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Unexpected formation of 10-iodo- and 10-chlorocanmmr under
halosulfonylation conditions, and convenient routeso 10-chloro-
and 10-bromocamphor

Frank W. Lewi§ Gilles Egrofiand David H. Graysén

&Centre for Synthesis and Chemical Biology, University Chemical Laboratory, Trinity College, Dublin 2, Ireland

Abstract—Generation of camphor-10-sulfonyl iodide situ under halosulfonylation conditions or exposurecamphor-10-sulfonyl

chloride to copper (II) chloride under Asscher-Viotonditions unexpectedly leads to the formation l@-iodocamphor or 10-
chlorocamphor respectively. Additionally, converieyntheses of 10-bromocamphor and 10-chlorocamphwe been achieved by
extension of previously reported methodology. © 2&lsevier Science. All rights reserved

1. Introduction chloridef with iodine, a strategy sucessfully utilised by
others for reactions involving arenesulfonyl iodide
Unsaturated sulfones have found widespread use as
versatile intermediates in organic synthesis, dafigcas
Michael acceptors and in cycloaddition reactibhs.

However, there do not appear to have been any teepbr R*soz/\/R .

either the synthesis or applications of vinylicfenes 1 Y
which possess homochiral alkyl groups R* that arectly 1 2
attached to the sulfur atom. The conformationalbyidy

monoterpenoid-based camphorsulfonyl framework 3% = Q
(Figure 1), which is already widely exploited as a 0 4 X=opr
component of various practical chiral auxiliarfesnd X 5X=1I

which is readily available in both enantiomeric ri,
seemed to be a promising candidate for this purdoghis
paper, we describe the unexpected formation of 10- Figure 1.Homochiral camphor-based vinyl sulfones and the 10
halocamphors 3-5 (X = CI/Br/l) during attempted  halocamphors.

halosulfonylation reactions of some alkenes, armvsiow
these versatile chiral synthons can be readilyssazefrom
(+)-camphor-10-sulfonic acid.

In the event, when an aqueous solution of sodiudp (+
camphor-10-sulfinaté was vigorously stirred at ambient
temperature with a DCM solution of iodine and abgnzyl
ether, (-)-10-iodocamphds was unexpectedly formed and
unchanged alkene was recovered, rather than theceg
B-iodosulfone (Scheme 1). (-)-10-lodocampbaoras also
obtained in the absence of the alkene, and when
triethylamine (normally used to generate the visylfone

in situ from thep-iodosulfone) was added before work-up.
On the other hand, when either norbornene or 1,5-
cyclooctadiene was the alkene, reaction with sodfttjp
camphorsulfinate6 and iodine in methanol as solvent,
followed byin situ treatment with potassiumert-butoxide

did afford the expected vinylic sulfones, albeit anly
modest yieldS.

2. Results and Discussion

During the course of our ongoing work on the depeient
of sulfonyl-based chiral auxiliaries, we soughsymthesize
various chiral vinyl sulfonesgia halosulfonylation reactions
of alkenes. Initially, we opted to generate camph®r
sulfonyl iodide7 in situ in the immediate presence of an
alkene, by treating sodium (+)-camphor-10-sulfindte
(available by reduction of (+)-camphor-10-sulfonyl

" Corresponding author. Tel.: +353 1896 2021; f®53-1671 2826; e-mail: dgrayson@tcd.ie
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We next showed that reaction of sodium (+)-camptr-  reaction$® have been derived from (-)-10-iodocampbor
sulfinate 6 with bromine in DCM solution formed the whilst chiral Bronsted acids have been synthesizeth

sulfonyl bromide8, which could be converted into (+)-10-  (+)-10-bromocampho#.** Additionally, fragmentation of
bromocamphod. This required the thermolysis of crue  the C(1)-C(2) bond in4 and 5 affords chiral

in either refluxing xylene or toluene, demonstrgtiits cyclopentenes which have been utilised as chiral synthons
greater stability over that of the sulfonyl iodide in the total synthesis of various natural proddtts
O DM 0 0
So,Na  1.5h 50,X X ozx
6 7X=1 5X =1 2 |c|
8 X = Br 4 X = Br
Scheme 1.
These results prompted us to investigate the aadditf (+)-
camphor-10-sulfonyl chloride9 to alkenes under free-
radical conditions. Asscher and Vofsi have describew

the radical addition of arenesulfonyl chloridesalkenes ;((
can be conveniently catalysed by the system gucCl 3 X
EtN.HCI in refluxing toluené. However, when 1,5-
cyclooctadiene was reacted with (+)-camphor-10eswlf Scheme 3.
chloride 9 under these conditions none of the anticipated
adduct was formed. Instead, the alkene was recdvamd (+) 10- ChlorocamphoB has previously been obtained from
(+)-10-chlorocamphor3 was obtained in excellent yield “oxy-camphene™’ by the oxidation of 10-
(Scheme 2). The same prodadctvas efficiently formed in chlor0|sob0rneo’r8 by the reduction of 8-bromo-3,10-
the absence of alkene, but it was not obtainedha t dichlorocamphor using zinc in acetic alidpy triflic
absence of the Cu(ll) catalyst. Other simple cy&laes anhydride-promoted Wagner-Meerwein rearrangement of
such as cyclohexene also failed to yield radicalitaah (+)-camphof® and by prolonged reaction of (+)-10-
products under Asscher-Vofsi conditions. bromocampho# with LiCl in DMF.?* Although the facile
and direct route to (+)-10-chlorocamph@r from (+)-
camphor-10-sulfonyl chlorid® via the method described

11

I
a

Qud, above makes this a more readily accessible chjrghen,
Et 3NHG more efficient routes exist for the preparation(eJ-10-
bromocamphor4 and (-)-10-iodocamphob which can
.9 P o an both be accessed from (+)-camphor in 3-stgjss the
OZ ' above-mentioned Wagner-Meerwein rearrangeffient in
° 3 the case of (+)-10-bromocampharby thermolysis of (+)-
Scheme 2. camphor-10-sulfonyl bromide *

From the above results, we conclude that homofigsion A convenient synthesis of (-)-10-iodocampt®directly
of the sulfonyl halide§ or 9 leads to the rather hindered, fom commercially available (+)-camphor-10-sulfomicid
neopentyl-like, sulfonyl radicall0 which loses sulfur iz reduction with J/PPh has been previously report&d,
dioxide® to form the 10-camphoryl radicall more rapidly  ajthough to the best of our knowledge this methogiphas
than it can react with an alkene. Recombinatiod ofvith not been previously applied to the synthesis dicel or 4.
either an iodine or chlorine atom then yields eitfg-10- Given the widespread use of the 10-halocampBp#sand
iodocamphorS or (+)-10-chlorocamphoB, respectively 5 a5 chiral synthons, we sought to extend this nuitiogy
(Scheme 3). The failure of the sulfonyl halideand9 to to the synthesis of both (+)-10-bromocamptoand (+)-

form adducts with alkenes is perhaps not too ssinmj 10-chlorocamphoB by appropriate choice of electrophilic
unstable and decompose with loss of sulfur dioXide. Table 1.

The 10-halocamphors, 4 and5 have been widely used  Reduction of (+)-camphor-10-sulfonic acid2 with
both as sources of chirality in asymmetric syntheand as  promine (3 equivalents) and triphenylphosphine (5

precursors to chiral synthons employed in totaltisysis. equivalents) in refluxing toluene gave (+)-10-
Both (+)-10-bromocampho# and (-)-10-iodocampho$ bromocamphor4 in 78 % yield after purification by
have been converted into various homochiral bideriaP, chromatography. Encouraged by this result, we emadi
N-P and N-S donor ligands for asymmetric synthisis. various halogen donors and found that both carbon
Chiral - imidazolium-based ionic liquid3, telluronium tetrabromide andN-bromosuccinimide were also suitable

salts® and ligands for asymmetric Pauson-Khand reagents for the preparation4f
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Table 1.Synthesis oft and3 via reduction of (+)-camphor-10-sulfonic
acid12 with PPh and various halogenating reagents.

Entry Reagent PPh BusN Ratio Yield Yield
(equiv) (equiv) (equiv) of3or of3or of13
413 4(%)P (%)
1 Br, (3) (5) (0) 1:0 78@4) O
2 NBS(3) (5) (0) 15:1 a%y 30
3 CBr(3) (5) 0) 191 504) 27
4 CBi(4) (6) (1) 1:0 84@) 0
5 CCl(3) (5) (0) 341 683 18
6 NCS(3) (5 0) 371 7] 17
7 ccL@@) (5 (0) 31 663 20
8 CCL(3) (5) (0) 414 68@Q) 15
9 CCL(4) (6) 0) 6.2:1 723) 11
10 ccL(z) (7) (0) 5.8:1 693 13
11 CCL(4) (6) (1) 30:1 813) 3

3Determined byH NMR. "Isolated yield.
“Disulfide 13 not detected’Reaction time was 48 hours.

Similarly, carbon tetrachloride, hexachloroethamel &l-
chlorosuccinimide could all be successfully emptbyer
the synthesis of (+)-10-chlorocamph8r However, in a
number of the reduction experiments bis(10-camghory
disulfide 13%* was also obtained in variable quantities as
by-product in addition to the desired 10-halocanmghor 4

(Scheme 4).
hal ogenati ng
r eagent
+
PPh
O 3 O (0] O
S PhMe _
OsH reflux, 24h X s—s
12 4 X = Br 13
3X=4d

Scheme 4.

0
5—PPhg*

+ — + PPhy

0 o}
s—s
15 13
0
SH

Scheme 5.

3. Conclusion

It has been found that camphor-10-sulfonyl iodide
formed in situ from sodium (+)-camphor-10-sulfinatg
undergoes spontaneous and efficient conversion (ito
10-iodocamphob. Similarly, exposure of (+)-camphor-10-
sulfonyl chloride 9 to Asscher-Vofsi radical conditions
generates (+)-10-chlorocamph®iin high yield. Failure to
effect the halosulfonylation of alkenes under these
conditions may be attributed to the competing rapid
extrusion of sulfur dioxide from the sterically Hered
camphorsulfonyl radicall0. In addition, a previously
reported synthesis of (-)-10-iodocamphBr has been
extended to deliver both (+)-10-chlorocampi®oand (+)-
10-bromocampho#, leading to convenient syntheses of
these important chiral synthons directly from comeialy
available (+)-camphor-10-sulfonic aci@.

4. Experimental
4.1. General
NMR spectra were recorded using a Bruker AVANCE
DPX 400 MHz spectrometer (400.1 MHz fét and 100.6

MHz for *C). Chemical shifts are reported in parts per
million. Coupling constants)] are quoted in Hertz. Optical

By consideration of the mechanism of the analogousrotations were measured using a Perkin-Elmer 141

reduction of acid12 with 1,/PPh,> we attribute the
formation of disulfidel3 to the competitive trapping of
mercaptotriphenylphosphonium  ion14  with  10-
mercaptocamphdt5,? rather than with bromide ion or (the
somewhat less nucleophilic) chloride ion (Schemel®)
order to minimize the formation of disulfidé3 and
improve the yields of the desired 10-halocamp®ar 4,
we briefly examined the influence of reaction
stoichiometry, reaction time and the addition oddan the
yields of3 and4.

It was found that prolonging the reaction time (gr&), or
the use of additional equivalents of both the hahaging
reagent and triphenylphosphine (entries 9 and &8)tb
only a modest improvement in the yield 8&f The best
results were obtained when tributylamine (1 eqeingl
was added to the reaction mixttierior to reflux. Under
these conditions (+)-10-chlorocamph@& and (+)-10-
bromocampho# were obtained in improved yields of 81 %
(entry 11) and 84 % (entry 4), respectively.

polarimeter. IR spectra were recorded for Nujol Is1(N)

on a Mattson Genesis Il FTIR spectrometer. Masstspe
were obtained under electrospray conditions using a
Micromass LCT instrument. All solvents and reagewtse
purified by standard techniques. Organic extracfs o
reaction products were dried over anhydrous magnesi
sulfate.

4.2. (1S,4R)-(7,7-Dimethyl-2-oxobicyclo[2.2.1]hept-1-yI)
methanesulfonyl chloride 9.

Thionyl chloride (37.7 mL, 516 mmol) was added 9- (
camphor-10-sulfonic acid2 (40.0 g, 172 mmol) in a 1L
flask. The mixture was stirred at room temperafarel hr,
warmed at 40C for a further 6 hrs and then cooled back to
room temperature and left stirring overnight. Thixtare
was diluted with ether (400 mL) and quenched over
ice/H,O. The aqueous layer was extracted with ether (400
mL). The combined organic extracts were washed with
water (200 mL) and saturated sodium hydrogen cateon
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solution (4 x 100 mL) until the evolution of COhad
ceased, and then dried and evaporated to afford (+)
camphor-10-sulfonyl chlorid® as a white solid (38.0 g, 89
%); Mp 62-63°C (ether); Lit* 67-68°C. [o]p = +30.9 ¢
1.29, CHCY, 27°C); Lit.*": +28.8 € 4.2, CHCY). IR: Viax

(N) 2921, 1741 (C=0), 1459, 1368, 1279, 1171, 1132,
1102, 1045 (S¢), 854, 768 cil. *H NMR (CDCL): 0.94

(s, 3H, 7-G3), 1.16 (s, 3H, 7-85), 1.47-1.54 (m, 1H),
1.76-1.83 (m, 1H), 2.01 (d] = 18.4, 1H, 3-El, endo),
2.08-2.16 (m, 1H), 2.18 (i = 4.7, 1H, 4-Gl), 2.42-2.52
(m, 2H), 3.74 (dJ = 14.3, 1H, E,SOCI), 4.32 (d,J =
14.3, 1H, ®,SOCI). *C NMR (CDCE): 19.2 (7CHy),
19.3 (7CHj), 24.8 (C-5), 26.4 (C-6), 41.8 (C-3), 42.3 (C-
4), 47.7 (C-7), 59.2 (C-1), 63.TK,SO,CI), 212.3 (C-2).

4.3. Sodium (B,4R)-(7,7-dimethyl-2-oxobicyclo[2.2.1]-
hept-1-yl)methanesulfinate 6.

(+)-Camphor-10-sulfonyl chlorid® (36.3 g, 144 mmol) in
dry acetone (80 mL) was added dropwise over 4 tra t
solution of sodium sulfite (35.29 g, 280 mmol) aatlium
hydrogen carbonate (23.52 g, 280 mmol) in wate® (@20
maintained at 70°C. The mixture was stirred for an
additional 1 hr at 76C and was then allowed to cool to
room temperature and left stirring overnight. Thixtare
was evaporated to yield a white residue which \aksri up

in boiling methanol (ca. 100 mL) and filtered thgbu
celite. The filtrate was evaporated to afford sadiu
sulfinate6 as a white solid (31.43 g, 94 %) together with
ca. 5 % (H NMR) of the corresponding sodium sulfonate.
This was used without further purification]§ = -41.8 €
0.76, HO, 22°C); Lit.?%; -58.2 € 0.885, HO, 19°C). IR:
Vmax (N) 3358, 2918, 1741 (C=0), 1460, 1375, 1278, 1197
1020, 973, (S=0), 851, 816, 723 tmH NMR (D,0O):
0.80 (s, 3H, 7-63), 0.93 (s, 3H, 7-83), 1.33-1.40 (m,
1H), 1.43-1.51 (m, 1H), 1.88 (d,= 19.0, 1H, 3-El, endo),
1.92-2.00 (m, 1H), 2.00-2.06 (dd,= 12.0, 2.5, 1H), 2.10
(t, J =45, 1H, 4-@), 2.13 (d,J = 13.5, 1H, EI,SONa),
2.35-2.42 (dddJ = 19.0, 4.5, 3.0, 1H, 344 ex0), 2.57 (d,

J =13.5, 1H, ®,SO,Na). *C NMR (D,0): 18.3 (7€Hs),
18.7 (7CH3), 25.6 (C-5), 25.9 (C-6), 42.0 (C-4), 42.3 (C-
3), 47.6 (C-7), 58.5 (C-1), 59.8(,SO:Na), 223.8 (C-2).

4.4. (1S,4R)-1-(lodomethyl)-7,7-dimethylbicyclo-
[2.2.1]heptan-2-one 5.

A solution of iodine (0.5 g, 1.97 mmol) in DCM (106L)
was vigorously mixed with a solution of sodium gdte6
(0.54 g, 2.16 mmol) in water (50 mL) in a sepamgtin
funnel. The yellow organic phase was placed in @ndo
bottomed flask and stirred at room temperaturelférhrs.
The solution was then washed with water (50 mL) ted

TetrahedronAsymmetry

J=9.5, 1H, 5-®i, endo), 1.62 (t,J = 9.5, 1H, 6-Ei, endo),
1.92 (d,J = 18.5, 1H, 3-@, endo), 1.96-2.05 (m, 2H, 5-
CH, exo and 6-GH, ex0), 2.17 (app ddJ = 5.5, 2.5, 1H, 4-
CH), 2.41 (ddd,) = 18.5, 5.0, 2.0, 1H, 344 exo), 3.13 (d,
J=11.0, 1H, ©,l), 3.32 (d,J = 11.0, 1H, E.l). **C NMR
(CDCL): 0.3 CH,l), 19.6 (7CHs), 19.8 (7CH3), 26.2 (C-
5), 30.0 (C-6), 42.5 (C-3), 43.5 (C-4), 47.8 (CH3,6 (C-
1), 214.7 (C-2). HRMS (El, MeOH)m/z calcd for
CygH1501 [M + NaJ': 301.0064; found: 301.0077.

4.5, (15,4R)-1-(Bromomethyl)-7,7-dimethylbicyclo-
[2.2.1]heptan-2-one 4.

4.5.1. Method A: From Sodium Sulfinate 6.

A solution of bromine (0.1 mL, 1.97 mmol) in DCMQQ
mL) was vigorously mixed with a solution of sodium
sulfinate 6 (0.54 g, 2.16 mmol) in water (50 mL) in a
separating funnel. The organic phase was removell an
evaporated and the resulting solid was dissolvexiyiane
(15 mL). The solution was heated under reflux fonré.
The solution was allowed to cool to room tempemgtur
water (50 mL) was added and the mixture was excdact
with ether (3x 50 mL). The combined organic extracts
were dried and evaporated to yield an oil which was
purified by column chromatography on silica geljtielg
with ether/hexane (1:10) to afford (+)-10-bromocam

as a white solid (0.33 g, 72 %).

4.5.2. Method B: From Sulfonic Acid 12.

(+)-Camphor-10-sulfonic acid2 (1.00 g, 4.30 mmol) and
triphenylphosphine (6.77 g, 25.82 mmol) were digsdlin

dry toluene (30 mL) under an atmosphere of nitroeid
carbon tetrabromide (5.71 g, 17.21 mmol) was added,
followed by tributylamine (1.02 mL, 4.30 mmol) atide
solution was heated under reflux for 24 hrs. Thieitem
was then allowed to cool to room temperature antemwa
(50 mL) was added. The phases were mixed and sedara
and the aqueous phase was extracted with DCM &
mL). The combined organic extracts were washed with
water (50 mL), dried and evaporated to afford aworo
solid (12.59 g) which was triturated with ether.(28 mL)
and filtered. The filtrate was evaporated to yialdbrown
solid which was purified by column chromatography o
silica gel, eluting with ether/hexane (1:10) tooadf (+)-10-
bromocampho# as a white solid (0.83 g, 84 %); Mp TG
(ether/hexane); LR 76-77 °C. [a]p, = +24.8 ¢ 1.12,
CHCl;, 23°C); Lit.?% +25.7 € 1, CHCL, 23°C). IR Vpax

(N) 2923, 2854, 1747 (C=0), 1457, 1375, 1328, 1275,
1234, 1165, 1066, 1044, 963, 906, 851, 774, 708, 684
cm®. 'H NMR (CDChL): 0.96 (s, 3H, 7-83), 1.12 (s, 3H,

aqueous layer was extracted with ether (50 mL). The 7-CHj), 1.40-1.46 (m, 1H, 5-8, endo), 1.54-1.61 (m, 1H,

combined organic extracts were washed with satdrate
aqueous sodium sulfite (50 mL), dried and evapdrate
afford (-)-10-iodocamphob as a white solid (0.36 g, 65
%); Mp 69°C (DCM); Lit.?® 71°C. [o]p = -20.1 € 1.28,
CHCl,, 23°C); Lit.?% —20.4 € 1, CHCL, 23°C). IR Viax

(N) 2921, 1743 (C=0), 1456, 1417, 1375, 1297, 1213,
1188, 1163, 1063, 1038, 955, 891, 766™'ctH NMR
(CDCl): 0.91 (s, 3H, 7-83), 1.08 (s, 3H, 7-83), 1.40 (t,

6-CH, endo), 1.93 (d,J = 18.5, 1H, 3-Ei, endo), 2.00-2.08
(m, 1H), 2.11-2.15 (m, 1H), 2.12 @ = 4.0, 1H, 4-E),
2.43 (dt,J = 18.5, 4.0, 1H, 3-8, ex0), 3.42 (d,J = 11.5,
1H, CH.Br), 3.64 (d,J = 11.5, 1H, ®.Br). °C NMR
(CDCly): 19.8 (7€Hy), 20.0 (7€Hy), 26.2 (C-5), 27.2 (C-
6), 28.9 CH,Br), 42.5 (C-3), 43.4 (C-4), 47.8 (C-7), 59.8
(C-1), 215.1 (C-2). HRMS (El, MeOHjn/z calcd for
CygH1s0Br [M + NaJ": 253.0203; found: 253.0200.
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4.6. (1S,4R)-1-(Chloromethyl)-7,7-dimethylbicyclo-
[2.2.1]heptan-2-one 3.

4.6.1. Method A: From Sulfonyl Chloride 9.

Copper (ll) chloride (0.02 g, 1.24 mol %) and
triethylammonium chloride (0.03 g, 1.82 mol %) were
added to a solution of (+)-camphor-10-sulfonyl cie 9
(3.0 g, 11.96 mmol) in dry toluene (15 mL). Theuléag
mixture was heated under nitrogen at 2€0during 4 hrs.
The solvent was removed under reduced pressurghand
residue was taken up in DCM (30 mL). The catalystesm

endo), 1.99-2.07 (m, 2H), 2.09 (8, = 4.5, 2H, 2 x 4-@),

2.41 (dt,J = 18.0, 4.5, 2H, 2 x 344, ex0), 2.82 (d,J =

13.0, 2H, 2 x E1,S), 3.27 (dJ = 13.0, 2H, 2 x €,S).**C

NMR (CDCh): 19.5 (2 x 7€H3), 19.7 (2 x 7€H3), 26.0 (2
x C-5), 26.3 (2 x C-6), 38.1 (2 8H,S), 42.5 (2 x C-3),
42.9 (2 x C-4), 47.3 (2 x C-7), 60.7 (2 x C-1), BLE x

C-2). HRMS (El, MeOH)n/z calcd for GgH3¢0,S, [M +

Na]": 389.1584; found: 389.1531.
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organic layer was filtered and washed with 10 %iwsnd
hydrogen carbonate solution (20 mL) and with wg&&
mL). The extract was dried and evaporated undeancexd
pressure to afford (+)-10-chlorocampt®as a white solid
(2.19 g, 89 %) which was recrystallised from metiian

4.6.2. Method B: From Sulfonic Acid 12.

(+)-Camphor-10-sulfonic acid2 (1.00 g, 4.30 mmol) and
triphenylphosphine (6.77 g, 25.82 mmol) were digsdlin

dry toluene (30 mL) under an atmosphere of nitrogen 2:

Carbon tetrachloride (1.66 mL, 17.21 mmol) was adde
dropwisevia syringe, followed by tributylamine (1.02 mL,
4.30 mmol) and the solution was heated under réfiu24

hrs. The solution was then allowed to cool to room
temperature and water (50 mL) was added. The phases
were mixed and separated and the aqueous phase wag

extracted with DCM (2x 50 mL). The combined organic

extracts were washed with water (50 mL), dried and

evaporated to afford a brown solid (8.70 g) whichsw
triturated with ether (ca. 20 mL) and filtered. Tfiérate
was evaporated to yield a brown solid which wasfigar
by column chromatography on silica gel, eluting hwit
ether/hexane (1:10) to afford two products. Thestfir
product to elute was (+)-10-chlorocamptras a white
solid (0.65 g, 81 %); Mp 12%C (ether/hexaneg; Lit: 131-
132°C. [o]p = +39.7 € 1.16, EtOH, 16C); Lit.: +41.8 ¢
0.96, EtOH, 20°C). IR Vax (N) 2925, 1744 (C=0), 1455,
1414, 1375, 1301, 1219, 1168, 1101, 1053, 1006, 3B2,
853, 762, 716, 639 ci’H NMR (CDCL): 0.99 (s, 3H, 7-
CHs), 1.13 (s, 3H, 7-83), 1.39-1.46 (m, 1H, 548, endo),
1.48-1.54 (m, 1H, 6-8, endo), 1.92 (d,J = 18.5, 1H, 3-
CH, endo), 2.01-2.07 (m, 1H), 2.10 (§, = 4.5, 1H, 4-®),
2.18 (td,J = 12.0, 4.0, 1H), 2.43 (d§, = 18.5, 4.5, 1H, 3-
CH, ex0), 3.62 (d,J = 12.0, 1H, Ei,Cl), 3.81 (d,J = 12.0,
1H, CH,CI). °C NMR (CDCE): 19.9 (7€Hj), 20.0 (7-
CH3), 25.6 (C-5), 26.2 (C-6), 40.9CH,CIl), 42.6 (C-3),
43.3 (C-4), 47.3 (C-7), 60.6 (C-1), 215.5 (C-2). MR (EI,
MeOH) m/z caled for GoHsOCl [M + H]*: 187.0890;
found: 187.0892. The second product to elute waglo+
camphoryl) disulfidel3 as a white solid (0.02 g, 3 %); Mp
233-234 °C (ether/hexane); Lft: 236-238 °C. [a]p =
-102.1 € 0.94, CHC}, 22°C); Lit.** -103.66 ¢ 1, CHCE,
25 °C). IR vinax (N) 2927, 1738 (C=0), 1453, 1412, 1375,
1301, 1219, 1168, 1102, 1062, 1006, 982, 944, 8BS,
711, 645 cnt. '"H NMR (CDCk): 0.92 (s, 6H, 2 x 7-B5),
1.07 (s, 6H, 2 x 7-83), 1.37-1.46 (m, 2H), 1.47-1.53 (m,
2H), 1.57-1.64 (m, 2H), 1.88 (d,= 18.0, 2H, 2 x 3-8,

and Dr. Manuel Reuther for obtaining NMR spectra an
Dr. Martin Feeney for obtaining mass spectra. CnesdF.
W. L.) received financial support from Trinity Cetje
Dublin.
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