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Abstract .

' *

The first chapter of' this thesls describes an efﬂclent method for
the mild oxidation of primary and secondary alcohols to their
corresponding- carbonyls using phenyl dlchlorophosphate as the
dimethyl sulfoxide aqtivator The keto alcohol 7 was readily
'oxidized to the correspondlng diketone 8 with a small amount of
the chloro diketone 9 as a by-product. * The seoondary alcohol 16
was also converted to the ketone 17 without any epimerization.
a-Methylbenzylam’ine when tre:ted with phenyl
dichlorophosphate and dimethyl sulfoxldel in the 'f)resence of
.triethylamine gave acetophenone, presumably via the imine

L]

intermediate as shown kl Scheme 5. -

The seco‘ndrlchapte;r'-describes a new facile method for the
synthesis of B-chloroalky]l sulfides using dimethyl sulfoxide
acrtlva“ted by phenyl dich-lorophosphate or .phbsph_orus
oxychloride. The adduct 10, (Chapter 2) was readily formed from
l1-octadecene. }erder t.he‘ same reaction conditions, styr’erie (17)
une);j;cﬁd’ry\ga\y_e the disulfide 18 (Chapter 2.). a-Pinene (22)
underwent a rear;angement reactlc;n under the same reaction
.conditions‘“'to afford the 'chloride 23 (Chapter 2). A Slmple
synthesis of carvone (24) from a- pinene via the chloride 23 ls
also described (Chapter 2).
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%

Conversion of alcohols and amines to carbonyl compounds
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Introduction

1

‘The reaction  of dimethyl sulfoxide with electrophilic
activators has proven highly useful in the mild oxidation of primary -
and secondary diffhols tb their corresponding carbonyls.! The
development of these procedures certainly provides an fmportant
"™addition to the tools of synthetic organic chemists.

—~

" The utilization of dimethyl sulfoxide as a reagent for the

4

oxidation of primary and secondary alcohdls stems in large part
from the early work of Kornblum and coworkers?. In 1957 they
" observed that a variety of phenacyl halides could be oxidized to
phenylglyoxals by dissolving them in dimethyl sulfoxide at room
temperature in the presence of a base, suqh as sodfium bicarbonate
{Eq 1). Later, they were able to shbw that benzyl halides and many
primary alkyl tosylates could also be converted to aldehydes in good
yields (68-85%) by heating them at 100-150°C in dimethyl
sulfoxide containing sodium bicarbonate® (Eq 2). From their
observations, the nucleophilicity of the oxygen atom of dimethyl
sulfoxide was clearly demonstrated. It was from this observation
that a variety of procedures using dimethyl sulfoxide with various
activators were subsequently developed. The work in this field has

been extensively reviewed!4,



A T (CHg)s0
: CCH X — -~
N - NaHCO,, R.T.

(Eq 1)
S, Dol
' X="CI, Br .
X. o 5 | h) S
a3 100 150°C ! "“» Sy, ol

o X=Cr,§,,-rs

’I'he succ@ use of dimethyl sulfoxjde as an oxidant for the |
.conversion of alcohols | to their COl‘reSponding carbonyls requires"
,vlnltially the activation of the dimethyl sulfoxide by a suitable
electrophilic reagent as . shown in Scheme 1. In principle. any
‘compound which can react preferentially wigh the oxygen of the
’,dimethyl sulfoxide can act as 3°an activator in this oxidatione'
. procedure o | |

The reactlon of dimethyl sulfOXide and an activator produces
}the mtermediate l‘l'Scheme 1. SubSequent attack by an alcohol on .
the electroposltive sulfur atom wit_h the departure of a leaving group‘ L

leads to the formation of a dimethylalkoxysulfonium salt 2. The
. .,reactlon of the salt 2 with a base usually trlethylamine forms‘
'dimethyl sulﬁde and the carbonyl pI'Oduct ' '



4
‘ / _ Scheme 1
‘ + ' L T
(CHS-6 + B — ~  (CHg);8-0-E) A
. ] o . ! | -‘ RS | | 1 .
| 2 | '
JI 1 C - ' S
o | RR'CHOH
‘ !\( ‘l‘ ' ' ."’
: RS
o " R B ) " Base - ¥ : =
RCR' + CH3SCH; = (CH3),S-OCHRR' -
, 4 | .
"In 1965, Pfitzner and Moffatt5 developed an oxidation
procedure in which dicyclohexylcarbodiimlde (DCC) was used as the
-/

‘dxmethyl sulfoxide actlvator Although widely used in the oxidatlon ‘
of alcohols in the early years extensive purification of the carbonyl : /

product is necessary in order to' remove the undesired urea- /
produced as a by product during the reaction {Eq 3). |

S

. . + - L . ) .
(CH3);S-O + RCH(OH)R' + CgH;{N=C ==NCgH,,

| II

RCR' + C5H11NH"C'-“NH06H11 + CHgSCHg (Eq3)



\ ’ anav modmcation of the >~‘Pflt2nerb'Moffatt "oxidatlon.‘" -‘Albrtght

5

and Goldman° used acetic anhydride as the dimethyl "%-lfoxide

activator This modtficatton procedure which has been widely

applied tn organtc synthesisv, ts normally carried out at room

'temperature. and the yields of carbonyl compounds are often

comparable to tho/se/o’d@t\ned by using dic‘}lohexylcarbodiimide

and dimethyl sulfoxide"' The majordrawbacl;s of the dimethyl-

‘ sulfoxtde/acetic anhydride proced-ure are the'l,ong reaction* times

R methylthiomethyl ethers as by-products Acetates are also major by-

products when unhlndered alcohols are oxidized. For example

treatment of cholesterol wnth acetic anhydride and dirnethya,l('

v e
¥

sulfoxide in the presence of triethylamine ’gav

methylthiomethyl ether as the major productB .

In 1975, Swern and coworkers’-" developed a procedure»which

'(18 24 “hr). ‘and the frequent formation of substantial amounts of 7 '

was' a modlﬁcation of the Pfitzner Moffatt oxidation in whtch[-

' t.riﬂuoroacetic anhydride is used as the dimethyl sulfo:dde activator

The reaction between triﬂuoroacetlc aqhydride and - dimethyl

- sulfoxlde at room temperature in the absence of a solvent proceeds

explosively It ts however possible to moderate the reaction by

v,dlchloromethane“h » Even under these conditions. dimethyl

'-sulfoxide and triﬂuoroacetic anhydride react lnstantly and

exothermically at -60°C in dtchloromethane to produce presumably

w-worklng at low temperatures in .an tnert solvent like

the dlmethylsulfonium salt 3. Reaction of an alcohol with the




| i'nte'r‘rtiediat”ésfr”“"';‘” 8 leads to the formatton of the
dimethylalkoxysulfonium salt 4, which on’ treatment wtth base
~usually triethylamine yields the carbonyl product (Scheme 2) B
Several sets of conditions have been developed and are used
- ». depending on the nature of the sﬁbsuate in ‘o/x.'der to.achieve: the
‘bést results“ 12 ‘The temperature at whlch the base is added

fﬁpears to be: very important and constitutes the major difference

in two procedures that have been developed for triﬂuoroacettc,
arWydride In one procedure the base is. added at -60°C and in the
other it is added at room terhperature For the oxidation of some

primary and small ring alcohols, different reaction condttions are

/eﬂp(oyed 11, - ‘ /

' Scheme 2 “ St

BN -‘ . . + ’ ) -
(C'Hs‘)zéio 4+ (F3€C0),0 [(Cﬂa)zS-O-COCFa] OCOCF;
M) 5 . 3 |

RR'CHOH

NN .~ Base ' + | -
RCR' + CH,SCH, -——__.[(cna),s-o-_cuna']ococa

4 7.
‘ s



By far the most commonly used procedure is that developed

by Swern and coworkers”"" This is als ™8 modiflcatlon of the -
loride 1is used a's the
e and dimethMulfo:dde :

: Pfltzner-Moffatt oxidation in whith oxalyl

dimethy! sulfoxlde activator. Oxalyl chlo
react at -60°C in dichloromethane to give the
ch‘lorodlmethylsulfonlum intermediate 6, obtained via 'the
spontaneous loss of carbon dioxide and carbon monoxide from the
lntermedlate 5‘2 (Eq 4). Itis the lntermediate 6 which reacts with
an alcohol to form the dlmethylalkoxysulfonium salt 4 which when
treated with triethylamine gives the carbonyl product!2.14, Corey et

al.’® ‘have shown that the reactive intermediate 6 could also b@'
prepared directly from chlorlne and dimethyl sulfide. However, the
operattonal simplicity and the high yields obtained when oxalyl
chloride _and vdimethyl sulfoxide are used make this procedure

especially advantageous.

- . + S }
(CH,),$-0 + (coCI), [(eH5),8-0-cococi Jei

5

[(CHa-C i (Eq 4
a

L

“\'



c 3"
Several other reagents have been used to activate. dimethyl
sulfoxide and they include methanesulfonic anhydride’®, p
toluenesulfonyl chloride. p-toluenesulfonic anhydride. benzoyl
chlorid: cyanuric chloride, triﬂuoromethanesulfonic anhydride!?,

sulfur trioxide/pyridine’8 phosphorus pentoxide.

| ( hoxyacetylene“.\
, phosphorus trichloride“’. phosphoryl chloridg, ace’tyl chloridew
acetyl bromide and thionyl chloride®. Most of thes) reagents have
not been found to be very useful due to }he low ylelds obtained and |

‘long reaction.times involved for many of them.

- Towards the total synthesis of dendrobine in our l;boratow it
was necessary to transform the keto alcohol 7 to the corresponding
diketone 8. Swern oxidation using oxalyl chloride13 was attempted
for this conversion. -Surprisingly. the reaction gave an unexpected

‘product which was characterized as the chloro diketo )
apparently 'esulting from the concomitant . a-chlorinatiovzfzée
existingA c clohexanone moiety. Presumably, complex 6 was
involved as a source of positive chlorine!¥. Although this problem
could be ¢ cumvente} by using other dirnethyl sulfoxide activators -
like aceti¢ anhydride® or triﬂuor;oacetic anhydride®, the reaction

~was found to be rather slow when the former was used, while w’ith.
the latter, the results were not highly reprodueible. . Moreover, in

both cases, the yield of the desired diketone 8 was only modest .h:l
order to improve the reaction, other' possible activating agents were

invest/gated



o

: P'hbspﬂérus contalning compounds are of particular interest

" mainly due to their high reactlvlty towards oxygen functjonallties

As shown earlier. phosphorus oxychloride, phosphorus ‘pentoxide

and phosphorus trichloride have already been e:_cammed and found

- to be markedly inferior to oXaiyl chloride and trifluoroacetic

anhydride's. Upon examination of a series of other phosphorus-
contalnlng compounds which also included diphenyl

cl;lorophosphate 11 and dlethyl chlorophosphate 12, phenyl

v'dlchlorophosphate 10 emerged as an efﬁcient dimethyl sulfoxide

act.ivator " : _ : , o ﬁ
L : o
) 'y - H
OH - | \O
. "i - ’
. 7 o 8
= ci S H
\O
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. . o , o' , N
| - I g
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12

During the course of our studies, the usé of phenyl
dichlorophosphate 10 in combination with dlmetﬁyﬁulfoxlde in the
transforn'latgoh of primary amines to 'thei'r corresponding carbonyls
was also ,mvestigafed. From the prelimlnary results obtained which
are also reportéd in this thesis, the _pfocedure‘shows promiéé as an
effectjve means for the‘tra’nsformation of benzylic amines to the

s
»

corresponding carbonyls. - - L.
A variety of metal oxidizing reagents have been used including
‘potassium permanga.nate‘g- lead tetraacetate2° and nickel (IV)
oxide?! in the oxidation of primary amines to carbonyls. The use of
chloramine intermediates2?? and dehydrogenatior‘n with selenium

reagents or via sulfinamides has also been demonstrated?3, although

A
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£

the formation bf the imines and their hydrolysis often requires
elevated temperé}t(pres and strong acid.

A number of transaminations have been developed that involve.
prototropic rearrangement and equilibration of Schiff base
intermediates, Imines prepared from 3,5-di-tert-butyl-1,2-
ben;qquinoneé“ khave.been used to afford ketones in high yields,
althodgh this method is not applicable to the preparation of
aldehydes. - ‘ : . |

y ) .
" A recent exampie of the prototropic rearr’angerpent method

involves the, formation of imines with pyridine-2- carboxaldehyde’25

‘Z“'"mmgtonation with lithium diisopropyiamide afforded the

resonance-stabilized anion which is subsequently protonated and
hydrolysed to afford simple aldehydes and ketOnes in high yields.
The major disadvantage of this process lies in the strong base

required and its potential incompatibility with functional groups in |

more eomplex substrates.

In 1982, Rapoport et al.?® showed that the 4-formyl-1-
methylpy.ridinium salt 18 is a convenient reagent for the
'modifivcatidn of. amines to aldehydes and ketones. Rapoport's
investigation was based on established transamination sequences of
pyridoxal phosphate”. It is established t:hat pyﬂdoxal phosphate is
exceptionally receptive to nucleophilic addition because of its highly
polarized carhonyl group. AThe enzyme system res'ponsible for this



process serves two fundamental functions. The first one is

to control the subsequent abstraction of an 1mlne hydroge

|
X

initiating prototropic rearrangement of the original Schiff base

carbonyl product.
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Scheme 8

C‘j RR'CHNH,
+

1

- x

#
+
N
I
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: Results and Discussion

i

As descrlbed earlier, it was necessary to convert the keto
-alcohol 7 to the diketone 8 in the course of studies on dendrobine
In our laboratory. Unexpectedly, Swern oxidation using oxalyi
‘chloride gave the chloro dikeio‘ne 9 as the major prod)?g:t“. In an
attempt to improve the yield of the desired diketone 8. other
dimethyl sulfoxide activators we‘re. tried. When acetic anhydride
was used, the yield of the desired diketone 8‘_was _vexl'y low and long
reaction timesl were involved. With trifluoroacetic anhydride, the
yield of the desired product was also low and the reaction was not
highly reprodugible.

«

During the course of our studies, a series of phosphorus-
contalnmg reagents which included phenyl dichlorophosphate 10,
diphenyl chlorophosphate 11 and diethyl chlorophosphate‘IZ were
also examined. Of these rea! nts, phenyl dichlorophosphate 10 was
found to be a highly efficient dimethyl sulfoxide actlvator in the
conversion of alcohols to earbonyls. Phenyl dichlorophosphete (3
eq) was added to a stirred solution of dimethyl sulfoxide (5 eq) at
-60°C The reaction mixture was stirred for 10 min and the keto-
alcohol 7 (1 eq) added. Stirring was continued for 15 min and then
triethylamine (5 eq) added. The reaction mlxti.xre was stirred at
—60°C for 5 min and then allowed to warm up to room temperature.

'The reactlon gave the desired diketone 8 ln 77% yield with only a

14'



small amount(10%) of the chloro diketone 9. A small amount of
starting material (12%) was also recovered. The diketone 8
displayed absorption bands in the ir spectrum at 1782 and 1700
cm-! for the four- and six-membered ketones, reSpectl_vely. The 1H
nmr‘ spectrum showed a pair of doublets of doublets at §3.48 (J=18,
J'= 11.5 Hz) and 83.00 (J=18, J'= 6 Hz). These signals and another
doublet of doublets at §2.74 (J=11.5, J= 6Hz) were assigned to the
a-n?ethylene protons of the four-membered ring ketone and the

angular methine proton respectively. The mass spectrum exhibited

a molecular fon peak at 194.1308 which is consistent with the

chemical formula 012H1302. The small aniount of the chloro
diketone 9 obtained during the reaction displayed absorptlon bands
in the ir spectrum at 1779 and 1709 ‘cm'1 for }he four- and six-
membered ketones respectively. From the !H nmr, two doublets pf

doublets at 83.64 (J=18, J'=11.5 Hz) and §2.98 J= 18 J'=5.5 Hz) due

to the q-methylene protons of the four-membered ring ketone were -

observed. The other doublet of doublets at §3.14 (J=11 5, J'=5.5

Hé) was assigned to the angular methine proton The mass |

spectrum showed molecular ton peak$ at 228.0981 and 230.0897

corresponding to the chemical formula C;2H;705Cl. £

During the investigation, several sets of reaction conditions -

~ were attempted in order td arrive at the optimum conditions. The
parameters that were lrlvestigated included the reaction
temperature, the amounts of reagents. necessary fdr maximum
“efﬁclency and the order of addition of the varlous reagents to the

reaction mixture.

15
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It was observed that when the oxidation was carried out at
-60°C using the method described above, the reaction times were
long &nd there wds always a recovery of some starung material. On
the other ‘hand, when the reaction was performed at between -10°

and 29"C the starting material was completely consumed within

65 min to give the diketone 8 in 82% yleld and a small amouqt of .

the chloro diketone 9. " L

In - another experiment, a modiﬂcatlonl in which the
phosphate 10.‘dimethyl sulfoxide and triethylamine were all mixed
together at -10°C and then the keto alcohol 7 added, was
attempted. Interestingly, within 45 min, the corresponding
diketone 8 was. produced in 84% yi;aid with less than 10% of the
chloro diketone 9. This procedure is particularly advantégeous
because of its operational simplicity and the high ymlds of the

carbonyl products.

The general procedure which was successfully applied to all
the alcohols examined is described below. To a solution of dimethyl
sulfoxide (5 eq) in dry dichloromethane at -100C under an argon
atmosphere, are added sequentially with tl phenyl
dichlorophosphate (3 eq), triethylamine (5 eq) and a|so ut n of the
alcohol (1 eq) in dry dichloromethane. The reaction mixture i{s
.stirred at -10°C for 5 min, then allowed to slowly warm up to room
temperature. The results obtained for the varfous alcohols

examined are summarizéd in Table 1.

16
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It was- also observed that when lesser amounts of the

phosphate. 10, dlmethyl sulfoxide or triethylamine were applied,

the yleld of the carbonyl product decreased the reaction time was -

much longer and, in most instances. some starting material was

recovered

.The long chain alcohol 14 (Entry 4) was readily converted to
its corres nding aldehyde 15 in 77% yield -\using the phosphate
10, dimethyl sulfoxide ax‘?d triethylamine as described above.
lnterestingly. the attempted oxidation of the alcohol 14 with oxalyl

chloride, dimethyl sulfoxide and triethylamine at -10°C using the
| procedure described_above failed to give any detectable amount of

- the corresponding aldehyde 15 and a substantial amount of the

21

starting material was recovered. On the other hand. the aldehyde

15 was formed in ca. 86% yield (determined "by gas
chromatography) when oxalyl chloride dimethyl sulfoxicLe and the
alcohol 14 were allowed to stir at -10°C i'or 15 min before adding
triethylamine12 ‘Ina typical Swern oxidation, it is necﬁssary to add
the base at a particular temperature.range after'- the reaction has

‘proceeded for a period of time in order to achieve, the best restlts.

Simple secondary alcohols f\v‘e/re_f're\adily. converted to their
| corresponding carbonyls in excellent yields. For example 2-octanol

(Entry 2) and 4-cyclohexylcyclohexanol (Entry 3) were readily

converted to their corresponding ketones in 92 and 90% yield .

respectively 'Borneol (Entry 6). was also converted to camphonin
81% y-leld “When the secondary alcohol 16 (Entry 5) was treated



under similar conditions, the ketone 17 was p;oduced as a single

compound in 92% yield without any epimerization q,_

Of the steroidal alcohols ‘examined. the reaction of
cholestan-3-ol-6-one (Entry 7) proceeded “‘smoothly to give the
expected diketone 18 in 96% yield. This compound showed a
broad absorption band in the ir spectrum at 1708 cm'1 for the two
ketone functionalities The mass spectrum showed a molecular fon
peak at 400.3340 which is due to C27H4402 Under the same
reaction conditions cholesterol (Entry 8) gave a mixture of two
*isomeric products in 2 to 1 ratio, determined from-the 1H nmr
spectra in a total yield of 75% The mixture showed -strong
absorption bands in the ir spectrum at 1680 cm-! (conjugated
ketone) and 1700 cm"l (ketone) The major isomer 19 showed a
sharp singlet at 85 20 for the oleﬁnic proton which was absent in
the minor isomer 20 The mass spectrum exhibited a molecular fon
peak at 384 3379 conﬁrming the chemical formula of C27H44O

»{‘ :

Several primary alcohols were also readily converted \te the

corresponding aldehydes in excellent yields. For example. the

oxidation of ‘3-phenyl-1-propanol (Entry 9) proceeded smoothly in

30 minutes to produce the corresponding aldehyde 21 in 80% .
yield. The reaction of phenethyl alcohol (Entry 11) under similar '

conditions proceeded somewhat slower to give the aldehyde 22 in
62% yield. In all of these cases the structures of the carbonyl
products were confirmed spectroscopically. Althou;gh the yield of
the carbonyl compound ‘22 appears to bev rather low, itsyield is

B
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much poorer when ot activators are used. When oxalyl chloride
was used, only 23% yleld of the aldehyde 22 was obtained. In the
case of trifluoroacetic anhydride the yield of the aldehyde 22 ranged

from 32 to 50%.

It was ggserved that secondary allylic alcohols could also be

23

réadily transmed to their correspbnding a,B-unsaturated ketones -

in high ylelds. For example, treatment of carveol (Entry 10) with
the phosphate 10 dimethyl sulfoxide and triethylamine at -100C
© gave carvone in 81% yield. ’I‘re(ggmenﬁ of primary allylic alcohols

under similar reactions gave a mixture of two products. For

| example, the oxidation of cinnamyl alcohol (Entry 13) using the .

phosphate 10, at '-‘10°C"gavye a mixture of two products in an

approximate ratio. of 5 to 1. The major product 23 showed a

doublet of doublets centred at §4.25 (J=8, J'=2.5 Hz) in the 1H nmr
spectrum due to the méthylene protons adjacent to the chlorine
atom. 'A]so-pres‘ent were a doublet at 86.60 (J=15Hz) ‘due. to the
olefinic p;oton on the benzylic carbon‘and a doublet of triplets

centred at 86.30 (J=16, J'=7 .Hz) assigned to the other olefinic

. proton. This compound showed molecular ion’ pe‘aks in the mass
spectrux% at 152.0392 and 154.0360 which are consistent with the
chemical formula CQHgCl. The expected aldehyde 24 was the
minor product obtained and the structure was confirmed from
sbectral data which were foﬁnd to be consistent with an authentic

sample.‘ | o , Y
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25 was used a substrate under simllar reacuon conqups The
major product obtained was the chloro, compound 26 in 83% yield,
while the aldehyde 27 was obtained as the minor product in only
7% yleld. The chloro-compound 26 showed a singlet in 'H nmr at

84.05 assigned to the methylene b_rotons adjacent ‘'to the chlorine

atom. A very broad singlet at §5.85 was assigned to the olefinic

proton in the cyclohexene ring system. The other broad singlet at B

84.75 was assigned to the terminal olefinic brotons. Two molecular
fon peaks in the mass spectrum were observed at 170.0863 and

172.0838 c{nfirming the chemical formula Ci10H15Cl. .The

carbonyl product 27 exhibited an absorption band in the ir

_spectrum at 1680 cm-! (conjugated aldehyde). The !H nmr
spectrum showed a sharp singlet at 89.45 for the aldehydic proton.

A broad singlet due to the olefinic proton in the cyclohexene ring

system was observed at §6.85. Also present.was a doublet centred
at 54.78° asslgned two the two terminal olefinic protons. The
|

molecular jon peak in the mass spectrum was observed at 150.1043

which is consistent with the chemical formula C10H140.

The éonversion of allylic or benzylic alcohols to halides under .

similar conditions has been reported in the literature. Corey and
coworkers28 showed that when N-chlorosuccinimide or chlorine
and dimethyl sulfide are used to oxidize alcohols which can give
stabilized cations, the oxidation process leadinﬁ to the carbonyl

product becomes only a minor pathway. They propdsed that the

.

' 4 ) L R gk
~ Similar results were observed when the primary all’y‘llé‘&kohol
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sulfoxonium intermediate 2 is relétjvely unstable and thus tends to

form the corresponding chloride as the major product. )

Swern et al.}? also observed that the oxidation of cinnamyl
alcohol using trifluoroacetic’ anhydride aﬁd dimethyl sulfoxide at
room temperature did not produce any carbonyl producf. but rather
the alkyl trifluoroacetate 28 was obtair;ed in ' 98% yield.l It was
proposed that the alkyl trifluoroacetate 28 forms as a result of the
solvolysis of the allylic sulfoxontum salt which does not get oxddized

(Eq 5).

P,

+ - ' +
(CH3);S-0 + (F;CCO0),0 [(CH3),S-0-COCF,]
. OCOCF,

PhCH=CHCH,OH .
PhCH=CHCH,0-S(CHj,),’

W : | OCOCF;,
’ ’ . “‘{vr'; .

L ]

CF;CO,

H

- ..
PhCH=CHCH,0COCF; + (CH;),S-O0 (Eq 5)
28 Y

It was found that the formation of the chlorinated by-products
" could be supressed by performing the oxidatloné at much lower

temperatures. When the oxidation of cinnamyl alcohol was carried

25
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out at -50°C, a mixture of two products as before was obtained in an
approximate ratio of 2 to 1 in favor of aldehyde 24, in Q total yield of
80%. Simllarly, the alcohol 28 gave the aldehyde 27 in 48% yield
when the oxidation was carried outl‘ at -50°C. The chloro compound
26 wa;s obtained in 40% yijeld. \

. \ .

The oxidation of certain acet};lemc alcohols using the
phosphate 10, dimethyl sulfoxide and triethylamine was
‘unsuccessful. No solatable carbonyl productb was obtained when
| 1-octyn-3:ol (29) was used as the substrate. Under the same
reaction conditions, the acetylenic alcohol 30 produced by the
- reaction of *phenylacetylene and ethanal in the presencé of
butyllithium - at -780°C also failed to produce any carbonyl produét.
Swern and coworkersl2 in their study did not get any carbony!l
- product frorh 1-octyn-3-ol (29) using eithe.r oxalyl chloride or
trifluoroacetic anhydridé. 'rﬁ

L

~N

: CHacHchchZCHZ?HCECH / <_=—>-—c--—_=—c——<|:ch3

OH | - OH

29 : ‘ 30

~

The pfoposed'mechanlsm for the: conversion of primary and
secondary alcohols to corresponding aldehydes and ketones
respectively using the phosphate 10 is outlined in Scheme 4. The

reactibn of dimethyl sulfoxide and phenyl dichlorophosphat'e at

26



RIS Pt

' 27
-10°C presumably leads to formation of complex 31. The reaction of

an alébhol with the complex 31 then leads to the formation 'of the -
dimethylalkoxysulfonium intermediate 32 which in the presence of

base is converted to’' the carbonyl preduct.

écheme 4 ‘
LY 3

. { ’

*
L4

+ - ' O +
PhOP(O)Cl, + (CH;),S-0 [PhOPO\(CI)-O-S(Cﬂs)z]CI'

81
o)
RR'CHOH
{ RR'CH-0-§(CHy), 22258 _ RecR' + (CHj),S

32

-

Based on this proposed mecf‘xanls-tic pathway, it is conceivable
that carbonyl prodﬁcts from some amines can also be formed. As
{llustrated in Scheme 5, if the intermediate complex 31 reacts with
an amine, it could presumably lead to the formation of the complex -
' 83. The treatment of complex 33 with a suitable base' wo/;lld then
lead to the formation of an imine which upon acid%hydrolysls is
converted to ﬁ]e correspox{dlng carbonyl product. A number of
amines were examined in the hope of converting them to their
corresponding carbonyl compouﬁds. - Results are summarized in

Table 2.
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Scheme 8

. ‘- (]
PhOP(O)Cl, + (CHj),S-0 PhOPO(CI)-0-§(CH,),
' , 31
g >
~ | RR'CH-NH,
ﬁ ) "‘
. H0O B + '
RCR 2 RR'C3NH 2 RR'CH-NH-§(CH,),

33 .

"

When a-methylbenzylamine was treated with 1.1 eq of phenyl
dichlorophosphate, 2.2 eq of dimethyl sulfoxide and ‘5 eq of
trigthylamine and the reaction qdénched with a saturated solution‘

oxalic »acid.' a small amount ‘(<15%) of ace'toghenon_e was
praduced. In ‘order to lmprogc the yield of the carbonyl compound,
Ee amounts of phenyl dichlbrophosphate and dimethyl sulfoxide
were increased to 3 eq énd‘ 6 eq respectivel)-. The yield of
- acetophenone increased substantially to 80%.

Encouraged by\ the results obtained with a-
methylbenzylamine.? several other amino compounds ‘were

 examined. In a typical reaction, a solution of dimethyl sulfoxide

»



(6 eq) and pheny! dichlorophosphate (5 eq) In freshly distilled
dichloromethane is stirred at -10°C under an argon atmosphere for
5 min. The emino ‘compound (1 eq) is; then added and stirring
continued for 15 min. Dry triethylamine (5 eq) is then adHed and
stirring continued for 5 min. The temperature is then ll’owed to
.warm up slowly to room temperature. After an hour, a saturated
solhtion of 'oxalic acid is added and stirring is contir‘;‘ued at roorn
temperature 4t was observed in a separate experiment that the use
of 1IN HCI greatly enhanced the hydrolysis leadtn§(to the carbonyl
product. - /
\g

Benzylamine was successfully converted to benzaldehyde in
79% yield in 2.5 hr. Treatment of l-nahhthalenemethylamlne under
the same reaction conditions gave a 78% yleld of the corresponding
aldehyde 34. 1-Aminoindan underwent the same transformation to
give the correspon'dtng ketone 35, but only to the extent of 8%.
Varying the amounts of phenyl dichlorophosphate and dimethyl did
not bring about any improvement in the yield of the ketone 385.
The reaction of 2- ethoxybenzylamine Mth the phosphate 10 and
dim%hyl sulfoxide in the presence of tr;tethylamtne proceeded
smoothly to give 2-ethoxybenzaldehyde in 76% yield

These results are only preliminary. More experlments to
determine the optimum reaction conditions for the conversion of a
variety of amino compounds to corresponding carbonyls are needed.
Among the steps that may need to be undertaken in improving the

|
- ylelds of carbonyl products is the examination of the effect of using

30



" bases other than ‘trl,eth"ylamivne. : lt. was observed that whereas
- benzylic amines were readily~con’verte'd to carbonyl p‘rodu‘c_ts. the
: converSIOn of simple aliphatic aniines like cyclohexylamlne and 2-

aminooctane "to corres‘pondlng’ carbonyl compounds was' more

31

o

v 'difﬂcult and it 1s likely that they»require the use of a much stronger -k

base such as sodium hydride

In concluslon phenyl dichlorophosphate 10 has proved to be,

- an efflcient activator for dlmethyl sulfoxide in the converslon of

alcohols and some amino compounds to the corresponding ‘

carbonyls Ih partlcular with respect to the alcohol oxidation its

| 'efllciency compares favourably with other commonly used activators"

such as dlcyclohexylcarbodilmlde acetic anhydride triﬂuOroacetic '

anhydride and oxalyl chloride A broad synthetic utllity of this

_reagent is expected in view of its high efficlency and operational

simplicity o - o o S
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General L '.:;,.;l‘ |
o Melting polnts were determlned on a Koﬂer ‘hot" stage
v’ apparatus and are uncorrected Elemental analyses were performed
| by the m1croanalytical laboratory of this department. Infrared (ir)
spectra were recorded on a Perkin-Elmer model 457 or Nlcolet 7- |
B 199 FT-IR spectrophotometer Unless otherwise stated ir samples
~ were run as thin ﬁlms .. Proton nuclear magnetlc resonance (lH‘
nmr) spectra were recorded on a Bruker WH- 200 WH-400; or AM-
300 spectrometer and, except where stated ‘were obtalned on
solutions in deuterlochloroform uslng tetramethylsilane as internal
v_reference ‘The following abbrevlatlons are used: s=slnglet ,
d= =doublet, t= triplet, q= quartet m-multiplet and br= road Mass
| spect_ra (ms) ‘were recordeb on Kratos AE.L model MS-50 or MS-
: 12 mass Spectrometers Concentratlon of solvent systems used. in
: column chromatography are' given by volumes e.g. 20% ether in
- petroleum ‘ether, means 20 parts of ether by \‘rplume to 80 parts of
A-petroleum ether by volumé
‘Materials ‘ R
| Dichloromethan/ sed for reactions was freshly distilled over
'_ ‘phosphorus pentoxide Ether was distilled over lithium aluminu;n
'--g-:hydride ’l‘rlethylamtne and ethyl acetate were freshly dlsttlled over
) calctum hydride as was dimethyl sulfoxlde Argon,was -passed

32 . s



A'through a puriﬂeatton train of Fieser's solution29, concentrated

sulfuric acid and potassium hydroxide' pellets.  Flash
chromatography developed by Still30 was used routinely for

purification and separation of product mixtures.

- (1R®, BR‘)-3-Isoprdpyl-6;methylbicyclot4.2.0]octane;2.7-‘dighz.(8)
and (1R*, 38*, 6R‘)-3-_Chloro-3-isopropyl-sfm,ethyibicyclo- '
14.2.0loctane-2,7-dione (9) | L

| o N N o i .
Cl 'ﬁl -

7\“,.

e o

To a solution of. illmethyl sulfoxide '(0.35 mL, 5 mmol) in
dlchloromethane (10 mL) at -10°C under an argon atmosphere
were added -sequentially with stirring phenyl dichlorophesphate
,(0 45 mL, 3 mmol) triethylamtne (0.70 mL, 5 mmol) and a solution
of the keto alcohol 6 (196 mg, 1 mmol) in dichloromethane (5 mL).

33

"I‘he reaction mixture was stirred at -10°C for 5 min, then allowed

to slowly warm up to room temperat;rre After 40 minutes ﬁwater (5

JmL) was added The organlc layer was: separ? d and vthe aqueous E
layer extracted with dichloromethane (3x15,rnL). The organic

'solution was washed With a saturated aqu'eous‘ sodium chloride -

g



solution (20 mL) dried with magneslum sulfate ﬂltered and
concentrated« ~The residue was subjected to flash column
chromatography on silica gel Elution with 20% ethyl acetate in
_petroleum ether afforded the chloro diketone. 9 (23 mg, 10%): ir
"‘1779 (four-membered C-O) and 1709 cm-1 (slx-membered C-O)
1H nmr 83.64 (dd, 1H, J=18 Hz, J'=11.5 Hz, C-8H), 3.14 (dd, lH
J=11.5 Hz, J'=5.5 Hz, C-1H), 2.98 (dd 1H, J=18 Hz, J'=5.5 Hz.
C- 8H) 2.62 (septet 1H, J=7 Hz, -CH(CH3)2) 1.37 (s, 3H, -C- CHa)

1. 12 and 0 9 (both d, 3H each, J=7 Hz each -CH(CH3)2): ms M+

228.0924 and 230 0897 (calcd for C12H17Cl02 228.0981 and
‘\230 0888) Anal Calcd for Ci12H;7Cl03: C, 63 15; H, 7.51 Found
C. 63.24; H, 7 38 Further efution with the same solvent system

afforded the ~diketone 8 (163 mg, 84% yield): ir 1782 (four-.

membered ring ketone) and 1700’cm“1 (six membered rmg
ketone); 1H nmr 83. 48; 3.42 (dd, 1/10H, J=18, J'=11.5 Hz; dd,
'9/10H, J=18, J'=10.5 Hz, C-8H), 3.00; 3.26 (dd. 1/10H, J=18, J=6
‘Hz dd. 9/10H, J=18, J'=6 Hz, C-8H), 2.74: 2.76 (dd. H,
J=11.5, J'=6 Hz; dd, 9/10H, J= 10.5, J-s‘*Hz 'C-1H); ms M+

&
194.1306 (calcd for C12H1802 194.1307). SR
' : o)
2-Octanone
| 'CH3(CH;)sCOCH,

A solution of dimethyl sulfoxide (O. 35 mL, § mmol) in dry-

dichloromethane (5 mL) was cooled to -10°C under an argon ~

34



atnioé})l'iere. Phenyl dlchlorophosphate ‘(l0.45 mL, 3’mmol).
triethylamine (0.70 mL, 5 mmol) and a solution of 2-octanol (1‘30'
- mg, 1 mmol) iri ﬁichlororr:ethane (5 mL) were then added
sequentially witH stirring After stirring for 5 min at -10°C, the

- reaction mixture ‘was allowed to slowly warm up to room

35

il&

s After 30 min, water (5 mL) was added. The organic |

temperature,
_ 'layer wa%yseparated and the aqueous layer extracted with

dichloromethane (3x10 mL). The organic solution Was washed with
" saturated aqueous sodium chloride (15 mL) dried with magnesium
sulfate, fi-ltered and concentrated. The residue was subjected to
flash '&olumn chromatography on silica gel. Elution with 25%
diethyl ether in petroleum ether afforded 2- octanone (118 mg,

- 92% yield) ir 1712 cm-!- (ketone) 1H nmr 82 18 (s, 3H CH3CO-),

242 (t, 2H, J= 7 Hz, -CH2CH2CO) 090 (t 3H J=7 Hz CH3CH2)
and 1.05 (m, 8H, CH3(CH2)4CH2) ms M+ 128.1200 (calcd for
csnleo 128. 1201) i

£,

LCyclohexylcycloheranone_\ o
OO

\

To a sol-utio‘n of dimethyl sulfoxide (0.70 mlL, 'l“O ‘mmol) in -

freshly distilled dichloromethane (10 mL) were added with stirring
phenyl dichlorophosphate (0.90 mL, 6 mmol), dry triethylamine
(1.40 mL, 10 mmol) and a solution of 4-cyclohexylcyclohexanol



(365 mg, 2 mmol) in dry dichloromethane (5 mL). The mixture
~ was allowed to stir at -10°C for 5 min and then allowed to warm up

slowly to room temperature. After 25 min, water (5 mL) was added

- and stirring continued for another 5 min. The organic layer was "

'separated and the aqueous layer extracted with dlchloromethane

(3x10 mL). ,The combined organic solutlon was washed wlth '

~ saturated sodium chloride solution (15 mL), dried with ~magnesium
‘ sulfate. filtered and concentrated. The resulting residue was
. subj’ected to flash column chromatography on silica gel. Elution

with 30% diethyl ether in petroleum ether gave 4-

cyclohexylcyclohexanone (325 mg, 90% yield)' ir 1718 cm'll
(carbonyl); 1H nmr $2.25 (m, 4H,. CHZCOCHZ) 1.05, and 14?5 (m,

36

total IGH. cyclohexyl protons); ms M+ 180.1513 (calcd. for -

C12H200: 180.1515).

Cholest-4-en-3-one (19) and Cholest-5-en-3-one (20)

~ To a solut.ton of phenyl dichlorophosphate (0.45 mL, 3 mmol)
in freshly distllled dichloromethane (5 mL) at -10°C under an argon



atmosphere, were added with stirring dlmethyl sulfoxide (0.35 mL,
5 mmol) in dry dlchloromethane (5 mL), dry triethylamlne (O 70
mL 5 mmol) and a solution of cholesterol (386 mg, 1 mmol) in
dlchloromethane (3 mL). The reaction mixture was s‘tlrred for 5
min at -10°C" and then allowed to warm up slowly to room
| temperatgre. After an hour, water (10 mL) 'was'édded. Th“é-organlc
“layer was separated and the aqueous layer extracted with
dichloromethane (3x20 mL). The cdmb;n_ed organic solution was
then washed with saturated sodium chloride solution (20 mL),
- dried with magnesium sulfate, filtered and concentrated. The
residue was subj,ccf/téd to ﬂ_ash éolunﬁn chromatography on silica gel.

_Elution with 20% ethyl acetate in petroleum ether gave the ketone
©19,(192 mg, 50% yield): ir 1680 em-1 (carbonyl); 'H nmr 8§5.20

(s.1H, =£-). 0.68 (s éH.—Cﬂs); 1.18 (s, 3H, -CH3); ms M+ 384.3379
(caled. for C27H44O' 384 3392). Further elution with 25% ethyl
acetate in petroleum ether afforded the compound 20 (96 mg, 25%
yield): ir 1700 cm -1 (carbonyl) 1H nmr, §4.20 (dd, 2H, J=6.5,
~ J'=2.5 Hz -CH2CH-), 0 68 (s, 3H, -CH3) ms M+ 384.3379 (caled. for
C27H440: 384.3392).

| +
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Camphor

k4

A solution of dimethyl sulfoxide (0.35 mL. 5 mmol) in freshly
distilled dichloromethane (3 mL) was added to phen_yl.
dichlorophosphate (0.45'rnL. 3 mmol) in dry dichloromethane (3
mL) at -10°C under an argon atmosphere. Then were added with
stirring, triethylamine (0.70 mL, 5 mmol) and borneol (154' mg, 1
minol) diesolved in dichloromethane (3 mL). The reaction mixture
was stirred for 5 min at -10°C and then allowed to slowiy warm up
to room temperature. After 25 min, water (5 mL) \\;as added. The
organic layer was separated and the aqueods layer extracted with
‘dichloroniethane_ (3x20:mL). The organic solution was then washed
with  saturated aqueous sodium chloride solution (20 mL), dried
with magnesium sulfate, filtered and concentrated The re<ldue
- was then subjected to flash chromatography on silica gel. Elution
- with 20% diethyl ether in petroleum ether afforded camphor (123 |
mg, 81% yield): ir 1742 cm-! (keton 2);, 1H nmr 81.00 (s, 3H, -CHg),
0.86 (s, 3H, -CH3) 094 (s, 3H, CH3) 135 (m 4H, -CHzcl-lz) 2.38
(br, m, 2H, -CHCH2CO) and 1.95 (m 1H, CH2CBCH2) ms M+
152.1199 (caT“"?)- C10H160: 152. ;201)

dﬁ',



Cholestane-3,8-dione (18)

Te a solution of dimethyl sulfoxide (0.35 mL, 5 mmol) in dry

dichloromethane 3 mL) at -10°C under an argon atmosphere, were

: added sequentially with stirring, phenyl dichlorophosphate (0.45,

mL, 3 mmol), triéthylamine (0.70 mL, 5 mmol) and a solution of
cholestan-3-ol-6-one (402 mg, 1 mmol) in dichloromethane (5 mL).

The reaction mixture was stirred at -10°C for 5 min, then allowed

to warm up to room temperature. After 40 min, the Treaction

mixture was quenched with water (10 mL). The organic layer was

‘separated and the aqueods layer extracted with dichloromethane
(3x20 mlL). The orgahic solution was \v&ashed with saturated
aqﬁeous sodium (Q:hloride solution '(’20 mL), dried with magriesium
sulfate, filtered and concentrated. ‘Th'e crude material was
chromatographed on silica gel,"eluting with 20% ethyl acetate in
petroleum ether to afford the diketone 18 (384 mg, 96% yield): ir
- 1708 em'} (ketone): 1H nmr $2.58 (m. 2H, -CHCO-), 0.68 (s, 3H.

39
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40
-CH3), 0.95 (s, 3H, -CH3), 1.55 (m, 4H, -CH3CH3-); ms M* 400.3340 - 7

(calcd. for Ca7H4402: 400.3341).

Menthone (17)

(o)
O
. 17

g

A ‘solution of dixttetiﬁl sulfoxid® (0.35 mL, 5 mmol) in dry
dichloromethane (5 mL) was cooled down to -10°C under an argon
atmosphere. Phenyl dichlorophosphatc (0.45 mL, 1 mmol),
triethylamine (0.70 *mL, 5 mmol) and a solution of the alcohol 16
(156 mg, 1 rrimdl) in dry dichloromethane (3 mL) were then added
sequentially wittl- stirring. The reaction mlxture was stirred fot' '5‘
min and then. /allowed to slowly warm up to r mperature,
After 25 min, water (10 mL) was added. The> E:n \w'as
separated and the aqueous layer extracted wtth dlchloromcthane
(3x15 The organic solution was washed .with saturated sodium
chloride solution (15 mL) dried with magnesium sulfate, filtered
‘and concentrated The residue was subjected to flash
chromatography on silica gel. Elu;tion with 20% diethyl ether in
petroleum ether afforded the ketohe 17 (142 mg, 92% yield): ir
1701 cm-! (ketone); 1H nmr §0.86. o 92. 1.02 (d. total SH, J=7 Hz,

-CH3), 2.34, 2.38 (ddd 2H, J=3, J-4s J"=8 Hz, -cncm 1.35 (m
’
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2H, -CH2CH2-), 1.85 (m, 2H, -CH2CH2-) and 2.15 (m, 2H,

-CH2CO-); ms M+ 154.1360 (calcd. for CjgH1g80: 154.1358).

4—t)ert-Butylcyclohennone

ﬁ‘o -a solution of phenyl dichlorophosphate (0.90 mL, 6 rﬁmol)
in .dry dichloromethane (5 mL). at- -10°C under an argon
atmosphere, were added seq:zentially with stirring, dimethyl
sulfoxide (0.70 mL. 10 mmol), dry triethylamine (1.40 mL, 10
mmol) and a solution of 4-tert-butylcyclohexanol (312 mg 2 mmol)
in dry dichloromethane The reaction mixture was stlrred at -10°C
for 5 min, then allowed to slowly warm ‘up to room temperature.
After 25 min, the reaction was quénched with water (10 mL). The
organic layer was s'eparate\d and the aqueous layer extracted with
‘ dichlommcthane (3x20 mL). The organic solution was washed with
saturated sodium.ch'loride solution (20 mL), drieci with magnesium
sulfate, filtered and concentrated. The residue was

chromatographed on silica gel, eluting with 25% diethyl ether to



afford 4-tert-.butylcyclohexanon3 (2§O mg, 94% yield’).:!?lngérl
(ketone); !H nmr‘51.02‘ (s. total 6H, 2x -CH3). 1.00 (s. 3H, -CHaj), .
2.35 (m, 4H, -CH2COCH;-) and 1.45 (m, 1H, :CH2CHCH3-); ms M*
154.1360 (caled. for, C10H;80: 154.1358).

v

Octadecanal (15) Y

\

CH3(CH;),6CHO B J
15 Q .

L]

A solution of dimethyl sulfoxide (0.55 mL, 7.5 mmol) in dry
dichloromethane (5 mL) was cooled down to -10°C under an _a'rgo‘n
atmosphere. Phenyl dichlorophosphate (O.70}mL. 4.5 mmol), dry
triethylamine (1.05 mL, 7.5 mmol) and a solution of the lang chain
alcohol 14 (405 mg, 1.5 mmol) 'were then added séquentla]ly with
stirring. The reaction mixture was stirred for 5 min and then
allowed to slowly warm up to room temperature. After 40 min, the
reaction was quenched with water (10 th). The organic layer was
‘ separated and the aqueous layer extracted with dichloromethane
(3x20 mL). The organic solution was then washed with saturategﬂ
sodium chloride solution (20 mL). dried with magnesfum sulfate,
filtered and concenfrated. The residue was subjected to flash
chromatography on silica gel. Elution with 25% ethyl acetate in
petroleum ether afforded the aldehyde 15 (314 mg, 77% yield): ir -
1711 (aldehyde); 2748 and 2849 cm-! (aldehyde”C-H); IH nmr
89.75 (s. 1H, -CHO), 2.42 (t, 2H, J=6.5 Hz, -CH,CHO), 0.85 (t, 3H,
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J=6.5 Hz, CH3CH;-) and 1.25 (m. 30H, CH3(CH3),5CH32-); ms M+

268.2769 (calcd. for C 18”36(’),‘; 268.2766).
(

3-Phenylpropanal (21)
/0 _ _CHO

‘To a solution of dichlorophosphate (0.45 ‘mL, 3 mmol) in dry X

R u."

dtchloromethane (3 mL) at -10°C under an argon atmosphere were
added dimethyl sulfoxide (0:35 mL, 5 mmol), triethytamine (0.70
mEk, 5 mmol) and 3-pheﬁyl-1-propanol (136 -mg, 1 mm?o'rl)‘ with
stirring. The reaction mixture was stirred at 10°C for 5 min, then
allowed to slowly warm up to room temperature After 25 min, the
reaction waswquenched with water (10 mL). The organic layer was
‘separated and the aqueous layer extracted with dichloromethane
* (3x20 mL). The organic-‘ solution was washed with aqueous
- saturated ‘sodium chloride solution (20 mL), dried with magnesium
sulfate, filtered and concentrated. The resulting resic was
chromatographed on silica gel. Elution with 15% ethyl acéta‘te in
petroleum ether afforded the aldehyde 21 (107 mg, 80% yield)‘: ir
1701 (aldehyde), 2750, 2850 cm-! (aldehyde C-H); !H nmr §9.82
(s. 1H. -CHO), 2.95 (m, 2H, Ar-CH2-), 2.80 (m, 2H, -CH2CHO) and
7.25 (m, 5H.—aromatic protons); ms M+ 134.0733 (calcd. for
" CgH100: 134.0732). e | |



 Phenylacetaldehyde (22)
22 .

A solution of dimethyl sulfoxide (0.70 mL, 10 mmol) in dry

dichloromethane (3 mL) was added to nyl dichlorophosphate'

(0.90 mL, 6 mmol) in dichloromethan ) at -10°C under an

argon atomosph‘ere. Triethylamine (1. 10 mmol) was then
added dropwise with stirring followed by phenethyl alcohbl (244
mg, 2 mmol). The reaction mixture was stirred for 10 min. After
an hour, water (10 mL) was added. The organic layer was separated
and the aqueous lay'er extracted with dichloromethane (3x25 mL).
The combined organic solution was then. washed with saturated
aqueous sodium chloride solution (25 mL), dried with magnesfum |
sulfate, filtered and concentrated. The residue was subjected to
flash chromatogfaphy on silicd’ gel. Elution with 15% ethyl acetate
in petroleum ethexj afforded the aldehyde 22 (149 mg, 80% yield):
ir. 1698 (aldehyde), 2748, 2849 cm-l (aldehyde C-H); 'H nmr §9.70
(br, s, 1H, -CHO), 2.65 (br, s, 2H, -CH,CHO) and 7.32 (br, s, SH,

aromatic protons); ms M+ 120.0576 (calcd. for CgHgO: 120.0575).
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’l‘o a solutlon of phenyl dlchlorophosphate (0. 45 mL 3 mmol)'-‘»

in freshly distilled dichloromethane (3-mL) at 10°C under- an argoh

atmosphere was added dimethyl sulfoxide (O 35 mL 5 mmol) in

dry dichloromethane (3 mL) After stirring for 2 min triethylamine'

- (0.70 mL, 5 mmol) was added dropwise followed by a solution” of

carveol (152 mg 1 mmol) in dichlor omethane (2 mL) [;The

reaction mixture was sdrred for 5 min at 10°C and then allowed to

. ‘war_f,

up slowly to room temperature After stirrmg for 45 min )

water (10. mL) was added and the organic layel" separated ’l‘he, :

e aqueous layer was extracted with dichloromethane (3x25 mL)

combined organic solutipn was washed with saturated sodium;

chloride solution (20 mL) V

vied with | magnesium sulfate filteredi

and concentrated The resulting resldue was chromatographed on

sillca gel Eluuon with 25% diethyl ether in petroleurn ether gave‘

carvone (122 mgw 81% yield) ir 1673 cm 1 (conjugated ketox('te) ?ﬁcH

nmr 56 75 (m lH -CH) 475 (br s lH —CHH) 482 (br s, |

lH -CHH) 180 (br s 3H -CH3) and 1 75 (br s 3H -CH3) ms M+
150 1042 (calcd for CqumO 150 1045)L

e , « , _ S P L K
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Oxidatiori of trqris-Clnnan’:yl alcohol at -10°C

o °“=C“CH20' : CH-=CHCH° G

.

To a solution of phenyl dichlorophosphate (O 45 mL, 3 mmol) o

m dry dichloromethane (3 mL) at 10°C under an argon atmosphere
B .were added sequentially mth stirring dimethyl sulfoxide (0.35 mL,
S5 mmol), tnethylamine (0. 70 mL 5 mmol) and a solution of trans-

. cinnamyl alcohol (134 mg, 1 mmol) in dichloromethane (3 mL)
| ‘The reaction mixture 'was stirred for 5 min at -10°C and then |
allowed to slowly warm'’ up to roomﬁ,temperature After stirring for"

" an hour the reaction was quenched with water (10 mL) The

. organic layer was separated and the aqueous layer was extracted
witk "L':’ p’hloroxﬁ‘ethane (3x20 mL) The organic solution was washed
‘ k \odium chloride solution (25 mL) dried withv

esium sujfate. filtered and concentrated.  The resulting

“ ',:gresidue was su jected to flash chromatography on silica gel. Elution' '
o with 20% ethyl acetate in petroleum ether afforded the aldehyde 24 |
: ,:(16 mg 12 -»yield) ir 1685, (conjugated aldehyde) 2747 and 2848 |
(ﬂf&ehyde C-H); 'H nmr $9.75 (br, s, 1H, -CHO), 6.60 (d, 1H,
geis az“' =CH-CHO) and 6.75 (d, 1H, J=15 Hz, Ar-CH=); ms M+
132 0570 (calcd for CgHao 132 0571) Further elution with the

same solvent system afforded ‘the chloro compound 23 (96 mg



63% yield): fr 3010 and 3020 cm-! (=C-H); 1H nmr §4.25 (qd;‘ 2H,
J=8, J'=2.5 Hz, -CH,Cl), 6.60 (d, 1H, J=15 Hz, Ar-CH%) and 6.30
(dt, 1H, J=15, J'=7 Hz, =CHCH,-); ms M* 152.0392 and 154.0360
.(calod.'tbr*eg‘H.ijCl: 152.0394 and 154.0364). |

‘Oxidation of trans-Cinnamyl alcohol at.-50°C - | ,} |

Phenyl dichlorophosphate (. 45 ml, 3 mmol) was added to a
solution of dimethyl sulfoxide (0.35: mL, 5 mmol) in

dichloromethane (3 mL) at ~50°C under an argon atmosphere and

the miXture ‘was stirred for"5 min. Triethylagnine (0. 70 mL 5

.mmol) and a solution of trans- cinnamyl alcohol (134 mg 1 mmol)

Cin dichloromethane (2 mL) were. added with stirring. The reaction

mixture was s,tirred at -50°C for 30 min and then allowed to slowly

warm' up to room témperature. After 30 min the reaction was

_quenchﬂ”with water (10 mL) “The o'rga'nic layer was separated and
the aqueous layer extracted with dichloromethane (3x25 mL). TheN-

. 'combined organic solution was ‘then washed with saturated sodium

chloride solution (25 mL) dried with magnesium sulfate. filtered

-and concentrated The residue was then purified by column;

-chromatography using 20% ethyl acetate in petroleum ether to

47

afford the alde%h}ye 24 (70 mg, 53% yielﬁ) Further elution wih the. |

same - solven stem gave the chloro compound 23 (41 mg 27% o

yield) . AR o : o e
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Oxidation of Perillyl alcohol (25) at -10°C

GH.CI CHO

dlchlorophosphate (0.45 mL 3 m,: ol) in dlchloromethane at - 10°C

under an arg’on atmosphere After stl-rrlng for 2 min trlethylamlne

’ ‘The reaction mixture was stirred at - 10°C for 5 mln

, lowed to slowly warm up to room temperature After 45

‘ extracts were washed w1th saturated brlne solution dried over

magnesium.sulfate flltered and concentrated Flash

chromatography on sllica gel elutlng with 5% ethyl acetate gave the,

wal er (10 mL) was added asd the aqueous layer was extracted"'

with addltlonal dichloromethane (3x20 mL). The combined organlc :

'48

“aldehyde 27 (11 mg 7% yield) ir 1680 (conjugated aldehyde) '

2749 2852 cm'l (aldehyde C-H); 1H nmr §9.45 (s 1H, -CHO), 6 85
(m lH -CH) 475 (br s, 1H, =CHH), 482 (br s, lH -CHH) and
178» (s. 3H, -CH3) ‘ms M+ 150 1043 (calcd for C10H14O



. . Y -
' Ry s
A

‘&O 1045) Further elutlon with 5% ethyl acetaté- n petroleum
ether afforded the chloro compound 26 (141 mg, 83% yield):
3020 ‘;cm",v (=C-H); 'H nmr 84.05 (s, 2H, -CH2Cl), 5.85 (br, s, 1H,
=CH-), 4.75 (m. 2H. =CH3), 1.75 (s, 3H, -CH3) and 2.20 (m, 4H,
-CH2CH2-); ms M+ 170. 0863 and 172 0838 (calcd for C10H15Cl
- 170. 0864 and 17{?"0834) Anal Calcd. for C10H1501 C, 70 59,
H, 882 Found C, 70. 52 H, 8.94. ' '

 Oxidation’of Perillyl alcohol (25) at -50°C

A solution of dimethyl sulfoxnde (0.35 mL, .5 mmol) in
,dichloromethane (2 mL) ‘was. added to a solution . of phenyl
| dichlorophosphate (0.45 mL. 3 mmol)’ ln dichloromethane at _§O°C
under an argon atmosphere Thé reaction‘mixture was stirred at
-50°C for 5 min and then triethylamine ('0 #0 mL, 5 mmol) and'
perlllyl alcohol ‘25 (152 mg, 1 mmol) weré{ gﬂded After 30 min at
-50°C, the reaction mixture was allowed to. warm up to room-
temperature After stirring for 25 min, \bater (20 mL) %as iﬁded
~and the organic layer separated. The aqueous‘ layer, was extracted
with dichloromethane (3x20 ‘mL) ‘and the —combined organicc '
- extracts dried with magnesium sulfate, . filtered and concentrated ,
‘The residue was puriﬁed by column chromatography. eluting with
5% ethyl acetate in petroleum ether to afford the aldehyde 27 (72
mg, 48% yield) Further elution with the same solvent system gave
the chloro compound 26 (68 mg. 40% yield). S



Acetophenbn"e

N . ‘ e}

; évo"c""

To a solution of dichloromethaﬁe (3 mL) and dimethyl
sulfoxide (0 42 mL, 6 mmol) at -10°C under an argon atosmphere
was added phenyl dichlorophosphate (0.45 mL, 3 mmol) dropwise
with stirring. 1 Phenylethylamine (121 mg, 1 mmol) was added
dropwise ‘4fter 5 min and stirring continued for 15 min after which
| tnethylamine (0. 70 mL 5 mmol) Wwas added. The reaction mixture
was stirred at -10°C for 5 min and then allowed to slowly warm up.
to room te}nperature. After an hour, the reaction was quenched
~ with aquedus saturdted oxalic acid. After stirring for halff_an hour;
the organic layer Wasseparated and the aqueous layer extracted
with dichloromethane (3x20 mL). The comblned organic solution
was dried with maghesium sulfate, filtered and concentrated. The
residue was chromatographed on silica gel using 15% diethyl ether
in petfoléum ether to g'i‘ve acetophenone (96 mg, 80% yield): ir
1695 cm-! (ketone); !H nmr 52.58 (s, 3H, CH3CO-) and 7.75 (m,
5H, aromatic protons) ‘ms M+ 120.0_574 (caled. for CgHgO:
120.0575). | | o
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Benzaldehyde
Oron
<!

A solution of dlmethyl sulfoxide (0.42 mL, 6 mmol) and
dichloromethane (3 mL) was added to phenyl dichlorophosphate
(0.45 mL, 3 mmol) in dichloromethane at -10°C under an argon
'atmosphere.'v After stirring for 5 'min, benzylémine (107 mg, 1

mﬁidl) was added ahd stirring was continued for 15 min after which

frief.hylam’_ine (0.70 mL, 5 mmol) was added. Th® reaction mixture

was stirred for 5 min at -10°C and then allowed to warm uf) slowly
to room temf)eratu‘re. After an hour, aqueous saturated oxalic acid

was added. After- stirring for an hour, the organic layer was

separated and the. aqueohs layer extracted with dichloromethane

(3x20 mL). THe combined organic extracts were dried, filtered and

concentrated. 'i‘he fesidue was purified by column chromatbgraphy
using 10% ethyl acetate in petroleum ether to give benzaldehyde
(84 mg, 79% yield): ir 1708 cm-! (aldehyde): 1H nmr 59.88 (s, 1H.
V.-CHO) gnd 7.45 (m 5H, aromatic protons) ms M+ 1(%6 .0418 (calcd
for C7Hg0: 106. 0418)
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I-Naphthaldehyde (34) ’
CHO |

JC
34

/

Dimethyl sulfdxlde (0.42 mL, 6 mmol) was -added dsopwise to
a solution of dichloromethane (3 mL) and phenyl dichlorophosphate
(0.45 mL, 3 mmol) at -10°C under an atmosphere of argon. . 1-

Naphthalenemethylamine (157 mg, 1 mmol) was added and stirring

continued for 15 min. Triethylamine (0.70 mL, 5 mmol) was then

added dropwise with stirring. The reactlon mixture was stirred at

-10°C for 5 min and then allowed to warm up slowly to room

temperature. After an hour, an aqueous~§ah1rated solution of oxalic”

- R

acid (20 mL) was added and stlrrlng continued for another hour.

The organic layer was separated and the aqueous layer extracted

with dichloromethane (3x20 mL). The combined organic solution

© was dried over magnesium sulfate,’ ﬁltered and concentrated. The
residue was chromatographec(on silica gel eluting with 10% ethyl
acetate in petroleum ether to give the aldehyde 34 (122 mg. 78%
yleld): ir 1695 cm-1 (aldehyde) 1H nmr 59.18 (s 1H, -CHO) "and
7.50 (m, 7H, aromatic protons); ms M+ 156.0575 (calcd. for

,CmHaO 156. 0575) _ | ' ] &' .
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1-Indanone (35)

35

| A solution of phenyl dichlorophosphate (0.45 mL, 3 mmol) in

dry dichloromethane (2 mL) was added to dimethyl sr.rlfoxide (0.42

53

mL, 6 mmol) in dichloromethane (3 mL) with stirring at -10°C

under an argon atmosphere 1-Aminoindan (132 mg, 1 mmol) was
then added and the reaction mixture stirred for 15 min.
Triethylamine (0.70 mL, 5 mmol) was added and the mixture was

stirred at -10°C for 5 min and then allowed to warm up slowly to

room temperature. After an hour, an aqueous saturated solution of

oxalic acid (20 mL) was added. After stirring for 2 hours, the
’organic layer was separated and the aqueous layer extracted with
dichloromethane (3x20 mL). The organic extracts,were washed

with brine, dried over magnesium sulfate, filtered ‘and

cornicentrated. The residue was Jurified by column.

chromatography using 15% ethyl acetate in petroleum ether to

afford the ketone 35 (11 mg, 8% yield): ir 1712 cm‘1 (ketone); 1H
nmr 87.50 (m. 4H, ‘aromatjc protons), 3.15 (t, 2H, J=5 Hz -CHQCO_-)
and 2.68 (ddd, 2H, J=4, J'=8, J"=12 Hz, -CH2CH2CO-); ms M*
132.0575 (caled. for CoHgO: 132.0575). |

O



2-Ethoxybenzaldehyde

_CHO
‘ X
. OCH,CH,

Dimethyl sulfoxide (0.42 mL, 6 mmol) was added dropwise to
a solution of dichlorometharie (3 mL) and phenyl dichlorophosphate

(0.45 mL, 3 mmol) at ‘~10°C ;under an argon atmosphere.

2- Et\oxybenzylamine (151 mg, 1 mmol) was added and stirring -

.- contihued for 15 min. Triethylamine (0.70 mL, 5 mmol) was then
added dropwise. The reac‘tion mixture was stirred at -10°C for 5
min and then allowed to slowly warm up to room temperature.
After stirring for 45 min, an aqﬁ&us saturated solution of oxalic
acid (20 mL) was added and stirring continued for another 30 min.
The organic layer was separated and the aqueous layer extracted
with dichloromethane (3x20 mL). The organic solution was dried

over anhydrous magnesium sulfate, filtered and concentrated. The

residue was chromatographed on silica gel, eluting with 15% ethyl

acetate in petroleum ether to give 2-ethoxybenzaldehyde (114 mg,
76% yield): ir 1684 (aldehyde), 2859, 2750 cm-! (aldehyde C-H):
1H nmr 810.5 (s, 1H, -CHO). 4.20 (q, 2H, J=7 Hz, -OCH2CH3), 1.50
(t, 3H, J=7 Hz, -OCH2CH3), 7.80 (m, 1H, aromatic H), 750 (m, 1H,

 aromatic H) and 7.00 (m, 2H, aromatic protons); ms M+ 150. 0679

(calcd. for CgH 1002 150. 0681)
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Chapter 2

Transformation of olefins to $-chloroalkyl sulfides

L4
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Introduction

The reaction between various sulfenyl chlorides and
unsaturated ‘compounds has for many years received considerable
~ attention from organic chemists31. This reaction is of particular
interest because it constitutes a cfonvehient method for the
synthesis of various B-chloroal}q;l sulfides which are useful synthetic
intermediates. Certain compounds of this family have been shown to

possess antifungal and antibacterial properties31.32,

The additio‘n\of sulfenyl chlorides to olefins was first reported
by Lecher and coworkers33 in 1925. The study on sulfenyl chloride
addition reactions was initiated in large part due to an observation
made by Rathke34 in. 1870. Rathke reported the iodine-catalyzed
chlorination of cag'boh dlsulfidé leading to trichloromethanesulfenyl

;:hloride, which is the longest-known sulfenyl chloride (Eq 1).

Cl, /1, catalyst '
Csz 2 2 ys C|3C-SC| + SzClz ’ (Eq. l)

A

The sulfenyl chloride molecule could, in theory, react as a |
source of electrophflic sulfur or chlorine or as a source of free
radicals by homolytic cieavage. Two of these’ possibilities, the
occurence of e&:ctrophllic sulfur as well as that of free radicals, have
been recognized to date35. Kharasch and Buess36 in 1950 reported

56
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that, based on the results obtained from their studies, there was no
evidence that a sulfenyl chloride could become a source of
chloronium fons.' According to Mueller33, the almost excluflve e
trans- stereospecmc addition observed with cis- and trans-2-butenes
as well as with norbor’nene stands as additional support in favour of

a

the eplsulfonlum intermediate ion 1.

Sch_emel
' ?R"(I:I
RCH-CHR'
‘ . , or
RCH=CHR' + R"SC| — RC\H/CHR ¢ .
?+ ) ::‘.1
RI! .'“'
1

a

Kharasch37 contributed much to the study of the mechanism
of the addlﬁon of sulfenyl chlorides to'unsaturated compdunds "He
was the first to suggest the formation of the now widely accepted Xy
cyclic episulfonium intermediate lon 1, resulting from the reaction _j %
of a sulfenyl chloride and an olefin. It was proposed that it is the ' ,
subsequent openlng of the episulfonium fon ring by the chloride ¥
anion that then leads to the formation of the B-chloroalkyl sulfide as g
illustrated in Scheme 1. '



“

Although the general postulate of an episulfonium fon
intermediate 1 has been widely accepted. the elucidation of the
mechanism of these reactions is continually disputed in literature.
Most of Kharasch's studies pertaining to the electrophilic addition
mechanism were conducted with 2,4-dinitrobenzenesulfeny!
chloride which is considered a convement model reagent because
of its outstanding stability. Whereas the role of the o-nitro group in
stabilizing the 2,4-dinitrobenzenesulfenium’ cation was descrlbed38
the bonding interaction between’ Qxygen of a mtro group and sulfur
of an episulfonium salt was not postulated. even though bonding
eapacities seem optimum. The possible role of the o-nitro group

-was best Shown in the work'_of Givens and Kwart39 on the
chlorinolysis of 2-nitrobenzenesulfenyl chlorides tn which the
complex 2 was postulated as the key lntermedmte :K{ln view of the
X .,Ha{gnity of the sulphur atom of complex 1 for nucleophlllc cent.res, it

*\" - S

ff;f}; ygiald qé"ilgm that the existence of the complex 3 in addition to the

d“"‘

gi’ ﬁ"ee &pisulfonium salt 4 cannot be ruled out (Eq 2).
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‘ o+ RCH-—CHR"
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It is generally agreed however, that sulfenyl chloride addit_ions‘,' B

"’to monoolefins can Jnvolve a wide range of subtly diﬁ'erent reaction' |

.mechanisms These may range from an episulfonium ion with little

: charge on the carbon atoms to an intermediate approaching an -

.’LOpen carbonium ion in extreme cases Other important variables

b

like temperature. reaction time and solvent effects can be a major -

determinant in the reaction course

9



| As has been illustrated in Scheme 1, sulfenyl chloride
additions to unsymmetrically substituted olel'ins of lead to the
formation of regioisomeric products both in accorda ce /with and

. contrary to the Markovnikov rule40 Mueller and Butler35 in,

‘ studies on sulfenyl chloride additions observed a high sele
the anti- Markovnikov products with alkyl Substituted _'
| olefins and, in particular the increase of this selectivity with the -
size of the alkyl substituent For example in going from methyl as .
| in propylene to isopropyl and t- butyl as in 3- methylbutene and 3 3-
dimethylbutene higher selectivity for the anti- Markovnikov
. products was observed This selectivity ranged from ca. 80 to 95%; '
_depending on tﬁ&e nature of the sulfenyl chloride being used This |
; observation was attributed to the inﬂuence of steric factors during ”
E the episulfonium ring opening by the chloride anion The isomer
distribution ratio remained constant if the product was stored over
-a sm\all amo.unt of CaCOsv and preferentially: at temperatu‘re‘s‘ below
. O°Cv Howevér, in. 'the'ab‘sence‘ of CaC03 or a Sirnilar base slow.
f"isomerization to the corresponding Markovnikov product took
: place They observed that in general the rearranged isomer ratio
| contained cq;,,go% of the Markovnikov product at equilibriurn At
,ambient temperature equnlibration was observed to take place ai'ter‘
ca. 200 hr. Fuson et al. 41 described for the first time the .
| ‘-isomerization of B- chloroalkyl sulfides in which the chlorine atom "
and. ‘the methylthio group exchanged places * The authors' .
_postulated that the isomeri;ation proceeds via an- episulfoniun ion

;{. as shown in Scherne 2

R
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 Scheme.2 ”
. w ‘ 4,
‘. ?\" ‘ ;
| ler] 'ﬁslcn-cu,m
RSCH-CH,OH '
C.Hs Lo g
[cu] | CHsCH-CH, | . ,
eCH3CHCH25R 1 N T
g : N SI+
9' ' : o ; . R‘:

Mueller et al. 3‘5'also-reo(orteﬁ?i'- that phenyl' substituents on.the -

» double bond caused a reversal'in the direction of ring opening

- favouring Markovnikov adduct orientation Thus styrene and 1,1- .

.fdiphenylethylene * with methanesulfenyl chloride gave"
. predominantly the Markovnikov a%gucts with a selectivity% over

90%.. The stabilization of the transition state 5 is due to. n-bond""‘ :

,overlap bf the p- orbitals of the electron deficient a- carbon ‘with tzhe

‘ phenyl rings 1t cloud



A number of procedures have been developed for the

synthesis of various sulfenyl chlorides Halogenolysis of:

62

g corres&ondmg disulfides. at low temperature has come to be -

- regarded as the most. important and versatile procedure for

synthesizing various sulfenyl chlorides Yields of sulfenyl chlorides

prepared in this way are very good as long as the alkyl disulfide,

residue is‘not attacked by the chlorine under the reaction

conditions Alkanesulfenyl chlorides especially those having

hydrogen atoms on the o- carbon are much less stable than the

l

aromatic ones, and ‘are more prone to decomposition

- Consequently. the alkanesulfenyl chlorides are not usually isolated

’,but are prepared as needed at low temperatures Methanesulfenyl

chloride/fs relatively unstable since it undergoes self—chlorination

‘ ,} under the inﬂuence of light to give chlorinated alkanesulfenyl

| chlorides42 43, Side reactions of this kind can be suppressed by the "

use of milder chlorinating agents such as suli’uryl ohloride"2 and -

methylsulfur trichloride44 o

: -
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A variety of sulfenyl chlorides can also be prepared by

halogenation of thiols45, This reaction does not proceed smoothly

. however" onte the desired sulfenyl chloride is formed, it reacts

with the uncox{}verted thiol to give the disulflde The disulfide then
. gets chlorinate% to g{ﬂbe the sulfenyl chloride as was described

earlier. Side- react_ions the above procedure may be prevented by

il

: adding a. solution%f the thiol .in an inert so}vent to the chlorinating

|3

agent | e

¥ )

The' synthesis\:’of 'fsulfenyl chlorigés via the halogenation of |

monosnlfides has als;?been ievecl Zincke45 has reported the
conversion of benzyl thioetbers into ‘aromatic sulfenyl chlorides

Chlorination of aryl rnethyl thioethers leads to different products

63 ,

aecording to substitution or the position ol’ substituents .on the &l :

residue. Thus chlorination of 4- methylphenyl methyl thioether
gives 4-methylphenyl trichloromethyl thioether When purely

-aliphatic thioethers arg treated with chlorine o- chlorinated

: thioethers are generally obtained in this case. For example, the :

"chlorina‘tion of methyl ethyl sulfide gave a- chloroethyl methyl

sulﬁde47 o o o

In this part of the thesis. a new and ~equally facile method
whieh glves rise to B- chloroalkyl sulfides with a high degree ‘of
: regioselectivity is describ’ed

o During the c0urse of synthctic studies on dendrobine the

voxidation of the keto alcohol 6 with oxalyl chloride, dimethyl ‘

4
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sulfoxide and triethylamine was attempted lnteresttngly. tnstea& of
the expected diketone 7, the chlorodiketone 8 was obtamed as the

major product14 ‘This result suggested that the combmatlon of

dlmethyl sulfoxide and oxalyl chloride also served as a chlorinating

agent presumably via the intermediacy of complex 9 14. 13,

0] (o) '
H H /I - 0 H
I,"' H
[ ] - .
B N\ Ci ' \
6 7 8

ICHa)8-cn cr
| C

~ On the basis of this observation, it Is conceivable that
treatment of an olefin with oxalyl chloride and dimethyl sulfoxlde in
‘the presence of a base could lead to ‘the formation of the
corresponding a-chloro@etone via the pathwa_y outlined in Scheme
3. In practice, neither 1l-octadecene ner cyclohexene ‘gave the

expected products under various reaction conditions. In further

64

studies, . the combination of dlmethyl sulfoxtde and phenyl

dichlorophosphate which ‘has also been shown to be an cfﬂclent‘

| dimethyl sulfoxtde activator48 was used. Under these condttlons- a

single compound was produced from 1 octadecene« Unexpectedly
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this compound was characterlzed as the B-chloroalkyl sulﬂde 10. *
» On the basis of this ﬂndmg a ney method for the formation of B

thoroalkyl sulﬂde was devel
Fa Y,
"?

; o ) “CH (CH,),scH(CI)CHZSCHa
T “ 10

Séheme 3

(CHa8-6 + (coc, —gL— [(cus)zsf-m]cr :

RCH=CHR'

R (CH3),8-0. |
[(cH,),S-0-CH-CHR! '

e
Base

e
o

oct Y R
" ' e “}?" .

RC-CHR™ . . .
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Tn an extension of this study, other phosphorus -containing

reagel\\?uch as phosphorus oxychloride, dlethyl chlorophosphate :

and d le chlorophosphate were also examined, .and the results
_are discussed‘ in this thesis. A simple proc*ure for the

transformation of a- a}zxd -pinenes to chloﬁ?jes havlng a limonene
5 N

skeleton was also devél)bped This reax;bangement reactlon is

hn,portant in that it affords a useful readibn intermedlate for
further transformation to other useful funeﬂona]lzed monoterpenes
The transformation of a- plnene to carvone in four easy steps is also

discussed.” o , N i 1

66



| Results and Discussion

As was {llustrated in Scheme 3, the transformation of olefins
to corresponding o- chloroketones using oxalyl chloride dlmethyl
sulfoxide and triethylamine was attempted. Oxalyl chloride (1 eq)
in dichloromethane was added to dimethyl sulfoxide (2 eq) in
dichloromethane \at -60°C. - 1- Octadecene (1 eq) was then added
and, temperature allowed to rise to -20°C. Triethyiamine (5 eq) ‘'was

then added slowly and after stirring for 10 min, the reaction

e
mixture was allowed to.warm up to room temperature. After .

stirring for 3 }hr.ionly the Starting material (70%) was recovered.
'By“mixing the reagents at -20°C rather than 60°C followed by
warming to room temperature only starting ma&erial was
recovered. Reaction conditions were varied further by adjusting
the amount of reagents fe. increasipg the amount of oxalyl chloride -
‘from 1 eq to 3 eq and likewise increasinﬁhe amount of dimethyl
sulfoxide from 2 eq to 6 eq, %gain met with the same results.
Cyclohexene was. subsequently used in the place of 1-octadecene as

the substrate for this transformation however similar results were

obtained.

» In further studies. the combination of dimethyl sulfoxide and
phenyl dichlorOphosphate which has also been shown to be an
efficient dimethyl sﬁilfoxide activator48, was used. With

i octadecene (Entry l) as the substrate a single compound was" ‘

67



produced. Ui‘xpectedly. thle/ product was not the a- chloroketone
but rather the B- chloroalkyl sulfide compound 10 In the 1H nmr
spectrum this compound exhi,l)ited a singlet at §2.16 due to a

methyl group next to a sulfur atom a multiplet at 54.02 due to a

/.-’
proton on the carbo.xkbearing a chlorine atom A pa,lr of doublets of

doublets at $2.91 (J=6, J'= 13: 5 Hz) and 2.82 (J= 7. 5, J'=13.5 Hz)
~ were assigned to the methylene protons adjacent to the sulfur atom.
- The mass spectrum showed the molecular fon peaks :at 334.2465
and 336.2441 consistent with the chemical formula ClgHagSCl [

On the basis'of this finding, a new method for the formation of
B-chloroall{);\\l sulfides was developed: The general procedure which
was successfully apolied to all the"‘ olefins examined in-this study is
- described below. To a solution of phenyl dichlorophosphate (5 eq)
in dry methylene' chloride at -20°C under an argon atmosphere.‘ is
added with stirring, dimethy] sulfoxide (10 eq). After stirring for 5
min, the olefin is introduced The mixture is then stirred at -20°C
for 5 min and then-allowed to warm up slowly to room temperature.
The results obtained for the various olefins that were examined in
this study are summarlzed in Table 1.

It is evident' -from Table 1 tha-t. with unsyrnmetrically
substituted terminal double bonds, the addition proceeded in a
completely regioselective manner v‘(rith‘ the methylthlo group being

added to the carbon bearing the greater number of hydrogen atoms

(Entries 1, 3 and 4). -This is in eompl'ete contrast to what was

observed when various sulfenyl chlorides were added to various

68
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termtnal double bonds in terms ofdoth thé orientation and degree
of selectivity32, The stereoselectlvity on the other hand was found

to be the same as that observed for sulfenyl chlorides with excluslve‘

trans-addition32.35, Thus the treatment of cyclohexene (Entry 2)
with phenyl dichl%rophosphate and dimethyl sulfoxide gave the
adduct 11 as the sole product in 80% yield. From the !H nmr
spectrum, this adduct shows a pair of doublets of doublets of
doublets at 84.05 (J=4, JJ"==8‘&J"'=8 Hz) due to the proton on the
carbon bearing the chlorine atom ‘and at 82, 75 (J~4 J'=8, J"=8 Hz)

1
for the proton on the carbon wtt}x the methylthio group The

structure was: further conﬁrmEd ‘by“the mass spectrum showing the |

required molecular ign’ peaks ‘at 164 0427 andf{166 0398’ consistent.

with C7H138C1 IR . .
K - ; “",_\ v - ; . i‘

. . o Ly
4 \',".a' ! 3 ‘

This, procedure was alég fodnd to be applicable to compounds

containing other fundtiortalities For exémple. the methyl ester 12
(Enty 5) was readily Etransformed to theicorrespondlng isomeric
adducts 13 and 14 ﬁn a i ratio and a total yield of 81%. The

reaction - of thea diester 15 (Entry 6) under the: Same reactlon '

conditions gave Ihe adduct 16 as the sole product in 80° 1d:

This compound exhibited an absorptlon band at 1736 cm-! for the

ester carbonyls. The mass spectrum showed the molecul r~\on

- peaks at 280 0522 and 282 0493 due to the chemtcal formula

Ci 1H1704SC1 B o

X
o

The reaction of styrene (17) with phenyl@chlorophosphate

.and dimethyl sulfoxide pﬁroduced an unexpected product which was,

72
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E charactertzed as the adduct 18 m 83% yield The 1H nmr spectrum

:bshowed two. slnglets for the two methyl groups adjacent to sulfur
g atoms at 81 95 and 2 02 A pair of doublets of doublets at 82. 95 and
| 3, 04 were as gned for the only methylene protons in the structure.
Another doublet of doublets due to the benzylic proton app“eared at

."‘_383 98 The proposed StrULtUTe was further confirm"‘”‘.»;;from the
.anf-lass spectrum which showed the molecular fon peak. at ‘:198 0544
‘which is consistent wlth the cherm'al formula C10H1452 This was
Gaﬁ unusual result because thewexpected chlorine atom at ‘the
'_ benzylic; ?&rbon may have been displaced by a methylthio group to ..‘,
give the adduct 18 To confirm the result& obtained for styrene
(17) indene (19) was treated under the same reaction conditions -
| As was observed for styrene (17) the treatment of indene (19) wlth
; idimethyl sulfoxide and phenyl dichlorophosphate led to the

‘ .formation of the adduct 20 as the only detectable

excellent yield The mass spectrum showed the mole i :
o at. 210 0538 due to the chemical forrnular CMH14S;>, 'l‘he LlH nmr

| :”spectrum showed a pair singlets at 82 05 and 2 16 for the two :

,methyl groups adjacent to sulfur atoms A doublet dlj to the
) methine proton on the benzylic carbon was observed at 84

The mechanistic /pathway leading to the formatio% of the o

ST

2

'-,adducts 18 and 20 from styrene (\7) and indene (19) is not clearly S .;‘;'j
;'understood at thls stage It is highly likely however that dirnethyl .
";:,,‘}"'sulfide eould serve as a source of the methylthio moiety on t:he
g '}_benzylic carbon ?\ l‘ikely source 9of -the dimethyl sulﬂde is from the o
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o“nation of ‘the dimethyl sulfenyl chloride complex 9 :

.‘ which vco d be produced frorn the initial complex 21 b

R R A TR T

4,

PR
Al

4 eg.dopomen o

| An interesting result was obtained when a-pinene’ (22) was’j'

‘ _treated with phenyl dichlorophosphate and dimethyl sulfox;de l‘*.'"
‘, Instead of the expected B chloroalkyl sulfide. the rearrangement .

’product the chloride 23 was the only product obtained in almost ) o
l‘quantitative yi’eld Tﬂe structure of this compound was readily:‘.‘_‘
":~~&duced ‘from” the spectral data The mass spectrum shoWed"»

‘ molecular ion peaks at 179 0860 and 172 '0831 in agreement with
“*'the required molecular formula of C 1oH15C..1 The: 1? nmr spectrum- o

,showed three vinylic protons as multiplets centred at 85 62 4. 76‘ :

and 4. 70 The metpine ‘ﬂroton adja‘cent,,"ﬁ gtom.

ﬂ',‘

appeared at 84 52 also as aw mgltiplet& %vo broad singlets were'_f e

¢

. observed for the vinylic methyl groups at 51 .80 and 1. 74 -
» 'I‘he ‘conversion of o- pinene (2;) to the loride 23 fs' an | -
: -'important transformation in that it affords th fionene skeleton |

= .
. ~which in grinciple ca.n be used as an. intermediate for various otﬂer.

;monoterpene transformgtions ‘ Carvone (24) a naturally occuring’_

f,monoterpeneﬂ which is a very impor-'tant ingredien.t in ﬂaw{puring

,.A-:liqueurs perfumes and soaps49 was readily sypthc size d from the e

Py

. M . - R : . B : *
L e coML T S s ‘ . ; . T I
N ' - Rt - : ° . . s T : . ‘ ! "
he (4
.
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chloride 23 in four simple operations. Because of its commercial

tmportance an economical procedure for producing carvone (24) is |

\;; l

”desirable5° 51 A number of the existing g);pthesés for carvone (24)

are low yieldingf’2 53, operationally complex and some of them use

‘-fhighly toxic r”‘gents54. making them undesirable as commercial “

. ‘processes

s

‘ . '. - v ‘?;‘ . .

[
\

Iy
Tor

C2e,
o .

The transformation of the chloride 23 to- the targY compound

24 could in principle ‘be’ carried out by converting thechloride 23’1_'3':
.directly to the corresponding alcohol 25 followed by oxidation In

..practice howeve&@ue direct transformation of compound 23 to the .
alcohol 25 proved to be difficult Treatment of the chloride 23 Mth“ -

: silver oxide potassium car}:onate or sodium hydroxide under a




As a consequence of the above observations, the

- transformation of the chloride 23 to the alcohol 25 was carried out

indirectly in two synthetic operations The chloride 23 was. flrst

L subjected to treﬁﬁment with silver acetate in reﬂuxing glacial acctic ’

_(}‘ acid to afford the acetate 26 in 86%»y1e

~ the characteri_sti ter 2 "- R 7?38 _‘crnf'l. The mass .

'spectrum showed a mo"lecular A, _PEa at 194 13:'12 for’ the.-

required chemical formula o'fclelsoz The 1H nmr spectrum ,

displayed a sharp methyl smglet at! 62.12 for the. newly introduced :

} acetoxy group. T}]e vinyhc methyl groups appeared as multiplets .

-centred at ca 81/0 and 1.60, while the two methylidene pratons'

were obs ed at 84 74 also as a multiplet 'm"ie presence of two'{;

sets of signals ]

presence of two' stereoisome’ S. The major

"at '85. 28 and 5. 76 for the meth ine proton neighbouring the acetoxy !
B
group apd the proton attached to trisubstituted double borrd.

' respectively In the minor isomerthese signals appeared at 85 46
: and 5.61 respectively _ o /

gnals appeared B

Ty
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h potassium carbonate in methanol " The desired alcohol 285 was

The acetate 26 was then hydrolyzed by reﬂuxing with aqueous

‘obtained in quantitative yield The- spectral data of the alcohol 25

was found to be in agreement with that of an authentic sample

|

The alcohol 25 ‘was then oxidize'd with phenyl

<

.dichlorophOSphate dimethyl sulfoxide and triethylarnine to afford

Qcarvone (24)‘ in.81% yield This product showed characteristic

- énone systém appear‘
protons were found. at 54, 82 as a‘tl’tplet (MS Hz) and at 84,77 as'a

.51 80 as a narrowly Split multiplet and the other af&l 77 asa b@ad

] conjugated enone absorption baids in, the ir spectrum at 167vnd

broad singlet Two vinylic methyl groups were”ﬁso observed one at
Q

singlet. The mass spectrum showed the ?nolecula‘r ion 'peak "a-tw '

150 1042 due to CloH14O Carvone (24) was obtained in an overalng

'yield of 70% from «- pinene in four easy transformatm S.

L
When B- pingie (27) was treated with phenylj

'dichlorophoSphate ang dimethyl suHoxide a slmilar rearrangement
‘as was o,bserve o- pinene (22’) took place to give the chloride 28
fn almost quaqtitative yield.: Th_e}H nmr_spectmlﬂ‘of the chloride
28 showed a vinylic methyl group at 81 75 as a broad singlet The |

methylene group adj@cent to the chlorine atom appeared at 84 02 as
slnglet The two methylidene protons were obserVed a§ a broad"'

sirfglet at 64 74 whtle the vinylic proton aégeared as a broad singlet :

77 Z

.,1644 em-l, In the 1H nmr s.pectrum. the \(inylic promn -of thew{.,: |
: X .
, 66 ¥8 a§ a multiplet and the other vinylic v
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observed at 170.0863 and 172.0838 for the nequlred cheﬁ:ea] .

* formula of CjoH;5Cl. ‘

The chloride 28 obtaine® from B~pinéxfge also has the basic

- ltmonene- skeleton which can be used in furlzer tra;hsformét'ldns to
| afford other functionallzed monoterpenes ln-’principlle pc'rilly‘l~

alcohol (29) can be prepared readily by substltution of the chlorlne

atom with 'a hydroxy group. The oxidatlorwof the’ perillyl _alcoh g w*
(29) leads to perlllaldehyde (30) o ¢ e - ?

~ . :S: 5

' A probable mechanistic pa}hway for the reér;afgement
reaction of a-pinene 22 to the chloride 23 is fllustrated m Scheme,
4. The :reaction of ’ dimethyl suffgxide and phenyl
' dichlorophosb}iazé sxsum ly would lead to the formation of the
lntgrmedlate coxﬂplex 21 from “which the dimethylsulfcnyl chlorlde
| i -complex 9 can be formed As was shown earller. it ls the complex 9 o
which could serve as- the source for pegzq’itive chlorlne13 14, The |

"subsequent r&(aqtion of ‘the con%ex 9 wit'h the highly stralned

' - 3



ptnene system affords the observed product vun the. proposed
rearrangement : e
: Lo v A
{ ‘ | ‘ ".:‘4"4;:‘
o . Scheme 4
ﬁ’ ‘l
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reagents were examined such as- diethyl chlorophosphate. diphenyl ‘_

During the course of this study. other phosphorus contajning S

: chlorophOSphate and phosphorus oxychlonde of these reagents.;

phosphorus oxychloride emerged also as an efﬁcient dlmethyl

L]

sulﬁdes Although phosphorus oxychloride has not been found to beQ

acuvat,or m the transformation of oleﬁns to-B- chloroalkyl o

(’Qx

‘ SN
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- el
80

5 an efﬁclent dlm‘thyl sque activatgr ﬂ‘! the oxidatlon of alcohols
to their correspondlng Garbonyls, it does however react readtly wlth
dimethyl sulfoxlde at low tempe,ratures to form the complex 21\\ “"4” ! "

) . [ IR ".“7_ . , ,‘ . Ty ““. N
Wy « ‘The’ general procedure which was’ applied t% all the ole(lr&ls

e N
kexamined for phf‘" orus oxychlorlde is‘descrlb%g below

;'§phorus oxychloride (3 eq) was added to a sblutlon of d dimethyk
ich@rajhes ‘%ne at 20°C After stirring for 5
LR50F .

v,?olefin fi eq) was lntroduced " The reactlon mixtune Was ‘
‘ stirred fot 5 min at -20°C and then allowed to warfmup slowly to a«; Q

room ternperature The results obtained for#this procedure uslng &

-

: phosphorus oxychloride are also summarized in Taﬁe 1. v

It is evident from the le 1 that the. yields of. products

obtained using phosphorus o loride compare favourably to those
| ; obtained for phenyl dichlorophosphate with very few exceptlons A |
o notable exception was observed for cyclohexene Only a 52% yleld | ) | -44
& ‘!‘m‘oduct 11 was bbtained with phosphorus dxychlorlde
- _,compared to fhe 80% yleld obtained when phenyl

dich!orophosphate was used. . B AP \ .

a . T
o :‘., ey : o . A . A
. . % -

?

“ 'I‘reatmen&ren/\ﬂﬂ and lndene (19) wlth phosphorus |

oxychloride and dimethyl sulfoxide gave*the dlsulphtdes 20 and 21

/ 'respect_lvely ir(lexcellent yields Bofh a pinene (22) and B- plnene
| (27)-were readily converted to the chloro compounds 23 and 28
respectively in quantltative ylelds. presumably Via the propdsed
rearrangement in Scheme 4. e

”



“% The formation of B-chloroalkyl sulfides using both phosphorus -

oxychmdde and phenyl dichlorophosphate can be rationalized by

invoking the m;tia] formation of the complex 21, arising\ﬂ'om thé
| reactlon of dlmethyl sulfoxide and the phosphorus \reagents which
serve as electrophlles As outlined in Scheme 5, the complex 21 in. 1,
| pﬁf&urﬁably lead to the formation of ;,‘,
the lntormediate 3loand s@ﬁsﬁque’ntly to the corresponding
4
B chloroalkyl sulﬁde product m’@ e
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(3x20
satarated S dium’ chloride solution, drled with 'magneslum sulfate

, Experimental

N
- B ¥ ! O . .
* General _ ‘ . ' i :
. For general remarks see Chaptery1 of thl‘thesls. . ,
IO Argon and _solvents used were purified as described in

* .Chapter 1 of this thesis.

- , .
2-Chloro-1-(methylthlo)octadecane (10) -

CHa(CH2)15CH(C|)Cstcﬁ3 S
10 o

4

(a) Using PhOPOC], / Dimethyl sulfoxide

under an argon atmosphere was

) | o
, To a solution of dlmethyliulfomde (%7 mL, 10 mmol) in dry -

dichloromethane (§ mL) at -20°

- added phenyl dichlorophosphate (§-75 mL, 5 mrhol) ~ After 5 min,
1-6¢fadecene (0.35 mL, 1 rnmol) was, lntroduced ThE miixture. was "

°C for 5 ‘min and then allowed to warm up slowly to

room temperatuye. After 1 hr, water was aaded the organic layer
.'separated and the aqueous layer extracted wlth dlchloromethane

The combined organic solutions were washed with

‘and ﬁltered Concentrat,ion followed by flash chromatography of the

residﬂb on sillca gel eluting with 20% ethyl acetate in petroleum

. %
L P2
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ether gave the B- chloroalkyl sulfide 10 (263 mg, 79% yield): |
2929, 2853 cm-! (CHg..CHy): IH nmr 80. 88 (t. 3H, J=7 Hz,
.CHgCH3), 1.25 (br, s, 30H. -(CHp)15-). 2.16 (s. 3H, CH3S-), 2.82
(dd. 1H. J=6.5, J"=13.5 Hz. .CHHSCHjy), 2.92 (dd, 1H, J=7.5,
J"=13.5 Hz, -CHHSCH3), and 4.02 (m, 1H, -CH2CH(CN)CH2-): ms
M+ 334.2466 and 336.2441 (cald. for C19H39SCl: 334.246} and

336pasa). N

‘ .
# i ." ¥ s . . .
i . . L .

B T S S e ' |
Sy Usmg POClg / Dimethyl sulfoxide ,
) Diqemyk&ulfomde (0.42 mL 6 mmol) was added to a se&ution

of phosphorus oxychlorlde (0.28 mL, 3 mmol) in dry
dichloromethane (3 mL) atv-§O°C. - After stlrrmg for 5 min at 20°C

& 1- octadecene (O 35, 1 mmol) was: introduced"‘The reactioﬁ’ mixture

‘P’
4was stirred at -20°C for S min and. then allowed to warm up slowly

‘l‘i \

to room temperature. After an hour, .water (5 mL) was added and
the organic layer separated. Mhe aqueous layer was extracted with .

dlchloromethine (3x25 ml). The‘organic solution was- dried over

A

anhydrous magnesium sulfatg, filtered and concentrated Flash
>

.\ chromatography of the resldue on silica gel eluting with 20% ethyl
- ;

© acetate ir?petroleum éfher gave the adduct 10 (253 mg, 76% yield).

The i, 'H nmr agid Mf’ sﬁectfa. were ic7tical tojhose reported

. previously (vide supra). -*
‘- .‘ '.

-
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1-Chloro-2-(methylthio)cyclohexan® (11)
L

: ‘50}13

11

« °(a) Using PhOPOCI, / Dimeth?! suiforige

¥ To a solution of phenyl dichld ’°Dhos@hate (1.5 mL 10, mmol)
in freshly distilled methylene chlorl‘:le (5 mL) at 20°C under argon
- atmosphere was added dimethyl suifo’ﬁde (1.4 mL, 20‘ mmol). After

stirring for 5 min, cyclohexene ( 162 mg, 2 mmqD was added The

reaction mixture was stirred at_ 20"C for 5 min and then allowed to

warm up slowly to room temperﬂt‘“‘e After 50 .min, water’ was
added. the organic layer separated ANd the aqueous layer extracted
with methylene chloride (3x25 fnL) | The comblned orgamc

dr.ied‘wuh magrxesiu
by flash chromat

- 15% Athyl ethe in petroleum eth? E;forded the adduct 11 (262

-CH(CI; s M* 164. 0427 and 18 0398’ (caICd fom C7H,;

mg, 80% yleld): 'H nmr §2.18 (s, 3¥7" QA3S-), 2.75 (ddAWNH, J=4,
J'=8, J'=8 Hz, -CH(SCHg)-) and 40 [4d, 18, J 24, J'=B, I8 |

1640426 and 166.8397). ° - e

. o ” v . S, .
VA . ‘ . R
- . Vs .
. - . .
. . : N ; -

graphy of the re?mue on silica gcl e.luttng with’

84

..solutions were washed with satur@ted sodium chloride solutlon :

sulfate and {ﬂtered Concentratlon followed . '




~(b) Ultng POCla / Dimet‘hyl sulfoxide
" Dimethyl sulfoxtde (0.42 mL, 6 mmol) was added to a solution
of phospporus oxy,chlorid-e (0.28 mL, 3 mmol) in dry
dichloromethane (3 mL) at -20°C. After stirring for 5 min at -20°C,
'cyciohexene (82 mg, 1 mmol) ‘was introduced. The reaction

mlxture was sttrred at 20°C for~5 min and then allowed to warm-up

e\

" slowly to room t.emperature After an hour..water (5mL) was added

and 't:he"nrganlc layer separated The aqueous layer was extracted
with chhloromethane (Sxis ,&L). The organic solution was dried

¢ . over anhydrous magnesium the filtered and concentrated.- Flash
R ,, 'chromatogrdbhy of the residue on silica gel, eluting with 15% eth vl
. acet’ate in petroleum ether gatfe thg adduct 11 (85 mg, 52% yield)

The ir, 1H nmr and. uﬁ?s sp&tra were identical to those repbrted.

‘pre%ously (vide supra)

2-Chloro-1 -(methylthio)te,tradeéane

CH4(CHy)CH(CI)CH,SCH,8

> i . : )‘ ‘ . A 1
' '(a) Ustng PhOPQClz / Dimethyl sulfoxide - .- N

1‘

T '&hethyl sulfoxide (O 7. ml.,,. 1é ‘ftmol) 1n dny

\?*;w

oy iol) at /—fzooc under” an argon atmosphere After
'gtij"-"'ng for S,mtn at -20°C 1- tetx'adecene (196 mg L mmol) was
'added The’ reaction mixture was stirred at -20°C for 5 min and’
therrallowed to slowly wa‘x_-m up to roOmrtemperature.-t After 1 hr,

N . - - b, ) .

tﬁ*m

. L l. \} . fvﬁ’» . ‘ "ﬁi-(y:g
N G " R e -
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solutions were dried with anhydrous magnesium sulfate and

filtered. Concentration followed by flash column chromatogx;pphy'of -

the residue on. sillae . gel, e*tlng with 20% ethyl acetate in

. petroleum ethei" aﬂ’orded 2-chloro-1-(methylthio)tetradecane (225

mg, 81% yleld): ir 2953, 2853 cm-1 (CH3, CHg); 'H nmr 50.88 (t.

3H, J=7 Hz, CH3CHg-), 1.28 (br, s, 22H,'-(CH3) 1-), 2.16 (s, 3H,
CH3S-), 2.82 (dd, 1H. J=6, J'=13.5 Hz, CH3SCHH-), 2.93 (dd, 1H.
J=8. J'=13.5 Hz, CH3SCHH-) and 4.04 (m. 1H, -CHgCH(CI)CHa.):
ms M* 278.1833 and 280.1810(calcd. for C15H31SCl: 276.1835 and

" 280. 1804).

(b) Using POCl3 / Dhnethyl sulfoxide
Dlmethyl sulfoxide (0.42 mL 6 mmol) was added to a solution
of phosphorus oxychlorlde (0.28 mL, 3 mmol) in dry

. dichloromethane (3 mL) at -20°C. After stirring for 5 min at -20°C,

l-tetradecene (196 mg, 1 mmo)) was introduced. The reaction
mixture was stirred at -20°C for S min and then allowed to warm up

slowly to room temperature. After an hour, water (5 mL) was added

‘and the organic layer separated. The aqueous layer was extracted

| with dlchlogom&thane (;3;;2.5 ?Ll The: ox:ganlc solutlon was dried

over anhydrous magnesium sulfate filtered and concentrated. Flash |
chromatography of the residue on silica gel _eluting with 20% ethyl

acetate in petroleum ether gave 2-chloro-1- (met.hylthto)tetradecane'

217 mg, 78% yield). The ir, 1H nmr and mass spectra were
y _ P

ldentlcal to those reported.prevlouslym(vlde supra).

86
Wwﬁ‘f was added, the organic layer separatéd and the aqueous layer '

o extracted with dlchloromethane (3x25 mL). The combined organtc



..

Methyl 9: omoro-io (methylthio)- (13) and M&hyl io-omoro-a- ,

(methylthio)nonadecanoate (i¢) . L '
N \‘ : "‘ ) . \.’ ' ) -
o clzlscna R
cHa(CHZ»CHCH(cnzhcozcws | |
" ... ) . o 13 - - °
) CH3S cn
CH3(CH2)7CHCH(CH2)7C°2CH3 ‘,
BN, . 14 ‘s
o . o, *

* (@) Using PhOPOCI3 / Dimethy! sulfoxide
Dimethyl sulfoxide (Q\7 mL 10 mmol) was added to a solution

of phenyl dichlorophosphate (0 75 mL 5 mmol) in dry

| dichlorornethane (5 mL) at 20°C under an argon atmosphere. After’

3 stirringNat -200C for’ 5 min, the ester compound 12 (296 mg, 1

'mmol) was introduced The reaction mixture was stirred at 20°C :

.. for 5 min and then allowed to warm up slowly to room temperature

~After 65 min water was added and the organic layer separated.

The aqueous layer was extracted with dichlor‘omethane {3x25 mL).

The combined organic solutions were dgjed with magnesium

87,

* sulfate, filtered and concentrated Flash col \n chromatography of -

the residue on silica gel eluting with 20% ethyl acetate in ;
petroleum ether gave a mixture of adducts 13 and 14 (306 mg B

81% yield): 'H nmr 83 68 (s SH C02CH3) 2 15 (s, 3H, -SCH3) o
2.30 (t. 2H J=7 Hz, -cnzco ). 2.74 (br, m, 1H, -cmscua) -) and
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C20H3e02SCl: 378,2359 and 380. 23é0) P

. ;'
/

: .‘., . / . 'V | ) . “ |
= (b) Uslng POC13/ Dlmethyl/sulfoxide :

Dlmethyl sulfoxide (O 42 mL 6 mmol) was added to. a solution ‘

' 4
of phOSphorus oxychlorlde (O 28 mL, 3 mmol) in - dry
dlchloromethane (3 mL) at 20°C After \stirrlng for 5 min at -20°C,
the ester compound T2 (,296 mg, 1 mmol) was mtroducéd The

' .reactlon mlxture was sthfed at%20°c for.5 mtn and then allowed to

. warm up slowly to roorp‘l temperature After an hour water (5. mL)

was added and the organic layer separated The aqueous layer was

o /
~extracted with dichloromethane (3x25 mL) }The organlc solution

was dried over anhydrous /magnesium sulfate filtered and
concentrated Flash chromatography of the residue on silica gel,

eluting with 20% ethyl acetate’ in petroleum ether gave a mixture of -

e adducts 13 ar<d 14 (298 mg, 79% yleld) The ir, 1H nmr and mass

| spectra werd tdentical to those reported prevmusly (vide supra).

/

’r‘
I

‘ (1-Chlorqi3-thlabutyl)cycl’oot:ta_nev .

(@) Using PhOPOClé / Dimethyl sulfoxide
Phenyl dichlorophosphate (1 S mL, 10 mmol) was added to
dtm{thyl sulfoxide (1.4 mL, 20 mmol) in dry methylene chloride (5

| | | . 88
4,10 (br, m, -CH(G))-); ms M+ 378.2362 an 1380.2318 (calcd. for |

AN

/
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mL)‘at‘-‘éo."”C under an argonatn‘iOSphere | Vinylcyélobctane (27"6

.89

-mg, 2 mmol).) was then introduced after stirring for 5 mi." The |

reaction mixture was stirred at 20°C i'or another 13 min and then

- allowed to slowly warm up to room t'e‘mperature Ai'ter 35 min, .

" water was added and the aqueous layer separated Thé aqueous

3 layer was then extracted with dichloromethane (3x25 mL). The -

combined organic solutions ‘were dried with magnesium sulfate__

ﬁltered and COncentrated Purification of the result.ing residue on a

N ;silica gel- column eluting with 15% diethyl ether in petroleum

ether afforded the (1- chloro 3- thiabuty})cyclooctane (365 mg 83%

yield): ir 2921, 2852 cm-* (CH3. 'GHg): 'H nmr 82 18 (s ‘3H,
CH3S) 2.84 (dd 1H, J=7.5, J'=14 He, CH3SCHH ), 5_0 (dd, 14,
' J=8.5, J'=14 Hz, CH3SCHH ) and 404 (at, lH J=3.

C11H21SCI 220 1052 and 222 1023)

e Using pooi3 / Dimethy! sulfoxide -,9.

'v Dimethyl sulfoxide (0.42 mL 6 mmol) was added to a solution t

J'=7.5 Hz,
-CH(CI)CHQ) ‘ms M+ 220.1012° and- 222. 0973 (calcd. for

of phosphorus oxychloride (0. 28" mL, 3 mmol) in dry o

dichloromethane 3 rnL) at -20°C. After stirring for 5 min at -20°C,

vinylcyclooctane (138 mg 1 mmol) was introduced The r 2

“mixture was stirred at -ZO?C for 5 min and then allowed o warmup |

- slowly to room tem-perature Ai’ter an hour, water (5 mL). was added

and the organic layer separated. ‘The aqueous layer was extracted

“with dichloromethane (3x325 mL).  The organic solution was dried,

over anhydrous magnesium sulfate, filtered and concentrated Flash

chromatography of the residue on silica gel, eluting with 15%

]
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dlethyl‘ ether 1in .'p'etrolcum ether ga’, (1-chloro-3-
. thiabutyl)cyclooctane (179. mg, 81% yield). The Jr, lH nmr énd
'mass spectra were identical to those reported: prevlously (vide

‘ ‘supra) ‘ R 3 4

(IR‘ 28°, 4R‘ 5R‘) 1 2- Dicarbomethoxy-4 -chloro-5-
(methyrthlo)cyclohexane (16)

, C l:O_.gCOzCHs ,
CHyS” 7 “CO,CH;

16

. (a) Using‘PhOPOClz / Dimethyl sulfoxide ”

"To a solution 'of phenyl dichlorophosphate (1.5 mL, 10 mmol) ‘
at -20°C in dry dichloromethane, was added dimethyl sulfoxide (1.4
mL, 20 mmol)' After stirring for 5 min, ﬁle diester- 15 (396 mg, 2
.mmol)' was int_roduced. The reaction mix(ure was stirred at -20°C
for 5 min and then allowed to slowly warm -up to roon1 t_ernperaturs.
After 1 hr, 'Awa_ter ‘was added, the ‘organiic layer ssparated and the
agueous 'la;;f extracted with dichloromethane (3x25 mL). The
'combined organic solutions were dried with magnesium sulfate,_
filtered and concentrated. The resulting resldue was purified on a
siljca gel column. eluting with 15% ethyl acetate in petroleum ether
to'give the adduct 16 (448 mg, 80% yleld): i 1736 cm-! (ester
C=0): H nmr 52.20 (s. 3H, €H3S-), 3.69 and 3.71 (s, total 6H, 2x
-COQCHS). 2.80 and 2.87 (br, m, total 2H, 2x -Ci-I-IACOQCH3). 2.60



(ddd‘ ‘1}{ J=4 J'=4 J"=14 5 Hz, -CH(CI)CHH- (equatorlal)) 238
(ddd '1H, J=9 J'=9, J"=14.5 Hz, .-CH(CJ)CHH (axial)),. 2.70 (ddd
1H, J=4, J'=6, J"=15 Hz, -CH(SCH3)CHH (equatorial)), 1.85 (ddd
‘1H, J=4, J'=9, J"=15 Hz, -CH(SCH3)CHH- (axial)), 3.13 (br, m, 1H,
-CH-SCH3) and 3.96 (br, m, 1H, -CH-Cl); ms M* 280.0522 and
282.0493 (calcd. for C1H1704SCl: 280.0536 and 282.0507). From
nbe experiments,-an cnhance’men.t of 4.3% was observed on.signal

at 52.87 when the proton at §3.96 was irradiated.

~ (b)'Using POCI3 / Dimethyl sulfoxide
~ Dimethyl sulfoxide (0.42 mL. 6 mmol) was added to a solution
o_f' phosphorus ~oxychloride (0.28 mL, 3 mmol) in dry

~ dichloromethane (3 mL) at -20°C.. After stirring‘ for 5 min at -20°C, .

the diester 15 (198 mg 1 mmol) was ijntroducéd.. The reaction
~ mixture was stirred at -20°C for 5 min and thé'n‘allowed to warm up

slowly to room temperature. After an hour, water (5 mL) was added

- and the 'orgahic layer Sepéfated - The aqueous layer was extracted_

' ’wnh dichloromethane (3x25 mL). The orgénic solution was dried
over anhydrous magnesium sulfate filtered and concentrated. Flash
chromatogra_phy‘of_ the resldue on ‘silica gel, eluting with 15% cthyl
acetate in pet:oléum ether gdve the adduct 16 (230 mg, 82% yléld).
Thé ir, 1H nmr and masé épécfra were ldentléél to those reported
previously (vide supra).A o ‘

2
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(l 2 Dhnethyltbloethynbenzene (18)

(a) Ullng PhOPOCl2 / Dimethyl sulfoxide |

A solution .of phenyl dichlorophosphate (l 5 mL 10 mmol) in
freshly dlstﬂled dichloromethane (5 ml) was added to dimethyl
vsulfoxide (1.4 mL, 20 mmoll in dry dichloromethane (5 mL) at
-20°C. After stirring for 6 min, styrene (17) (160 nrg, 2 mmol) was
added.  The reactiorl mixture-was stirred for 5 min at -20°C and
"then alowly warm up to room temperature. After 50 min, water was
added, the organic layer* separated and the aqueous layer extracted
with dichloromethane (3x25~mL). The combined -forganic solutions -
were dried with ma_gnesium sulfite, filtered and concentrated. The
~resulting residue was sg}.lbjected to ﬂ'ash‘chromatography on silica
gel, eluting with 15% ethyl acetate in petroleum ether to afford the
adduct 18 (329 mF\BS%) ir ; *H nmr §2.02, 1 95 (both s, 3H each,
2x CH3S-), 3.04 (dd, 1H, J=6, J'=13.5 Hz, CH3SCHH-), 2.95 (dd,
"1H, J=9, J' 13.5 Hz, CH3SCHH-), 3.89 (dd 1H, J=7, J-75Hz
-CH2CH(SCH3)) and 7.35 (m, 5H, aromatic protons) ms M+
198.0544 (caled. for-C1gH]14S2: 198.0537..



(b) Using POCl3 / Dimethyl sulfoxide’ = - I

93

- Dimethy! sulfoxide (0.42 mL, 6 mmol) was added to a solution " N

.of ,phosphorus oxychlortde (0.28 mL. 3 mmol). in dry~

dichloromethane/’(s mlL) at -20°C. -After stlmng for 5 min at -20°C,
styrene (17) (80 mg, 1 mmol) was introduced.. The reactlon

mixture was stirred at -20°C for 5 min and then allowed to warm up
| slowly to room temperature After an hour, water (5 mL) was added
and the organic layer geparated. The aquedwys layer was extracted:
}with dichloromethane (3x25 mL). The organle solution was dried
over anhydrous magnesiuM sulfate, filtered and concentrated. Flash
chromatography of the residue on siljca gel, elutlng with 15% ethyl
acetate in petroleum ether géwe the adduct 18 (161 mg, 81% yield).
The ir, LH nmr and mass spectra were identical to those reported

previously (vide supra). .

\ R
1,2-(Dimethylthio)indan {20)

(a) Using PhOPOCI, / Dimethyl sulfoxide

To a solution of dimethyl sulfoxide (0.7 mL, v10 mmol) in dry
dichloromethane (5 mL) at -20°C° was added phenyl
dichlbrophosphate (0.75 mL, 5 mmol). After stirring for 5 min,

indene (19) (116 mg, 1 mmol). was lntroduced ‘I‘he reaction

2
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mixture was stirred for another 5 min at -20°C and then allowed to

slowly warm ‘up to room temperature. After 50 min, water was
added and the organlc layer separated The aqﬁeous layer. was
Mted with’ dlchloromethane (3x25 mL) The combined organic
solutions were washed with saturate‘_ ) i lo:;de ‘dried with
’magneslum sulfate. flltered and \ Flash w
chromatography of the resulting residue on smca gel, eluuﬁg

15% ethyl acetate in petroleum ether gave the adduct 20 (172 mg,

82%): ir 3018 cm-! (=C-H); H nmr §7.25 (m.” 4H, aromatic
protons). 4.20 (d, 1H, J=4 Hz, -CH(SCH3)-), 3.50 (ddd, 1H, J=7.5,
J'=7.5, J'=4.5 Hz, -CH(SCH3)CHg-), 3.48 (dd, 1H, J=7.5, J'=19.5
Hz, -CH(SCH3)CHH-) 292 (dd. 1H, J=7.5, J'=19.5 Hz
-CH(SCH3)CHH -), 2.18 and 2.06 (s, total 6H, 2x -SCH3);. ms M+
210.0538 (calcd. for C11H14S2: 210.0537). From nOe experiments,
an enhancement of 3.7%,was observed for the signal at §3.50 when'
the proton &t 54.20 was irradiated.
<
, ¢ .
(b) Using POCl3 / Dimethyl sulfoxide _

: Dimethyl sulfoxide (0.42 mL, 6 mmol) was added to a solution
of phosphorus oxychloride (0.28 mL‘ 3 mmol) in dry
A dichloromethane (3 mL) at -20°C. After stirring for 5 min at -20°C,
indene (19) (116 mg. 1 mmol) was introduced. The reaction
mixture was stirred at -20°C for 5 min and then allowed to warm up
slowly to room femperature. After an hour, water (5 mL) was added
K and the organic laye; separated. The aqueous layer was extracted
with dichloromethane (3)&25 r'nL).‘ The organic solution was dried

over anhydrous t_n‘agnesium sulfate, filtered and concentrated. Flash



N

, 95
chromatography of the residue on silica gel, eluting with 189 ethyl

acetate in petroleum ether gave the adduct 20 (170 rﬁg. 81% yield).
The ir. 'H nmr and mass spectra were identical to those reported

previously (vide supra). (.
6-6hloro-4-isopropenyl-l-methylcyclohexene (23)

c o Cl

(a) Using PhOPOCI; / Dimethyl sulfoxide

To"a solution of a-pinene (22) (1.59 mL. 10 mmol) in dry
dithldnﬁmethane (10 mL) at -20°C under an atmosphere of argon,
were sequentially added dimethyl sulfoxide (2.84 mL, 40 mmol) and
phenyl dichlorophosphate (3.0 mL, 20 mmol). The resultlr‘x'g
solution was stirréd for 5 min at -20°C and then allowed to slowly
warm up to roomn temperature. After 20 min, water was added and
the organic layer sepa}ated. The aqueo{Js layer was extracted with
dichloromethane (3x30 mL) and the combined organic solutions
dried over magnesium sulfate, filtered and (foncentrated. The
resulting residue was subjected to flash column chromatography,
eluting with 5% diethyl ether in petroleum. ether to give the
chloride 23 (1.67 g, 97% yield): ir 3021 em-! (=C-H): 1H nmr §5.62

(m, 1H, -CH=), 4.76 (m, 1H, =CHH), 4.70 (m, 1H,' =CHH), 4.52 (m,
o

-
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1H, -CH(C))-), 1.86 and 1:90 (br, s, total 6H, 2x CH3-); ms M+

170. 0860 and 172. 0931 (caled. for C10H15Cl 170.0864 and
172 0834) . j '

(b) Using POCI; / Dimethy! sulfoxide ALY
Dlmethyl sulfoxide (0.14 mL, 2 mmol) was added to a solutiox\
of phosphqrus oxye¢hloride (0.10 ml: 1. mmol) in dry(
dichloromethaqe (3 mlL) at -20°C. After stirring for 5 min at -20°C,
a-pinene (22) \(0.16 mL, 1 mmol) was introduced. The reaction
mixture wés stirred at -20°C for Shmin and then alalowed.to warm u?:
slowly to room temperature. After an hour, water (5 mL) was added
and'the organic layer separated. The aqueous layer was extracted
with dichloromethane (3x25 mL).  The organlc solution was dried
over anhydrous magnesium sulfate, ﬁltered and concentrated.” Flash
chromatography of the residue on silica gel, eluting with 5% diethyl
ether in petroleum ether gave the chloride 23 (171 mg.‘ 100%

yleld). The ir, !H nmr and mass spectra were identical to those

reported previously (vide supra).

6-Acetoxy-4-isopropenyl-1-methylcyclohexene (26)

26
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Td a solution of the chloride 23 (1.72g, 10 mmol) in glacial
acetic a }d (20 mL) was added silver acetate (2g, 12 mmol). The
reaction mixture was heated at reflux underian argon atmosphere
with stirring for 1 hr. After cooling to room temperature, the
mixture was filtered and the residue washed thoroughly with
' dichloromethane. The filtrate was washed with saturated aqueous
sodium carbonate and with water, dricd over magneslum sulfate,
fil;ered and concentrated. Flash column chromatography of the

resulting residue on silica gel, eluting with 10% ethyl acetate in

petroleum ether afforded the acetate 26 (1.67g, 86% yield); ir 1738

cm-! (ester carbonyl); ’I‘hé lH nmr spectrﬁm exhibited two sets of
signals. The following !H nmr data were attributed to the major
isomer: 85.76 (m, 1H, =CH-), 5.28 (m, 1H, CH3CO9CH-), 4.74 (m,
2H, -CH2) 2.12 (s, 3H, CH3CO) 1.70 and 1.60 (m, total 6H, 2x
CH3 \) The following data were attributed to the minor lsomcr:
85.61/(m, 1H, =CH-), 5.46 (m. 1H, CH3CO9CH-), 4.74 (m, 2H,
=CH32), 2.12 (s, 3H, CH3CO-), 1.70 and 1.60 (m. total 6H, 2x éﬁg-);
- ms M+ 194.1312 (caled. for C12H,g05: 194.1307).

v

6-Hydroxy-4-isopropenyl-1-methylcyclohexene (25)

OH

25

97
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A solutioni of the acetate 26 (1.67g, 8.6 mmol) and’ potassium

carbonate (2.37g. 17.2 mmol) in water (10 mL) and methanol (30
mlL) was heated at reflux under an argon atmosphere for 1.25 hr.
The resulting mixture was concentrated to a volume of ca. 10 mL
and cold water added. The solution was then extracted with
chloroform (3x30 mL) and the combined extfacts dried over
magnesium sulfate, flltered and concentrated. The resulting
-residue was subjected to flash column chromatography on silica gel,
eluting with 20% ethyl acetate in petroleum ether to afford the
alcohol 25 (1.31 g, 100% yield): ir 3320 cm-! (hydroxy): The 'H
‘nmr spectrum exhibited two sets of signals. The following dat'a‘
were att;ibuted*to the major isomer: 84.74 (br, s, 2H, =CH3). 4.02
(br. s, 1H, -cnpm’-i. 5.58 (m, 1H, ‘CH=), 1.76 and 1.80 (br, s,
total 6H, 2x -Ct3). The following data were attributed to the minor
, isomer: 84.74 (br, s, 2H, =CH3), 4.18 (br, s, 1H,; -CH(OH)-), 5.40
(m. 1H, -CH=), 1.76 and 1.80 (br. s, total 6H, 2x -CHg); ms M+
152.1202 (calcd. for cilomao: 152.1201).

1

Carvone (24)

24
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To a solution of rhenyl dichlorophosphate (0.5 mL.‘ '8" mmol)
in freshly distilled dichloromethane (3 mL) at -10°C under an argon
atmosphere, was added dimethyl sulfoxide {(0.35 mL, 5 mmol) in
dry dichloromethane (3 mL). After stirring for 2 min, triethylamine
(0.70 mL. 5 mmol) was added dropwise followed by a solution of

'veol (28) (152 mg, l mmol) in dichloromethane (2 mL)." The

reaction mixture was stirrcd for 5 min at -10°C and then allowed to

warm up slowly to room temperature. After stirring for 45 min,
water (10'mL} was added and the organic layer separated. The
aqueous layer was extracted with dichloromethane (3x25 mL) The
combined organic solutlon was washed with saturatcd soldium
chloride solution (20 ml). dried with magnesfum sulfat{:_. filtered
and concentrated. The resulting residue was chromatographed on
silica gel. Elution with 25% diethyl ether in petroleum ether gave
the carbonyl compound 24 (122 mg. 81% yleld): ir 1673 cm-!
(conjugated enone); 1H nmr 86.75 (m. 1H, =CH-), 4.75 (br, . 1H,
=CHH), 4.82 (br, s, 1H, =CHH), 1.80 (br, s, 3H, -CH3) and 1.75 (br,
s. 3H, -CH3); ms M* 150.1042 (calcd. for C1oH140: 150.1045).

1-Chloromethyl-4-isopropenylcyclohexene (28)

CH,CI

28
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(a) Uolng PhOPOClg / Dimethyl sulfoxide i
- To a solution of phenyl dichlorophosphate (3 0 mL 20 mmol)

in dry dlchloromethane (5 mL) at -20°C under , an argon'

'fatmosphere were added. sequentially with stirring %imethyl
sulfoxide (2.85 mL 40 mmol" and [3 pinene 27) (1.6 mL, 10

ol). “The. reaction mtxture was - stirred for 5 min at -20°C and

. _then"allowed to warm up- slowly’*to room/temperature After 20

min water was added and the organic layer separated ’I‘he aqueoLls_ .

~_‘_;‘layer was extracted with dtchloromethane (3x30 mL) he

comblned organic solutions were dried with magnesium sulfate‘

‘filtered and concentrated ’I‘he resultmg resrdue was purified by’,

/ column chromatography on silica gel eluting vvrth 5% diethyl ether

”’,in petroleum éther to afford the chloride 28 (1.64 g, 95%): ir 3020'

“j";cm 1 (=CH); IH nmr 35.85 (br s, 1H; _cn ). 4. 75 (m 2H -CHz)
| ~..'-.14 05 (s. 2H, cnzcn 2. 20 (m, 4H -CH2CHp: B) and‘ 1.75 (br, s, %:zH
-CH3) ms M+ 170 0863 and 170 0838 (calcd. for C10H15Cl
170.0864 and 172.0834).. CEL '

- \

(b) Using POC13 / Dimethyl sulfoxide
Dimethyl sulfoxide (0.14 mL 2 mmol) was add‘éd to a solution

G phosphorus oxychloride (0 10 mL 1 mmol) in dry_

| 1dichloromethane (&mL) at. 20°C After stirring for 5 min at 20°C

- B- pinene. (27) (0 16 mL, 1 mmol) was’ introduced The reaction,

mixture was stirred at -20°C for 5 min and then allowed to warm up

| slowly to room temperature After an hour water (5 mL) was added

'and the -organic layer separated The aqueous layer was extracted |

, with dichloromethane (3x25 mL) The organic solution was: dried,’- "
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over anhydrous rgagnesium sulfate filtered and concent.rated Flash

chromatography of the residue on silica gel, eluting with 5% diethyl

ether in petroleum* ether gave the chloride 28 (169 mg 100% !

y'ield) 'I‘he ir, 1H nmr and ‘mass - spectra were ldentical to those -

-

| 'reported previous]y (vide sdpra)
14
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