on a  F isher -Johns mel t ing  po in t  

appara tus  and are  uncor rec ted.  In f rared spect ra  were determined on a  

Beckman Accu lab 2  IR spect rometer .  Nuc lear  magnet ic  resonance spect ra  

were  determined on a  Var ian  EM 360 A o r  EM 360 L  w i th  absorp t ions  

recorded in  ppm downf ie ld  f rom in terna l  (CH^ j^S i .  Carbon nuc lear  mag

net ic  resonance spect ra  were determined on a  Joe l  FX 90-Q spect rometer  

w i th  an in terna l  re ference o f  CDCl^  and/or  (CHj )^S i .  H igh reso lu t ion  

mass spect ra  were recorded on an AEI  MS-902 h igh reso lu t ion  mass 

spect rometer .  

2 -Amino-4 ,6-d  ich loropheno lhydroch lor ide  (13)  

The l i te ra ture  procedure  (21)  was modi f ied  s l igh t ly  fo r  our  pur 

poses,  a l lowing fo r  an eas ier  i so la t ion  o f  product  on a  la rge sca le .  

Commerc ia l ly  ava i lab le  2 ,4-d ich loro-6-n i t ropheno l  (A ldr ich  Chem.  

Co. )  (52 g ,  0 .250 moles)  was care fu l ly  hydrogenated w i th  10% p la t inum 

on carbon (2  g)  in  e thano l  a t  ambient  temperature .  A hydrogen pressure  

o f  90 ps i  was app l ied  w i th  a  Par r  appara tus  and the  react ion  fo l lowed 

by  TLC.  Per iod ic  coo l ing  o f  the  pressure  bo t t le  was necessary  in  order  

to  prevent  overheat ing  due to  the  exothermic  react ion .  When comple te ,  

the  mix ture  was f i l te red through Ce l i te  to  g ive  a  dark  so lu t ion  o f  12 

wh ich  was no t  i so la ted.  Ac id i f i ca t ion  w i th  excess e thano l ic  HCl  (2N)  

gave the  crude an i1 in iumhydroch lor ide ,  13.  The so lu t ion  was evapora ted 

in -vaccuo to  g ive  a  brown so l id ,  wh ich was recrys ta l1 ized f rom methano l -
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ether, yielding 32 g (0 . I 8  moles, 72%) of 13 as a white solid: 60 MHz 

NMR (DgO/fCD^JgCO) 6 7-40 (d, 2Hz, 1 H) ,  7.49 (d, ^ = 2 Hz, 1 H) ;  

90 MHz C-13 NMR (DgO/fCDgigCO) 6 122.87, 123.90, 125.26, 125.91, 129.16, 

146.22. 

4,6-Dichloro-1,2-benzoquinonediazide (10) 

The l i terature procedure (22) was again modif ied for easy isolation 

on a large scale. 

A cooled (0°C), methanolic solution of 12 (10.0 g, 46.6 mmoles in 

150 ml) was treated with neat isoamylnitr i te (25 ml) which was added 

over 30 min., with the reaction protected from l ight. The mixture 

very quickly became turbid and gave a f luffy, bright orange precipitate. 

The solution was warmed to ambient temperature, f i l tered, and the solid 

washed with ether-hexane ( l : l). The collected mass was dissolved in 

methylene chloride and washed four t imes with saturated aqueous NaHCO^, 

dried (Na^SO^), and evaporated, without heating above room temperature 

to give 10. The f luffy, yellow-orange solid (decomposes above 115°C) is 

l ight-sensit ive, but can be stored indefinitely i f  cooled to 10°C in the 

dark. IR (f i lm CDCl^) 2160, 1620, I6IO cm~^ ( l i t .  (22) 2128, I63O cm'^; 

60 MHz NMR (CDCl^) 6 7.12 (br d, 1 H), 7.50 br d, 1 H); 90 MHz C-13 NMR 

((CDgjgCO) 6 100.80, 116.21, 122.84, 131.75, 139.88, 172.53. 

2,4-Dichloro-5-methoxy-6-ni trophenol (15) 

2,4-Dichloro-5~methoxyphenol 14 (9.95 g, 51.5 mmoles) was dissolved 

in glacial acetic acid (55 ml) and cooled to 10°C in a water bath. 
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Nitric acid (4 ml, 70%) was added slowly with stirr ing, so as to keep 

the temperature below 14°C, over a period of approximately 15 min. 

After 1 hour, the reaction was al lowed to warm to ambient temperature 

and stirred overnight. Approximately 40 ml of water was then added and 

a l ight yellow precipitate formed. The solid was washed with water, 

then dissolved in CH^Cl^- The residual aqueous layer was separated and 

the organic layer was dried over NagSO^. Evaporation gave 15, a yellow 

solid, recrystal1izable from hexane: (11.03 g, 46.35 mmoles, 90%) mp 

90-92°C; IR (f i lm, CDCl^) 1595, 1540, 1470, 1210 cm'^; 60 MHz NMR 

(CDClg) 5 3.85 (s, 3 H), 7.38 (s, 1 H), 8.50 (br s, 1 H); 90 MHz C-I3 

NMR, 6 62.54, 118 .45, 120.45, 134.21 (2C), 147.54, 149.65. 

3,5~Dichloro-2-hydroxy-6-methoxyani1inium hydrochloride (I7) 

Compound 15 (7.59 g, 31.9 mmoles) was dissolved in 100% ethanol 

(60 ml) containing 10% platinum on carbon (0.5 g). The solution was 

shaken on a Parr hydrogénation apparatus for two hours under a hydrogen 

pressure of 90 psi. Periodic cessation of shaking was necessary to keep 

the temperature from rising excessively due to the exothermic reaction. 

The reaction was fol lowed to completion by TLC, at which t ime the solu

t ion was f i l tered through Cell te. The free amine 16 was not isolated, 

but was treated with HCl in ethanol (2N) unti l  a pH paper test indicated 

an acidic solution. Evaporation gave 5-4 g of 17 (22.0 mmole, 69%) 

as a white solid: 60 MHz NMR ((CD^)2C0) 6 3.90 (s, 3 H), 7.60 (s, 1 H) ;  

90 MHz C-13 NMR (D20/(CD^)2C0) 6 61.93, 117.73, 118.48, 119.68; 127.10, 

145.84, 148.17. 
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4,6-D!ch1oro-5-methoxy-1,2-benzoquinonediazide (l8) 

To a solution of 17 (3.7 g, 15.1 mmoles) in methanol (50 ml) at 

0°C, neat isoamylnitr i  te (7 ml) was added with constant st irr ing over 

a period of 20 min. The result ing orange colored solution was al lowed 

to warm to ambient temperature and was st irred for two hours. I t  was 

always protected from l ight. Removal of the solvent (without heating 

above ambient temperature) caused an orange solid to form. Reprecipita-

t ion from ether-hexane gave 1.79 g (8.2 mmoles, 54%) of 18: mp 75°C; 

IR (f i lm, CDClg) 2160, 2130, 1625, 1570, 1515, 1150 cm'^; 60 MHz NMR 

(CDCIg) 8 3.89 (s, 3 H), 7.02 (s, 1 H); 90 MHz C-13 NMR (CDCl^) 6 61.91, 

85.90, 103.92, 125.44, 138.64, 147.68, 170.77. 

General Procedure for 1,2-Benzoquinonediazide Cyclizations 

1,2-Benzoquinonediazide 10 or 18 was slurried into a scalable, 

thick-walled glass tube with trapping agent as solvent (approximately 

0.5 to 1 ml agent per 1 mmole 1,2-benzoquinonediazide). The tubes were 

freeze-thaw degassed several t imes and sealed under nitrogen. Ther-

molyses were carried out in an oi l  bath heated to 135°C (±4°C) for 

80 min. The result ing dark-colored solutions were then evaporated and 

f lash chromatographed over 230-400 mesh si l ica gel for purif ication. 

6,8-Dichloro-2-ethoxy-2,3-dihydrobenzofuran (I9a) 

IR (f i lm) 2940, 1590, 1465, 1105 cm"^ 60 MHz NMR (CDCl^) 6 1.20 

(t, J = 7 Hz, 3 H), 2.9-3.9 (m, 4 H), 5.49 (dd, J = 2 Hz, 1 H), 6.80 
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(br d, 2= 4 Hz, 2 H); 90 MHz C-13 NMR (CDCI^) 6 15-02, 37-39, 64-77, 

107.04, 115-62, 123.43, 127-91, 128.56, 152.82, 153-15-

6,8-Dichlorobenzofuran (l9b) 

IR (f i lm) 2940, 1580, 1445, 1410 cm"^ 60 MHz NMR (CDCl^) 6 6.8 

(br d, 2 = 1 Hz, 1 H), 7.30 (br d, ^ = 1 Hz, 1 H), 7-45 (d, J = 1 Hz, 

1 H), 7.70 (d, ^ = 1 Hz, 1 H); 90 MHz C-13 NMR (CDCl^) 6 IO6.96, 117-47, 

119.42, 124.46, 128.63, 129-72, 146.89, 149-44. 

6,8-Dich1oro-2-methyIbenzofuran (19c) 

IR (f i lm) 2920, 1575, 1440, 1175 60 MHz NMR (CDCl^) 6 2.50 

(s, 3 H), 6 6.35 (br s, 1 H), 6 7.20 (br d, £= 1 Hz, 1 H), 6 7.35 (br 

d, 2 = 1 Hz, 1 H); 90 MHz C-13 NMR (CDCl^) 6 14.11, 103-14, 116.42, 

118.43, 123.23, 128.24, 131-49, 149-18, 158.09. 

6,8-Dich]oro-2-ethoxy-5-methoxy-2,3~d i  liydrobenzofuran ( 19d) 

IR (f i lm) 2980, 1600, 1470, 1440, 1110, 1060 cm"^ 60 MHz NMR 

(CDCIg) 6 1.21 (t, J = 5 Hz, 3 H), 3-30 (dd, J = 4 Hz, 2 H), 3-85 (q, 

Jl = 5 Hz, 2 H), 3.85 (s, 3 H), 5.80 (dd, J = 4 Hz, 1 H), 7.15 (s, 1 H) ;  

90 MHz C-13 NMR (CDCIg) 6 15.03, 36.16, 6O.OO, 64.82, 107.18, I IO.I6, 

118.61, 118.72, 129.23, 151.22, 154.20. 
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6,8-Dich1oro-2-phenylbenzofuran (I9f)^ 

IR (nujol mull) I610, 1580, 1440, l4l8, II80, 915, 845, 765, 750, 

690, 665 cm"^ 60 MHz NMR (CDCI^) S 6.97, (s, 1 H), 7-27-7.60 (m, 5 H), 

7.8-8.0 (m, 2 H); 90 MHz C-13 NMR (CDCl^) 6 101.19, 117.18, 119.07, 

124.34, 125.25 (3C), 128.89 (2C), 129.41 (2C) 131.56, 149.31, 158.22. 

6,8-Dich1orofuro[2,3b]-2,3-dihydrobenzofuran (19g) 

IR (f i lm) 2990, 1585, 1455, 1075, IO3O cm"^; 60 MHz NMR (CDCl^) 6 

1.8-2.6 (m 2 H), 6 3.4-4.3 (m, 3 H), 6 6.40 (d, ^ = 6 Hz, 1 H), 6 

7.0-7.3 (m, 2 H); 90 MHz C-13 NMR 6 33-17, 47-21, 67.31, 111.92, 114.78, 

123.23, 125.83, 128.43, 130.76, 154.12. 

6,8-Dichloro-5-methoxyfuro[2,3b]-2,3-dihydrobenzofuran (I9h) 

IR (f i lm) 2995, 2950, 1595, 1470, 1430, 1060; 60 MHz NMR (CDCl^) 6 

1.8-2.6 (m, 2 H), 6 3.6-4.3 (m, 3 H), 6 3-90 (s, 3 H), ô 6.28 (d, £ = 

6 Hz, 1 H), 6 7.08 (s, 1 H); 90 MHz C-13 NMR (CDCl^) ô 31-93, 46.34, 

60.54, 67.58, 112.33, 121.81, 130.10, 131-56, 135.73, 151-39, 155.07. 

^a-Acetoxystyrene was prepared according to the procedure of D. S. 
Noyce and R. M. Pollack, J. Amer. Chem. Soc. 1969, 91, 119. 
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OVERALL SUMMARY 

Part I  describes the successful uti l ization of the 1,3~dipolar 

cycloaddit ion reaction of an activated thiazolium yl ide to create highly 

stereospecif ic tr icyclic systems which can be modif ied to produce sub-

1 2 
stituted pyrrolidines and A -  or A -pyrrolines. The key steps are the 

cycloaddit ion reaction to activated olefins and cleavage of the products 

by either si lver ions or tr i-n^butylt in hydride fol lowed by acid. 

Part 11 describes the successful modif ication of one of the 

pyrrolidines (from Part I) into a biologically interesting natural 

product, a-allokainic acid. Two of the three asymmetric centers are 

correctly set by the 1,3-dipolar addit ion; the last step in the synthesis 

involves an epimerization with base at an elevated temperature to obtain 

the correct stereochemistry of the natural product. 

Part i l l  describes the addit ions of the carfaene thermally generated 

from two 1,2-benzoquinonediazides fol lowed by in situ rearrangements to 

give 1,2-dihydrobenzofurans. Two tr icyclic systems are rapidly and 

elegantly created which are major subunfts of compounds of the hTghly 

biologically active aflatoxin and versicolor in family. 
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