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Long-chain diamines as their bis tosylamide derivatives are deprotonated by CszC03 in dimethylformamide 
solution to give the dicesium salts. These react smoothly with various dibromides or dimesylates to afford the 
cyclic diamines as their tosyl derivatives. The yields, depending on the size of the ring, range between 25% and 
95% of isolated product. The largest ring made, 1,12-diazaoctacosane (as the tosylamide derivative) was isolated 
in 60% yield. The tosyl groups are readily removed with sodium amalgam in NazHP04-buffered methanolic 
solution. Chiral macrocyclic amines have also been prepared by using this cesium salt method. 

We observed previously that macrocyclizations based 
on the general route shown in eq 1 are promoted when the 
cation is Cs' and the solvent dimethylformamide (DMF).' 
This approach is especially useful for the preparation of 
compounds in which the chain components are chiefly or 
exclusively of hydrocarbon composition.2 We have sug- 
gested an explanation for this behavior on the basis of the 
ion-pairing properties of cesium salts in DMF.lBp3 

The few methods available for the synthesis of macro- 
cyclic amines are all subject to restrictions. The anionic 
ring closure approach of eq 1, wherein a sodium or po- 
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tassium salt of a tosylamide is used as nucleophile under 
high dilution conditions in a dipolar aprotic solvent (DMF), 
has been examined extensively by Stetter.4 In a modi- 
fication of this approach various (tosyl substituted) aza 
crown ethers can be obtained in excellent yield without 
the u8e of high-dilution conditions when preformed sodium 
salts of the tosylamides are used, again in the dipolar 
aprotic solvent DMF.5 We find (see below), in agreement 
with Richman5 and Stetter? that this method succeeds less 
well when long hydrocarbon chains must be coupled. 

Other methods have also been used. The various ap- 
proaches to the numerous classes of important naturally 
occurring aza macrocycles6 have usually involved formation 
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F.; Tomassen, H. P. M. Tetrahedron Lett. 1979, 2067. 
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in some fashion of the carbonyl-nitrogen bond of an am- 
ide.Is8 Other methods that have been used include car- 
bon-carbon bond formation under basic conditions (for 
the synthesis of maytan~inoids)~ and a palladium-catalyzed 
macrocyclization for the synthesis of spermidine-containing 
macrocycles wherein cyclization occurs by substitution of 
an allylic acetate by a primary amine.1° 

Results 
We have examined the general synthetic scheme shown 

in eq 2, which is analogous in character to routes followed 
by Stetter4 and Richmanas The reaction of 12-,[Cs+]z and 
2 to form 3 is assumed to involve a sequence of two nu- 
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1976,59, 3013. Schmidt, U.; Griesser, H.; Lieberknecht, A.; Talbiersky, 
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cleophilic substitutions. Readily available Cs2C03 de- 
protonates l quantitatively within a few minutes at room 
temperature in DMF." Cesium bicarbonate (CsHC03) 
is, however, insufficiently basic to deprotonate 1 cleanly 
or at a reasonable rate. Therefore, one Cs2C03 is required 
for each tosylamide deprotonated. Although tosylamides 
reacted readily, Cs2C03 was not found to be basic enough 
to deprotonate cleanly, either in DMF or methanol, car- 
boxamides and urethanes (N-benzyloxycarbonyl-protected 
primary amines). 

Cyclizations were not carried out under high-dilution 
conditions. A solution or suspension of 12-,[Cs+]z (2 X 
M) in DMF was allowed to react a t  20 "C with an equiv- 
alent amount of 2, added over 2-3 h. The results for a 
series of model cyclizations are given in Table I. The 
crude products, with the exception of 3a,b, are obtained 
in 95-100% purity as judged from the 'H NMR spectra. 
Considerble losses were suffered in some cases during the 
preparation of analytically pure material. If the recrys- 
tallizations are done with extra care, the losses can be 
reduced. All products reported in Table I as well as 
elsewhere in this paper have lH NMR spectra in accord 
with expectation, osmometric molecular weights within 5% 
of the theoretical values for monomeric materials, and 
elemental analyses or exact masses in accord with theory. 

The present method is well suited for the synthesis of 
aza macrocycles not containing extra heteroatoms in the 
chains (see 3c-g). Smaller rings (3a,b) are formed less well. 
The reactions of preformed sodium tosylamides in DMF 
(obtained by deprotonation with sodium methoxide), as 
reported by Richman: lead in excellent yields to aza crown 
ethers. In our hands, however, the synthesis of the 28- 
membered macrocycle 3g, when carried out with the so- 
dium salt obtained by deprotonation of the bis tosylamide 
with sodium methoxide, afforded only a 30-40% yield of 
crude product, which was not purified. The synthesis of 
3c by the same method gave a 40-50% crude yield of 
product. An examination of alkali metal carbonates was 
carried out for the synthesis of 3e. Li2C03, Na2C03, 
K2C03, and Rb2C03 were examined as bases in DMF so- 
lution. Only with the latter carbonate was a significant 
conversion (roughly 70%) obtained within 24 h, and the 
product formed was not clean. Purification was not at- 
tempted. With Li2C03 no reaction was observed, and 
Na2C03 and K2C03 gave only about 10% reaction after 10 
days at  20 "C. These alkali metal carbonates are clearly 
incapable of deprotonating the tosylamide. 

Compounds 4a,b were prepared by the cesium mediated 
reaction of 5 with the appropriate dibromide. The unusual 
disulfide 6 was obtained from the reaction of the bis to- 
sylamide of cystamine with l,%dibromooctane. This opens 
a promising route to macrocyclic disulfides. The optically 
active aza macrocycle 7 was obtained from the (sluggish) 

(11) Of the alkali metal carbonates, Cs2C03 is the most basic in 
aqueous solution and likely also in other solvents. See: "Gmelins 
Handbuch der Anorganischen Chemie"; Verlag Chemie: Berlin, Germany, 
1938; 8th Auflage, Vol. 25, p 234. 
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reaction of 8 at 50 "C with the appropriate bis tosylamide. 
An analogous reaction with racemic 10 provided the aza 
macrocycle 9. Compound 8b is obtained from D-tartariC 
acid, which is ketalized with cyclohexanone (P205) and 
then reduced and mesylated. A similar sequence was 
followed with the Diels-Alder addition product of 1,3- 
butadiene and ethyl fumarate to give 10. 

A simple and high-yield method for detosylation is a 
prerequisite for the utility of the method described here. 
Various methods for detosylation are a~a i lab le .~  In our 
hands the procedure developed by T r o d 2  for the desul- 
fonation of sulfones was very effective. The tosyl group 
is removed under reductive conditions (sodium amalgam) 
in buffered methanol solution (eq 3). By application of 
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obtained pure in yields of 90% and 85%, respectively. 
Owing to the limited quantities available, n o  attempt was 
made to detosylate 6. 

Work on the application of this macrocyclization method 
for the synthesis of azamacrocycles with specific ligating 

(12) Trost, B. M.; Arndt, H. C.; Strege, P. E.; Verhoeven, T. R. Tet- 
rahedron Lett. 1976, 3477. 
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properties will be described in due course. A search for 
activating groups other than tosyl that can be removed 
under even milder conditions is underway. 

Experimental Section 
Melting points were recorded on a 

Thermopan Reichert Austria apparatus. 'H NMR spectra (Me4% 
internal standard) were recorded on 60-MHz Varian or JEOL 
instruments. Mass spectra were measured on an MS-9 mass 
spectrometer. Elemental analyses were done by the analytical 
division of these laboratories. 

Compounds cited without references were either in stock or 
were prepared by unexceptional literature procedures. The di- 
bromides, when not commercially available, were prepared by 
treatment of the corresponding dialcohols with PBr3, if not 
otherwise indicated. 

General Procedure for Preparation of Macrocyclic To- 
sylamides. A 250-mL round-bottomed flask is filled with 100 
mL of dry DMF, 1 mmol of the bis tosylamide, and 2.1 mmol of 
Cs2C03 and is stirred magnetically. To this mixture is added 1 
mmol of the 1,w-dibromide (or dimesylate) in 40 mL of DMF 
dropwise in 2-3 h. After the mixture was stirred for 24 h at room 
temperature, the DMF was removed under vacuum, and the 
residue was taken up in CH2C12, washed with HzO, and dried over 
MgSO,. Purification was carried out as indicated by the entries 
below for the separate compounds. 

1,6-Bis(p-tolylsulfonyl)-1,6-diazacycloundecane (3a) was 
prepared from 1,5-bis[ (p-tolylsulfonyl)amino]pentane and 1,4- 
dibromobutane. The crude product gave a mass spectrum with 
a signal at  m / e  773 which arises from the dimer of 3a [928 - 
155(tosyl) = 7731 when heated at 220 "C. After recrystallization 
from CICHzCHzCl, analytically pure monomer was obtained: 
white crystals; mp 268-273 "C (lit.13 mp 270.5 "C); 25% yield; 
mol wt (osmometric in CHCl,) 488.2, 488.4 (theory 464.6); 'H 
NMR (CDCl,) S 1.57 and 1.83 (br, 10 H), 2.37 (s, 6 H, CH,), 3.00 
(br s, 8 H, CH2N), 7.33 (2 d,  8 H). 
1,7-Bis(p-tolylsulfonyl)-1,7-diazacyclododecane (3b) was 

prepared from 1,5-bis[ @-tolylsulfonyl)amino]pentane and 1,5- 
dibromopentane. The product (3b) was obtained in 30% yield 
as white crystals: mp 242-244 "C (from C2H50H); mol wt (os- 
mometric in CHCl,) 505.2, 502.7 (theory 478.7); 'H NMR (CDClJ 
S 1.43 and 1.67 (br, 12 H), 2.43 (s,6 H, CH,), 3.00 (br, 8 H, CHzN), 
7.53 (br, 8 H); mass spectrum, exact mass m/e  478.193 (theory 
478.196). 

1,7-Bis(p-tolylsulfonyl)-1,7-diazacycloheptadecane (3c) 
was prepared from 1,5-bis[ (p-tolylsulfonyl)amino]pentane and 
1,lO-dibromodecane. Material pure by 'H NMR spectroscopy 
was isolated in quantitative yield. After recrystallization from 
CzH50H, analytically pure product was isolated: 65% yield; mp 
124-126 "C; mol wt (osmometric in CHC1,) 552.6, 563.3 (theory 
548.8); lH NMR (CDCI,) 6 1.47 (br, 22 H), 2.38 (s,6 H, CH,), 2.93 
(br, 8 H, CH2N), 7.37 (2 d, 8 H). Anal. Calcd for CZ9HuN2O4S2: 
C, 63.47; H, 8.08; N, 5.11; S, 11.69. Found: C, 63.53; H, 8.20; N, 
5.00; S, 11.61. 

1,6-Bis(p-tolylsulfonyl)-l,6-diazacyclohexadecane (3d) was 
prepared from 1 , l O -  bis [ (p-tolylsulfonyl)amino] decane and 1,4- 
dibromobutane. Material pure by 'H NMR spectroscopy was 
isolated in quantitative yield. After recrystallization from C2- 
H50H, analytically pure product (3d) was isolated: 64% yield; 
mp 130-132 "C (lit.', mp 132.5 "C); mol wt (osmometric in CHC1,) 
573.5, 576.3 (theory 535.8); 'H NMR (CDC1,) S 1.43 (br, 20 H), 
2.37 (s, 6 H), 2.97 (br, 8 H), 7.37 (2 d,  8 H). Anal. Calcd for 
C28H42N204S2: C, 62.77; H, 8.09; N, 5.23; S, 11.97. Found: C, 
62.70; H, 7.82; N, 5.17; S, 11.85. 

l,&Bis(g-tolylsulfonyl)- 1,s-diazacyclooctadeane (3e) was 
prepared from 1,lO-bis[ (p-tolylsulfonyl)amino]decane and 1,6- 
dibromohexane. Material pure by 'H NMR spectroscopy was 
again isolated in quantitative yield. After recrystallization from 
C2H,0H, analytically pure product (3e) was isolated: 72% yield; 
mp 114-116 "C (lit.', mp 123 "C); mol wt (osmometric in CHC1,) 
571.8, 581.0 (theory 562.8); 'H NMR (CDC1,) 6 1.37 (br, 24 H), 
2.35 (s, 6 H), 2.90 (br, 8 H), 7.37 (2 d, 8 H). Anal. Calcd for 
C30H46N204S2: C, 64.02; H, 8.24; N, 4.98; S, 11.39. Found: C, 
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64.11; H, 8.25; N, 5.04; S, 11.37. When the recrystallization was 
carried out more carefully, the yield of analytically pure product 
was raised to 95%. 

l,lZ-Bis(p -tolylsulfonyl)-l,12-diazacyclodocosane (3f) was 
prepared from 1,lO-bis[(p-tolylsulfonyl)amino]decane and 1 , l O -  
dibromodecane. Material pure by 'H NMR spectroscopy was 
isolated in quantitative yield. The product (3f) was purified by 
preparative plate chromatography with CHzC12 as the eluent to 
afford 3f 76% yield; mp 149-151 "C; mol wt (osmometric in 
CHC13) 619.6, 620.1 (theory 618.9); 'H NMR (CDC13) 6 1.40 (br 
s, 32 H), 2.37 (s, 6 H), 2.97 (br t, 8 H), 7.37 (2 d, 8 H). 

l,l%-Bis(p -tolylsulfonyl)-1,12-diazacyclooctacosane (3g) 
was prepared from 1,l0-bis[(p-tolylsulfonyl)amino] decane and 
lJ6-dibromohexadecane. Material pure by 'H NMR was isolated 
in 95% yield. After recrystallization from C2H50H analytically 
pure product (3g) was isolated: 60% yield; mp 98 "C; mol wt 
(osmometric in CHC13) 696.8, 692.5 (theory 703.1); 'H NMR 
(CDCl,) S 1.37 (br s, 44 H), 2.37 (s, 6 H), 3.00 (br t, 8 H), 7.37 (2 
d, 8 H). Anal. Calcd for C&N204S2: C, 68.33; H, 9.46; N, 3.99; 
S,  9.12. Found: C, 68.18; H, 9.38; N, 3.96; S, 8.98. 

1,lO-Bis(p -tolylsulfonyl)-l,l0-diaza-4,7-dioxacyclopenta- 
decane (3h) was prepared from 1,5-bis[(p-tolylsulfonyl)- 
aminolpentane and 1,8-dibromo-3,6-dioxaoctane. Material pure 
by 'H NMR was isolated in quantitative yield. After recrystal- 
lization from CCl, analytically pure product (3h) was isolated: 
76% yield; mp 152-154 "C; mol wt (osmometric in CHCl,) 514.1, 
517.5 (theory 524.7); IH NMR (CDCl,) 6 1.53 (br, 6 H), 2.40 (s, 
6 H), 3.12 (m, 8 H, CH2N), 3.53 (s,4 H, CHzO), 3.63 (t, 4 H, CH20), 
7.50 (2 d, 8 H). Anal. Calcd for CZH,N2O6S2: C, 57.22; H, 6.92; 
N, 5.34; S, 12.22. Found: C, 56.93; H, 6.83; N, 5.36; S, 12.44. 

1,13-Bis(p -tolylsulfonyl)- 1,13-diaza-4,7,10-trioxacyclooc- 
tadecane (3i) was prepared from 1,5-bis[(p-tolylsulfonyl)- 
aminolpentane and l,ll-dibromo-3,6,9-trioxaundecane. Material 
pure by 'H Nh4R was isolated in 95% yield. After recrystallization 
from CzH50H analytically pure product (33 was isolated 66% 
yield; mp 114-116 OC; mol wt (osmometric in CHC1,) 579.6,575.8 
(theory 568.7); 'H NMR (CDC13) 6 1.43 (br, 6 H), 2.37 (s, 6 H), 
3.11 (m, 8 H, CH2N), 3.53 (s, 8 H, OCHz), 3.54 (t, 4 H, CH20), 
7.34 (2 d, 8 H). Anal. Calcd for CnHd207S2:  C, 57.02; H, 7.09; 
N, 4.93; S, 11.28. Found: C, 56.85; H, 7.15; N, 4.80; S, 11.17. 

l,la-Bis(p -tolylsulfonyl)- 1,13-diaza-4,7,10-trioxacyclo- 
tricosane (3j) waa prepared from 1,lO-bis[(p-tolylsulfonyl)- 
aminoldecane and l,ll-dibromo-3,6,9-trioxaundecane. Material 
pure by 'H NMR was obtained in 95% yield. After recrystalli- 
zation from C2H50H, analytically pure product (3j) was isolated: 
50% yield; mp 107-109 "C; mol wt (osmometric in CHCl,) 657.9, 
657.6 (theory 638.9); 'H NMR (CDCI,) 6 1.33 (br, 16 H), 2.37 (s, 
6 H), 3.11 (m, 8 H, CHzN), 3.53 (s, 8 H, OCH2), 3.54 (t, 4 H, CH20), 
7.37 (2 d, 8 H). Anal. Calcd for C32H&J207S2: C, 60.16; H, 7.89; 
N, 4.39. Found: C, 60.00; H, 7.80; N, 4.32. 
1,3-Bis[[(p-tolylsulfonyl)amino]methyl]benzene (5). To 

a solution of 1.36 g (0.01 mol) of m-xylylenediamine (Aldrich) and 
0.8 g (0.02 mol) of NaOH in 100 mL of water, under a nitrogen 
atmosphere, was added a solution of 3.8 g (0.02 mol) of tosyl 
chloride in 100 mL of CH2C12. After the mixture was stirred for 
one night, the CHZCl2 layer was separated. The water layer was 
extracted three times with 50 mL of CHZCl2 The CH2C12 layers 
were washed with water and dried on MgS04. After filtration 
and evaporation the crude product (5) was recrystallized from 
C2H50H which gave 3.2 g (72%) analytically pure product 5: mp 

5.00 (t, 2 H, NH), 7.03 (m, 4 H), 7.50 (2 d, 8 H). Anal. Calcd 
for CZ2Hz4N2O4S2: C, 59.43; H, 5.44; N, 6.30; S, 14.43. Found: 
C, 59.43; H, 5.42; N, 6.32; S, 14.50. 
18,20-Benzo-1,16-bis(4-tolylsulfonyl)-l,l6-diaza-4,7,10,13 

tetraoxacyclouncosane (4a) was prepared from 5 and 1,14- 
dibromo-3,6,9,12-tetraoxatetradecane at 60 "C. After half of the 
DMF was removed, water was added and the crude precipitate 
filtered. After recrystallization from CzH50H analytically pure 
product (4a) is obtained: 46% yield; mp 105 "C; mol wt (os- 
mometric in CHC1,) 640.8,651.9 (theory 646.8); 'H NMR (CDCl,) 
6 2.37 (s, 6 H), 3.40 (m, 20 H), 4.39 (s, 4 H), 7.03 (m, 4 H), 7.50 
(2 d, 8 H). 
3,5-Benzo-l,7-bis(p-tolylsulfonyl)-l,7-diazacyclotricosane 

(4b) was prepared from 5 and 1,16-dibromohexadecane as de- 
scribed for 4a. After recrystallization from C2H50H, analytically 

151-153 "C; 'H NMR (CDC13) 6 2.37 ( ~ , 6  H), 3.97 (d, 4 H, CH2-N), 

(13) Stetter, H.; Mars, J. Justus Liebigs Ann. Chem. 1957, 607, 59. 
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pure material was obtained: 60% yield; mp 85-87 "C; mass 
spectrum, m/e 666 (theory 666); 'H NMR (CDCl,) 6 1.17 (br, 28 
H), 2.37 (s, 6 H), 3.00 (br, 4 H), 4.20 (s, 4 H), 7.03 (a, 4 H), 7.50 
(2 d, 8 H); mass spectrum, exact mass m/e 666.346 (theory 
666.352). 
5,14-Bis(4-tolylsulfonyl)-1,2-dithia-5,14-diazacyclohexa- 

decane (6) was prepared from N 8 ' -  [ (ethanodithio)ethano]bis- 
[p-toluenesulfonamide] l4 and l,&dibromooctane by the general 
method except that stirring was continued for 90 h. After the 
workup the crude product (oil) gave an 'H NMR spectrum as 
expected. When the oily product was heated with ethanol (96%), 
a white precipitate was derived from the cooled mixture. The 
isolated crystals were analytically pure product 6: 20% yield 
(procedure is not optimized); mp 132-135 "C; mol wt (osmometric 
in CHC1,) 586.5, 589.0 (theory 570.8); 'H NMR (CDCl,) 6 1.40 
(br, 12 H), 2.38 (s, 6 H), 3.07 (br, 12 H, N-CH2 and CHz-S), 7.43 
(2 d, 8 H). Anal. Calcd for C26H38N204S4: C, 54.70; H, 6.71; N, 
4.91. Found: C, 54.51; H, 6.87; N, 4.90. 

Cyclohexanone Ketal  of (2S,3S)-l,4-Bis(4-tolyl- 
sulfonyl)-l,4-diaza-2,3-dihydroxycyclotetradecane (7). This 
was prepared from l,lO-bis[ @-tolylsulfonyl)amino]decane and 
8b. Because considerable amounts of dimer were formed when 
the general conditions were used, the dropwise addition was 
extended from 3 to 10 h. The mixture was stirred for 90 h at 55 
"C. After the workup the product was purified by preparative 
plate chromatography over silica gel with (distilled) methylene 
chloride/ethyl acetate (96:4) as the eluent to give in 30% yield 
the monomer 7 as a colorless oil: [a]"OD +O.ao  (c 1, CHClJ: mass 
spectrum, m/e 646 (theory 646); 'H NMR (CDCl,) 6 1.35 (br s, 
16 H, (CHd,), 1.55 (br s, 10 H, cyclohexyl), 2.41 (8, 6 H), 3.22 (m, 
8 H, CH2-N), 4.20 (br m, 2 H), 7.53 (2 d, 8 H); mass spectrum, 
exact mass m/e 646.312 (theory 646.311). 

Cyclohexene Ketal of (25,3S)-Butane-l,4-diol @a). This 
was prepared by adding diethyl cyclohexylidenetartrate in ether 
to a suspension of LiAM, in ether followed by reflux for 1 h and 
a workup with 20% H2S04.1S The crude product was distilled 
at 0.025 mmHg (bp 125 "c) to give 8a: 74% yield; [ c Y ] ~ D  -4.49" 
(c 1, MeOH); 'H NMR (CDCl,) 6 1.47 (br s, 10 H), 2.99 (t, 2 H), 
3.80 (m, 6 H). 

The corresponding mesylate 8b was prepared by addition of 
8a (2.06g, 10.2 mmol) to 14 mL of pyridine. To this mixture was 
added mesyl chloride (2.63 g, 23 mmol). After being stirred for 
3 h, the mixture was poured in 230 mL of 1 N HC1 and extracted 
two times with 115 mL of CH2C12. The CH2Clz is washed with 
water and dried over MgS04. After filtration and evaporation 
the crude product was recrystallized from MeOH to give 3.2 g 
(87%) analytically pure product 8b: mp 86-88 "c; [aI2'D -9.7 
(c 1, CHC1,); 'H NMR (CDC1,) 6 1.55 (br s, 10 H), 3.08 (s, 6 H, 
CH3S02), 4.23 (br m, 2 H), 4.38 (br, 4 H, CH2-0). Anal. Calcd 
for C12Hz208S2: C, 40.21; H, 6.19; S, 17.89. Found: C, 39.85; H, 
6.16; S, 17.91. 

Racemic 3,14-bis(4-tolyl~ulfonyl)-3,14-diazabicyclo- 
[14.4.0]eicos-18-ene (9) was prepared from 10 and 1,lO-bis[(p- 
tolylsulfonyl)amino]decane by following general methods except 
that the mixture was heated for 72 h at 55 "C. After the workup, 
the product was purified by preparative plate chromatography 
over silica gel with (distilled) methylene chloride/ethyl acetate 
(97:3) as the eluent to give the monomer: 40% yield; mass 
spectrum, m/e 586 (theory 586). Recrystalliiation from CzHsOH 
gives white needles: mp 189 "C; mol wt (osmometric in CHC1,) 
571.4,575.7 (theory 586.8), 'H NMR (CDCl,) 6 1.40 (br s, 16 H), 
2.03 (br, 6 H), 2.40 (s, 6 H), 3.07 (br d, 8 H), 5.52 (s, 2 H), 7.47 
(2 d, 8 H); mass spectrum, exact mass m/e 586.291 (theory 
586.290). 
I-Cyclohexene-lf-dimethanol dimethanesulfonate (10) was 

prepared analogously to the method described by Walborsky:16 
mp 93-94 "C (lit. mp 90-92 "C); 'H NMR (CDC1,) 6 2.13 (br s, 
6 H), 3.03 (s, 6 H), 4.25 (br s, 4 H), 5.67 (br s, 2 H). 
1,8-Diazacyclooctadecane (1 1). A mixture of the bis tosy- 

lamide 3e (563 m, 1 mmol), Na2HPO4 (600 mg, 4.2 mmol), and 
finely ground 6% sodium amalgam (6 g) in methanol (10 mL) was 
stirred rapidly and heated to a gentle reflux for 20 h. After cooling 
to room temperature, the mixture was poured into water, extracted 
three times with ether, and dried over MgS0,. After filtration 
and evaporation, the product 11 remains as a white solid 90%; 
mass spectrum, m/e 254 (theory 254); 'H NMR (CDC1,) 6 1.33 
(br, 26 H), 2.62 (br, 8 H, CHz-N); mass spectnun, exact mass m/e 
254.272 (theory 254.272). 

Racemic 3,14-Diazabicyclo[ 14.4.0]eicos-18-ene (12). 
Treatment of the bis hylamide 9 (240 mg, 0.4 "01) in a similar 
manner to that described for the preparation of 11 afforded the 
desired product 12: 85%; mass spectrum, m/e 278 (theory 278); 
'H NMR (CDClJ 6 1.37 (br s, 16 H), 1.97 (br, 8 H), 2.63 (br s, 
8 H), 5.63 (br s, 2 H); mass spectrum, exact mass m/e 278.271 
(theory 278.272). 
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An attempt to apply the "normal" a-diazo ketone carbene insertion reaction to the aza-&lactams 6a-c gave 
products derived from interception of the intermediate carbene by N-1, followed by ring expansion or ring 
fragmentation. 

There is intense current interest in  the  preparation of 
diverse carbapenems since the discovery of the  potent 
p-lactam antibiotic thienamycin (1). One of the  most ef- 
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ficient procedures developed thus far for the construction 
of the bicyclic ring system found in the carbapenems is the 
rhodium(I1) acetate catalyzed insertion reaction outlined 
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