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On reaction with a series of nucleophiles, the bridgehead sulfonium salt hexahydro-1,1-dimethyl-3H-2,4,7-
ethanylylidene-1H-cyclopenta[c]thiopyrilium bromide (3) affords 8-elimination products in a higher propo.rtion
than substitution products. Proton nmr chemical shift assignments are presented for the salt 3, its progenitors,
and its elimination and substitution products. Specifically deuterated compounds 9-12 and 14 have been pre-
pared to assist in the nmr analysis. The anomalous downfield chemical shift of the exo methyl of 13 and the exo
cyanomethyl of 16 are attributed to the proximity of the sulfur lone electron pair.

In recent years in this laboratory there has been consid-
erable interest in the synthesis and reactivity of confor-
mationally rigid bicyclic sulfonium salts in which the sul-
fonium function is located at a bridgehead position. Many
examples of this type of sulfonium compound?-5 have
been found to possess biological activity as alkylating
agents.® In 1965 the synthesis of the bridgehead sulfonium
salt 1 was reported.” Subsequently the study was extend-
ed® and it was found that nucleophilic attack occurs at
C-5 or C-10. No products arising from $-elimination reac-
tions were observed. Similar results have been reported®
for sulfonium salt 2. The synthesis of the bridgehead sul-
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fonium compound 3 and an examination of its reactivity
as an alkylating agent is the subject of the present study.

The synthesis of sulfonium salt 3 is described in
Scheme I. Dimethylfulvene and maleic anhydride reacted
in boiling benzene to give the exo adduct 4. This adduct
was hydrogenated over platinum catalyst to give 5 which,
in turn, afforded exo-7-isopropylidenebicyclo[2.2.1]hep-
tane-2,3-dimethanol (6) on reduction with LiAlH4. Reac-
tion of the diol 6 with methanesulfonyl chloride gave the
methanesulfonate diester 7, and the sulfide 8 was then
prepared by a modification of the method of cylization of
Owen and Peto?® using sodium sulfide nonahydrate, With
refluxing 48% HBr solution, the sulfide 8 afforded the cy-
clic bridgehead sulfonium salt 3. For the nmr analysis to
be described below, the specifically deuterated sulfonium
salt 12 and its several progenitors were prepared by the
method in Scheme I except for the use of LiAlD4. Sulfide
14 was obtained directly from 12 by reaction with LiAlD,.

Results and Discussion

The reactions with nucleophiles were carried out in re-
fluxing aqueous medium with the sodium or potassium
salt of the nucleophile, with the exceptions of N-methyl-

_aniline and LiAlH4. The product mixtures were separated
by preparative glpc, and the assignment of structures was
based largely upon interpretation of their nmr spectra.
The product distributions for these reactions, the percent-
ages of which were determined by analytical glpc, are
summarized in Table I.

Inspection of the distribution of elimination and substi-
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tution products reveals no immediate clear-cut pattern,
other than a predominance of elimination over substitu-
tion. This predominance is typical for straight- and
branched-chain alk;lsulfonium salts under the conditions
employed, but is in contrast to results of studies in this
laboratory for similar cyclic bridgehead sulfoniums.8-2 At
the outset of these experiments it was demonstrated that
the salt 3 does not undergo unimolecular elimination;
namely, in one experiment an aqueous solution of 3 was
refluxed for 48 hr without change and similar results were
found for refluxing ethyl ether.

The investigation of the sulfonium salt 3 as an alkylat-
ing agent presented two problems: (1) the determination
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1eal the assi t of

In the case of the six
proton chemical shifts is strainhtforvard except that the rasomances for the pra-
tons at Cy and 4 are partially ohscured by tha isopropylidene mathyl resenasnce.
The syntaetic reute to the sulfonium salt 3 provides a series of norbornane de-
rluatives in which one part of the molecule 1n altered at a time with a corres-
cnding changa in one sat of proton resonances, The spectral featurss have been
assigned on the Sasis of chemical shift, msgnitude of coupling constents, snd
sin decoupling experinants. In the cass of broad pasks, themical snifts ara
assigned as the position of dand centers.

Fer the sertes of compounds 4-8, the position of tha sopropylidene methyl
vescnance (sharp singler’ remains constant, as thesa protons are well removad
from tha chanzes in mapaetic environment i tha rest of the molecule, The posis
tion of the resonance for the Cs and Gu andg- and exo-protons aleo appears to
he constant ‘with the exceptior of the alefinic protons of compound &) fer the
entire suries,

16 has not been posathle to assign conclustvely che exa- and ende-Ca)s
resonancas, although the upffeld ¢oublet may tentatively be sssisned to the endo-
protons on the basts of assipnments made for simtlar compounds.®?'13 mne 14-
bridgehead proton rasorances for the compounds 4-§ are readily fdantified by
their appearance as a cownfleld irregular triplet with a separation (S) betuzen
the outer lines of % 5 Hz, Theas protons are allylic to the isopropylidene
deuble bond in all cases and aley allylic to the A'~ doubls bond in compound 4,
They are coupled to the 5= and Gmgxo-protons in compounds 5+3 and te the 5w and

6~ ulaftatc procons in compound &.

Tre 1,4-bridgehead proton resanances are found 0.5-0.7 ppm further upfiald
in compounds §-f tndfcaring thet they were deshielded by the carbonyl functions
Thede results are in agreemsnt with those found by

the ankydrides 4 and 5.
Kanezava for 5,6-dd2arboxy-2-noThoraene derivatives.

The 2,3 are in all esses found
a higher fie;
in which they are deshielded by the gxo-carbomyl functions.

“brid 4\ proton

thaa the 1,4-bridgehead resonances, even in compaunds & and 5
They exhibit cou-
pling with the adiacent exo-methylens proups in comsounds 68, giviok riss to
broadened peaks which become sharper when the axo-methylens proton resonances
ate irradiated during spin-decoupling cxperiments.

The natsre of the dewnfield snift my be either steric ox antsotropie, The sterlc
shift way result from (nteraction of the methyl protons with i non-bonded elec-
tron pair on sulfur oriented towsrd it, or fram steric repulsfon with the neigh-
boring gem-dimethyl group (the poseibility of mevers steric repulsion between
these twa methyl grovps is belleved te be parcly responsible for locking the
Exantnation of rolesulsr models demon-

thiane ring in the confermatian shown.
strates that if the thiane is bent out of {ts chair conformatien so that sulfur
noves away from the §-methyl group, the refghboring gam-dimethyl group must To-
tats toward the B-methyl group and imcur sevara stevic interaction, Fxamination
of models also suggests thet the diatance batwsen the 8~methyl catbon and the
sulfur aton {a not appreciably greatsr than the bonddng distance betwesn Ehs ad-
Jacent zethylene carbon and the sulfur atom in sulfontum salt 3).

A second rarked feature of the nor spectrum of compound 13 Ls the sppearsnce
of faur doublats batwaen & 3.C0 and 2,20, intagracing for a total of two pratons,
These resonances arise from the methylene protoms sdjacent to mulfur in the fol-
lowing wayi because of the rigld conformacion of the thisne ring, the methyleme
procors are nomequivalent, one betng axtal (4 2.90) and the other equstorial
(6 2.34), Thesa methylene protons exhihit gaminal soupling (1 =-L2Kz) to give &
pair of doublers, and vicinal coupling with the adjecens erdo-rethine proton to
further split each line of he palr of doublets, thus glving rise to tup paivs
of doublets far the two methylene protoms. The vicinal goupling comstants are
not equal for each methylene proten; the adiacent gndo-methine proton 15 equato-
t1al with respect to the thiana ring, and thus should couple fo a greater avtent
with the equatorial methylene proten than with the axial methylene proton, as
#ccordingly, the vicinal cowpling con-

It should be nocod thar the axial

precicted by tha Karplus relationship.
stant for the upfield methylene protan is 4Hz,
methylens proton is subjest to 1,3-sterlc repulsion with the sxial methyl grous.

The 1,94 & cnvelope (integrating for threa protons) cortaina the narbornane
1,4~bridgahead resonances and the resomance for che gndo-methine proton adjacemt
The above assigoments have baen confirmed by spi

Lo the S-nethylenc group,
decoupling and Geuteriun-labeling experimencs.
%lata centerad at 2.70 & collanses the 2,34 & pair of deublers to one doubler

Irradiatfon of the pair of dou-

(3 ~ 3, from coupling with the adjacant snda-methine profon) as wall as sharpens
the 1.94 § envelape. Irradiation of the .94 § envelope collspses tha vicinal

coupling ir both paira of methylene doublers, leaving a doublat cantered 2.30 §
and one centersd 2,34 § for the geminally=coupled methylens protons (J = -12Ha),

The ceuteriun-lsheled compound 14, in which the S-exo-merhyl and the S-meshylene

J2Cu5aT
LIMETEYLFULVENE. -~ Dimethylfulvena was prepared aztording to the nethod .,sf
20, Te a solution of 310 g (4.7 mele) of
at 0% wvar sdded
The yield was 412
bp 54-577/12 mm).

crane?®, with the tollewing modificatfon,
cyelopentadiene and 275 g (5.3 role) of reagent grade acetons
eropwige from an additfon fumel 120 rl of 20X ethanclic KOy,
2 (3.9 mole, B3%) of yellnw louid, bp 50-34°/11 mm {reported
AGLD ANEYDRIDE

%071 SOPROPYLINENEBIZYCLA( 2, 2, L]MERTANE-2, 3" Ll
Ta & solution

(5) was preparad according to the method of Alder and Rihman, T
3% 170 2 (1.7 mole) af waleic anhydride {n 1.5 L of benzene vas added 160 &
he solution vas Tafluxed 15 min ard allovsd to

(1.5 mole} of dimethyifulvene.
The soli¢ adduct (a 53150 mixtuta of endo- and sxo~

cool to xpom temperature.
Laomars} wss filtered, The exc-adduct {less soluble) was separated by fractional
needles, np 13-

crystallization Erom ethyl acetate te yield 117 g of ¢olerle
138° (Lteracure:?> gxo 137° (nesdles}, endo LI2° (platesi]; mme (CDCLs) & 660
21y, .90 {2W), 3,22 (28), 1,58 (6W).

The adduct 4 was nydregenated in ethyl acetate DVB; FrQ, catalyst in a Parr
aydrogenator, The product (3) melted at 132-138° (e Pl o 13ee, 152.5-13¢%);

nmr (CDCLa) & 3.20 (2), 3.00 (2H), L.66 (61), vi.66 (2H), ~1,56 (2K).

exc7-1S0PROPYLIOTHERICYOLO{ 2, 2. 1 JHEFTANF~2 , A-DYMETHANOL (6).~~ Tna 3 1

round-bottoned thrae-necked flask equipped with & Soxhlst axtractor, drylng tube,
and magnetic stirrar, vas suspanded 43 ¢ (1,1 mole) of LA, in 1.3 1 of anhy-
drous sthyl ether (dried over sodium). To the thinble was added 240 g (0.70 mole)
of the selscrivaly reduced dimethylfulvene-malsic amhydride adduct, and reflux was
maintained for three days. Excess LAALN, was decomposed by the dropwise addition
of 1% aqueous MILCL (the product has been found to be acid-senairive). The
ather layer wap decanted and the solid residue was vashed with SO0 ml of ather.
Tre combined ather layers were dried over magnesium aulfate and evaporation of
the solvent yleldad 97 g (74%) of colorlesa eryatals, mp 134-135° (11e,%? mp 135
136%)1 nmr (DMSC-de) 5 4,50 (2M, 3.20 (4H), 2.50. (2H), 1.6 (SR}, ~1.35 (20),
WG N

[SOPROPYLYDENERICYCLOLR. 3, L THEPTANE-2, 3-DIMETHANCL DINETRANESULTONATE

exo=
(G In a 1 1 round-boctomed three-nocked flask equippad with s thermomerer,
drying tubs, addition funnal, and magnetic stirrer, was placed 30 ml af dry

The flask was cogled to €% 4n an icersalt bath,

pyridine {diseilled over 3a0).
and 50 ml (74 g, .65 mole) of methanesulfonyl ehlorile Was added te the stirred
pyridine at such s vate that the tomperature of the mixture did not exceed 53°,

exo-diel (8) (54 g, 0.23 mole) dissolvad in 250 ml of dry yridine vas added drop=
wise through an addition Funnal to the stirved, chilled mithanesulfonyl chlovide-

»

o solution dve to nagligible solu-

The spectrum of diol § vas run bn a IMED-
ility of cthe compound {n ADCLs. The hyeroxyk proton rasonance is quite broad
(Wy, = 12H2), indicating a slou exchange rate which s prodably the result of ex-
tensive hydvogen bonding (the TR spectrum exhibite a broad OM band at 3200 er™).
The adjacent mathylene proton resonances appesr as & broad multiplat (Ky = IBlz),
probably due to magnatic non-equivalence of the cvo methyleme protons resulting
They elso ap-

from rastricred Totation ixposad by the hydroxyl hydrogen bend,
pear to be coupled to the gndg-methine protens, although the epdo-methine resow
nance s partially ovseurac by the isoprepylidens methyl resonances, The spec-
trun o€ the dimethanesulfonate ester 7 {g much the same fn appearance, except
that both the mathylene and endo-merwine resomaaces appear further downfield,
liere the gndo-methine resorance can be clearly distinguished s an imperfect
triplet (1 = 6Hr).

e spectrur of the sulfide § exhibits magnetic tonequivalenca for the
rethylens protons gdjaceat to sulfur. An irvegular triplet {(J = JNz) fntegrac-
ing for two protons appears at 2,96 & whila o broad absceptien inzegrating for
Four protons sppears centered at 2,20 6. Irradlarion of sither of these reso-
nances caused sharpaning of the other. One may desisnate two of the four
methylens protons flanking the sulfur atem as sya o the iscpropylidene group
and the other twn ns anth to the isopropylidene group. One may tentatively ss-
sign the 2.20 & envelope so the ayn mathylene prorems (shielded by the isoprapyl-
idane double bond) ovarlapped by the two gnég-methine proton resonsnces. The
2,96 ¢ vesonance {s then asslgned ta tha anti-nmethylene protans,

(ote:  Stnce
the confornation of the S-rembered sulfide ring s not known with ceratnty, it
15 possitle that the nonequivalence of the methylene protons Ls due fn part to
thedr orlentacion with respact to the sulfur lone pairs. It is possible that

the H-C-H angle of tha methylene protons may not ba hisscted by one of the sulfur
lane pairs, but rather, one set of methylene pratons (alther the syn or anti) mey
15718 g

sype of erientation could lesd to arisotrepy sbour the C-$-C bonds which woul? be

be more rearly scligsed by en adjacent lome pair then the other set,

veflected in a chemieal shift diffevence for the two sets of methyleme protens).

The above assignments are supported by tha spectrun of the deuterated com-
pound L1, in which the 2.96 § resonance {s absent vhile there remaing & broad
stnglet insegrating for two protons at 2,22 § for the endo-methine protons. The
spectrun of the oxygen analogue 24 is similar, except that the two methylene
teipleta (3 = 8Hz) are shifted downfield and na longer. overlap any other proton

vespnances. Irzadiation af the 2.20 5 wultiplet collapsea hoth methylane triplats

s
groups sra pardevteratod, sxnibits an e spectrvm ddencical o the unlabeist sop
axcapt for the abseuce of 2 methyl resonance at 1,30 & snd the sbsence
4 broad singlet at 1,66 £ which was ob=
hyl ressnance In the parent compound is discern

pound 1
of any resanances downfield from 2.0 3.

geurad by everlap with the 8w
ible in the be asaigned to the proton
of the nordornane bridge, which le squatorial In the thiane ring, The 1,94 §

envelope ¢s considerably sherpensd in the dsuterated campound dus to shsance of

and way

coupling betysen the deterated S~methylens and the adjacent sndo-methina proton.

Sinilarities hetwesn the nur spectrum of the cyanomderivative 16 and compound
13 were of comsiderable aid in assigning ite structurai The methyl groups again
The cysnemsthylene protans appear as s
Comparison of this chemical ahift with a

suggests

appear as ainglets at § 124 and 1.46,
doublet (J = 8Ha) centered st 3.34 ¢,
value of * 2.5 & vaportad For cyanomethylene protons dn alkyl cyanides
that thess methylene protons ewpertence an snomalous downfield snift sinilar to
that of the snalogous S-methyl protons in compeund 13,

The ando-rethine provon adjacent to the cyanamethyl proup sppears as a broad
doublet (J » BHz) canteved 1,86 £,
the cyanamethiylsne doublet to & singlet.

Trradtarion of this signal causes collspse of

The appearance of the tyanomethylene protons as a sharp doublec suggests
that xotacion for this group 18 rapid n the nmr time scale, Kindered rotacion
would render theas two prorons magnetically non-equivelent, giving rise ta two
pairs of doublets through geminal and vicinal coupling ss i the case for the S-
wathylens protons,

The S-methylare protons eppesr in the 90-
blets sinilar to those of compound 13 (In the 60 MHx spectrum, the furtiest up-
f1eld doublet oartially overlaps the envelope centared 2,18 §).
blets {s tensared 3,00 ¢ and the other pailr is centered 2.48 8,

Mz psctrum #8 o pairs of dou-

One pair of dou-
The geminal cou-
Pling conctant 1a -13Hz, The downfield doublets show vicinal coupling of 2tz,
while the pfield doublets axhibit SHe coupling, The upfield doublats axe as-
atgnad to the proten equatorial in the chiane ring, as previously discusseé for
compound 13,

The nor spectrum of the f-allmiration praduct 13 exhibits a singlet at 6 1,74
for the isepropenyl mazhyl group, and a broad singlet at ¢ 4,90 for the vinyl pro-
tens. Irzadiation of the vinyl protons causes comsiderable sharpening of the
wethyl signal as evidanced by a 30X gain in peak height (vhile integration remetns

the seme). This peak shurpenirg is caused by elimination of allylic coupling

pyvidine solution (the tempersture was maintained belew 57). hen addition vas

cempleze, the wincure was stirred for one hour ag 07 and then placed in @ vefrig-
exater evernight (12 hours, 5°0.
ring fnta @ 31 beaker concaining 600 mi of 10% WC1 diluzed with ice re 1.5 1.

The pH of the mixture was adfusted to 1 By the addizion of concentrated L.

The reaction mixture vas then poured with stir-

The

product, which nrecipitated readily, was filtered and stirred with 300 ml of
unter to ramove oxcess pyridine. The crude methanesuifenate dicater was recrystal-
112ed fram hot sheolute mathanod (with addttion of Nerite) to yield 826 g (85%)
of crystals, mp 7876%% mae (CDCL;) § 6.10 (Lh), 3.00 (813, 2,68 (), 2,23 (&),
1,66 (8H), M1.58 (2), v1.4d (2D

€, 47,725 |, 6.82, Found: €, 47.67; ¥, 6.72,

anal, Caled for Cy.HauDuSat

To 82 §

@X0~0CTAFYDRD- 8- [SOPROPYLIDENI=4 , 7=HE! 570[¢ | TUIOPUENE (8) .-

0.23 mole) of dimesylate () dissolved in 600 nl of hot absclute mechanol vas
adéed 60 g (0,23 mola) of sodium sulfide nonahydrate. The reaction mixzure vas

seirred under veflux for 24 hours and vap then poured into 1.5 1 of uster to dis-
The crude produet was fil-

solve inorganic salts end to precipltate the product,
teved, washed with water, and recryasallized from absoluta metharol, ylelding
mmr (CDCL;) & 2,96 (2H), 2.44 (2), ~2.20

40 5 (88%) of sulfide 8, mp 88,5-90
4Ry, 1.6 (5R), 1,50 (243, £.30 (2H),
G, 74,285 H, 3.28.

Foundt €, 74.19; K, 3,90,

Anal. Caled for Cysfiy

Th a subsequert reaction Compound § was prepaxad in comparable ytsld using MMPA

solvent sccarding to the rechod of Paquetta

A methiodide salt was prepared by diasolving tle sulfide fn anhydrous ethyl

ether and adding excess methyl fodide: mp 182-183° on recrystallization from

absolute neshanal,
Feund: €, 46.31; B, 6,42,

Anal, Celed for CyzHuiIS: G, 46.43; K, 6,25,

HYDRO- 1, 1-DIMETHYLx 38-2, 4 , 7~ ETHARYLYLIDENF~1H-CYCLOPENTA ¢ JTKIOPYRILILY
BRAMIDE (3).~- To a selutlon of 40 g (0.2 male} of sulfide § in 80 ml of abso-
luta ethanol was added 98 wml (0.80 mole) of ABY HET, The vesction was stirvad
under reflux S0t 24 hours and the product wae isoleted by addition of amhydrous
The salt was purified by aolu-

athyl ether until solid ro longer precipitated.
tion in hot absolute mathanol, followed by the addition of arhydrous éthyl sther
o effect precipitasion. The yield was 35 g (52%) of white crystals, mp 350-351°
in & sealed tube (the campound sublimss az 335%); mmr (D:0, T¥5 capillary} § 3.30

(2H), 2,94 (2K, 2,54 (10), 2,24 (6H), 2.02 (2W), 1,92 (2.

Wilder, Felui-Otero, and Diegnan
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to a doublet (J = 8iiz), while irradiation of either triplet collapses Lha ather
as sharpening the 2.20 ¢ mulriplst,

triplet to & brosd doublec (J = BYz) sa vel:
It 1s apparent that each methylene Lriplet arises fram fortuitous overlap of two
doublets, one caused by geminal coupling between the non-equivalent methylene
protons (J = -$Re), and one caused by vielnal coupling {5 = 8¥a) with the gnda-
wethine protons. In hoth compounds § and 24, the i,k-bridgehzad protons appear
48 & chavacteristic irperfect triplet at .44 § (5w $He).

it has not

Due to complextty of the spectren of the sulfonium Sromide 3

been posstble to make complets and 1 aseignment of proton

The sppearance of a sharp singlet st § 2,14 for the two methyl groups confirma
the symnetry of the molecule and the presence of & G-mesbered cyelis sulfoniun
molety rather than & 5-memberad structure (28).

The spestrun of the deuterated salt 11 exhibits a sroad singlot at 3,32 6 for
triplet at 2,90 ¢ for the norbornane

tha sndo- protons, 2 pe
1,4-bridgshead protons, and a broad singlet for the norbornane bridgs proton:
Resonsnces for tha morbornane Cp and Cy protons appear ar § 1,92 and 2,02, par-
tially obscured by the methyl singlet,
tegular triplet in the parent salt 3, indicating coupling with the methylene pro~
tons adjacent to sulfur.

The 3.32 § resomance sppears as an tr-

The nur spectra of the two of octahydrosl,lucimethyl-4,
eyelopanta[g]thiopyran (13 and 16) constituts the primary evidence in support of
their sasigned structures.
ate cimiler. The B-methyl dertvative 13 exhibits a disrinct singlen for aach

Many of the spectral featuras of these two cormpounds

methyl group.
in the §-membered thiane ring resulting from the dissymsotry of the molecule it~

This denonstrates the nonaquivalence of the gemwdimethyl groups

self and the rigidity of the thiane ring.
group appears as a doubler (I = 2Hz) st 1.30 €, coupled with the adjacent enda-

The proton resonance for tha B-methyl

mething proton whose remonsnce appeare in an envelope centored at 1,94 & The
natevorthy featura of thia resonance im its extreme downfield position, about
0.7 further downfield than the exo-methyl growpa (0.8 &, J = 8Hz) of compound 23.

Jign' i
between the methyl and vinyl protons, which 1s expected to have a value of -1 to
~2hz,

The S-methylene protons again show sepavate resonances for the gyn-and apfi-
protons az € 2,98 (Imperfect doublet, § = 2iz) and 2,84 (sherp ninglet), These
resenances canrot be assigned unequivocably as the sopropenyl group would be ex-
pectad to be svbject to hindered roration and its exact orientation is unknown.

The conformation of the S-sembared sulfide ring is slso not certain, nor s the
orientation of the methylene protons with respact to the sulfur loms paivs, The
upfleld resonance may tentatively be assigned to the protons ayn to the isopropshyl
group, assuming a net shielding contributfon for that graun,

The 5,6-sx0 and gndo protons of 15 appeax at & 1.1 and 1,50. The upfisld
ate sssumed to ba ends, The remaining protons appear in sn etvelope from ¢ 1.64
€0 1,18, which appears to arise from the overlap of at least two ragonances, one
centered at 2.48 & and the other centered at 2,22 &

The {someric structure 19 has been elininated frov conaiceration dus to the
absence of tvo ssparats mathyl resonances for the nonequivalent methyl groups and
the abschce of che charactertstic splitting nattern for the methylens protons ad-
Jacant to aulfur as exhibited by compounds 13 and 16, Ons would alao expact the
vinyl protons to shaw two distinct resonances sa one would be directed towsxd and
the other would be ortented avay from the thisne ring. The appearsnce of a broad
olafinic singlet at & 4.9D is suggestive of neither non-equivalence nor anomalous
deshislding aa exhibited in compounds 13 and 16.

EXPERIMENTAL

Analyses are

CENIRAL. Yelting points and beiling points are uncorrected,
by Atlantic Micrelab, Atlanta, Ceorgia, Celbraith Laboratories, Knoxville, Tennesee,

or M-H-M Laboratories, Carden City, Michigan, Glpe snalyses were carried out on a
Varian-Aerograph Series 1200 gas chronatograph using 5 ft x 1/8 in. columms; pre-
parative glpe separacions vere performed on an Aerograph Autopren Model A=700
equippad with 10 £t x 1/4 {n, columns (200 ml min™ Ue flow). Mur spectra wera
obeafned fvom a Varian A=60 or T-80 spectrometer (THS internal seandard); decou-
pling experinents were perfermed on the T-60, Infrared spectrs vere recorded on
a Model 137 0
M3-902 mass apactrometer (courtesy of the Research Triangle Mass Spectrometry

Center, Research Triangle Park, N. C.) or a DuPont C.F.C. 21-£90 indtrument,

Maas spactra were datermined on an

S
Anal. Caled for 7iaHie3eS: G, 52.3uj ¥, 6.91, Foundi C, 5L.3%; ¥, 6,72,
brenide ta sbsolute etha~

A plerate vas prepared by dissolving the suifonium
mp 231~232° (doc) oa

nol and adding a saturazed cthanalic plerte acid solutionj
recrystallization from absolute ethanol.

€, $1,06; H, L.3€ C, 51.16; ¥, .88

50,52 Found:

Anal, Caled for o,

PARATION

REACTION OF SULFONIUM 3R0MIPD 3 WITU LITHIUM ALUMINIM MYDRIDE.
OF CCTANYDR0-1, %, B-TRINETEYL 4, 7-METHANGEYCLOPENTALS | THIOPYIAN (13). -

Stirred suspensior of 10 g (0.26 mole) cf LiAli in 230 ml of anbydrous ethyl
other vas added 16 g (0,06 mole) of sulfontum bromide 3. The mixture was heated

To a

ander raflux for 72 hours befors excess LiAlH, was decomposed by the dropuise

addition of 10% aqueous NH.CL. The ethar layer was decanted and the solid resi-

due was washed with 50 ml sthyl ether.
over MgSCu, end the solvent was ramoved with & rotery evaporator to yleld a
Analytical gipe on a 10% cavbowax 208 colum ac 180° suggested
e glpc on 2 20% carbowax 20M ecl~

The ethar layers were combined and dried

1ight yeliow oil
the presence of 2 major toTponents,
unn at 150° effectad a separation of the mixsure {nto 2 compoments in a ratloe of

Prepara

5. The majer compoment (shorter retention time) wae identifist as sulfide B

8
The

by somparison af mp. glze, and nwr dara with those of an authentic semple.
1,1, 1-4,

Loperta-
), 2,34 (1), 1.86

ninor corsonent was identified as
‘2)eatopyran (13), micre bp 264° deci nme (benzeme} § 2.9 (i
(3K), 1.52 (30}, .42 (3m), 1,22 (AWM.

G, 73.50; ©, 10.24; §, 16,26,

Feund: €, 73.36;

Apal. Caled £or Coaflpof:
H, 10,291 §, 16.38.
RIACTZON OF SULFONIVM BROMIDE 3 WITR SODIUM ACETATE IN ACTTIC AGID.=- A sam-

216 of 1.4 g (0.005 mole) of the sulfonium bromtde 3 and 1,5 g (6,020 role) ot
anhyerous sodiun scatate vas hested under veflux for 48 hours in 25 ol of glacal
acetic aetd. The reaction mixture was peured iaco 100 ml of water, neutrallzod
uith sodlun carbanate, and extracted vith three 25-n3 portiona of ethyl echer.
The ether extvasts ware combined and dried over HgS0., and the solvert was svano-
rated to yleld s single product identifiad as octahydro-8-ischrepylidene-4,7
methanchenzolc]thioghene (8) by comparisor of its mp, ame, and plpe rerention
time with those of an authentic aawple.

REACTION N7 SULFONIVM BRONIDE 3_WITH_SODIUM PEENOKIDE. PREPARATION OF exo-
OCTARYNRO-8-ISOFROPENYZ-4, T-METFANGRENZO (o | THTOPHENE (155,-= A sample Of 1.4 §

0,005 mele) of the sulfonium bremide } was heated under reflux for 25 houra {n 2
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otk
aolution of 3.4 g (0.06 mole) of KOM and 5.7 g (0.06 mole) of phenol in 40 mi of
water. The reaction mixture was then excracted with three 20-mi portions of
ethyl ether. The sther extracts were combined and washed with 107 NaCH (ko re~
move phenol) ané then with saturstad NaCl solution until washings were neutral.
Finslly, the extracts were dried over MgS0u and solvert was xemoved. Analyrieal
glpe of the product on & 10% carbowax 20M colume at L80® indicated the preserce
of two conponents 1n equal smounts (53:47). Preparative glpc cn & 207 carbowax
20 column at 140° affected separation, The first compomant (sherter retention
tims) wap identified £8 sulfide B by comparison af its wnr and glpe retention
time with those of an authentic sample. The second component was idertified 26
o 14, lelchtophenia (13}, mp 39-40°; mar
(CDGLy) & 6.90 (2H), 2.92 (4H), 2.48 (3), 2.22 (2M), 1,76 (3), L.5D (21), 2.26

(24). The {nfrared spectrur exhibits a strong olefinic band at 1640 cr ',

Ausl. Caled for CiaHiaSt C, 76,225 %, 9.30; §, 16,48, Found: C, 7633
n, 9.36; S, 16,54,

REACTLON OF
OCTAHYDRO-1,1-D1!

FONIUM BROMIDE 3 WITH POTASSIUM CYANINE. PREPARATION OF

To & solution of 7,8 g (0,12 mole) of KCN in 4O ml of vatar wac added 7.8 g (0.010

mole) of mulfoniun bromide 3. The resctants uere haeted under raflux for k&
hours. The reaction mixture vas extracted with thrae 25-md portions of ethyl
echer, The extracts were combired, dried over ¥gSO., &nd the solvent was removec.
Analytical glpe (10% carbowax 204 colum, 180°) indicated the presence of three
producte. Treparative glpc (207 carbowax 20M column, 150°) effected separarion
of the mixture into three componants in 4 ratic of 40:10:50,

The first componeat (40%, shortest retentlon time) was idenrified as sulfide
& by comparisen of its glpc retention time, nar spectrum, and mp (A7-58°) with
those of an authentic sample. The second corponert (107) was identified as gxo-

yi-4, clthiophens (1S) Dby comparimon of its
ir and nnr apectra and glpc retention time with thoss of an authentic eample.
The third componant (307, longear ratentdon time) was identiffed as setahydresl,l-

Anal, Galad for CyoFisbS: €, 70.605 M, 8.66; N, 6.33, Found: C, 7
8,725 N, 6.43.

REACTION OF SVLFONTUM DROMIDE 3 WITH METHYLANILING.~ Sulfonium bromide 3
(L4 3, 0,005 mole) was refluwed for 45 hours with & g (0,06 mole) of methyl-
sntlfne n 25 ni of 957 ethanol, Ankydrous ethyl ather (30 m1) vas addec to
the reaction mixturs, and 1,35 g (967) of starting matertal (mp 320° dec.) vas
Tecovered, The ather layer was washed with three 25 ml portions of 10% HCL and
then with satd, Fafd eolutlen uafil washings wers meutral, The evher layer vas
dried over Mg0, and solvent was reroved, yielding a trace amount of sulfids B,
tdearified by glpe retention time and mp (87-88°).

PREPARATION OF gxn-7-15_(JPRDPYL:3FNFBIEYCLNLZ.}]]-EPTA!?K'?,J-'bh (}’.ETHANOL~_§Jl
(3).=- The reaction of 18,6 g (0.090 mole) of gxo-?-lsopropylidenebicyclo(2.2,1)~
Septane-2,2-dicarboxylic acid enhydride (5} and 5.C g (0.12 mole) of LiALD, was

carried out according to the procedure for the praparation of exg-7-isopropy~
Iicenabicyelo(2,2, 1]heptane-2, -dinathanol (). The yield was 7.7 g (kur} of
colorless crystals, mp 130-132°, The compound vas identified by comparison of
its mp, plpe ratention time, end {nfrared spectrum with those of the unlabeled
conpound (6). The presance of deuteriun was confimmed in the infrared spectrum
(strang doublet, 2120 w ') and tha mass spectrum (minlecular Lan 200).
£x0-7-IS0PROPYLINENERICYCLO (2, 2, } JREPTANE-2, 3=b1g (METIIANOL-d; )} DIMETHANE-
SULFONATE (10).-- The reaction of 5.2 g (M.025 role) of the deuterated diol (¢
and 7.2 § (7.063 mole) of methane sulfonyl chloride was carried ovt accarding to
the procedure described above for the praparation of dimethanesulfonate 7, Re-

eryatallization of the ofl from sbsolute methanol ylelded 7.0 p (89%) of vhite
s0ltd, mp 74,5-75.5°, The compound was lcentified hy corparison of its mp, nmr
spectrum, and glpe retention time with those of the unlabeled torpound (2}; mmz
(5DG15) 6 3.00 (6), 2.66 {2H), 2.20 (2H), 1.6 (8H), ~1,58 (20}, n1.48 (2W).
£x0-OCTAHYDRO= 2, 3-d2-B-18PROPYLIDENE-4, ToME: ©JTHIOFHENE=1, 34,
{AL).-~ The reaction of 7.0 g (6,020 mole) of the ceutsrated dimathanesulfonate
aster (10} and 15 g (0,060 male) of sodium sulfide nonghydzate in 70 al of eb-
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PIORR L]
compound ¥as idantified Ly corparison of 418 mp, glpc retenction time, and nmr
spectrum with thosn of the unlsheled sulfide B¢ v (CDR1,) § 2,44 (2}, 2,2
@), L6k (10, 1,50 (21, 134 (2H),

HERARYDRO ), 3= DINERIYL=3H=2, 4, 7=ETHAINLYLIDERE- 1H-CYCIOPENTAL ¢ | TRIGPYRI LI

3,3.9.878, BRONIDE (12 The lauterated sulfide (11) (2,20 g, 0.01 mole) was
reacted with 6,0 ml of 2% HBr and 4.0 nl of abeolute ethanol according to the

rrocedure previously deseribad for the preparation of sulfoniun broside 3. The
orude salt was precipitated, filtered, and thoroughly weshed with 20 wl of an-
hydrous ethyl ether. The yleld was 1.4 g (50%) of & white solid, subliming at
325° dec. Mo furcher purification or chatacterizstion was sttempred. MR (30,
™3 captllary) € 3,32 (24), 2,30 (24}, 2,52 (M), 2.12 (6W), 2.02 (213, 1,92 (2K).
OOTARYPAN=3md- 1, 1=DIMETHYL- 8- (METHYL-d, ) 4, 7=KATHANOCYCLOPENTA o THXOPYRAS-
3»d (141, A savple of 1,5 g (0.0054 mole) of the deutarated bromosulfonium salt
o) eacted with 1.00 g (0,024 mole} of LIAD, in 25 mi of snhydrous esryi
ether aceording to the procedurs deacribed above for the praparation of ascahydre-

1,1,8-trimethyl-4, J-methanocyclopentalc]thiopyren (13). Analytical glpe (107
carbowax 20M, 180°) inéieated 3 major conponents: octshydra-3-d-1,l-dimetiyl-f-
(methyl-ds) =4, Torathanocyclopentalc]thiapyran-3-d (compeund 14, 83%), octahydro-
1,3=4s~B-180pz0pylidene=4, T-meshanobenzofc I thiophons (sowpeund 11, 127}, and 5%
of a component not identified. Separation vas effocted by preparative glpe (20%
SE-30, 135°). Compound 11 vas idenciffed by camparison of its glpe reféntion
tire and nmr spectrum with those of an euthentic sample; campound 14 was identi-
fied by comparison of fts plpe retention tinme and nre spectrum with those of the
unlabeled compound (33); mer (C301p) 6 194 (), 1,70 (183, L.40 (3, L.22 ()}
rags spectrum molseular iom 201,

£x0~¢19~2, 3-DINETHYL-7- ISOPROPYL IDENEBICYCLO[ 2, 2, 1 JRIPTANE (23),~- Compound
23 wab prapared by reduction of the dimethanesulfonate ester 7 with LLAIH. gecord-
ing to the method of Kinston. "
cal to the reported value,

The product had & malting peint (135~136%) identi-

(O DG TAYDRO- 8-~ 180PROPYLIDENE- 4, 1

dinethyi-8-cyanciethyl-t, J-nethanotyclopentalc]thiopyran (16), micro bp 250° dac;
e (COCLSY & 3.3¢ (2U), 3,04 (1K), 2.48 (1), 2.12 (38), 1,46 (38), 1.26 (34}
fr 2220 cn ', weak (CF"); mass spectrum /8 (rel intensity} 221 (17),206 (100},
194 (4), 165 (10), 132 (7).

Table I
Product Distribution

Y
16, Y=CN
18, Y =Nu

9 15 % 13 or 16

OAc~ 100 0 0
Trace* 0 0
PhO- 53 47 0
LiAlH, 85 0 15
CN- 40 10 50

¢ Starting material was recovered quantitatively.

of its ability to alkylate nucleophiles of varying nucleophi-
licity and (2) the determination of the position of substi-
tution during alkylation. Inherent in the cyclic sulfonium
structure is the possibility for competition between sub-
stitution and elimination reactions, which could give rise
to a mixture of five possible products, namely, 8, 15, 17,
18, and 19.

CH,
17 19

The symmetry of the sulfonium bromide 3 reduces the
modes of ring opening in substitution to two possibilities:
the positive sulfonium moiety can be displaced at the di-
methyl-substituted carbon or at either of the equivalent
methylene carbons.

One would expect to see only small amounts of product
17 relative to 18, as the gem-dimethyl groups would both
shield the adjacent carbon sterically from an incoming

solute methanol wes carriad out according to the provedure cescribed above for
the preparation of sulfide b. The crude product was recrystallized from mbsow

IFURAY (24),-- An authuntic
wag used after purification bY

sarple previously prepared in this Lab
sublimation, mp 61-62°,

%

lute metancl to yield 2.0 g (330 of colorless crystals, mp 87.5+88.0°. The

nucleophile and reduce (by electron release) its positive
character relative to the methylene carbons. The same ex-
pectation would hold on a purely statistical basis, since
product . 18 may arise from two independent pathways
while product 17 may arise from only one. The results
tabulated in Table I bear out these predictions.

On statistical grounds, one would expect to see products
8, 19, and 15 in a ratio of 1:2:6. This would most certainly
not be the case, as it is necessary to take into consider-
ation the relative acidities and accessibilities of the vari-
ous 3 protons. With alky! onium compounds the dominat-
ing influence governing orientation in eliminations is the
inductive influence (electron releasing) of any A-alkyl
groups which might be present.i! Thus, the least substi-
tuted olefin is formed preferentially because the 8 carbon
with the fewest alkyl substituents has the most acidic 8
protons. The predominance of elimination product § is an
exception to this trend.

Other studies in this laboratory have demonstrated that
sulfonium salts 1 and 2 react with nucleophiles to give
only substitution products.8-® In the initial investigation
of the reaction of 1 with a variety of nucleophiles, only

EtQ KOH NaNH,
+ e ] —
) S ETOH

20 21
95% 4.5%

21+

22
50% 50%
two examples were found®*? in which a 8-elimination oc-
curred to form 21 and 22.

The product distribution of Table 1 probably reflects
nucleophilic strength more than any other single factor.
Those cases in which substitution was observed (LiAlH4
and KCN) employed reagents of high nucleophilicity and
small size. It should be noted that the LiAlH, reaction
was carried out in relatively nonsolvating, low-boiling
ethyl ether, which would be expected to promote substitu-
tion. The absence of any appreciable reaction with N-
methylaniline, which is a good nucleophile but a poor
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Table II
Proton Chemical Shift Data for Some Norbornane Derivatives®

Wilder, Felui-Otero, and Diegnan

Chemical shift, "

Compd X 1,4 2,3 endo 5,6 exo® 5,6 endo® 8 10 CH3
4 (oL} 3.90 3.22 6.60° d d 1.58/
5 0¢ 3.20 3.00 ~1.66 ~1.56 d d 1.66/
6 OHos» 2.50 1.85 ~1.55 ~1.45 3.20 3.20 1.66/
7 0S0,CHy 2.66 2.20 ~1.58 ~1.48 4.10 4.10 1.667

23 H 2.20 1.80 ~1.50 ~1.40 0.807 0.80/ 1.66/
8 S 2.44 2.20 ~1.50 1.30 2,96k 2.20¢% 1.64/
24 (0] 2.46 2.20 ~1.50 1.38 3.00% 4,04k 1.66/
13 H! 1.94 1.94 m m 1.527 2.90¢ 1.22»
2. 34k 1.42»

16 CN! 2.12 1.88¢% m m 3.34 3.04% 1,24~
2.48% 1.486~

« The compounds are numbered as norbornane derivatives for convenience in tabulating chemical shifts. * Relative to
TMS (5 0.00) in CDCl,. © Assignment is indefinite and may be reversed. ¢ Compounds 4 and 5 are anhydrides. ¢ The 5,6
linkage is olefinic. / Isopropylidene methyl. ¢ In DMSO-ds. * OH protons at ¢ 4.50 (2 H).  0SO,CH; protons at § 3.00 (6 H).
i exo-CH; protons. * See discussion. ! C-7 proton resonance obscured by other resonances. » Resonances obscured. * gem-CH;

protons.

base, may reflect that reagent’s inability to get at the
sites for substitution.

The chemical shift data for a series of compounds con-
taining the norbornane skeleton are summarized in Table
1L
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