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Part I

A) The photo~ and thermochemical extrusion of sulfur dioxide from Y-sultines
, The benzfused 7Lsultines required for th;s stﬁdy‘were prépared by
either Givens' (1) or Sharma's method (2). The phgto; and thermochemis—

try of these and several monocyclic 7Lsultine;-Were investigated,

Those 7Lsu1tines having an aryl substituent OL to the oxygen atom undergo
502 extrusion either thermally or photochemically via radical intermediatcs.'
In - the‘ca;e of nmnocyclié.derivativas, aryl cyclopropanes are formed
in fair to excellent yieldg. ; If an aryl group was absent d to
nxXygen no photochemistry was observed while flash vacuum thérmolysis
gave mixtures of cyclopropanes and glkenes 3-Phenyl-2,1- -benzoxathiole-
l~ox1de and 3,3-diphenyl- 2,1-benzoxathiole~1-oxide yielded fluerene or

its derivative as the major products upon photolysis. Flwsrene was

obtained as the major product upon thermolysis of the former sultine.

(1) R.S. Givens and W.F. Oettle, J. Orp. Chem., 37, 4325, (1972)

(2) N.K. Sharma, Ph.D. Thesis, University of Ottawa, 1975.

B) Seven-membered ring sultine study

¢

The photoisomer of the 7-membered sultine 24, prepared from ehuthdo-
1,2~diphenyl-2- t~butylsulfinyl ethanol was synthesized from threo-1,2-
dlphenyl 2~ t—butquulflnyl ethanol and QOZCl2 During the photolysis
of 24 it appears that isomerization - occurs at both the benzylic carbons.l“
L to oxygen and CXto sulfur The reactionsof_gé with E§;§;§F4and (Mé)zCuLi
were %nvestigated. The major products from these reactions were thans -

;
/
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stilbene and (Ph)ZCH—CH(CH3)OH respectively.

these transformations are suggested.

CH

$S0.Cl

2772 s
502C12

v

Y

Lrans-stilbene

(Ph)2CH—CH§CH3)OH
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C) The£3~lactam study

Two different model studies directed toward the synthesis of thieda—;&

mycin were investigated ‘ .

The iﬁtroduction of a hydroxymetbyi group at position 3 in 4-(3-
dﬁenyl) azétidin-2-one was attempted by reacting this azetidin-z -one with
2 n—BuLi at 0° followed by formaldehyde. The desired product'was not

obtained, instead isomerization of the starting material to the bicyclic

derivative 28 .occured. : \

-~

. Qonstfdction'of toe.thienamycinsring system was attempted starting
from 4—acétoxyazetidin;2—one. Reaction with ethyl mercaptoacetate in
aqueoue NaHCO4 solution gave the derivative 36 which upon condensation
-wito p—nitfobenzyl.glyoxylate and CH3802C1/N(Et)3 treatment gave 40.
A;tempted cyclization of-ﬁg to 43 with lithium_diisopropylamide'gave

p—nitrobenzyl alcohol as the only isolated product None of the desired

cycllzed product 43 was obtained
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ABBREVIATIONS

The following abbreviations have been used in this thesis.

uv ultraviolet
. T

IR f " infrared

n.m.r. g ! nuclear magnetic resonance
THF tetrahydrofuran

hv - photolysis .

A o ' . thermolysis

M.S. mass spectrum .
‘T;L.C. thin layer ch;omatography
LDA litbium diisopropylamide
) ; s negative charge -

® | positive charge '
py&. _ ﬁyfiding
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Et " , :} ethyl
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t do_~ triplet
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CHAPTER I

Introduction

Several years ago, Sharma (1) reported a new systheeis of sultines
.which are cyclic estersof sulfinic acid (Scheme I)._ Thus, when {-butyl
hydroxyalkyl sulfoxidesweretreatedwithsulfuryl chlorideixlmethylene
chloride for 30 minutes aq\room tempereture, sultines were isolated in fair

to excellent yields. Many spec%fically substit&%ed J.tines-were also

_prepared from the corresponding hydroxy sulfoxides in addition to the parent

—

"
e e e ey i T P

ring s&stems shown below. - :
- 7 . )
0 < ' -/ - :
i : 502012 - 0=% , R
£-BuSCH_(CH_) CH_OH . , . '
2 2’n 2 ' . ,
CH2C12 " \
n:l-a s . (&5“83%)
' . - Scheme 1 N } s .

Two possible mechanisms for sultine formation were suggested by Sharma._

(1) Both involve the formation'of a chlorox05ulfonium iOn 1, a species

which had, been showntx)be an intermediate in the chloripation of sulfoxides.

In mechaﬁism'A the chloroxosulfonlunnlon 1 is converted to a cyclic alkoxy-

_remote hydroxyl group. Succeeding cleavage of the I-butyl carbon-sulfur

g

bond forms the sultine. In mechanism B, the C-§ bond cleavage occurs at the

oxosulfonium ion 2, via displacement of chloride 1cn from sulfur by the . ‘
stage of the generation of hydroxysulflnyl chloriae 3 from the sulfonium \

ion_l. This hydroxysulfinyl chloride gives via subsequent intermolecular . ';kdﬁ‘xl
esterification a2 sultine 4. (Scheme 2) R ‘ ' . i
. . !

|
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- ﬂ !
‘ 0 # 50,C1 5 ~ . e} "
v, — . Fa —— Y o,
BuSCH,;(CH,) ,CH,OH S S Bu ? CHZ(CHZ)nC.HZO
\ . . Cl 1 '
- ’ B
0 -
o] ‘
t-Bu-s@ .-, . . ‘
: -5- : H
. o cl el;] cazccuz)ngﬂzo
0 .
(GB,) - L, .

a -

Scheme 2

~Ia-Sharma's report, (2) some structural problems were left unsolved

[ N ) . ’ )
and a number of reactions of sultines were only briefly investigated, thus

requiring further study. For example, the photo /ém@cal behaviour of Y-sul-
¢ ¥

b . »
tines was fourid to be similar to that of tlie structurally related ¥-1actones.

Givens and Oettle (3) have shown that a variety of aryl substituted

Y-1lactones of the typé_g yield afyl cycldprbpgnes in yields which were

generally below 50%. e o

-

0
AT \\\\

C=0 hy

4

|

(H
4
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. . .
The extrusion of sulfur dioxide from 7Y-sultines was carried out for

a
BN

selected number of monocyclic sultines and it wif discovered that a S5-aryl &

group was needeéd for an easy loss of SO

.
- 0 . -
. Ph \ - . _
8=0 hy
» — Ph + 50,
: S 7 o 10 952
. T but
. - §=0 . hy /\< » — Ph | \
‘ : Ph’ -' '
-h i 8 ":-'9 .
and. - -

v

. . 0\\\\ ) | .
CHB“‘i;i:‘—_—/f=o hy very slow decomposition

ﬂ

»

The photolysis of the benzfused sultine 1l was also briefly studied by

/X :
rma (2) with the hope of observing eithep the ﬁprmation of benzocyclobuy-

12 or thietesulfone 13. No conclusive results were reported.

<

=0
-




The photolysis of sul‘tine 1Mwas considered,wort‘lgy 05 further study.
In order to-facilitate isolation of possible produ‘c‘ts it was decided to B
synthesize a series of sdbstitutgd derivatives in particular 3,3-dimetf1yl—
2,l—benzoxample l-oxide 25, 3;,3—-diphenyl—2,l-—benzoxathliole I-oxide 26,
and ‘the 3-phenyl—2,l;benzoxathiole l-oxides 27 and Q_Qam—i study their photo-
chemical behavié;r. Furthermore.in a collaborative programme with Dr. D.J.
Smith and J. Finlay of the University of Lelcester, England, the flash
vacuum therm01y51s of these compounds was carried out thus allowinga comp-
arison of products under the two sets of conditions. 1In order to complete tﬂhis
study, it was decided to prepare for thermolyéis studies several alkyl sub-

ituted monocyclic sultines with the hope that cyélo_propanes might be fo‘rmed

‘in good yield under these conditfons.

The second part of thlS chapter concerns the study of the reaction of
,-t—butyl - hydroxy alkyl sulfoxideswith sulfuryl chlorlde or N-chlorosuccinimide
(NCS) at low temperature. Dr. F, Jung ¢t af (4) first ohserved the  thermal
_ instability of B—‘sultines.’ In their work, a numbe f cyclization reactions
with sevaral differend ﬂ —hydroxysulfoxides and N- chlorosuccinimlde (NCS) or

sulfuryl chloride were carried out at room temperature All of them led to

the formation of olefines. . ' \

Ry

oL - 0——7nR

| Ry 50,C1, or Nes. ™ !
1 » S

I—Bué’—?H—C—-OH . .
R -{'{2 . 0=5 —R
. . —502 L 3

-

R,Rl, RZ = alkyl or aryl BCH=CR1R2



In several instances, these sullineswere found to have a sufficient
“lifetime to allow the determination of some spectroscopic properties and
interception by nucleophilic reagents. Thus the reaction of 1-phenyl-2-£-

butylsulfinyl ethanol 14 with sulfuryl chloride in methylene chloride at

room temperature for fifteen minutes followed by evaporation of the solvent
’

‘-—

in the cold gave a crude product having n.m.r. peaks which could reasonably
be ascribed to the f-sultine 15. Wheﬁ the solution was allowed to stay

at room temperature for éeveral-hours, t#e original spectrum was replaced
by that of styrene. Addition of methanol to the reaction mixture prior

to evaporation' gave the a—hydrogysulfinate ester lﬁ- Sulfinate ester 16

was further oxidized to sulfonate ester 17.

v
: ~

Ph e
- ] 0
9 ' 50,C1,
L-BuS—-CH, CHOH —
2] 0=S
Ph . . Co .
14 15
L}} . -
Ph~CH~CH,=5-0-CH . 50,
[
DH
- Ph-CH=CH
16 2
- cpba )
Ph-Cli-CH_—$-0-Cil
: ! ? | 3
; OH 0
17

Durst and Gimbarzevsky (5) reported the synfhesis and characterization
& . E
of the f-sultine 18. . Thus reaction of hydroxyalkyl £-butyl sulfoxide 19 with

L




N=chlorosuccinimide (NCS) in pethylene chloride at room temperature or with

sulfuryl chloride at -70° for 30 minutes afforded the p-sultine 18 1in 457

yield.
Ph
0——— Ph \
R qH3 ?h SOZClZ' R
i—Bu-S—Cu——?—OH M .
| )
CH3 Ph 0=§ — —CH3'
) CHB
19 | 18
30° -
—»> Ph) -C=C(Cl
- ( )2 ( 3)2
i)
100%

The sultine 18 was stable at room. temperature for several days but
later decomposed easily and quantitatively into 1,1-diphenyl-2,2-dimethyl~

ethylene and sulfur dioxide. The authors argued that the stabilitz of

- e -

sultine 18 relative to other sultines is due to an .increase in adverse
steric interactions in going from the ground state of 18 to the transition
state for.decomposition.-

Bésed on the above conclusion, Sharma (2) rationalized that eLd-3, 4~
diphenyl—ﬂ—sultine_gg_should also have considerable thermal stability and

thus set out to synthesize this compound according to the scheme shown

below. ‘ -



|
._mcpba L-BuS

f

4

{-Bu-SH +

Ph

0
KOH
! Ph ¥  t-BuS
Pl H
h
H
OH colorless
502(312 .
H ?70? solid )
Ph
21

- Treatment of Q/'Lgﬂlfw-—l,2-diphEnyl—Z—I—butylsulfinylethanol 21 with 1.1

.equivalents of sulfuryl chloride in dichloromethane at -70° for 15 minutes

afforded a colourless solid (m.p.=160°-162°)in 60% yield. Initially this

material was suspected to be-a i:1 mixtureof diastereoisomers of f-sultine

22 and 23. Unfortunately, careful analysis of the spectroscopic data and

analytical data did not support this hypothesis and the 7-membered ring sultine

Ph

Ph

Ph 0

wn=o

e
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24 was proposed for the structure of this material.
This structure and a highly speculative mechanism for the formation

of 24 (Scheme 3) were considered sufficiently unusual and warranted

further investigation.

i . Ph + HCl1 etc.

Scheme 3



Discussion and Results,

(A) Sultine Synthesis,

For this Study the following five sultines were prepared.

3H-2,1-Benzoxathiole l-oxide

1t 3,3~Dimethyl-2,1-benzoxathiole l-oxide

3,3—Diphgnyl—2,l—benzoxathiole l-oxide

Q§~3—Phe6y1—2,l-benzoxathiole l-oxide

fﬁu@-B-Phenyl-Z,l-bengbxathiole l-oxide
P “

.




~-.

The preparation of 11 was first carried out following the route de-

veloped by Sharma (2) and is shown below.

SH s—cH(P't})cH3 :
2 KOH
Ph-CHBr-CH , -
COOH ) ' COOH
23 30
. R ’
S-CH(Ph)CH, S-CH(Ph)CH,
LiAlH, mepba
—_ —
: CH_O
CH,,OH | ,OH
31
”-
0
- I
, 8
s0.Cl \)
"2 +  Ph-CHC1=CH, -
11 ‘ “

0-Mercaptobenzoic acid 29 was alkylated with q—phenethyl promide in
alcoholic KOH to give 30 in 85% yield: Reduction of 30 with lithit’;‘m-k\\\
aluminum hydride followed by oxidation with m—chloropqrbenzoic acid (mcpbé)
affordgd the hydroxy sulfoxide 32 in 78% overéll yield. Treatment’of

32 with sulfuryl chloride according to Sharma (2) gave the parent benzfused

sultine 11 (60% after chromatography) and 2-phenethyl chloride. In this

e




synthesis‘some problems were encountered with the acid 30 because of poor
solubility. This however could be rectified by esterificatioﬁ prior to
lithium aluminum hydride reduction. Dﬁe to the length of the synthesis it
was dbéided‘to prepare 11 by a variati;n of a sultine synthesis first des-
cribed by Givens and Hamilton.(9) The major advantage of this latter

. routé was its Qﬁbvity, two steps compared to the four required by the

-Sharma procedure.

In 1967, Givens and Hamilton (9) successfuly synthesized several sultines
]

by controlled oxidation of mercaptoalcohols. Thus an acetic acid solution

of ﬁ—(O—hydroxyphenyl)—ethyl~mercaptan underwent oxidative cyclization in
the presence of chlorine to form 3,4-dihydro-1,2-benzoxathiin 2-oxide

33. Possible mechanisms for this reaction are shown imn Scheme 4.

. _OH ' oH OH
c1,
Clz » S
.
H,CH,SH . CH,,CH,S12 '
[ 4 . '

CH _CH_SC1
2 2

0 ,
\S 0\@_Cl - 0\ 0
Cl displacement

$-0 bond : 33
HOAc cleavage

OH

-

I
H_S
CH,CH,SCL

Scheme 4
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o-Mercaptobenzyl alcohol gﬁlwns obta%ned in 80% yield upon 1lithium
aluminum hydridehreduction of O-mercaptobenzoidé acid gé. This compound was
‘very seésitive to oxygen and formed an insoluble polyﬁerif left in the open
at roém temperature for'several hours. The ihfrared and n.m.r. spectra
of 34 were in agreement with its structure (see Experimental Part). When
34 was reacted with 2.1 equivalents of sulfuryl chloride in aimixture of —

acetic acid-methylen& chloride (1:3) at 0° for 1 hour, it pave after chro-

' [}
matography a 407 yield of the sultine 11. The spectroscoﬁic properties

of 11 prepared in this manner were identical to that obtagezg via Sharma's

. , E
route. (2) ' ) ' ’
si . SH
’ LiAlH4
—
00
COoH CHZOH
33 _ 34
0 —
g
$09C15 - \
. o D
ACOH-—CH2C12 '
_]i "Q.\

The tertlary alcohols 36 and 37 required for the synthesis of the
sultines 25 and 26 were obtained by reaction of the ethyl ester of o-mer—-

captobenzoic acid 35 with excess phenylmagnesium bromide and methylmagnesium

:;fﬂ'iodide respectively. The yields of these alcohols were 95 and 86% res-
; '
¢ - pectively. Their structures follow from the method of synthesis and are

e —————
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supported by infrared and n.m.r. data. Compound 36 showed infrared

at 3480 and 2540 cm™! due to the OH and SH bands respectiyelj; n.m.r.

aks

peaks occurred at 3.4 (s;lH),B.B(s, 1H),6.4-6.6 (m, 1H) and 6.8-7.3 (m,13H).

-

In compound 37, the OH and SH bands were' found at 3640 and 2400 cm™l and

the n.m.r. peaks at 1.74 (s, 6H),2.74 (s, 1H),4.12 (s, 1H),7.46 - 6.86
Both the mercapto élcohols 36 and 37 were dyclized immediately to the

tines because they, like 34, were susceptible to polymer formation.

SH . . _SH
RMgX sﬁ
O0H ' C(R)ZOH
RMgX = PhMgBr 36 R = Ph 95%
RMpX = CH3MgI _ : 37T R = CH; 86%

Cyclization of 36 and 37 in the same manner as with 34 gave the

(m, 4H).

sul-

sultines 26 and 25 in 30 and 50% isolated yiead. Both 26 and 25 displayed

'

a strong $=0 band in the 1100-1130 .cm™t region typical of 5-membered

ring sultines.(l) Compound 26 showed only aromatic absorption in tle
»

n.m.r. while 25 gave an aromatic multiplet from § 7.05-7.75 and ﬁfo

methyl singlers at § 1.83 and 1.67.

the required structures.

Analytical data were In agreement. with
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H

CH,C1,/HOAc
C(R)90OH

The Gi&ens' meLhod could not be applied to the synthesis of the
diastereomeric monosubstituted suitines 27 and 28 due to the unavailabilicy
of the required mercaptoalcohols by simple synthesis from 35. They were
obtained by a more arduous route based on the Sharma sultin; synthesis.

The ester 38, prepared in 62% yield by alkylation of o—merciptobenzoic atid
with a-phenethyl bromide followed by immediate esterification, 'was re~

Pty .

duced with excess lithium aluminum hydride in dry THF at 0 to give an oily

orange -colored alcohol 39 in 83% yield.

sH ~ §~CH(Ph)CHj
‘1. PHCHBr-CH4/KOH )
OOH : COOCH,
4 .
38 627
s—ca(ph)cn3
LiAlH,
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The n.m.r. spectrum df 32 showvd the peaks at 1.5-1.7 (d, J=7Hz, 3H),

LY

2.2-2.5 (b. s, lH), 4. 1 4., 5 (q, J=7Hz), 4.6 (s, 2H) 7.1-7.4 (m, 9H) ppm.

The OH band occurred at 3340 em—1 in the infrared. The crude material’

-

was considered pufe enough for the next step. Oxidation of- 39 with Cr03—

pyridine gave the aldehyde 40 in 72% ydeld. The oxidation process was

that of Ratcliffe, (6), except 15% HC1 was applied in the work-up part
instead of 5% HCl which helped remove excess pfridine. The aldehyde
was obtained as an oily yellowish suGstance.l The n.m.r. spectrum of 40
had peaks at 1.6 (d, I=Tiiz, 34), 4.2-4.4 (q, J=Tiz, 1H), 7.2-7.4 (s, S5H)
7.947.6 (m, 3H), 7.7-8.1 (m, 1H), 10.4 (s, 1H) ppﬁ A strong absorption
at 1685 em~l in the 1nfrared was aSSLgned to, the aldehyde C=0.
.
S—CH(Ph)CH3 ~CH(Ph)CH3

Cr03-pyd.

CHoOH : ' HO

" Treatment of the aldehyde 40 with excess Grignard reagent {phenyl-

magnesium bromide or méthylmagnesium iodide), prepared from the corres-
ponding halide and magnesium, followed by quenching with H20 gave the

aléohols_ﬁi.and 42 in 72 and 85% yields respectively.

7
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S~CH(P1)CH, - S-CH(Ph)CHy
‘1. RMgX X - :
2. Hy0 g
.\ CHo CH(R)OH
40
RMgX = PhMgBr 41 72%
RMgX = CHaMgl 42 85% a

-

Compounds 41 and 42 each contain two chiral centers and therefore can

exist as diastereomers. The polarities of the isomers were very similar
and they'could not be separated by silica gel column chromatography. Both

of the compounds 41 and 42 were light orange colored oils. The spectro-

scopic properties of' 41 and 42 are shown below. ¢

\

S—CH(Ph)Ch3 ‘ : -t

(:::)- ) n:m.r. (&) - IR (em™1)

CH(R)OH f

41 R=Ph 1.6 (d, J=7Hz, 3H) 3440 (OH)
2.3 (é, 1H) '
4.0 (q, J=7Hz, 1H)
‘6.1 and 6.2 (2s, 1H)

7.0-7.5 {m, 14H) =«

42 ReCly - 1.3 (2d, J=7Hz, 3H), 3440 (0H)
' 1.7 (2d, J=7Hz,, 3H)
2.2 (b.s, 1H)
4.2 (m, 1H)
' : 5.2 (m, 1H) _
‘} . 7.0-7.4 (m, 9H) ' o M

N
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The oxidation of 41 was carried out using m-chloroperbenzoic:gcid
. in ethyl acetate at -30° for 2 hours. The hydroxy sulfoxide 43 was
obtained in 57% yield as colorless crystals m.p. 124°-125°C aftér puri- 2
fication on silica gel column chromatoéraphy. The n.m.r. spectrum of -
43 showed peakg in five different regions: 1.7 (d, J=7.5H£, lH),’A.lf(q,
- J=7.5Hz, IH), 5.6 (1H, OH), 7.0-7.6 (m, 14H), 7.7-8.0 (m. 1H) ppm. "The
infrared spectrum of 4] showed }he characteristic S$=0 and OH absorptions

Land

at 1010 ard 3300 cm_l,qrespectively. The elemental analysis supported the

structure.
" ~ I .
S—CH(Ph)CH3 . S—CH(Ph)CH3
' mcpba N
CH(Ph)OH CH{Ph)OH
- 41 - | 43 57%

3

The hydroxy sulfoxide 43 was treated with S0,Cl, at 0° for 1 hour

2
to gibe the benzfused sultine isomers QZfand gg:. The diasterompric

sultines were easily separated op silica gel c&iumn cﬂromatograph&. The
less ;olar iscomer 27 m.p. 122°-123°C was obtaiged in 41% yield, while the
more polar isﬁmer 28 m.p. 102° was obtained in 32% yield. Their sﬁéctro~

-

scopic properties are described in Table 1, below.




Om
L] J )
TARLE 1
" Compound . N.M.R. - IR (cm 1) M.P. °C .
Ph §)
S -
(::::::> ~ 6.57 s, 1H) 1125 - 122-123
H 7.10-7.80 (m, 9H) )
7.06 (s, 1H) 1125 . " 102

7.10-7.80 (m, 9H)

S

The stereochemical assignment of the less,polar isomer m.p.=122°-123°

as the c{-isomer 27 and the more polar product .28 as the trans-isomer was

s

made on the following basis.\ In 1,2 oxathiane~2-oxide and derivatives,

it has been shown that ii()a is deshielded by appro.xi'matgzly 0.5 to0 1.0 ppm

—
(7,1) due to the so call syn-axial effect. For example, in the case of

4-chloro~4-methyl-1,2 -oxathane-2-oxide 44 the chemical shift of the.H6e
occured at 4.05 ppm while that of Hg.» which is in a 1,3-diaxial rela-

tionship to S=0 group, is-shifted to 4.62 ppm. (7) For the less polar.




isomer the beijylic hydrogen occufrodat 6.57..ppm whereas in tﬁe more

polar isomer this hydrogen resonatea at ?.06 ppm. On the basis of the

shift difference discussed above for some §~sultines we assigh the structure
27 in which H and 5=0 are thans to the léss polar isomer aﬁd 28 in which
H and $=0 are ci$ (therefore H deshielded) to the more polar isomer. The .
chromatographic behavior of the isomers, in which the isomer having the

5=0 and C-H group ¢is would be expected to be moré polar because of the
greatergtericaccessibilit& of the S=0‘group than when the phenyllana 5=0
groupé are ¢i4, also support the assignment. For example, Sieél and

Johnson (8) have shown that cis~2-methylthiolan-l-oxide is chromatographi-

cally less polar than the thans isomer. . ' -

r
AY

(B) Photochemistry, thermochemistry and.mass spectra of benzfused Y-sultines -

\

In Sharma's work, (2), it was found that 5—phenyl=Y—sultinesﬂ£§ lost
§0, "to give the'correspond{ng cyclopropané derivatives 46 upon irradiation
at 253 nm in benzene;ﬁceeone solution. The possible mechanism for 'S0,
extruéion is described below. Concurrent with our phﬁtolysis sPudiés-on
sultines, Finlay aqd Smith (10) have found that.2-phenylthietaﬁ—1,l—di—
oxides 47 are .also reédily converted to phenyl cycloproﬁanes when irradiated
in methénol. ‘This finding supports thelintermediacy of the diradical

49 in the photolysis of the sultine 48 suggestéd'by Sharma. (Scheme 5)

7



Ph %
R :
'l
) i
J,‘f i
Ph :

::::C- + S50
-+ . i

Ph R \ . 2

R o
Scheme 5

The yields . of cycloprdpanes by the sulfone route were also very high
and in fact it dppears that this route to phenylcyclopropanes may have

considerabl& more scope since substituted sulfones can eas{}y be prepared ) !

fl

via the carbanion of 47. (10) . g
t : R
H .
Ph S0 Ph e)‘—---so Ph—1—"50
‘ I . i ] 2 Rx ] 2
: Bul.i l L
47 =

CED e o

e m e

g
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The photolysis of the benzfused sultine 11 was proposed as a poten-

>

tial route to benzocyclopropene, (2) however Sharma found that 11 was pho—

tochemically qqite stable and after prolonged irradiation only- general

deﬁomposition seemed to occur. As mentioned earlier, the substituted

sultines 25, 26, 27, and'gg were considered more suitable because the

presence of the phenyl oghagﬁhyl subspituents stiould make possible pro-

ducts more easily isolable. | |
Photolysis of the diastereomerically pufe sultine 27 in methanol

under Ny at 253 nm for 5 hours afforded an approximate 1:1 mixture of 27

and its diastercomer 28. Prolonged irradiation, 14 hours, of the mixture

led to a product mixture from wﬁich fluorene 50 and diphenylmethyl methyl

ether 51 were isolated in 27 and 32% yield, respectively. Fluorene was

“identified by comparing its n.m.r. spegtrum whth th;t oé an authentic

sample.(12) Diphenylmethyl methyl ether showed n.m.r. peaks at 3.3 (s,

we

3H),” .2 (s, 1H), and 6.9-7.5 (m, 10H) ppm; these peaks were identical

with those of an authentic sample prepared by dropwise addition af benz-

hydryl chloride to a refluxing mixture of potassium carbonate in methanol.

(13) N , 4 ’
The epimerization of the diastereomic sultines 27 and 28 upon irra-

diation is consistent with the formation of a diradical intermediate 52

which can collapse back to either starting material with loss of stereo-

chemistr} at both sulfur and carbon. The ratioqalization.of the formation

of fluorene 50 and the ether 51 via this diradical 52 is shown below.

Thus diradical252 could further lose §0, to give the intermediate 33.

Fluorene can be obtained from the diradical 53 by a cyclization to 54

+
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~

followed by a 1,3 hydrogen shift while 51 is most readily explained as
resulting f{rom conversion of 53 to the carbene 33 and subsequent insertion
of this carbene into the 0O-H bond of methanol. Examples of the trapping

of this carbene by methanol to form 51 are Qell documented. (14)

\\ hvy

-“‘t+—
/ 253 mm
I‘- /
27 Ph H
Ph\\\
C* -
. 5

i#

“tm) ,CHOCH 5 ] ’

The benzogyclopropene 56, if it formed, would not have been exﬁected to be
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stable under the reaction conditions and be reconverted to ég.. The

conversion of compounds of the type 56, via a diradical such as ég to

other products has been shown to occur above 20°.  (16)

Under cpnditions similar to those above, the sultine 26 gave 9-phenyl
fluorene 57 as the only iselable product in 42% yield. Compound 57 was
identified b? comparison with an authentic sample prepared by Cockerill's
method. (15) His procedure consisted of reacting fluorenone with phenyl-~
magnesium bromide to give 9-hydroxy-9-phenyl fluorene 58 in 80% yield.
Reduction of the tertiary alcohol with zinc in acetic acid yielded 57
(56%). The physical and spectroscopic properties of 57 from the two routes
were identical. The mechanism of the féfmation of §z_froﬁ 26 follows the

same pattern as that of fluortene from 27 or 28 and is shown below.

0 r
Il
5 _
hv *
— o .d
| /\
Ph Ph Ph Ph
2
Ny Ph . . Ph -
Iy — o0
’ H

-

Upon photolysis of the compounds 27 and 28 two types of products

were isolated, L.e., ether 31 and fluorene derivativel, neither of.which

.

required .the intermediacy of benzocyclopropenes but suggest that possibly
under appropriate experimental conditions e.g. lower temperatures, benzo-

cyclopropenes might be obtained. (16)

g
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In contrast to the ppenyl sﬁbstituted benzfused sultines 26 and 27,
the dimethyl derivative 25 gave no isolable products after 20 hours of
irradiation. At this stage of irradiation, starting materiai had dis-
appeared but a large number of products had formed as judged by analy-
‘tical thin layer chromatography and the n.m.r. épectrumof’the crude reéction

product.

The eight membered ring sultin€4gg, kindly donated by professor D.H.
Harpp (McGill), when photolyzed in methanol for 18 hrs at 25°, gave a 1:1
mixture of phenanthrene 60 and 9,10-dihydrophenanthrene 6l. .In another
experiment, 62, and 61 were obtained in about a-1:10 ratio.. Their genesis

could be described as shown below.

¢
0_—5 .t? . . CH,

- 4 ™

) y
CH,

Y

V]

@
61 ' .60

The formation of 9,10-dihydrophenanthrene is easily rationlized and
phenanthrene itself is presumably formed by a dehydrogenation of the dihydro

derivative possibly du€ to the presence of oxygen in the reaction mixture.

"
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Such examples can be found in the photochemical transformation of stilbene
to phenanthrene.(17) Stilbenes can be converted to phenanthrenes by
irradiation with uv light in the presence of an oxidizing agent such as

dissolved molecular oxygen: :

Ph "Ph

The variation in the product ratio may be due to variation in the amount of
oxygen present in the irradiation vessel.

. The thermolysis of a number of sultines supplied by us was carried
out over the past year by Finiaf and Smith. (18) Thermolysis of either
of the monophenyl substituted sultines 27 or 28 at 750°C gave fluorene as

1
the only product; its formation can be accounted by a scheme which is

identical to that proposed for the analogous photochéﬁistry.(page 23)

0 _ 1
]

4 (750°) C

\g -

-50
3 2 :
Ph ' H

~ ¥

e e e IO LRt e ———— e = -l——_.‘—v P
4

A —————— T e
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Thermolysis of the monocyclic'sultines 62, 63, 64, 65, ahdpéé gave
several products and occasionally recovered starting matgribls depending °

on the reaction temperature @nd the sultine structure.

R 1 1{3 Rl'
= + S0
. E; + /—\ 2
R HC
Ry R, 42
67

R

v
-

68

stated all R groups = H

= Ph

Ph, R, = CHj

= CHy

= Ph

66 Ry = CHj

-

The 5-phenyl sultine 62 at 750° gave quantitatively phenylcyclopropane
s \

- which isomerized to allyl benzene and a~methyl styrene. Bélow 750°- seme start-

ing material was always recovered. In contrast 4-phenyl-Y-sultine 65 yielded
no phenyl cycloprgpéng and only methyl styrene and starting material or
l-phenyl propene when hhermolyzeg at 750°. The S5-methyl-Y-sultine 66

at 750° pave 37% methylcyclo%ropane and 67% butenes, while 3-mgthyl~Y—

sultine 64 yielded ﬁéﬁjeycloprqpane, 357 of butenes and 17% of acetaldehyde,

the latter possibly occured via-the fragmentation shown below.

Fl
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- 27 -
CH. .
66 A /
— 2 » 0 or [ 0 —» + H—C
[
0 0 A
CH .
3 : .
- / CHq . |
, + H_ ¢ "+ [s0]
0 // \ [
s :
su 0
0
The thermolysis results are summarized in Table 2.
13
)

+

{s0]

o ep A "

T L S —
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Tahle 2

The Thermolysis of ¥-sultines

4

Compound Tem eratu}e °C Product %
~2ERonac £ Starting —
Material 67 Qﬁl Others
62 550 84 15
600 C 62 37
650 24, 75
750 100
850 ) 36 37 ' alkyl benzenesg
27
63 750 : 100
[ 650 87 13
700 70 L 30 .,
750 37 62
65 . 750 a* ' a*
66 . " 750 45 35. acetaldehyde
: 17
a

a* Product ratios could not be détermined due to overlap of the peaks of

d-methylstyrene and starting material.

Thus it seems that sultines are not good intermediates for the syn-

14

thesis of c¢yclopropanes under either thermolysis or photolysis unless an

. — -
aryl group is present <« to the oxygen i.e., at position 5. 'Under ther-

molysis some'cyclopropanes are formed from othe nes but the yields

are only fair ahd the. product is contaminated with A variety of othetr de-

-

composition products.
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1t has often been observed that either or both the photochemistry

and thermochemistry (flash vacuum thermolysis)of a compound parallels the

mass spectral behavior.

Sharma (2) had already pointed out that in\yhe mass spectra of a 5;‘

variety of substituted Y-sultines the loss of sulfur dioxide constituted

the major Initial fragmentation pathway.

N e N ~50;

base peak

m/e=42

In the substituted derivatives, the loss of a substituent fragment,

e.g.DCH3 can become quite prominent, however, the SOj loss reﬁéins an

important pathway?-

v ~CHaq +
[C H_]
m/é=§5 (72)
7 S e T e
. 5710 5 91
m/e=70 (38} m/e=69 (100)
-~
—CH3. . +
. —> [C4H7802]
m/e=119 (15)
~CHY - +
36 [c,t,s0,)

m/e=92 (53)
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As with the monocyclic T-sﬁirinus, the benzfused sultines also show
-

a very important loss of S0,. 1In fact, this process accounts'for the

« base peak in{the mass spectra of the sultines 25 and 26. Other frag-

mentation which are prominent in the mass spectrum of sultine 25 are loss

of either 50 or CH3 from the molecular ion. The possible formulae of

the key frﬁé;éiga\ii\fhé&mass spectrum of sultine 25 are shown in Table 3.

~

Table 3
Fragments . m/é‘(relative abundance)
S ?, +° _ '
S ' N
N\ . ",
0 182 (78) parent peak M**

0 167 (32) M- 15
Me L ' : -
" +-
118 (100) VI
Me Me 5 :
[Cghysol™ o | 148 (88) . MM - CH,-H,0
o .
[Cg 01 134 (52) Mt~ 50
L1F T - 50,-CH,
[Cgi,] | 103 (68) M - 50,-CH,
. s o .
[Cou,1F 91 (52) Mt - 91

[cei ) . 77 (78) M - 105

i



The major peaks ip the mass spectrum of the diphenyl Bet1zfuseﬂ Sultine
2_6 aré shown below. A numl;er of peaks including m/e=242 (loss of 802),
m/e=165 (M+' - SOZLCGHS) and m/e=258 (M+' - SO).are quite easy to rationaliie,
Others sucl'l as the f‘ragment at m/e=197 (44) are difficult to visualize.
This peak is apparently due to a loss of C6I15S and must be the result of

a rean_"angernent followed-by cleavape of two bonds. . '

-

Fragments. : m/e (relative abundance)
B . -
BN ( BN
0 e -
306 (1) Mt .
Ph Ph
o+ .
) [Cygtyy) 242, (100) MT - so,
2 197 (44) Mt - 109
+ o ‘ ' +' -
[613H9l 165 {76) .OMTT - 502-06}15
+ e .
[c gt ! 119.5 (40) M7 - SO0-H,0
fc,u 01+ 105 (41). M~ 201
[Ceis1t 77 (62) MY - 229
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—ff’Th summary it appears that Lhe major fragmentation observed in the
mass spectra of 7-sultines i.e. the extrusionof sulfur dioxide is mirtored

by duabehavioﬁbf these compounds on photolysis and flash ﬁacuum thermolysis.

{C) The seven membered ring sultines

As mentioned in the introduction, Sharma had found that reaction of

: R |
the efiytino-hydroxy sulfoxide 21 with sulfuryl chloride did not lead t6‘$\“\,zw‘

g

the expected cié—diphenyl—l,2-oxathietan-2—ox£de_(gg or‘gg)butrather to
a material which he had identified as the seven membered ring sultine 24..
Sharma's struétural assignment was based mainly on analytical and spectro-

scopic data. (1) A number of chemical reactions were also carried put

> t

which are shown below.

®
- ;_3' -
) 5
OH . " ‘
50,C1 0—S 5%
272 + H
' H H H
Ph Ph ) Ph PH o
22 - 23 |
- P !
OH
50,C1,

\j
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: Ph . O ¢Ph
' LiALH, .
24 e
w — .
Ph 0" " Ph .
om0
K\
.4 //
———g 0 M
» 0
. ” . hv y 0 ih‘H“h‘ll
70
/
! g
‘ Ph \ . ) /H
TsOH L C==———C_ .
24 g }{/ ) “en
. 75 85%

- H

These reactions could partly be rationalized based on Sharma's

structyre. ggﬁéver-ﬁone'were convincing enough to pre

e the structure.
¢ Ay

Therefore it was decided to try to obtain more evidence for structure

24. ‘

hi

First we synthesized the thrheo-hydroxy sulfoxide 68 in order to

-

Since a second of the other 15 possible
}

cyclize it o an isomer of 24..

diastereoisomers of 24 had already been prepared by the‘photolysis of 24,

the preparation of a new' isomer and its possible photoisomer would greatly

add to the total spectroscopic data available for these types of structures.

£-Butyl benzyl sulfoxide 67, m.p. 71°-72°C, was synthesized in 70% -

overall yield by refluxing a mixture of I-butyl mercaptan and benzyl

L4

3 - .
chloride with alcoholic KOH, followed by treatment with m-chloroperbenzeic

’

acid at -30° and chromatography of the resulting material. This sulfoxide

was characterized by comparison of its m.p. and spectroscopic properties.

e ——
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@

with the known values. (19)

KOH

1

’/

Z-BuSH + Ph-CH,Cl A

mepba N
~30° T I—Bu-—?lCHZ—Ph
"0
67 70%

I-Bu—S—CHz—Ph

-

The treatment of sulfoxide 67 with methyllithium at -7 followed by

A

addition of benzaldehyde gave two diastereoisomers of l,2-—dipheﬁyl—2—t—buty1—

sulfinyl ethanol. The spectroscopic data of the more polar isomer, obtained in

60% yield, were found to'be identical to that of the E}tyth)‘to isomer 21 made by

Sharma. The less polar isomer 68 m.p. 167°-168°, isolated in 327 yield, showed

the characteristic $=0 group and Ol group at 1020 and 3340 cm_l, respectively

and n.m.r. peaksat 1.2 (s, 9H), 4.0 (d, J=l(~ﬁlz, 14), 5.3 (d, J=10Hz, 1H) , 6.0

-

(on), 7.0 (s,/lOH). On the basis of the observed N

L4

‘for H-C-C-H in 68 is closc to 180°. (20)

big

1. MelLi/-70°

2. Ph-CHO .

OH

+ Ph

%—.t—Bu
0 ) ¢

erythro 21

o]

thheo 68 | )
32%

607

value, the dihetral angle _

. .
e e e A
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The cyclization of thmeo—l,2—diphenyl—2—t~butylsdlfinyl ethanol 68

- with SOZClz following Sharma's procedure gave the seben membered ring
sultine 70, m.p. 161°-~163° and diphenyl acetaldehyde 71, both in 30%
yield. The g.m.r. and IR data of sultine 70 are given below and compared
with those of Sharma's phétoisomer. Surprisingly the compongs are the

>

same! 0H . \

>
70
Ph
il
How, ‘ i
1 “, <
Hay/ — © \0 Ph Co
=~ t M
. Ph
(Sharma's photoisomer) |
72 - RN
|
. 1
: i
!
: . |
IR: 1120 1120 i
. / |
n.m.r. 4.03 (d.,J=11Hz, 1H) 4.02 (d, J=11Hz, 1H)
4.44 (d, J=4Hz, 1H) 4.43 (d, J=4Hz, 1H) : SRR \
75.88 (d, J=1lHz, 1H) 5.86 (d, J=11Hz, 1H) \\_
6.69 (d, J=4Hz, 1H) 6.67 (d, J=4Hz, 1H) .'

6.77-7.5 (m, 20H) 6.7-7.4 (m, 20H)
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Based on Sharma'’ mechanism (2) for the formation of the seven,

r
membered ring sultines shown on page 8, thé structure of the product from
the threo-isomer could possibly have been 70, which has in each set of
the dibenzyl units the phenyl groups {rans to each other. Thus it appears

that Sharma's assignment of his photoisomer is incorrect. Sharma *(2)

had ‘made that assignment mainly on a chemical argument which was based

on the known photochemistry of sultines bearing a phenyl group o to oxygen.

tZ) Such photochemistry had beendzrown to occur with isomerization at
the benzylic carbon. Sharma used this idea to propose the str;cture 72
for the Photoisomeq.' He, however, pointed out the compoung 70 would
better fit the obseryed coupling constants but nevertheless preferred 12
for the above stated chemical reasoné. Structure 70 couidbe rationalized
as the photoisomer if one assumes that isomerizatioﬁ‘is possible at both
the benzylic carbons & to oxygen and & to sulfur. Isomerization at a

benzylic position ¢l to sulfur has been observed in the sulfoxide 73

(22) and thus it seems reasonable that it niight also occur in sultines.

366nm

v

(sens)

fim R

o=

e S
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Two other reactions were carried out on 24 to prove the seven membered
ring structure. It had been shown in this laboratory (23) that sultines
such as 74 bearing a phenyl group ¢ to oxygen isomerized ¥leanly to a five

* membered ring sulfone upon ‘exposure to Mee}wein's Reagent (ECJdE)BFJ:b.

The proposed mechanism is shown below. Rﬁ
Ph )
0 Et 0P pr,© %
3 4 . $=0.
5=0
) 74 75

Ph
\&\ Ph
0 ' @Z
S-0-Et ) - ZE:Q—Et
®

Such a ring contraction if it could be made to occur on the seven

, membered ring sultine 24 should give 76.

PI OIPh .
- 'Ph s Ph,
0 -

’

)

-0

76

L

When sultine 24 was treated with Et3C§D Bﬁgz no sulfone was obtained.
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Instead, about 45% of fhainé-stilbene was recovered as the only isolable

product. The possible mechanisnuafformationof.tkan&¢stilbene 1s described

below. : '
{/0 Ph
Ph -
| 1) Ph
' P - . )
. L Et40 BF, )
— Ph
Ph
Ph Ph ..
0 S
_--—--8 ’ . r ?/S=O
24 , & Et
0" 77
= Ph
1,2 Phenyl shift Plr"™~Ph .(’ Ph B: (such as ether)
> o -

0

0
1/ .
Et +——— B

78

| H Ph H 0

Ph H - Ph h

Formation of the intermediate 77 followed by a 1,2 phenyl shift
would give 78. TFurther fragmentation of this species to diphenylacetalde-
. : ) r
hyde, trans-stilbene, and 302 (see arrows) could be imagined. Unfortunately,

we could not establish the formation of diphenylacetaldehydef This
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reaction is somewhat similar to the p-toluene sulfonic acid treatment of
the seven membered ring compound described by Sharma (24) which gave thans-
stilbene in 857 yield. " -

In 1976, Harpp (25) reported the conversion of sulfinate esters to
sulfoxides witﬁ lithium dimethylcuprate in fair yields. A few éxamples
are given below. Therefore we decided to try the reaction of the sultine

24 with this reagent in the hope of isolating the corresponding sulfoxide

79.

0 . 0
T (CH3)2CuL1 ) 0
H—CaﬂngfQCH3 » H—C&HQ—S-CH3
0 50%
1]
S s
0 : 0
(CH3)2CUL1 "
l > CH3~S—ﬁCH2)4—OH

. 59%
Ph 0
\/ph 0
(CH,) ,Culd I '
o : 372 ¥—  CH,S-CH~CH-0O-CH-CH-OH
3
. Ph l . |
0 N . Ph Ph  Ph Ph
,S :
|
0 AN .2
24

Treatment of sultine 24 with lithium dimethylcuprate in dry ether

‘followed by.quenching hibﬁJ%aturated ammonium chloride gave 1,1~diphenyl-

propan-2-ol 80 in 70% yield. This was another surprising result in view

e e e



of the proposed sultine structure. A possible mechanism to explain
this result is shown below. I}f the intermediate 81 were \for‘mecf upon
initial reaction with (éll3) 2CuLi. then complexation of.a Lewis acid at
the 5-oxygen followed by a 1,2 phenyl shift could give dipheny.l acetalde-
hyde. The simple addition react_ion of this pr&uct with (Cll3) 2CuLi
would furnish the isclated alcohol. Again, it waé not possible to isolate

the proposed hydroxy sulfoxide bypx_-odﬁct, possibly because of its high
polarity. C o~

As in the case of Sharma's research, the structure of the seven mem-
bered ring sultine remains to be confirmed. These compounds if correctly

identified give an unusual and surprising variety-of products whose formation

Al

fromthe seven membered ring sultine structure is often rather hard to explain.

i .
O -~ N Ph . S N
Ph P | .. \Ha oo

(CH,) ,Culi Yo

Pt P
Ph , bh h,~
v Ph @\/
0——5§ . 0]
il & /

0 A ) Li Ph ' .
24 : ' 81
R 0 Ph ph . A —
noyo Clgi//"“W
- CH_~S-CH-CH-0 ‘L1 CH,) »CuLi
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CHAPTER II
x- 'L . : ' S

. Introduction . N

Thé constant need for new antibiotics with e%ther different and/or
bfoader antibacterial activitieé%as caused scientists to carry put research
in this area for many years. The éénicillins 1 and cephalosporins 2 repre-
sent an important and widely used class of antibiotics. The key structural
feature which is common to beth types of compounds is the strained @-lactam
ring. Biclogically it is thought'that the penicillins and cephalosporins
act as acylating agents and interfere wit?,the growth of the cell walls of
bacteria. (1) In solution, all the B-lactam antibiotics can polymerize to
peptides and form gels with cross-linked polysaccharide chains. These are
quite similar to the structure of U;ecell.wallof bacterium. It {is possi~

"ble thél di- and tripeptidé molecules of the antibiotic itself undergo in-
c;rporation into éhe cell.wﬁll,leadingto structural weakness and disinte—

gration when the cell divides. (2) \

Among the problems associ;ted with the medical use of penicillins 1
(and cephalospo?ins 2) is an allergic reacFion by a significapt part of
the poeplation and a growing resistance of some bacteria toward penicillins,
Thq bacteria have become capable of generating an enzyme called $-lactamase

which destroys thefi—lactam ring in the antibiotic and thereby inactivates
. U,
the antibiotic., (3) ,

"
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1
= -CH,0-Ph " Penicillin
-CH,-Ph Penicillin

= ~CH)CH=CHCH,CH3 Penicillin

= —H—C7l115 Penicillin
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In the past several years: Lwo new types of pharma;ologically active
{3-lactams have been isolated from fermentation brews. The two structural
pres are illustrated by clavulanic acid 3 and thienamycin 4.

¥ Thienamycin,;isolat;d from s.trepfomyces cattleye is reported to be
highiy active against pénicillin resistant bacteria. (4) Clavulaﬁic acid,
1solated from Atreptomiyces clavuligenus (5)2 on the other hapd is not an
antibiotic itself; it funcéionsasen@—%actamase inhibitor and is therefore
cépable pf binding irrevetrsibly to the enzyme @-lactamase which is produced
by some bacteria t; inactivate somé penicillins and cephalosporins.

The total ;ysthesis of penicillins and cephalosporins is difficult
and inefficieqt. %or example, Sheeﬁan's(B) total systhesis of 6-amino-
penicillanic acid 5 reﬁuired many steps aﬁﬁ occurred in very low yield.
Similarly.ﬁhe Hoodward (7) synthesis of Cephaldsporiﬁ C also required many

steps and'bccﬁrred in low overall yield. hl

Recently scientists at Merck and Co. have reported)ﬁ\hpnsiderably
f
more efflcient routetcwcephalosporlnsbasedcxlthereaction between azidoacetyl

chloride é and thiazine 7 in the presence of triethylamine: This fenerates

in good yield the 7-azidocepham 8 from which ‘cephalosporin derivatives can

be readily prepared (8,9). - ‘ .; ' //

' s
CO,CH,Cly .

C02CHZCH3

-

7.
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Despite these synthe(ic advances both penicillins and cephalosporins
are more econc ically prepared by fermentation processes. Many semi~-

synthetic penicilliné and cephalosporins are made by modification of those

Qvailable from fermentation.

1

Compérison of the. structures of penicillins and cephalosporins with

those of thienamycin shows that the latter is simpler and might be easily

1

accéssible by total synthesis. In particular the stereochemlstry about the
f- lactam ring is in the more stable thans configuration compared to cds in

1l and 2. The absence of fha/sulfur atom in the second ring in 4 also po-

-

tentially simplifies the synthetic problem.

The .first synthetic thienamycin was prepared in 1977 Hyljbhnston and
g -

'his co-workers. (h). They reéo:ted that 4;(2;hydroxyl) ethyl-f-lactam 9
was availible from l-acetoxy butgdiene and chlorosulfonyl isocyanate (681),
followed by reductive hydrolysiq of the chlorosulfonyl group and then4
hydrogenation and deacetylation Conversion of the #-lactam 9 with 2,2-
dimethoxypropane to an acgtonide, f;llowedby treatment with lithium diiso-
propylamide (LDA) then acctaldehyde pave the”%ﬁanﬁ hydroxyethyl derivative

10 as a mixture of. epimers at the hydroxyl bearing carbon.

~
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2704200y L o
' o
1. H,/40 PSI, Pd,C OMe |
EtOAc T:>L50Me .
i | _NH 5" N .0
2. MeOH, NaOAc 2 .
: 0% b, Bt 40 7 ~T>(,’
9 |
;
- ’ OR
O CH,Lhe,
. . "a\
SHzCH~, 1. n-BuLi, -78°
1. LDA, -78° . |
> Y 0 2. RC1 N o
" B, . - S
2. CH,CHO 7 \f%(/, 3. H/65 g
S u
' OR (
‘CH:CHn, SC,H,NHR
1. Cr04/pyd. 3 24 5
2.7 RNHC,H, SII | o

. Bry, 0°,. N(Et),

\\
OR

.\-
CH,CH v\

2. purification

. S0C1,

y

. P(n-Bu), KZHPO&'_'

N

SCHZCHZNHR

"
— 2N . )
o/ \\%(R)Z
2\ . L
N OH
?R
SC_H_NHR
CH3CH o, % 2

N



s e e o e

b . -

- 46 -

OR

1. Bry, 0° I
) : . GHqCH,,
2. N(Et),, DMR ~ ' \\ !
- > SCZH4NHR
3. AgF N
N : %
~ ) |

l. Cellidine, LiT, A

~

2. Diisopropylamine; DMSO SCZHANHR

(
' 15 (major)
b and SCZHANHR
16 (minor)
: 9
R = -co—cnz(ceﬂa)fp—uo2
1. P
16 d/c . .

2. H_O/K_HrPo
2 / 2
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Estefification of the hydrozvl group of compound 10 with p-NOZC i1, CH,0CC1

6472
I .

and subsequent treatment with HOAc gave compound 1l. Oxidation of compound

11 with CrOq in pyridine, followed first By thioacet tion with p-NO C.H, -
= -3 . ‘ X 27674

1

CHZO—gNHCHZCHZSH, bromination and dehydrobromination gave @ -lactam 12.

Condensation-of 12 with bis-(p-nitrobenzyl)-ketomalonate, then replacement

"
TIGFTH;EI;;J;;d reduction afforded 13. Ring closure and

- »

mination of HBr from the eyclic product wére achieved by bromination then
cyclization, followed by dchydrobromina;&on.- Decarboxylatioﬁ of 14 and
isomerization of the double bond gave ;rmixture of 15 and 16. The compound;
16 afforded thiénamycin by h#drogenblysis with Pd/C in a water-dioxane-

ethanol—KzHPO4 mixture.

The overall yield of Johnstonis method was less than 0.1%. It was

J .
- felt that more efficient metheds of generating the ring system of thienamycin

should be possible. This short part of this thesis reports the results of

several approaches:

In order to avoid confusion the following numberiné systems for mono- .

3 -’

and bicyclic P-lactams will be used in this thesis. Tt conforms to the

Chemical Abstracts numbering system. ' -
. 6
7 5
3 4
2 1 3 4
o 2_1 7
0 o7 HH

1 ‘ I1 ‘ y 11X

o L

.
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Discussion _and Results

Two aspeéts of Yhe thienapycin structure were investiézzsz. The first
one concerned itself with the introduction of a substituent on C-6 similar
to that found in thienamycin while the second involved two approaches for

the generation of the thienamycin ring system.

\

The compound 17, prepared earlier in our laboratory by R. Legault (10)
was considered a promising intermediate to potential thienamycin derivatives.
It is readily avaiable from the cycloaddition reaction between 1,5-hexa-
diene and chlorosulfonyl lsocyanate, followed by Na28203 reduction. {11)

" It had been envisaged that compound 17 could possibly be converted into the
bicyelic system}@_by_some type of electrophilic addition to the vinyl group
followed by participazion of the slightiy basic amide nitrogen.

. “ i - N

Cli,Cl
+ 0=C=NSQ,c1 “22x2
2 _
10 days — N-50,C1

0 0
17
—(\A + L® 1 - .,
17
_——-"N
0”
18 ~TE
17 + Hg( %_/ — NaBH,, _
. B 7 - " 4N

HgOAc// 19 CH3

b e e o s
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Indeed,‘in a preliminary experime&t, it had been shown that reaction
of 17 with EIg(OAc)2 followed}urNaBHh vielded the bicyclic,de;iva;ive 19 in
about 60% yield.

The introduction of a hydroxyalkyl group « to the carbonyl group in
simple 8 ~lactams had also been reported from this labo:atbry.(lZ) It had
been shown that reaction of the vinyl §-lactam 20 with 2 equivalenﬁs of
n-butyllithium at 0° followea by dry acetone afforded, via the dianion 21,
the hydroxy alkylated @—lactam 22. |

Y

O°/N2, THF :
+ 2 n-BuLi - :
6/ N \
//—NH / &)
0 0
20 — 21
HO
H H *
L] '.. é g
1. (CH3)2C0/0 _
2. H,0 NH
2 o

0

The reaction of the dianion 23, prepared from compouhd 17 and 2 equi-
valents of n~butyllithium in THF for 60 minutes with acteone had been studied

by R. Legault (13) who reported 60% yileld of a 1:1 mixture of the products

24 and 25.
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2 H-BuLi/Ny,

; THF. Q@ ;

1] S ' ,?—"—"'N@'/

N\

1. (CH3)2C0/O°;

2. Hy0

The high cds and fhans ratio was considered somewhat unusual, since
w r

in the hydroxy alkylation of the dianion 21, mainly the f£rans isomer 22 had

been formed. Alsu? at the time this work was begun the stereoéhemsitry

about the @-lactam 'ring in thienamycin d not been known and it was sugpected,'
by analogy with the penicillins, to be b, Thus the.findihg that hydroxy
alkylation of 17 gave a large percentage of the cis isomer gﬁ_ﬁas'considered

an important observaéion. it was therefore decided to try the reaction of

23 with formaldehyde to produce the hydroxymethyl deriQative 26 hoﬁefu}ly

in the same favourable c{s/{rans ratio. Such a product could also serve

as an entry to other derivatives via oxidation ‘to the aldehfde 27 and

reaction with alkyllithium or Grignard reagents.

e
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A furthef advantage ofﬁthe reaction of formaidehyde with 23, compared
with other aldehydes is thatoni one additional chiral centre is introduced
-thus hopefully facilitating the purification of the inZtial condesqtioq
producf; There was a reasonable expectatlon based oﬁ_Cram's Rules ‘that the
formyl derivative 27 might react with organometalliés in a stereoséléciive

manner. Very little stereochemical preference would be expected in the

condensation of 23 with an aldehyde. *

, p.
, o . 1/\/\

NH

HOCH

v

RLi or RMgX

v

When the Hianionggjﬁm;generatedlin the usual m&nner‘and quenched
with gdgeous,formaldehydé, none of the desired compound 26 was formed.
Instead a small amount, of product isomeric with starting material was
isclated. The product was obtained as white granules, m.p.90.5°-91°. 1Its

- -
infrared spectrum still showed a §-lactam carbonyl at 1770 cm l'together

with an NH band af 3450 cm_l. The n.m.r. showed peaks at-1.2 (d, J=6Hz, 3H),

1.3-2.2 (m, 5H),  3.3-3.5 (m,1H), 4.0 (slightlybroadened triplet, J=4Hz,l1H) and
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6.1 (N-H).  These data together wiLh an acceptable elemental analysis were

»

in agreement with the structure 28.,

Inspection of a moletular model of 28 showed that the hydrogen at car~
bon 4 had a dihedral angle of appfoximately 90° with one of the hydrogens of
the adjacent methylene group; thus rationalizing its appearance as a triplet.

The mass spectrum of 28 showed the following major peaks. -

m/e . . relative abundance
L 126 oo 7
125 - b
82 100
67 94
53 19.

The strong M+l peak may be due to a bimolecular proton transfer: Such
transfers are sometimes observed for compounds containing hetero atoms if’

a large sample is employed. (14)



The base peak at m/e =82 is compatible with the structure 28, It repre-

sents the loss of the elements of CHMO from the molecular ion. This can
be rationalized as resulting from a cycloreversion of Uu:@—lacﬁam ring.
The peaks at m/e=67 and 53 are probably due to the loss of CHé and CZH;

fragments from the m/e=82 fragment.

| _ o
-CHNO
/ 1 : . m/e=82 (100)
0 )
\ ' .
m/e=125 (4) -CH
+ -C H 1
25
L ]
+
[C H ]
mfe=67 (94) 35
m/e=53 (19)

The formation of 28 can be rationalized ds resulting from a generation-
of the dianion 23, followed by intramolecular addition to the terminal

vinyl group thereby obtaining 29, quenching of which leads to 28.

./
LY

L
.0
\

47——-11C)

N
N
E



Presumably the paraldehyae contained some water which was carried into-
the reaction mixture during the pyrolysis of the formaldehyde polymer. |
The reégtion £ @—iactam_iz with 2 equivalents of n—bucyllithiuﬁ overnight
followed by 1,0 quenching afforded.compound 28 in 35% yield.

The intramolecular addition of a Grignard reagent to a terminal vinyl
group has been known for some time and recently described againtnrAshbz; (15)
Thus the Grignard reagent genérated from 6—methyl—6—bromo—l—heptene gave 30
in 467 yield, in which the in;tially formelerignard reagent had cyclized

prior to reaction with the benzophenone.
! ' OH
Mlglsr (Ph),CO

]
- (Ph)ZCCH

 J

2

30

Shortly after this work was complete the structure of thienamycin

became known-as 4 in which the stereochemistry about the 8-lactam ring was

w w -

IﬂhngT  Thus the need to produce the pda stereochemistry about the f-lactam
ring was no longer required and this aspect was discontinued. . ~

Two approaches to the thienamycin ring system were briefly investig-
ated. The first approach envisaged thé preparation of the bicyclic

derivative 31 starting with the readily available 4~acetoxy azetidin-2-one

32 (16) as shown in Scheme 1.
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An Approach to Thienamycin Ring System

QOAc , : SCH E
2
. n
HSCH,)—E s CHO—COCHZ-'(C6H4)—p-N02‘. .
NH T
0/’ o _ 04'—— NH or CH,0
32 | S ¢ |
Cl:le
B: ‘ 5 )
. ' . E
2N R p——N :
0 4 0/1,
Cal . & R
L

R = H or COZCHZ(CBHA)_p"NOZ E = electron withdrawing group L = Leaving
' group

Scheme 1

4.

The first step ﬁas the introduction of a thioalkyl group at C-&
carrying an electron withdraﬁiﬁg group ¢ to the sulfur atom. This would

be followed by the condensation of 33 with p-nitrobenzyl glyoxylate (16)

thereby producing 34. This type of reaction and subsequent conversion

of the initial hydroxy group into a Cl has been reported by Woodward
et.al. (7). Finally it was hoped that a cyclization of 34 (L=Cl)

might occur under basic conditions to give 31.

The 4-thioalkyl @-lactams were prepared by stirring a solution of

-

the acetoxy § -lactam with either d-toluenethiol or ethyl 2-mercapto-
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acetate thereby giving the desired compounds 35 and 36 in 86%% 90% yield

respectively.

(R

OAc § . SR

L. NalCOg/Meonm _ ,
: 2. RSH \ ‘ “NH
NH .- /A NH ’
0/ . \ ‘ 0

@ -Lactam derivatives Mercaptans Yield

SCH.,Ph : - '

2 .
N HSCHPh 86%

Ct :
5 12002C2H5

HSCH,_CO,C_H. 90%
2 225
NH

36

The infrared spectra of both 35 and 36 gave bands in the region 1750
to 1770 cm'_1 and 3340 em™1 expected for.the-@—lactam carbonyl and the
amide N-H group respectively. The position of the n.m.r. peaks for com-
pound 35 were essentially identical with thbse reported by Clauss et af,
(18), those for the ester 36 which had not been previously prepared were
as expected'and are reported in the Experimentél Section.

Condensation of @-lactams with aldehydes was reported by Woodward and
his co-workers (19} to occur simply upon heatiﬁg in an inert sdlveng such

as benzene or toluene. These condensations were carried out using the

e e =

.
——
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@ -lactam 36 and the 4-methyl-

and p*nitrobegzyl’glyoxyiate

are shown in TaBle 1.

“r

4-vinyl @'~lactam 37 with both formaldehyde

as the aldehyde components. The results

Lye B2
: Ry » g > '
1 —R
"//_""" NH A ’ ./,J—‘—' N R3 '
0 | Benzene / \ 0 \T’
’ . ’ OH
lP'. - v
Ry, Ry ':Eg Yield Refluxing Time
R}=—CH3 . -COZCHZ-C6H4—p—N02 85% . - 7 ﬁPurS ]
38 R,=-CH=CH,
R1=-SCH2CO2CZHS._ H 80% 2% hours
39
R2= H
= . o N A .
40 Rf—SCH2C02C2H5 —C02CHEC6H4—p—N02 507 5 hours

The yields of the condensation products varied From

Table 1

good to fair.

The course of the reaction could not be followed by Thin'Layer Chromato-

graphy since the Rf values of
were very. similar. N.m.r. sp
presence of a long range coupl
to thé hydrogen ;n nitragen

on substitution of the N-H.

both the starting materials and products

»

ectroscopy was more useful due te the
ing effect. The hydrogen on C-3 was coupled .
in the starting materials. This disappeared

In addition, the chemical shift of the

iz e ot A pm——

e tr———— - e ORI R
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hydrogens on C~4 of the B-1lactam 3%, 39, 40 were slightly different from
that of the correspeonding N-substituted-@—lactams.. The structural iden-
tification of the reaction products was based on their n.m.r.-and IR

spectra. ¢ These are shown below.

o~

h -
Compound - | - N.m.r. = . IR
1.6 (s, 3H) . 1100
2.8 (s,2H) ' 1350
0 3.7 (b.s., 1H) 1540
—N )\ R _
0 \l 4.8-6.1 (m, 61D @y 1750-1770
g -
R 38 . 7.3-8.1 (q,4) 3450
o ) ™
I \

1.3 (r, J=THz, 3H) 1740 .

. 2.9-3.7 (m, 2H)- s 1780

- S\ ' ' .
7N ' . 4.2 (q, J=THz, 21)
0 \CHZOH__ .
39 - 4.7 (b.d., 3H)
. . 5.0 (i, LH) )
- .

1.3 (t, J=7Hz, 3H) 1780
" ._ ¥ o, 2.8-3.6 (m, 4H) " 3500
R SCHZCOZ{%SS_ " 4.0.(q, J=7Hz, 2H)

4.5 (b.s., 1H)

a "CO_CH _C_H —-p-N
o7 Y 292861 PO, - ,
o | 4.8 (m, 1H)
40 OH .

. -~ , 5.1-5.3 (m, 3y “

. 7.1-8.0 (q, 4H)

3 . . ™~

' " S—
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Compounds 33 and 40 were obtained as isomeric mixtures due to. the

additional chiral centre in the N side chain. They not be separated
t

. o

eiﬁhqr by Thin Layer Chromatography or by Column Chropatography. In the
n.m.r. spectrum of 40, the existence of the two isomdrs was shown by the
presence of two singlets at 5.2 ppm and 5.3 ppm. A h3roxyl group is ﬁot
a good leaving group and conversion t6 a better %eaving 6up such as a
mesylate or halide was necessary. The first expgéiment was cakxried out”
on compound 40.
A mixture of 40 and methanesulfonyl chloride in methylene chlbride
was reacted with triethylamine at room temperature. This reactZion’
afforded, after chromatography, not the mesylate 41 but the chlofide ﬁg

in 527 yield. Compound 42 showed the absence of an OH peak in the infrared,

in the n.m.r. spectrum sorptions were found at §=1.3 (t, J=7H 3H) ;
& : i

“ r

3.0-3.7 (m, 4H, due to the hydrogens o to the @-lactam carbonyl and the
Chi, group flanked by § and C02C2H5 groups): a quartet at §=4.1 (J=THz,
2H); a multiplet from §=5.0-5.3 assignable to the C-4 hydrogen and the
‘benzylic CHy group; two singlets at‘6.0 and 6.1 (total 1H, due to the
CHC1 of the two possible isomers); and the four aromatic hydrogens as an
approximate AB quartet at 7.4 and 8.1. Because of its instability, the

chloro compound 41 was not further purified or sent for elemental analysis,

The mechanism of the formation of 41 is shown beleow. The initially

.formed mesylate 42 reacts further with chloride ion of the byproduct, tri-
. ¢ —

ethylamine hydrochioride, to give compound 41. ’ -

-



SCH,CO.C,H
12 27727275
SCH2C02C2H5 |

CH35802C1, N(Et}j3

) - )
04?—"—— ~\j//cozcn2(cﬁua)—p-moz 0
' ' 42 [ 0S0,CH,
OH - :
c1 .
U (EE) o
| @
[~
SCH,C0,C,t
. ]
045 N*\T,/Cozc“z(ce“a)‘P‘Noz ,
“ 41 - . o '
—

N,

. N

{\' .
Attempted formation of either the mesylate or the corresponding

chloride from the 3-lactam alcohol 39 and 38 pave no identifiable products.

Presumably thes' products-are too unstable to be isolated and\ﬁﬁdergo
solvolysis of the leaving group, possible accompanied by @-lactam ring

opening. The difference between 40 and 39 is easy to understand but the

chloridcffrom 39 might have been expected to be similar to that from 40.

4¢————Iﬂ\%,/cozcnz(c6ua)—p—uo?
)
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b

W

39 R1=—SCH2C02C2HS

R2=_H

3

a

Ro=-H ' o ’

38 R1=—CH3

R3=—C02CH2(C6H4)—p-NO2

-~ - . | g
‘ C CH
[ 2725
N - -
0 43 y v
43 CO,CH, (CcH, )-p-NO3

Ring'closure of the chloro derivative 41 to 43 was attempted using

lithium diiscopropylamide (LDA) in THF at 0°, Shortly after addition of

41 to the lithium diisopropylamide (LDA) solution a small amount of white

crystalline substance precipitated. More of this material wal 2ollected

from the THF, solution and identified as p-nitrobenzyl alecohoel by comparison

-

| Ry CH3S04C1 ; _ .
. | . » unidentified compounds
N(Et ’ '
0 (EL), "
QQ : OH

N

/Afim;m“uiw““w‘"wkdh,‘___ _
.
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of its m.p. and n.m.r. spectrum with that of the data available in the

n

Aldrich N.M.R.DATA. (20) No other identifiable product was obtained
ft:ort-th-e reaction.
as shown below.. The result suggests that this type of cyclization "North
to South” as presented can not be used to construct the five membered ring
of thienamycin because of the ease of attack at the carbonyl gggﬁp via a

N

six’ membered ring intermediate. Ih recrospect this result is not

surprising. : o
SCHCO,CoH
SCH_CO_C_H 27275
2 .225 /! _
‘ . _Lpa 0
) — =—0-CH,, (C_H, ) -p-NO
7 i 2764 2
7 "\ euco, e (c.x : 0 of
o HiCO;CHy (CoH, ) =p-NO, c1 |
' cL ' ¢
e v ‘
S

- C0,C,ls

L 4

—lr, C0,CyHg

R ) N
v% 0(3['!2(CGHQ)--}.’J-*-NO2 O/"_"— 0
0

T Cl
and

-Nitrobenzyl alecohel

S
T

The formation of p-nitrobenzyl alcohol is rationalized )
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CHAPTER III

bl

Melting points were determined with a Thomas Hoover Apparatus and
are not corrected; boiling points are also uncorrected. Infrared spectra
were recorded on Beckman IR-20 and Unicam SP-1100 infrared Spectrophoto-
metefs. The n.m.r. spectra were obtained on Varian Associates HA-100
and T-60 Spectrometers us{ng CDCl3 ﬁs solvent. The chemical shifts are
reported as ppm downfield from internal tetramethylsilane (TMSX. "The
" mass spectra W%Fe recorded using an AEI MS-9 Spectrometer. Elemental
analyéis were carried out by Galbraith Laboratories, Knoxville, Tennessee.
Most of the chemicals used during the course of this work were supplied
by.Aldrich Chemical Co.; Fisher Scientific, Chemical Samples Co. The
solvents for chromategraphy used meet A.C.S. Reaéent Grade Specificati;n
or were distilled prior té use. Alkyllithiumg were supplied by Foote
Mineral Co. ‘or Ventron Co. Silical gel 60, suﬁblied by Brinkmann
Instruments (Canada) Ltd., was used for Column Chromatography. Usual
workup refers to partitioning between water and an organic solvent, drying

of the organic extracts over anhydrous magnesium sulfate’ and evaporating the

solvent using a rotary evaporator.




(A) Experimental Section of Benzfuscd Sultines

d—mercaptobenzyl Alcohol 34

This compound was prepared in 80% yield by reduction of o-mercapto-
benzoic acid 35 with LiAlH4 in THF. The crude reduction product was a
- ~
slightly orange oil; n.m.r.: 3.3 (b.s., OH and SH), 4.6 (s, 2H), 7.0-

7.4 (m, 4H); TIR: 3360 and 2530 cm-l.

2-(0-mercaptophenyl)-propan-2-o1 37

A stirred selution of 4.90 g of methyl o—mercaptobenzoéte (prepared
by Ho80, catalyzed esterification of the correspo?ding acid? wés dissolved
in 200 ml of dry ether at 0° under N, and reacteé ﬁith 50.5 ml of 1.7 M
CHaLi. The reactian was gtirred for 5 minutes then washed with 200 ml
of lOV‘HCl The separated aqueous 1ayer was saturated with NaCl and the

P

reextradtg were drled and evaporated to Jleld 4.22 g (B6%) of the desired

product s a yellow19h oil; n.m.r.: 1.7 (s, 6H), 2.7 (b.s., 1H), 4.1 (b.s., 1H)

and(6 9-7.5 Ym, AH) IR: 3640 and 2400 cm l. The suﬁstanc? w?% considered

s ffic1ent1 for the next transformation. ©

(O—Mercaptophenyl)—dlphenylméthanol 36

. Phen&lmagnesiuh bromide (80 mmole) was prepared in 100 ml of ether.
i‘fé’this solution was added 4.6 g (27.2 mmole) of methyl o~mercaptobenzoate.
The solution was stirred for about 30 minutes at room temperature. The
usual Grignard workup gave 8.2 g (95%).of crude product: n.m.r.: 3.4

(s, 1H}, 3.8 (s, 1H), 6.4-6.6 (m, 1H) and 6.8-7.3 {m, 13H). IR: 3480, 2540

cm_l, no C=0. The crude preduct was sufficiently pure for the next step.
Y )
L] X . . \\
\ .
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3H~2,1-Benzoxathiole I-oxide 11

To a solution of 5.71 g of o~mercaptobenzyl alcohol in 100 ml of a
9:1 mixture of CHyCly and acetic acid at 0° was added 4.4 ml of 502C12

in 20 ml of methylene chloride, dropwise. The mixture was stirred for 1

hour and washed with 200 wml of 10% Na2003. The organic extracts were

dried and the solvent evaporated. The crude brown oil was chromatographed
on 300 ¢ of silica gel. The sultine 11 was eluted with 1:5 ethyl acetate-
hexane; yield 2.6 g, 407%. The infrared and n.m.r. spectra were iden-

tical to those of the compound previously prepared by a different route. (1)

i
3,3-Dimethyl-2,1-benzoxathiole l-oxide 25

To a mixture of 0.511 g of o-mercaptophenyl-propan~2-ol and 2 ml of
acetic acid in 25 ml of CH,Cl, at-0° was added dropwise 0.25 ml of 50,C1,
in 5"l of C,Cl,. The reaction was subsequently stirred for one hour

and then worked up as in the case of 1l. The crude product was chroma-

tographed on 30 g of silica gel. Elution with hexane yielded 0.274 g

(50%) of sultine 25, colorless oil, b.p. 125°/4. n.m.r.: 1.67 (s,

3H), 1.83 (s, 3H), 7.05-7.75 (m, 4H): IR: 1130 and 1105 & & (S=0): m.s.

were: 182 (78), 167 (32), 148 (83), 134 (52), 118 (100), 103 (68), 91 (52),
77 (78).

3,3—Diphen¥l-2,1-5enzoxathiole l-oxide 26

A solution of 0.56 ml (6.9 mmole) of sulfuryl chloride dissclved in

10 ml of CH,Cl, was added dropwise with stirring t0.2.03 g (6.9 mmole)

of (o-mercaptophenyl)-diphenylmethanol 36 in 70 ml of CHyCl,; and 10 ml of

'

acetic acid at 0°. The reaction mixture was stirred for 1 hour after

S~
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completicn of the additiqn then washed withAIOZ Na,C0, until the pH of the
aquepus la?er was B. The crude organic product was chromatographed on
150 g of silica gel using hexane-ethyl acetate (4:1) as eluent. The sul-
tine 206 was obtained as cslorless crystals, 6.651 g (302), m.p. 125°-126°.
N.m.r.:q7.l47.8 (m); IR: 1110 and 1120 cm_l} m.s. caled. for C)gHy40,8:
306; found: 306, other peaks (relative intensit&): 258 (4), 242 (100);

197 (44), 165 (76), 118 (40), 105 (47), 77 (62).

2—(l—phenylthioethyl)rhenzyl alcohol 39

A solution of 0.40 g of LiAlH4 in 100 ml of CH,Cl, was added to a

solution of 5.46 g (20 mmole) of methyl 2-(l—phenylthioethyl)—bgnzoate 38

(prepared in 62% yield by alkylation of O—ﬁercaptobenzoic acid with g,-phenyl

bromide followed by immediate esterification (1) ). The mixture was

stirred for 2.5 hours. 5% NaOH was introduced slowly into the reaction
-

mixture until the excess LiAlHa disappeared. The organic extracts were

dried and evapprated tg give 4.07 g (83%) of the desired compound; n.m.r.:

1.5-1.7 (d, J=7Hz,

s 2.2-2.5 (b.s., OH), 4.1-4.5 (q, J=7Hz, 1H), 4.6

(s, 2H), 7.1-7.4/(m, 9H) ppm; IR: 3340 cm~L.

2—(1~phenylt1ioethyl)—benzaldehyde 40

2-(l—plenylthioethyl)—benzyl alcohol 39 (lA.O.g) was dissolved in dry
pyridine (87 -ml) and reacted with 35 g of Cr04 using the procedure of
Ratcliffe and Rodehurst (2). The yield of the aldehyde 40 was 10.0 g
(722), pale yellow oil, n.m.r.: 1.6 (d, J=7liz, 3H), 4,3 kq, J=7.5Hz, 1H),

7-2-7.4 (m, 3H),7 7.7-8.1 (m, 1H), 10.4 (s, 1H); IR: 1685 cm~l.

| N
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Sulfide-alcohol 42

ihe above aldehyde 40, (1.45 g, 6.0 mmole), dissoved in 20 ml of
dry ether was added to a solution of CQBMgI prepared from 2.28 g of methyl
iodide and 0.5 g oé Mg in 20 ml of dry ether. The reaction mixture was
stirred for an additional hour after completion of the addition, then
poured into 50 ml of Hzof Separation, drying and evaporation of the
organic extracts gave 1.30 g (85%) of alcohol 42; nom.r,: 1.3 (2d, J=7Hz,

3H), 1.7 (2d, J=7Hz, 3H), 2.2 (OH), 4.2 {m, 14}, 5.2 (m, 1H), 7.0-7.4 (s,

9H)Y. IR: 3400 cm_l.

N

Sulfide-alcohpigﬁi

Aldehyde 40 (3.5 g}, dissolvedin 10 ml of dry ether was added to

a2 solution of PhMgBr prepared from 4.30 g of bromobenzene and 1.8 g of
Mg in 50 ml of dr§ ether. The reaction mixture was stirred for an addi-
tional hour after completion of the additon, then poured into 50 ml of
ﬁzo. Separétion, drying and evaporation of thé organic extracts gave
3.30 g (72%) of alcohol 41, IR: 3440 cm_l. n.m.r.: 1.6 (d,_J=7Hz, 3H),

2.3 (s, 1H), 4.0 (g, J=71z, 1H), 6.1 and 6.2 (2s, 1H), 7.0-7.5 {(m, 14H).

Sulfoxide-alcohol 43 -

-  hexane gave 2.00 g (57%) of sulfoxide-alcohol 43 m.p. 124°—125°..n7m.r.:

To alcohol 41, dissolved in 100 ml of ethyl acetate at -30° was added
dropwise with vigorous stirring 2.09 g of mcpba.in 30 ml of eth§1ﬂacetate.
E
The reaction mixture was kept at -30° for 2 hours, washed with 100 ml ‘of
107 Na25203 and 2x100 ml of 10% NaOH éolution.‘ The crude o0ily product
wasxlhfomatographEd on 250 g of silica gel. Elution with 1:2 CHyC1o-

1.7 (d, J=7.5Hz, 3H), 4.1 (q, J=7.5Hz, 1H), 5.7 (s, 1lH), 7.0-7.6 (m, 14H),

7.7-8.0 (m, 1H). 1IR: 1010 and 3300 cm~l. anal. calculated:
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N

C 75.00, H 5.95, S 9.52; found C 74.91, H 6.07, S 9.68.

3-Phenyl-2,1-benzoxathiole l-oxide (27, 28)

To a solution of 2.00 g of alcohol 43 in 70 ml of CH,Cl, at 0° was

added dropwise 0.80 g of 302C12 in 15 ml of CHyCl,y. The reaction mixture

was kept .at 0° for 1 hour and then the solvent was remove on the Totary

evaporator. Chromatography on 150 g of silica gel provided on elution

with 4:1 hexane-ethylacetate bhoth isomers.

Isomer I: 417 yield; m.p.’ 122°-123° (CH2612-hexane); IR: 1125 cm L.

n.m.r.: 6.57 (s, 1H), 7.10-7.80 (m, 9H). Anal. Caled. f?r'§13H10025:

C 67.82, H 4.35, S 13.91; found: C 67.59, H 4.44, S 13.70.

Isomer I1: 32% yield; m.p. 102° from CHyCl,-hexane; IR: 1125 cm‘l;

gy,

n.m.r.: 7.06 (s, 1H), 7.10-7.80 (m, 9H). Anal. caled. for CI3H10028:

C 67.82, H 4.35, S 13.91; found C 67.99, H 4.48, S 13.83.

(B) Photolysis Reactions

Thses were carried out using a Rayonet type photochemical apparatus.

The photolysis was carried out under Ny until T.L.C. indicated the

disappearance of starting material.

Photolysis of Sultine 26

Sultine 26 (363 mg) was dissolved in 120 ml of anhydrous methanol

and photolysed at 253 nm in a Rayonet apparatus for 14 hours. Nitrogen

was passed through the reaction mixture during the photolysis. At the

end of the photolysis period the reaction mixture was fogegy yellow. The

solvent was removed on a r

Rt

otary evaporator and the product chromatogrpphed

-on 80 g of silica gel. Elution with a 10:1 hexane-ethyl acetate gave two

fractions. The less polar material ( 126 mg, 42%) rwas identified as

’

b
2 .
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9—phenylf1uofene by comparison with an authentic sample prepared by the
reduction of 9-hydroxy-9-phenylfluorenewith zine in acétic acid. (3{

A more polar fraction of a yellowish oil (80 mg) was not identified.

Its n.m.r. spectrum showed only aromatic absorption from 7.06-7.83 ppm {m).

-

Photolysis of 3-pheayl-2,l1-benzoxathiole l-oxide -in .methanol

Sultine (107 mg, mixture of isomers 27 and 28) was irradiated for
14 hours in 120 ml of anhydrous methanol, under N, as above. The reaction

mixture changed from colourless~to foggy yellow. The solvent was evapo-
rated and the resulfing dark brown pasfe was chromatographed. The less
polar product 20 mg (27%)‘hnd n.m.r. peaks at 3.9 (s, 2H) and 7.1-7.9 (m,

. S, ]
. 8H) and was identified as fluorene by comparison of 1ts spectrum with

that of a st;ndard sample. (4)

Further elution furnished é9 mg (32%) of a colourless oil, n.m.r. 3.3
(s, 3H), 5.2 (s, 1H), 6.9-7.5 (m, 10H) ppm; IR: 1090 cm_l; wﬁich was
identified as diphenyl methyl ether by comparison with authentic sample
(5) prepared in 80% yield by dropwise addition‘pf benzhydryl chloride to
refluxing mixture of potassium carbonéte in methanol.

In a second-expe?iment the phbtolysis of a single isomer was inter-
rupted éfter approximately 5 houréf' N.m.r. investigation of the crude

reaction product indicated the presence of approximately equal amounts of

both isomers together with some fluorene and diphenyl methyl ether.

Photo¥§;;;';;“;;ltine 59

//1 solution of 302 mg of sultine 59 in 120 ml of CH3OH was photolyzed

-

v
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as above under a stream of N2 for 18 hours. During tbe photolysis the
solution changed from colou;leés to yellow and the walls of the reaction
vessel became coated with polymer. The solvent was evaporated and the
brown paste obtaine& was chromatographed. Elution with 'hexane gave |

161 mg of a 1:1 mixture of 9,10-diliydrophenanthrene and phenanthrene (n.m.r.
analysis). In another exéefiment, the solution was initially purged
with‘Nz thep photolzged for l} ﬁr. The product was a mixture of 9,10-

dihydrophenanthrene and phenantﬁrene in about 10:1 ratio.

(C) Seven Memberéd Ring Sultine Studies

-~

.I—Butyl—bengzl—sulfide {
| A solution of 40.5 g (b.&S‘mole) of £-butyl mercaptan and 28 g (0.5

mole} of KOHU in 200 ml of 1:1 of metlancl : H,0 Las added 57 g (0.45 mole)

of benzyl chloride. The stirred solution was refluxed overnight. The

mixture was washed 3x200 ml of methylene chloride. The organic extracts

were dried and evaporated to give 75 g{(93%)'of oil. b.p.= 65°/100mm, n.m.r.:

1.3 (s, ), 3.7 (s, 2W), 7.1-7.4 (s, SH).

-

{~Butyl-benzyl-sulfoxide ‘67

To a stirred solution of 20 g (0.11 mole) of t~hutyl-b§nzyl—sulfide
in 150 ml of ethyl acetate at -30° was added dropwise a solution of 22.78 g
I-chloroperbenzoic acid in L0O0O ml of ethyl acetaté. Thé solution was
stirred for 50 min.'aﬁter the completion of the addition. The mixture

was washed with 2x300 ml of 107 Nay5,03, then with 2x200 ml of 5% NaOH.

v
’
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The -organic layer was dried -and evaporated to give 18.5 g of crude product.

" The crude material was purified:by vacuum sublimation to give 16.3 g (75%)

N ;
of white erystalline material_(mtp. 71°-72°Y. n.m.r.: 1.5 (s, 9i1), 3.7 (AB

quartet H,=3.6, Hy= 3.9, J, = 12H7), 7.2 (s, SH) ppmjy IR: 1010 cm™l.
. » '

-

Thngo—l,2—dibhenyl—2—t~butylsulfinyl ethanol 68

To ya stirped solution of 2.34 g (11.9 pmole) of. f—butyl behzyl
sulﬁoxide in 70 m; of anhydro;s.THF (freshly.distilljuiover‘&iAlHa) was
‘added 9.2 ml. of 1.3 if methyllifhium under M, at -70° (dry ice-acetone) .
Bedbaldéhyde, 1.57 g (11.9 mmole), was introduced via syringe into the
anion solution. The solution was stirred for aﬁother 10 minutes after =
comélétion of thg addition. The mixture, was washed with 50 ml of”HZO,
then 2x50'm} of CH2C12.- The extracts were-dried and evaporated to'fufnigh R
3.38 g of crude ﬁroduct. , The mixture was chromatographed on 250 g 6%
silica gel using hegané;ethxl acetate (4:1) as.eluent to give 1.10 g of
thneo-1,2-diphenyl-2-£-butylsulfinyl ethanol {m.p. 1675—168°; Rf=0.49;4:1
.of Eexane-e'l-l}&:% Acekate) | and 2.15 g (63%) of e)‘nyi‘.h}m-l,2—d-ipheny'1-2—/t-
bu;ylgulfinil ézhanol-gi,.Rf=0;10; 4:1 of hexane-ethyl acetate. The
eaythno form was idegtified by comparison of its spectr:scppic‘data{gg.m.f.
and IR) with an authenéic sample. (1) The‘thnea—l,Efdibheny1~é—t;buty{;

sulfinyl ethanol had n.m.r. peaks at 1.2 (s, 9H), 4.0_(d, J=1.5Hz, 1H),

5.3 (d, J=7.5Hz, 1H), 6.0 (OH), 7.7-7.4 (s, '10H); IR peaks at 3340 and

1020 (S=0) cm™ 1.

N T
Avalysis: caled. for CygH,,055: C 71.52, H 7.28, § 10.59: found:C.71.27
H 7.36, S 10.47.

¢
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Synﬁhesis Df-3,4,6,7—tétrnphenyl—1;S-dipxn~2;thiepane—2~qxide 70 )

" on the rotary eﬁaporator. The crude product wag chromatographed on 70 g ’
. . ; T

- of silica gel using heiane as the eluent to, give 0.165 g of Lhansd-stilbene
‘ : ' i .

To a stirred solutlon of 0.747 g (2.48 ﬁmole) of thneo—h&dro3y sol-
foxide 68 in 60 TE of‘methylene chloride Qéé added 6.335 g (0.20 ml) of
sulfuryl chloride ét -70°, ‘Aftér 20 minutes the Yoldtile matérials were
rémoved-fro; fhe‘solqtion; Tﬁe crude mixture was subjected to column’ *
chrdmatograp?# on si#%éa gel using CI{2C12 as eluent. A Fraqe amount of

diphenylacetaldehyde and 0.327 g (30%)'of_ig:(m.p. 161°-163°) were obtained.

Lo . , ' .
The sultine 70 had n.m.r. peaks at 4.03 (d, J=11Hz, 1H), 6.69 (d, J=4.0Hz,

-

‘1), 6.77-7.50 (m, 204) ppm; IR peaks at 1120 (S=0) cm 1. .

-\ .
. ~
Synthesis of 3,4.6,7—tepraphenyl—1,5—dioxa—2—thiepane—Z—oxide 24

This compound was prepared in 50% yield.from 0.3Q2 g of @érythro-hydroxy
sulfoxide 21 and 0.135 g (0.08 mly™of -509Cly; following Sharma's procedure.

(1) The -spectroscopic data and map. were identical with those reported ~

by Sharha.

4

Reaction of. 24 with friethyloxinum tetrafluoroborate

To a stirred solution of 0.443 g (1.01 mmole} of sultine 24 in 20 ml-ir

of CHpCly was added dropwise 1.2'ml of 1 M triethyioxinum tetrafluoroﬁoratg.

The- solution was stirred évernight. . The volatile materials were removed

o4

£

-

(467) identified by n.m.r. comparison. (6) : C s

'
-
]

' L . 1 : : ‘ .
Reaction of 3,4,6,7-tetraphenyl-1,5~dioxa-2-thiepanc-%-oxide 24 with lithium
'] < —— hd

dggethlycupratg? - \ ;f

7
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. room temperature for 2 weeks.
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A solution of 0.074 g of sultine 24 in 30 ml of anhydrous ether was

added dropwise to the solution of lithium dimethylcuprate (7) which was

prepared by addition of 0.034 g of burified copper (1) iodide in 10 ml of

anhydrous ether ‘to 0.32 ml of 1.6 M methyllithium under N, at 0°. The

mixture was stirred for 15 minutes and hydrolyzed with 10 ml of saturated

aqueous ammonium chloride. The colour changed from pink to blue. After
stirring for another 20 minutes at room temperature, the aqueous layer
was extracted with 3x40 ml of methylene chloride. The organic extracts

were dried and evaporated to give a dark paste. Chromatography of the

crude products on 10 g of silica gel with Cii,Cl, afforded 0.025 g of an
oily compound (Rf=0.25; 2:1 of-CHZClz-ethyl acétate). This compound ;as
identified as l,lfdiphenylprépan—z—ol by comparison with an ﬁuthentic
sample (8) prepared by addition ofll,l—diphenylpropene to a refluxing

mixture of diethylaluminum chloride in benzene followed by hydrolysis.
' L

(D) A -lactam studies

Preparation of 4-(3-butenyl) aZetidin—Z—one 17
o

A solution of 5.68 g (40 mmole) éhlorosulfonylisocyanate (CS1) in 20

mil of CH,Cl, conta&ning.&.BO g (52.5 mmole) of l,S—h;}gdiene was kept at

-~

The colour changed to dark brown. The

dark brown' so
s ' .
of the mixture was kept in the 72

hY

lution was added dropwise to 50 ml of 257 Na,50;. The pH

5 range by addition of 50% KOH. The %

- ’J
mixture was extractg&faiﬁg:ETﬁﬂﬁ/;1 f CH,Cl,. ,The extracts were dried

and evaporated to give a brown o0il which was distilled to give 2.52 g (50%)

~

of the desired combound (b.p. 83°—84°/20mm).’ n.m.r.: 1.5-2.3 (m,4H),

t

2.3-3.3 (m, 2H), 3.4-3.8 (m,'lH): 4.8~5.2, (m, 2H), 5.4-6.1 (m, 1lH), 6.8

- o

: ) : 4
- ) . R . .
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(b.s., NH) ppm. IR: 1760-1770 (C=0), 3450 (NH) cm~l.

Reaction of @~lactam 17 with n-butyllithium and formaldehyde

To a stirred solution of 0.746 g (6.0 mmole) of B-lactam 17 in 30 ml™

of THF was added 15ml of 1.6Mn~butyllithium at 0° under a N, atmosphere.

-+
The colour of the solution changed to light yellow. The solution was

stirred for 1.5 hours and then cooled to -30°. Formaldehyde, generated

by heating 0.610 g of polyformaldehyde, was then introduced in the sclution.
The mixture was stirred for 10 minutes then quenched with 40 ml of H90.

The aqueous layer was extracted with 2x40 ml‘of Cl;Cly.  The crude product,
0.826 g, was ob;ainedhafter drying and rémoval of the solvent. Tﬁe

crude product was chromatographed on 100 g of 'silica gel with 3:1 CHpCly-
_ethyl acetate giving 0.420 g (56%) of the starting material and 0.201 g

(26%Z) of a white crystallime product, m.p. 90°-91°, Rr=0.36 (3:1 hexane-

ethyl acetate), which was subsequently identified as f-lactam 28. The"

-

n.m.r. showed the peaks at 1.2 (d, J=7Hz, 3H), 1.3-2.2 (m, 5H), 3.3-3.5
{m, 1H), 4.0 slightly bﬁoadened triplet, 6.1 (NH) ppm. ~ The IR

peaks occured at 1760 (C=0) and 3450 (NH) cm~l. . !

A Ll
Analysis caled. for CoH (NO : C 67.36, H 8.90, N 11.13; found: C 67.20,

T

H 8.80, N 11.20. Mass spéctrum of m/e (relative :abundance): 126 (7.4),

125 (3:7), 82 (100), 67 (942,’53 (19).
) . ‘ ﬁ’*- -

G -~

Isomeration of P-lactam 17 to p-lactam 28

To a stirred solution of 0.422 g of P-lactam 17 in 40 ml of THF was.
4 J -

’
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added 5.2 ml of 1.3 M i-butyllithium at 0°. The colour of the solution

changed to dark brown. ~The solution was stirred ,overnight, quenched with

- e ek P e

Hy0 and worked up és above. The crude product was chromatographed on
80 g of silica gel with 400 ml of 3:1 CH2C12—eth§l acetate affordiné 0.230 /'
g (55%) of colou;iess crystals and 0.152 g (36%) SE starting material.

The colourless crystals, m.p. 90°-91°, were spectroscopically identical to

those obtained above.’

f * 4 ’

o et

Preparation of 4-thiobenzylazetidin-2-one 35 from 4-acetoxy azetidin-~

2-one 32 ' : ? : |
To a solution of 0.302 g (2.34 mmole) of 32 (10) in 15 ml of 8% of
NaHCO3/Me0H was added a solution of 0.299 g (2.41 mmole) d? benzyl mercaptan
in 5 ml of 8% of NaHCO3/MeOH. The soclution was stirred for 1 hour. The \\\_/
m;xture was washed with 50 ml of H,0 and extracted with 3x50 ml of CH,C1

27727

Usual workup gave 0.560 g of crude yellow compound which was chromatogra-

R P
-

phed on 80 g of silica gel using 1:1 Cuzclz—etﬁyl acetate as eluent.
f-Lactam 35 was obtained as pale yellow oily compound fRf=0.38, 1:1 CH,CLy-

ethyl acetate), 0.460 g (86%). nim.r.:2.5-3.4 (m, 2H), 3.7 (&, 2H), 4.5 (m,

1H), 6.6 (b.s., NH), 7.1 (s, 5H) ppm. IR: 1760-1770 (C=0) and 3300 (NH)

em™ L.

‘;
1
!
]
i
]

L
. ) ' %«
Preparation of azetidin-2-one~4-thioactetic acid ethyl ester 36 from 4- . v

*» .
acetoxy azetidip-2-one 32 - . ;4' . !'
To a solution of 2.25 g (17.5 mmole) of @-lactam 32 in 40 ml of 8% :

. % ‘ .
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of NaHCO3/MeOH was added 2.12 g (17.6 mmole) oé\ethyl mercaptoacetate in

5 ml of 8% of.NaHCO3/Me0H. The solutioﬁﬁaas subsequently stirred for 1.5

hours ehe.then wotked up as in the case ?f 35. The crude compoupd was, )
chromatogtaphed on~400’g of silica gel giving 2.76 g (90%) #~lactam 36,
as a pale yellow %11 (Rf=0.§2 i:l hexane-ethyl acetate). N.m.r.:1.3 (t,
J=7Hz, 3H), 2.7—3.5-(m, 4H), 4.1 (q, J=7Hz, 2H), 4.8 (m, 1H), 6.8 (b.s.,
NH) ppm. IR: 1740-1780 (C=0) and 3450 (NH) cm™l. | | ~

PO

Reaction of 37 with p-nitrobenzyl glyoxylate. Formation of 38

A solution of 0.296 g (2.67 mmole) of f-lactam 37 and 0.606 g (2.67
)

mmole} of p-nitrobenzyl glyoxylate in 50 ml of benzene was refluxed in a

Dean-Stark apparatas for 7 hours. (10) Evaporatlon of the solvent gave

0.850. g of a light yellow paste after removal of the solvent The crude
pﬂoduct was chromatographed on silica gel-using 5:§'CH2012 and ethyl
acetate giving f’-lactam 38 (0 766 g, 85%) as a colourless oily compound

(Rf-O 45 5:2 CHyCly- ethyl acetate). N.m.r.: 1.6 (s 3H), g.S {s, 2H),

-
7

3.7 (b.s.,1H), 4.8-6.1 (m, 6H), 7.3-8.1 (q, 4R) ppm. IR: 1100, 1350, 1540,

1750-1770, .3450 cm~L,

tr . 9 ’
Reaction of 37 with formaldehyde Formation of 39 ‘

"The mixture of 0.431 g (2 28 mmole) of 37 and 10 ml of 37% formaldehyde -

in 50 ml benzene was refluxed in_a Dean—Stark.apparatus for 2.5 houyfs.

) - s ' . '
Evaporation of the:éiganic solution gave 0.607 g of pale yellowish oily

product. Chromatography on 80 g of silica gel with 4:1 eﬁ2C12-ethy1 acetate

‘yielded 0. 401 g {80%) of 9~lactam 39 (Rf 0. 40 4:1 Cﬂzclz-ethyl acetate)

J
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Nom.r.:"1.3 (¢, J=7liz, 3H), 2.8-3.7 (m, 2H), 3.4 (s, 2H), 4.2 (q, J=7Hz,

2H), 4.7 (b.d., -CH,0- and OH), 5.0 (m, 1H) TIR: 1765 and 3500 cm~l.
.\ - !

Reaction of 36 with p-nitrobenzyl glyoxylate Formation of 40

The solution of 0.637 g of *~lactam 36 and 0.763 . of p—nitrcbedzyl
dglyoxlyate in 40 ml of benzene was refluxed for 5 houis. The seclution
ﬁ:was evaporated to give 0.80 g of crude paste: The paske was chromato-
graphed on silica gel. The ¢-lactam 40 was eluted with 5:2 CH,Cl,-ethyl
acetate. ‘Yield: 0.671 g (48%).  N.m.r.: 1.3 (t, J;7Hz, BH), 2.8-3.6 (m,
4H), 4.0 (q, J=7Hz, 2H), 4.5 (b.s., 14), 4.8 (m, lH), 5.1-5.3 (m: 3HY), 7.1~

8.0 (q, 4H) ppm. IR: 1750-1780, fsoo em™L,

Chleorination of B-lactam 40

-

To a solution of 0.521 ¢ (¥.3 mmole) of #-lactam 40 and 0.150-g of

methanesulfonyl chloride in 15 ml of CH,Cl, was added 0.131 g of triethyl-
amine. "‘Tﬁg,;oiut1on was stiried for 4 hours

Evaporation of the solvent

gave a brown paste. ﬁher9f/de product was chromatographed on silica gel.
The yield of f3-lactam 42 (Rg= 0.55, 5:2.CH2C12*e%%y1 aeetate) was

0.311 g (57%). N.m.r.: 1.3 (t, J=7Hz,”3H), 3.0-3.7 (m, 4H), 4.1 (q, J=

R 1750~

THz, 2H); 5.0-5.3 (m, 3H), 6.0-6.1 (2s, M), 7.4-8.1 (q,| &}17"
L] . \_‘}{T\
1780 i L,
EN

The ‘reaction of -lactam 42 with lithium diieopropylamide ‘ ) ’J

To a stirred solution of 0. 050 g (0.5 mmole) of diisopropylamine in ’

5 ml of annydrous THF (freshly distilled over LiAlH ) was added 0.30 ml of

/
1. 6 M MeLi at Q° under .a Njp atmosphere The color changed to pale yellow.

} To the stirred soh}m was introduced 0.200 g €0.5 mmole) of B- lactam 42, ‘

The reaction colour changed fqu yellow ‘to red ,The sofﬁtionxﬂn5stirred

PRI
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for an additional 10 miinutes then quenched with HZO' The mixture was ex-

T .
tracted with 3x40 ml f CH2C12. e ct§*wcre~ﬂried and evaporated

to afford 0.050 g of a palé yellow cdﬁﬁbund. The compound was recrys-
tallized from trexane to give 0.035 g of white crystals (m.p. 92°-93,5°)
and idenq\f ed as p-nitrobenzyl alcohol by comparison of its n.m.r. spec-

trum with that of an authentic sample. (9)

b Y
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A. Benzfused Sultines

- B4 -

. . =
Claims to Oripinal Research

’

1. The syshtesis of 3H-2,l-benzoxathiole l-oxide and several of its

B. Seven

‘as the major products. The mechanism of the transformation was [

e et e s b i A

derivatives had been achieved. The parent and disubstituted .

derivatives were best obtained by SOZClz—HOAc'treatment of the

——— L

precursor mercaptoalcohols. (Givens' method) While 3-monosubsti-
tuted derivatives were prepared by. 50,Cl, induced cleavage of a

hydroxy sulfoxide. (Sharma's method)

Photolysis of 3-phenyl and 3,3-diphenyl 2,l-benzoxathiole l-oxide

b e e ok A i el 2T T

has been shown to afford fluoreme and 9-phenylfluorene, respectively,

s - . ) _
discussed. Q. 1

'

Membered Ring Sultines

1.

The photbisomer 70 of 3,4,6,7-tetrapheny1—l,5—dibx£;2~tﬁiébane—
2-oxide 24*%as synthesized érom Ihneo—l;Z—dipﬂenyl—Z-{—bﬁtylsulfiﬁyl -
ethaﬁol. It is suggested that during the phpto%ysis isomerization .

occurs at both the benzylié carbons d to oxygen and % to suffur. . i
The reacton of éﬁ_with Etﬁ?gﬁl gave Inanb-stiibene. Reaétion,of \
24 with (CHj)ZCuI gave‘l,l—diphenyl[;rbpan-Z—qiT Both of the

]

reaction mechanisms ‘were briefly diséugied. . ' i
' )

’

- C.fj—Lactam'Synthesis

1.

v

g .
The reaction of 4-(3-butenyl) azetidin-2-one with Z equivalents of

n-butyllithium gave a bicyclic. isomer of the starting material.’ &
- N ; _ - ‘ vt ‘

\\\\\J/“‘ - : T : Lo
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[

The mechanism of this reaction was discussed.;

1

2. The reaction of 4-acetoxyazetidin-2-one with meicaptans and NaHCO3
+ .

~ + ' ' '
gave the corresponding 4-thioalkyl derivatives in excellent yield. )

3. The condensation of N~unsubstituted G-lactams with formaldehyde or

p;zitro?enzyl glyoxylafe gave ‘alcohols resulting from addition of

A

»

the N—Q:group of the lactam to the carBon-oxygen double bond.

.

Mesyiation of the d-lactam alcohols derived from the additon of v

the glyoxylate ester with methansulfonyl chlorfde/triéthylaminé

resulEed'in'réplacement of the OH group by Gf; presumeably qia

-

displécement of the initially formed mesylate by chloride ion. ‘
4 {‘ ) L

4. The reaction of p-lactam_ﬁl with LDA gave p-nitrobenzyl élcqhq&zbut

no iéblablé cyclization ptroduct.
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