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Several 7-alkyl cephalosporins lacking the 7-amino function have been prepared by treatment of the 7-diazo 
derivatives of cephalosporanic acid tert -butyl esters with a variety of trialkylboranes and a dialkylborane. Mix- 
tures of CY- and P-substituted cephalosporin tert-butyl esters were formed. These were hydrolyzed to the free 
acids. Biological screening of the free acids (as LY and P mixtures) showed little or no antimicrobal activity except 
for the 7-m~thyleneadamantyldeacetoxycephalosporanic acid. A new, very mild method of oxidation of the sulfur 
atom in the cephalosporins was discovered. Sulfoxides were isolated from the alkylation reaction. 

In recent years intensive research has been carried out in 
order to obtain modified cephalosporins with improved 
pr0perties.l Several groups have attempted modifications 
a t  the C7 positions of cephalosporins.lbS2 As far as we know 
no cephalosporins3 are known in which the 7-amino func- 
tion has been replaced by an alkyl or functionalized alkyl 
group: By introducing such alkyl groups the lipophilic 
character of the molecule, and consequently its penetrating 
ability4 into the cell wall, changes. The purpose of the re- 
search reported here was to  synthesize alkylated cephalo - 
sporins lacking the amino function at the fl-lactam C7 car- 
bon, and to determine the effect of this change on biologi- 
cal activity. 

Results and Discussion 
In order to introduce an alkyl side chain a t  C7, in fact the 

replacement of an amino by a methylene group, we made 
use of the reaction of trialkylboranes with diazo esters? a 
reaction which we found to be applicable to diazo amides 
also. For example, the reaction of trioctylborane with l-(a- 
diazoglycy1)piperidine in aqueous tetrahydrofuran gave the 
amide 1 in almost quantitative yield6 (Scheme I). 

Scheme I 

R r  CHf(CH2)f 

The diazotization of the p-toluenesulfonic acid salt of 7-  
aminodeacetoxycephalosporanic acid tert-butyl ester (2, 
Scheme 11) and 7-aminocephalosporanic acid tert-butyl 
ester (4, Scheme IV) was carried out in a mixture of meth- 
ylene chloride and water.8 I t  was possible to isolate the 
diazo cephem 3 in 80% and 5 in 60-80% yield. Both com- 
pounds are yellow, crystalline solids, of which 5 could be 
obtained analytically pure. The alkylation of 3 with trieth- 
yl- and trioctylborane was only successful within a temper- 
ature range from -40 to 780  OC (Scheme 11). At tempera- 
tures higher than -40 "C, no products with intact p-lactam 
ring were formed. The amount of water was of crucial im- 

portance to the course of the r e a ~ t i o n . ~  With more than 30 
equiv of water, based on diazo cephem 3, no /3-lactam con- 
taining products could be isolated. With 20-30 equiv of 
water, sulfoxide 8 was formed. I t  could be shown that the 
latter was not produced during oxidative work-up. 

Scheme I1 

8 
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Using minor amounts of water (5-20 equiv) a mixture of 
6 and 8 was formed, while alkylation in the presence of 1-5 
equiv of water gave the cephem ester 6 as the sole product. 
The alkylated cephem esters 6 and 7 are both relatively un- 
stable liquids and difficult to purify. Treatment of 6 and 7 
with trifluoroacetic acid afforded the acids 9 and 10, which 
are stable for a few days a t  -20 "C. 

Diborane reacts with alkenes containing bulky groups to 
the dialkylborane stage only.7 Since dialkylmonochlorobo- 
ranes with bulky alkyl groups react rapidly with diazo es- 
t e r ~ , ~  we used monochloroborane as reagent to  transform 
methyleneadamantane into the dimethyleneadamantylmo- 
nochloroborane 11. Alkylation of 3 with 11 gave two prod- 
ucts 12 and 14, in the statistical ratio 2:11° (Scheme 111). 
The products were separated by repeated chromatography. 
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Scheme I11 Scheme V 

7-epi-Chlorodeacetoxycephalosporanic acid tert-butyl 
ester (14) was identical with the compound that was 
formed by treating 3 with hydrochloric acid in tetrahydro- 
furan. Treatment of 12 with trifluoroacetic acid afforded 
the acid 13 in 85% yield. 

In introducing a functionalized alkyl group a t  the C7 po- 
sition we were restricted in the choice of the appropriate 
substituted alkenes. First, diborane may react with the 
double bond, with a functional group in the alkene, or with 
both.ll Second, the addition at  the double bond is in- 
fluenced by directing effects caused by the functional 
group.12J3 3-Butenyl benzoate (15) was treated with dibo- 
lane to give tri(4-benzoyloxybuty1)borane (16). Reaction of 
16 with 7-diazocephalosporanic acid tert-butyl ester (5) 
gave the C7 alkylated cephem ester 17 (Scheme IV). Al- 

Scheme IV 

15 
0 
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though alkaline hydrogen peroxide oxidation-hydrolysis10 
of 16 revealed 15% addition of the boron a t  the y carbon 
atom of 15, no alkylated cephem ester could be detected 
which was formed by migration of this secondary alkyl 
group from boron to the C7 carbon atom. Treatment of the 
ester 17 with trifluoroacetic acid gave the alkylated ce- 
phalosporanic acid 18, which was isolated as the sodium 
salt. 

The same procedure was not successful for introduction 
of the N-butylbenzamide group (Scheme V). Treatment of 
diazo cephem ester 5 with 2.5 equiv of tri[4-(N-benzoyl)- 
butylaminolborane (20) gave no alkylated cephem ester 21, 
but  we recovered 50% diazo compound 5, after separating 

HZNCHZCH2CH=CH2 

J 02" 
( H$: N H ~ K  ~ ~ i - ) ~  B 

22 

the latter from the alcohols1* formed during the oxidative 
work-up from borane 20. We believe that chelate ring for- 
mation between the amide nitrogen and the boron atom in 
20 reduces the Lewis acid character of the borane and pre- 
vents alkylation. 

T o  circumvent this problem an alternative approach was 
tried, in which the trialkylborane 22 reacts with 5 to give 
23. Aqueous hydrochloric acid in tetrahydrofuranll was 
needed to  hydrolyze the amine-boron hydride complex to 
the free amine; however, no 24 or any other compound with 
an intact (3-lactam ring was formed. Apparently the P-lac- 
tam does not survive these hydrolysis conditions. The al- 
kylation of the diazo cephem esters 3 and 5 gave rise to a 
mixture of two alkylated products with cis and trans con- 
figuration at  the 6 and 7 position of the (3-lactam ring. This 
ratio could easily be estimated with NMR spectroscopy, by 
integration of the two doublet signals of the Ce proton, cis 
J = 5 Hz and trans J = 2.5 Hz, which are separated by 30 
Hz. The data are summarized in Table I. Deblocking of the 
tert-butyl esters with trifluoroacetic acid does not affect 
this cis-trans ratio. The presence of the A3 cephem nucleus 
was confirmed by the remaining NMR data. 

No detailed study has been published about the mecha- 
nism of the reaction of trialkylboranes with diazo com- 
pounds, but it appears likely that the reaction involved 
first a coordination of ihe  borane with the diazo compound 
to produce the quaternary boron intermediate 25 (eq 1). 

25 

This is followed by loss of nitrogen from 25 with either sub- 
sequent or concurrent migration of an alkyl moiety (eq 2). 

Hydrolysis of intermediate 26 with water gives the desired 
product (eq 3, path A). Alternatively, it  is possible that in- 
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Table I 

Compd Yield, % Cis, % 

6 
7 
8 
9 
10 
12 
13 
17 
18 

90 
80 
22 
90 
85 
31 
85 
85 
85 

33 
30 
33 
33 
30 
6 
6 

-2 
,-2 

termediate 26 exists in the isomeric enol-borinate form15 
(path B), which is rapidly hydrolyzed t o  the product. 

R R 

+k.. 
R2B-0 

I n  cephalosporins t h e  thermodynamically more stable 
form is t h e  trans-substituted ,&lactam ring, probably be- 
cause the  7 substituents are  more crowded in  the  p than in 
t h e  LY configuration.16 T h e  a side of t h e  molecule is t h e  
least hindered side. Thus the main product in t h e  addition 
of the trialkylboranes t o  t h e  diazo cephems 3 and 5 should 
be the a-substituted alkyl cephalosporin. Neither kinetic 
nor thermodynamic control appears t o  be able t o  influence 
this result. This  is in fact  t h e  case. Using trialkylboranes 
with bulkier alkyl groups (Table I), we found an increasing 
formation of t h e  trans-substituted cephalosporins. Until 
now we have been unsuccessful in changing t h e  cis-trans 
ratio in favor of t h e  cis epimer, t h e  la t ter  in all probability 
being t h e  configuration which may show biological activi- 

Formation of t h e  cephem sulfoxide 8 seems to  be t h e  
first example of oxidation of sulfur with a trialkylborane- 
water mixture. 

We believe that i t  is t h e  addition complex of sulfur with 
t h e  trialkylborane that reacts with water (eq 4). Hydrogen 
gas was shown to  be present by GLC. 

ty.17,18 

R =  C2%- 
R2BOH + H2 

T h e  alkylated cephalosporins described here were tested 
for antimicrobial activity in  vitro. T h e  cis-trans mixtures 
were tested as such, because we were unable to separate  the 
isomers. Only t h e  methyleneadamantyldeacetoxycephalos- 
poranic acid showed a low b u t  definite activity against 
some gram-positive organism. Minimum inhibitory concen- 
tration (MIC) values: Streptococcus haemolyticus, 12.5; 
Sarcinea lutea, 6.5; Haemophilus suis, 50. 

Experimental Section 

The IH NMR spectra were determined on a Varian T60 spec- 
trometer. Chemical shifts are relative to Mersi. Infrared spectra 
were recorded on a Perkin-Elmer 125 or 257 and Unicam Sp200. 
The mass spectra were obtained on a AEI MS 902 mass spectrome- 
ter. Column chromatography was carried out on aluminum oxide 
"activ neutral" from Merck and silica gel 60-120 mesh from BDH. 
Merck silica gel PF 254 was used for preparative thin layer chro- 

matography. Melting points are uncorrected. Tetrahydrofuran was 
freshly destilled from LiAlH4 under a nitrogen atmosphere. We 
thank the Squibb Institute for Medical Research for a generous 
supply of 7-ADCA and some financial support to one of us 
(J.S.W.). 

1-Glycylpiperidine. A solution of 9.5 g (3.4 mmol) of 1-(N-ben- 
zyloxycarbonylglycyl)piperidinelg in 100 ml of methanol was hy- 
drogenolyzed in the presence of 900 mg of 10% palladium on car- 
bon at room temperature and atmospheric pressure until the up- 
take of hydrogen had ceased. The solution was evaporated to 25 ml 
and the catalyst was removed by centrifugation. Evaporation to 
dryness in vacuo gave 5 g of colorless oil, which was distilled to give 
4.6 g (3.2 mmol, 95%) of 1-glycylpiperidine: bp 84-85 "C (3 
mmHg); ir (neat) 3400, 1600 cm-'; NMR (CDC13) 6 1.3-1.7 (8 H), 
3.2-3.6 (6 H). Anal. Calcd for C ~ H I ~ N ~ O :  C 59.07; H, 9.93; N, 19.71. 
Found C, 59,13; H, 9.93; N, 19.35. 

1-(a-Diazoacety1)piperidine. A solution of 500 mg (3.52 mmol) 
of 1-glycylpiperidine in 20 ml of CHC13 was refluxed during 15 min 
with 540 mg of isoamyl nitrite and 720 mg of acetic acid. The yel- 
low solution was diluted with 20 ml of CHC13, cooled, and washed 
with 5 ml of 1 N &Sod, 5 ml of water; 5 ml of saturated aqueous 
NaHC03, and twice with 5 ml of water. After drying (Na2S04) and 
evaporation to dryness in vacuo, the yellow residue was purified by 
column chromatography on aluminum monoxide activity 111, using 
ether as eluent. 1-(a-Diazoacety1)piperidine was isolated as a yel- 
low oil (400 mg, 2.6 mmol, 70%): ir (CHzC12) 2180, 1600 cm-l; 
NMR (CDC13) 6 5.2 (3 H), 3.1-3.4 (4 H), 1.2-1.7 (6 H). 

1-Caprylpiperidine (1). To a solution of 0.35 mmol of trioctyl- 
borane20 in 9 ml of dry THF was added 0.1 ml of water and 46 mg 
(0.30 mmol) of 1-(a diazoacety1)piperidine. After 3 h a t  35 "C 1 ml 
of 30% hydrogen peroxide was added and the colorless solution was 
washed with brine solution (3 X 5 ml). GLC analysis indicated 92% 
yield of 1. Isolation was carried out with preparative GLC, column 
6 f t  X 0.5 in. SE-30 nZoD 1.4720; ir (CH2C12) 1630 cm-l; NMR 
(CDC13) 6 0.85 (3 H), 1.55 (14 H), 1.65 (6 H); 2.20 (2 H), 3.3 (4 H). 
Compound 1 was identical in all aspects with an authentic sample. 

p-Toluenesulfonic Acid Salt of 7-Aminodeacetoxycephalo- 
sporanic Acid tert-Butyl Ester (2).To 1.35 g(5  mmol) of 7-ami- 
nodeacetoxycephalosporanic acid tert -butyl esterzb in 50 ml of 
ether was added a solution of 1.0 g (1.1 equiv) of p-toluenesulfonic 
acid monohydrate in 5 ml of ether and 5 ml of THF. The salt 2 
precipitated immediately. After standing in the cold for 1 h the 
salt was isolated and recrystallized from hot acetonitrile to give 2.1 
g (95%) of white salt 2: mp 175.5 "C dec (preheated block); ir 
(Nujol) 3200-2600, 1670, 1620, 1650, 1600, 1540 cm-'. Anal. Calcd 
for C1gH26N2Sz06: c ,  51.56; H, 5.92; N, 6.33; s, 14.49. Found c ,  
51.02; H, 5.95; N, 6.06; S, 14.15. 
7-Diazodeacetoxycephalosporanic Acid tert-Butyl Ester 

(3). A mixture of 265 mg (0.6 mmol) of compound 2, 1.5 g of sodi- 
um nitrite, 60 ml of CHC12, and 60 ml of ice water was stirred vig- 
orously and cooled in an ice bath. After 5 min 180 mg (0.95 mmol) 
of p-toluenesulfonic acid monohydrate was added to this mixture 
gradually over a period of 20 min and stirring was continued for 10 
min. The yellow mixture was transferred to an ice-cold separatory 
funnel and the organic layer was washed twice with 10-ml portions 
of brine solution. After drying (NazS04) and evaporation in vacuo 
to dryness, the residual yellow oil was purified by column chroma- 
tography on 6 g of aluminum oxide activity I11 with CHzClz as el- 
uent. Evaporation gave the diazocephem ester 3, as a yellow oil 
which solidified: mp 42-43 OC dec; ir (CHZC12) 2090, 1760, 1700, 
1260 cm-l; NMR (CDClz) 6 5.6 (5, Cg H), 3.31 (AB q, J = 10 Hz, 
CzCHz), 2.1 (s, CH3), 1.5 (s, t-Bu). 
7-Ethyldeacetoxycephalosporanic Acid tert-Butyl Ester 

(6). A three-necked 50-ml flask, equipped with two pressure-equa- 
lized dropping funnels and a thermometer, was flushed with nitro- 
gen. The flask was charged with 5 ml of dry THF and cooled to 
-65 "C. One dropping funnel was filled with a solution of 113 mg 
(0.40 mmol) of diazo cephem ester 3 in 10 ml of dry THF. The sec- 
ond dropping funnel was filled with 0.8 ml (2 equiv) of 1.008 M 
triethylborane in THF, 10 ml of THF, and 0.03 ml of water. Both 
solutions were added at the same rate to  the THF over a period of 
5 min, keeping the temperature at -65 OC. The solution was al- 
lowed to come to -45 OC and 5 drops of 30% hydrogen peroxide 
was added. When the temperature had reached -15 "C, the mix- 
ture was washed in a separatory funnel with brine solution (3 X 7 
ml). The almost colorless organic layer was cooled, diluted with 30 
ml of CHzC12, and dried (NazS04). After evaporation to dryness, 
the residual oil was purified by column chromatography with 7 g of 
silica gel, deactivated with 0.8 ml of water, with CH2C12 as eluent. 
Evaporation of the first 30 ml gave 110 mg (0.38 mmol, 90%) of oil 
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6. Preparative thin layer chromatography with CHzC12-5% ether 
afforded analytically pure 6 ir (CHzClz) 1770, 1720 cm-l; NMR 

(AB q, J = 18 Hz, CZ CHz), 3.5 (m, C7 H), 3.08 (m, C7 H), 2.05 (s, 
CH3), 1.85 (m, -CHZ-), 1.55 (9, t-Bu), 1.15 (t, J = 7 Hz, CH3); mass 
spectrum mle 283, 255, 228, 199, 158, 157, 140, 139, 57. Anal. Calcd 
for C14H21NS03: C, 59.34; H,  7.47; N, 4.94; 6 11.31. Found: C, 
58.92; H, 7.45; N, 4.82; 6 11.20. Uv A,,, (MeOH) 265 nmie 6600). 

7-Jhhyldeacetoxycephalosporanic Acid (9). Compound 6 (85 
mg, 0.3 mmol) was stirred with 2.5 ml of trifluoroacetic acid during 
5 min a t  room temperature. Evaporation in vacuo at  mmHg 
gave a light brown colored residue, which was triturated with dry 
pentane. After evaporation of the pentane, the solid was taken up 
in 1 ml of CHzC12 and dropped into 15 ml of dry ether. This solu- 
tion was cooled for 30 min at  -20 "C. A little brown solid was re- 
moved by centrifugation and the supernatant liquid was evapo- 
rated. The remaining solid was dissolved in 1 ml of CHzClz and 
added with stirring to 50 ml of dry pentane. Compound 9 (63 mg, 
0.27 mmol, 90%) was isolated as a pale yellow, qmorphous solid: 
mp 70-78 OC; ir (CHzClZ) 3600-2500, 1760, 1720, 1630 cm-'; NMR 

Hz, c6 H), 3.4 (AB q, J = 18 Hz, CZ CH2), 3.65 (m, C7 H), 3.15 (m, 
C7 H), 2.2 (s, CH3), 1.9 (m, -CHz-), 1.1 ( 4 ,  -CH3, J = 7 Hz); mass 
spectrum calcd, rnle 227.061; found, rnle 227.054. 
7-Ethyldeacetoxycephalosporanic Acid tert-Butyl Ester 

&Oxide (8). To a solution of 0.4 mmol of triethylborane in 15 ml 
of dry THF under nitrogen atmosphere was added 0.35 ml of 
water. The mixture was cooled to -60 "C and 113 mg (0.4 mmol) of 
diazo cephem ester 3 in 10 ml of dry THF was added over a period 
of 10 min. The work-up procedure was the same as described for 6. 
The isolated colorless oil was submitted to preparative silica gel 
thin layer chromatography using ether-CHzClz (1:2) as eluent. 
Compound 8 was isolated as an oil (24 g, 0.08 mmol, 20%), which 
was crystallized from CH~Cl2-pentane as a white solid: mp 141- 
145 "C; ir (CHzC12) 1780, 1720, 1050 cm-l; lH NMR (CDC13) 6 4.6 

(s, CH3), 1.7-1.9 (m, -CHz-), 1.5 (s, t-Bu), 1.0-1.3 (t, CH3); mass 
spectrum calcd, mle 299.119; found, mle 299.118. Hydrogen was 
proved in the gas evolving from the reaction mixture by GLC, col- 
umn 6 f t  X 0.5 in., molecular sieves 5 A, 80 "C. 

7-Octyldeacetoxycephalosporanic Acid tert-Butyl Ester 
(7). The procedure for the preparation of 6 was followed, using 
trioctylborane as alkylating agent. Compound 7 was isolated in 
80% yield after column chromatography on silica gel, deactivated 
with 10% water. Analytically pure material was obtained by pre- 
parative silica gel thin layer chromatography with CH2C12-5% 
ether as eluent: ir (CH2Clz) 1770, 1715 cm-l; NMR (CDC13) 6 4.88 

Hz, C2 CH2), 3.5 (m, C7 H), 3.18 (m, C7 H), 2.1 (s, CH3), 1.6 (9, t -  
Bu), 2.3 (octyl, 1 2  H), 1.0 (CH3); mass spectrum mle 367, 339, 283, 
158, 157, 140, 139, 57. Anal. Calcd for C20H33NS03: C, 65.35; H, 
9.05; N, 3.81; S, 8.72, Found: C, 65.04; H, 9.05; N, 3.85; S, 8.51. Uv 
A,,, (EtOH) 267 nm ( e  6600). 
7-Octyldeacetoxycephalosporanic Acid (10). The procedure 

for the preparation of 9 was followed. Acid 10 was isolated as an oil 
in 85% yield: ir (CHzC12) 1760, 1720, 1630 cm-l; NMR (CDC13) 6 

3.4 (AB q, J = 18 Hz, Cp CHz), 2.2 (s, CH3), 1.55 (m, -CHp-), 1.3 
(octyl, 12 H), 0.9 (CH3). Determination of the exact mass was not 
possible, because the molecular ion peak was lacking in the mass 
spectrum. 
7-Methyleneadamantyldeacetoxycephalosporanic Acid 

tert-Butyl Ester  (12). A solution of 120 mg (0.43 mmol) of diazo 
cephem ester 3 in 10 ml of dry ether (distilled from LiAlH4) and a 
freshly prepared solution of 2 equiv of borane 11 in 10 ml of dry 
ether were added at  the same rate to each other, keeping the tem- 
perature a t  -80 "C. After 5 min 0.06 ml of MeOH was added, fol- 
lowed by about 1.5 ml of triethylamine to neutralize the mixture. 
After the mixture was allowed to come to -10 "C, the latter was 
washed with brine solution (3 X 5 ml). The organic layer was dried 
(NazS04) and evaporated to dryness in vacuo. By preparative sili- 
ca gel thin layer chromatography with CHzClz as eluent a mixture 
of 12 and 14 was isolated as an oil (114 mg). Repeated thin layer 
chromatography of this oil with benzene-acetone (9.75:0.25) gave 
54 mg (0.13 mmol, 31%) of compound 12, crystallized from 
CHCl3-pentane: mp 160-165.5 "C; ir (CHzC12) 1760, 1710 cm-'; 

3.28 (AB q, J = 18 Hz, Cp CHp), 2.0 (s, CH3), 1.8 (methgleneadam- 
antyl), 1.55 (s, t-Bu). Anal. Calcd for C~3H33NS03: C, 68.62; H, 
8.01; S, 7.97. Found C, 67.07; H, 8.13; S, 7.99. Mass spectrum exact 

(CDCl3) 6 4.84 (d, J 5 Yz, C6 H), 4.40 (d, J = 2.5 Hz, c6 H), 3.30 

(CDC13) 6 9.1 (9, COOH), 4.9 (d, J = 5 Hz, c6 H), 4.45 (d, J = 2.5 

(d, J = 5 Hz), 4.2 (d, J = 2 Hz, C6 H), 3.1-3.9 (C2 CH2, C7 H), 2.05 

(d, J = 5 Hz, C6 H), 4.42 (d, J = 2.5 Hz, C6 H), 3.30 (AB q, J = 18 

9.0 (s, COOH), 4.90 (d, J = 5 Hz, C6 H),  4.45 ( J  = 2.5 Hz, C6 H), 

NMR (CDC13) 6 4.8 (d, J = 5 Hz, C6 H), 4.35 (d, J = 2 Hz, C6 H), 

mass calcd, rnle 403.218; found, rnle 403.218. At the same time 22 
mg of compound 14 was isolated as an oil: ir (CH2C12) 1780, 1710 
cm-'; NMR (CDC13) 6 4.68 (d, J = 1.5 Hz, C7 H), 4.58 (d, J = 1.5 
Hz, Cs H), 3.3 (AB q, J = 18 Hz, Cz CHz), 2.05 (s, CH3), 1.5 (s, t -  
Bu); mass spectrum rnle 2891291 (2:1), 233, 235, 205, 207. The 
spectra of 14 were identical with the spectra of a sample prepared 
by treating diazo cephem ester 3 (100 mg) with 1 ml of concentrat- 
ed HC1 in 15 ml of THF at  0 "C during 3 min. 
7-Methyleneadamantyldeacetoxycephalosporanic Acid 

(13). Compound 12 (40 mg, 0.22 mmol) was stirred with 0.8 ml of 
trifluoroacetic acid at  room temperature during 5 min. Evapora- 
tion gave a light yellow syrup, which was crystallized from 
CHzClz-pentane to give 30 mg (0.085 mmol, 85%) of white, crystal- 
line 13: mp >200 "C dec; (CH2C12) 1770, 1720 cm-l; mass spec- 
trum exact mass calcd, mle 347.155; found, rnle 347.157. 

7-Diazocephalosporanic Acid tert-Butyl Ester  (5). 7-Amino- 
cephalosporanic acid tert-butyl ester (4,2b 164 mg, 0.5 mmol) was 
diazotized in a mixture of 50 ml of CHZClz and 50 ml of ice water 
with 1.5 g of sodium nitrite and 95 mg of p-TSA-H20. After 5 min 
a total amount of 138 mg (0.77 mmol) of p-TSA-Hz0 was added 
over a period of 37 min and stirring was continued for 3 min. The 
same work-up procedure as Pescribed for the synthesis of 3 was 
followed. Compound 5 (128-141 mg, 64-83%)21 was isolated as a 
yellow solid, which was crystallized from CHzClz-petroleum ether 
(40:60): mp 99-99.5 "C dec; ir (CHzClz) 2180, 1765, 1730, 1710, 
1635 cm-'; NMR (CDC13) 6 5.5 (s, c6 H), 4.83 (AB q, J = 18 Hz, CZ 
CHz), 2.03 (s, CH3), 1.52 (s, t-Bu). Anal. Calcd for C ~ ~ H ~ ~ N S O & :  
C, 49.54; H, 5.05; N, 12.38; S, 9.45. Found C, 49.98; H, 5.12; N, 
12.28; S, 9.33. 
Tri(4-benzoyloxybuty1)borane (16). To a solution of 422 mg 

(2.46 mmol) of 3-butenyl benzoate in 4 ml of dry THF was added 
4.85 ml (0.85 mmol) of diborane in THF at  a temperature of -10 
"C. After stirring for 1 h at  -10 "C and 30 rnin a t  room tempera- 
ture, the excess of diborane was destroyed with 0.03 ml of water. 
This solution was used as such for the synthesis of 17. 
7-(4-Benzoyloxybutyl)cephalosporanic Acid tert-Butyl 

Ester (17). The procedure for the synthesis of 6 was followed, ex- 
cept that a solution of 5 was alkylated with borane 16. Compound 
17 was isolated as a colorless oil in 85% yield by preparative silica 
gel thin layer chromatography with CHzClF10% ether as eluent. 
Despite extensive efforts, 17 could not be obtained in analytically 
pure form: ir (CHzClz) 3100, 1770, 1700-1740, 1640, 1600, 1580 
cm-I; NMR (CDC13) 6 7.9-7.4 (aromatic protons), 4.8 (AB q, J = 
12 Hz, C3 CHz), -4.55 (d, J = 5 Hz, c6 H), 4.35 (d, J = 2.5 Hz, C6 
H), 4.25 (4, -CHzO), 3.32 (AB q, J = 18 Hz, Cz CHz), 2.0 (s, CH3), 
1.55-1.9 (m, 6 H), 1.5 (s, t-Bu), -3.6 (m, C7H), -3.1 (m, C7 H); 
mass spectrum mle 433 (M+ - 56), 374, 155, 115, 78, 71, 57; uv 
A,,, (95% EtOH) 265 nm ( 6  71001,228 (14 000). 

Sodium 7-(4-Benzoyloxybutyl)cephalosporanate (18). The 
same procedure as for the preparation of 9 was followed. From 100 
mg (0.20 mmol) of ester 17, 90 mg of 7-(4-benzoyloxybutyl)ce- 
phalosporanic acid was isolated as an amorphous solid: ir (CHzClz) 
3300-2500,1775,1730,1700,1600,1580,1560 cm-'; NMR (CDC13) 
6 7.9-7.4 (aromatic protgns), 4.85 (AB q, J = 12 Hz, C3 CHz), 

-CHzO), 3.3 (AB q, J = 18 Hz, CZ CHz), 2.0 (s, CH3), 1.5-2.0 (m, 6 
H). Estimation of the exact mass was not possible, because the mo- 
lecular ion peak was lacking in the mass spectrum. Purification 
was effected by converting the acid into the sodium salt 18. The 
latter was isolated in 85% yield by lyophilization of an aqueous so- 
lution of pH 7.5: mp 150 OC dec; uv A,,, (HzO) 230, 260 nm; ir 
(Nujol) 1770,1730,1649-1600,1580 cm-'. 

Registry No.-1, 5299-66-1; 2, 58249-90-4; 3, 58249-91-5; 4, 

-4.55 (d, J = 5 Hz, CsH), -4.32 (d, J = 2.5 Hz, C6 H), 4.25 (t, 

6187-87-7; 5,58249-92-6; 6, 58249-93-7; 7, 58249-94-8; 8,58249-95- 
9; 9,58249-96-0; 10, 58249-97-1; 11, 58249-98-2; 12, 58249-99-3; 13, 
58250-00-3; 14, 58250-01-4; 15, 18203-32-2; 16, 58250-02-5; 17, 
58250-03-6; 18, 58250;04-7; 1-glycylpiperidine, 5649-08-1; l-(N- 
benzyloxycarbonylglycyl)piperidine, 3886-37-1; 1-(a-diazoacety1)- 
piperidine, 24761-87-3; trioctylborane, 3248-78-0; 7-aminodeace- 
toxycephalosporanic acid tert-butyl ester, 33610-06-9; triethylbo- 
rane, 97-94-9; 7-(4-benzoyloxybutyl)cephalosporanic acid, 58250- 
05-8. 
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Three aziridines, (2)-1-butyl-,  (2)-1-benzyl-, and (Z)-l-(4-chlorophenyl)-2,3-diphenylaziridine, have been pre- 
pared and their reaction w i t h  nitrous acid in acetic acid studied. T h e  pr inc ipa l  product  o f  the  N-a lky laz i r id ine ni- 
trosation has been assigned the structure of  a n  N-alkylnitrosenamine, a new type o f  compound, o n  the basis of i t s  
chemical and spectroscopic behavior ( including high-resolution MS and 'H and 13C NMR). Acid-catalyzed hy- 
drolysis o f  (E)-1,2-diphenyl-l-(N-butyl)nitrosaminoethene gave benzoin in addi t ion t o  the expected benzyl phe- 
nyl ketone. Other products f rom the nitrosation were benzaldehyde and threo- 1,2-diphenyl-2-(N-butyl)nitrosam- 
inoethyl acetate. T h e  reaction of the N-arylazir idine w i t h  n i t rous acid gave these la t ter  two types of products, and 
N-4-chlorophenylbenzamide among others. Mechanisms which accommodate these findings are discussed. 

Since the discovery of the facile nitrous oxide extrusion 
reaction of N-nitroso aziridinesl this transformation (eq 1) 

Me 
I Me r" Me 

" d 
1 2 

MkMe + N20 (1) 

d 'H 
3 

has been of considerable synthetic and theoretical inter- 
e ~ t . ~ - ~  Woodward and Hoffmann presented the reaction as 
an example of a nonlinear cheletropic cycloreversion in ex- 
plaining the observation of both facile extrusion and reten- 
tion of stereochemistry.8 In principle two modes of decom- 
position are open to the N-nitroso aziridines, a linear con- 
rotatory process and the observed disrotatory transforma- 

R 

tion, although geometric factors allow only this latter mode 
of decomposition. In order to explain the stability of N-ni- 
troso-3-pyrroline 4 and the nitrous oxide adduct of cyclooc- 
tatetraene 5 Mock and Isaacg have postulated that unlike 
other nitrosamines the amino nitrogen of N-nitroso aziri- 
dine exists in a tetrahedral array 6 which uniquely predis- 
poses it to cheletropic fragmentation. Examination of the 
correlation diagram of Mock and Isaac has led us to consid- 
er the fate of the related species 7 where the unshared pair 
is coordinated with an alkyl or aryl cation. It appears that 
such a species is capable of facile decomposition to an ole- 
fin and [R-N-N*O+]. A species akin to 7, the trialkylni- 
trosammonium ion 8, has been shown by Smith and Loepp- 
kyle to lie on the pathway for the nitrosative cleavage of 
alkyl tertiary amines. This reaction, which has been period- 
ically rediscovered over the past 100 years,ll proceeds by 
the mechanism depicted in Scheme I. In this paper we 

Scheme I 

8 
"0, R,'N--N=O - R;$H? + R,C=O 4 5 6 7 


