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= Ab.tr.ut Thm rddltlo. of oulu. fluoroxy8ulfatm (1) to a *.rlety 
of 81ka.8 (l-harm., rtynae, t~tllbarm, c~alobareae, dleae 14) 
prociemd~ under mild oolldltlorm gIvl= tb. prwlourly unkfmm vloi.ml 
fluom .Uyl .ulf.t... ibr l tmcturor of thou raduotr umra 
r&orou.ly l tabllmhmd by thorough ‘II, l9? and 1 E mn at. 
8.81p.8 l Tim attiled roaotlma .xhlblt lou rogio- u?d rterm- 
seloatlvltler vitb 8 pnferoaoa for 8atl~rkomikov- 8nd rp- 
8ddltlon. Iho pndomla8nam of cl.-preduot forntlon la coml8teat 
ulth 8 oonaortsd mdmnl8m ior th ~dltloa. 

Eypoh8logofiita8, uhlob contain rtroly rlaotron-ultbdraulag ~roupo ruoh M psmblor8te 8nd 

aulfoaat., 8re of oonrldar8ble 1ntem.t w powrful b.logmmtlP( na#.nt.1’31 Bhotropblllo 

propsrtle8 of b.lwon atoa 8re mat proaounoad ln peroblor8tea X-OClO3’, rulfhtm 

14sO~Y2, ud trlf1.t.. X4SO93 3, uhlch 8~ able to UD~O~~O lov-tapmP~tUrO ddltlOD 

mrCtiOD8 ultb l lkamr, evm ukn double bond 1s iD.OtiV.td by rhotr+on~8tiVe .ub.tltu..t.. 

The mcmt l xtmrlvml~ rtwllod rm~antm .re tboas ultb 'I = Cl, R rad I. Tim urual produots of 

their raletlon8 ulth l lkenea are vlol~8l h8l~mo rlkyl pmrchlor8t0818 or -sulformtes2~~*. 

Ali knovn fluom darlv.tlvu of tbl. typo (X t ?I 8re vlol.ntlV ~rurlva tovardr or68alo 

nubrtratar, and thalr rddltlon produots oould b. 1.olat.d only in tba rs8ctlonm ulth 

perfluoro81kmmm18. 

RmouMy 8 forul rn.1~ or thm hmb.b#.Dit.., D..lu. fluorOry.ulr.t* (11, h8m 8ttr8cts4 

8ub.tratl.l 8ttoatlon 8a 8 convenlant 8M .lld lonlo fluorl.Mtlng fmgent5'9. The rln ruult 

of lt8 ro8atloar tith vulou8 orgmlo l ub8tr8tu, 8uob 88 uuutlo oarbo- mmd b8twooyollo 

owpouade~*6, ovotln dorlv8tlvo8~, 6-dlkotma86, 81k~lh81~malbu6, eaohomktu, ud 

l lk.&d*9, lm l leatropblllo Huorln8tloa by tba bypofluorlt. mlaty ln the anlotio fF_t 
t-o-soj- of tbfr rayant. ibe rla ruult of lta mmotloa ulth alkaem 1~ tbm fomtioa of 

vinyl fluorid.s* or pro&Iota of f1uori.m aOdltloD ultb tbr prtlolp.tion of l xtamal 
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nualwpbllrs9. lor imtanoe, H. Zapan et al. h&v@ sham that nyent 1 reSota with Sub8tltutad 

SIkme8 in C&$12 St room teBpWatUre to 61~ fluororlkenaa. The Sm rerctlon la CH3OH 

6Sve I%oatboxySlkylfluorldms, and in a CQC12/AoOH or CH2Cl2/W mlxtura prodwad VioinSl 

fluororcetStes md dlfluorldes, ra8peotlvely. Tbmss pr&uotS are, l ooordlng to the l utbors4b*9, 

pmxlucta of addition of l leotrophlllc fluorine mnd ua axtemrl auol*opblle to tba double bond In 

rooordanom ultb Harkovalkov’S mla. Tba addition of 1 in CH3OH or CA$.12/BP to B- and 

Z-8tilkoO8, SoenSpbtbaleae , and substitutd lndmeS procsads nonstereosoleotlvmly, but vltb 

prefaraatlal formation of produots of sp-addltlon9. 

From the rbovr dStS It is olew thrt oeslun fluoroxySulfrte (1) am well am ooomlent 

bypoohlorltes pos8ess hi&h eleotropblllo rarctivlty towad l lkwme, but the OORpO8itiOn of their 

prodwts Is quite different. The wla dlfferenoe is tbrt rauent 1 never glvea 

B-fluormlkylSUlfrtmS, the ptiuots of normal 1,24ddltlon. Tbls unusuS1 fmt lb In contrdlotion 

wltb dStS on rddltlon of other hypOflUOrlte81a~c and our MEult8 on blndlw of dlffersnt 

nuctleonl&lc mloas'0 * 11 laoludiag substltutd 8UlfOn8te uAon8" ln ME proce8ses. These 

obaenatlcms prompted us to make UI lnvost~rtion of ceslum fluororysulfats reaotlons uitb 

dlffarmt rlkanm titb the aim of prepwIng 1,24ddltlon pmduots and eruinlng the ra&lo- mnd 

rteruocbulstry of tbebe maotlons (prellmlnary c~nlcrtion 800'~). 

RBSOLTS 

Wo ham studled tba naotlons of oesl~m fluororysulfmts (1) with a varimty of alkeors: 

Soycllo (l-baxane, styram, B-stllbans), oycllo (cyclohersne), urd the polyoycllo 

(trloyalo[4.2.2,~~5Jd~~e derlvatlve 14). Reactions bavs bean performed by the carsl\rl 

addition of alkane (2-4 fold l xoess) to S suspm8lon of 1 in the appropriate solvent, with 

stlrrin& and St ublsnt temperature or under mild omliry (O- -lC°C), The reactions ware 

WnltOrsd by a pot~~slum iodide - strroh lndlcator. The S-fluormlkylsulfrte ceslw arlts formd 

wre sspSr8ted by prsolpitrtloa by the rddltlon of ether rod urrrly8ad by MR. Clother liquors were 

not urrlysed In d&all, but thelr I#R apeotra lndlcrtes an lnsl~nlfloant qurntlty of fluoroa1kene8 

in the oompler Pirturo. RaSctlon conditions and yields of the 6-flUOrOSl.kylsUlfSt~ 

oeslw salt8 are llsted in T&l@ 1. 10 60# OS808 thr 8trUOtU.I’~ Of tb4 O@OiUm 8SltS -rO 

rddltlonrlly proven by the transforrrtlon into oovalmt l tboxysulfrter by trmtmt vitb 

trlstbyloxoalum tetmfluorobomte. ~lcroumlyslr drtr for Cs and P wore obtSbad for 811 prducts. 

TSble 1. Pmaction8 of Csslu~ PluoroxySulfSte ultb AilemS. 

-_-_-- -_--_ -____-_____--__-___-__-_----- 
Alkene solvent TerperSture Tim Produot (yield, $1 

oc h 

-__I-__-_-__ 

1 -hsxeos CWl2 

EtOAc 

CH3CH 

rtyrme cn3cm 

B-rtlltmle cIl3cw 

oyclo- CWl2 

hexem ttOA0 

CI$CY 

14 EtOAc 

CM3CW 

20 

20 

0 

-10 

0 

20 

20 

0 

20 

20 

*e- __------- _--_-_- 
- - - 

20 2(31), 3(31) 

15 2(24), 3(48) 

2 2(11), 3(63I 

10 6(20), 7(51) 

20 8(42), 9(22) 

M ro(zoI, 11(M) 

15 10(30), 11(20) 

2 lOI52), 11(30) 

40 15(27), 17(20) 

10 15(bO), 16(20) 

----- -- -__- __--r_s_ 

Tha regioobemlotry of the ddltlon of ooS1u.a fluorosulf8te to l-baxsns and styram bar bs4U 

uulaad . Tba rerotlomr of l-buum umre parforwd In threa dlffarsat SolventS: rsthylens 

oblorlde, ethyl aaatate , mad l atonitrlla . In all casea 8 mixture of the tuo r~iolrommrio edduotr 

P and f wre obtrlned, m stmotures and ylmldS uore datmwl.md using 'l7, 19? and 



Cesrum fluoroxysulfrte addrtion to alkcne 6507 

1% m data. ‘fk 1E y(II .peat!um ooatalmd l l.@Mla for tha alipbatio protoaa end l oomplex 

pettarn for tbe o-protom. In the 1% ml apeutrue tbara l pwemd tvo mopante riglmlm titb 

obamlod ablfta of -230 pp (td, Jp_fl m 17.0 aad 20.0 &) md -187 pm (e), rrbiob wra attributed 

to fluorine atow of the csg BCMS clll gmupa, rupmti*a~y. ‘3c IMH l pa=atra wra ia mg-nt 

ultb the proposed atnmturma ultb oornafmdi~# a-ala for all tb* oarbon mtm and mtiolprtd 

C-F couplln$a. ?or en additicuml idaatiflomtioa the ultr 2 eml 3 warm trmfofird into tba 
etboryeulfeke (5 ud 51, vhlob In edditlon to ‘!I and ‘% WfH l paotra, wro ldeatlfled by a 

wear-epectrel melyal~ end tic-Wale. The mea l peotrum of lmmmm 4 mcl S oontbind a 

lrolecullr pmk m/e 228 rad f?rgeDte oorrwpondlu to IN - PI+, @I - CC1$1*, [I4 - 

C&W I’) etc. 

C4H,CH=CH, + Cs’So’,OF- C&WCH,F 

1 a koj Cs’ 

+ C4H,CHF-CH, - 

bSGp+ 

2 2 

Et 30’SF,- 
- C,H&H-CH,F l C&CHF-$CI, 

OSOzOEt os020m 

t 
* 2 

The rmotloa of raa#aat 7 vltb styrena In l oetoeitrile pmooeded exotamIly end led to e 

mixture of tbe ragloiaoeera 6 and 7 io a rrtio of 2:5 (detofmlned fme ‘R mnd ‘9F Ml 

epootral. Than wra tw dIffereat fluorlna algnela io the l9p lblR apeotrum et -226 and -160 pm 

vith tba I-3 0ouplln.g ooaatrnta oorreapoodin8 to CE2F end CH? groupa. The ‘H lllR rpaetrum 
exhibited l algnel for tk CR?-protoo et 5.7 ppm (ddd, J l 19.0, 7.2 end 3.6 HZ) and two l l~ele 

for tba diaatereotoplc CH$ -pmtoor vitb very almller ohemlcel ablfta new 4.6 ppm titb 

ooupllwa of 47 end 5 Hz. T?m l3C IMR epootrulr suppartmd thaw aael&nweat8, l xhlbitl~ el#aala 

for four dlfforunt carbaae (beeldaa tbe pheoyl (~mup) ultb ‘JC_p c 172-173 Yt end 2JC,F I 

M-25 Ht. 

PbCH=CH~ 2-e Ph$t-w$F l PhCHF-CI-QOSO; Cs’ 

oso;cs* 7 

!k 
Uo the0 Lnreat~eted the ater~obe8letry of tba reectloae of oaelw fluomxyaulfet* 1 with 

B-8tllbum, oyolobexena, and the 81-m II. B+tllbww neated redlly et PC glrlry three-(8) 

md rrythrw(9) leowra In a 2: 1 ratio In bifi yield. TM atmaturer for 8 and wn 

l luoldmtmd by I)(R by oompariacm ulth epeotrel dete for aUll&r B-fluometbuma9. 

Pi7 0so;cs’ P\h p 
H..I\C - CI_H + 
# ‘Ph 

H ,c - c\ oso,cs+ 
F Ph 

% 2 

ik meetiae of o)ofe&meee me l tudlmd la thme dlffarrot ao1md.a: l ?etaaltrile, ethyl 

l oetato, and rthylum ahlorldm. Tho rwotloa lo aumtonitrils rqulrmd ooolipl to WC bouma Of 

1ta t*mua aam. A mlxtun of tba ala- rad trmw-lmra, 10 uxl 11, ~ru obtklad la ml1 

maea ulth tba ntlo of pmduok dmpadlq OS tba aetun of tM eolnnt. stmoturw of tkre 

ddwta (lo,11 ) wn l luoldatod f’rm lfl, q% na4 lk 10 ape&r*. TEe ooarl#uratioa of tbm 

aueatltuuk la than empo#dm w aetmm fma riosael pmt4a aouplh#xtf: 5.4, 2.2, 2.2 Hx 
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- for the olB-adduOt 10, urd 8.1, 7.2, 3.9 Eix for the trms-isomer 11. The ratio of the 

lsowrs 10 and 11 ucm deterpined by l9F WR spootrosoopy, uhere 8 broad signal appeared at 

6 -180 ppm tar the oitb-adduot and 8 narrow 8-1 at -198 ppm appeared for the traDa-adduot, uhlah 

were in l ooordme with prerlourly published data on fWluorooyolohexraeB14. An addltloml 

fdODtlliO~tlOn of theee pmduotr (10 md 111 was performed by their transformation into the 
ethoxysulfates 12 and 13. IO the ohenloal loalutloa ~8.88 speotrum of the Bulfate ebters 

(12,131 there l ppeared a moleoular ion with m/e 227 [Wi]* , oorresponding to oluBter-loos 

k39 I* and W+563+, and frmts [n*S - BP 3+, and [H+H - EO302OEt I+. 

0 I A a oso,- cs+ OS05 cs+ + 0 e 

F 
‘. F 

!k IJx 

Et,fl SFL OSOzOEt 

m a 0 

OSOzOEt 
+ 

F ‘-F 
12 ‘2 

Tbe oaged alkeas 14 reaoted ulth oeslum fluoroxysulfats ID oostonltrlle to give the pfoduotb 

15 and 16 in uhloh the oyclobutene double bond wa8 tuaotlonallted. The aame reaotion ID ethyl 

aoetate led to 8 complex alrture where the ols-Isomer 15 ~88 ideatifled. In this oa8e the 

fluorolaotone 17 (yield 20%) wm alro isolated from the mother liquor Md ldentifled by its NMR 

urd ma88 speotra. Adduots 15 aDd 16 uere transformed iato the ethorysulfatss 18 eDd 19, 

md their struotures were oonflrmed by ‘I!, l9F emd l3C IMR analyses. In the ‘H IWE 

speotrum of the trms-lBo6er 18 the ECF hydmge.0 atom had ooupllng ooostants 52.0, 9.0, 4.1 apd 

1.5 Hz, and the EC0 proton - 16.0, 4.3, 4.3 and 2.0 iiz. Coupling constants for the HCF hydrogen in 

the cls-isomer 19 were 52.0, 5.9 and 2.6 Hz. The OODfiyr8tiODal UB@UDeDt in the four-membered 

ring was baaed on values for the vlol~al H-H ooupli~ oonstantb a8 previously reported15. The 

era-oonilguratlon of fluorine ua~ ooaflrmd by the presenoe of a ooupllng constmt of 9.0 Ez with 

the proton at C-2. Addltlonal proof of this ooofiyratlon ylb bmed on a poaltlve Overhauaer 

effect with the olefinlo protons. 

oso-, cs+ 

~c~~cH35.%?$Y& 
2 3 

15 + 16 - wuk 

Et,O+BF,- 

19 (endo-F) 
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DIXDSSIW 

Tbarlnr8mult.B oftk$waaatimvmati#attoauutb8 folloul8&: (1) tk ramt1oor of CmBluD 

tluorox~mulfata 1 ultb d.kaer 61Va 1,24dditlaa pmdwta, rhiob 41i- t&t 1 %.a oat -17 I 

flwrlB&lm# mt, mt aam aa ary&arrtla# rm&mit; (11) tlm dultloa to UBn~trlO maa- riVrn8 

prduotm in uhlob tba rJor pmduot bu fluorlm 1omt.d rt tba matmWWtutd carMa; hi) in 

aontrut with prbllatnd mmdt89 w hm navmr ladat& proUwk of moha@illo bid- of 

rxternal nwlmopbllrs, l m in ouoleopbllla molmti rwb u l Moaltr~e; (1~) tba rLa 

atmreoabemlo~l mult of tbam putlaul8r rmotlom lx a prmdoolnmom Of 8yn-xddltlon. 

Tbew data enable urn to B&O m aooolu~lons about tbo woh~lsm for rddltloo of oamlum 

flwroxy8ulfrte to 8 double baA. ?lmt of 811, d&8 from tlH 11teFature rab our rwrult8 pomt UI 

t0 UOlUdO f- COWldO~tlOO 8 f'l=W r8dlC81 -. (kr data omld be ratfonallxad in turn of 

tw Otbar 8lt@mtlvO mcibmlam, oae kl!q b@t~mlJltlC, the 8oa0ad lnrolrlng 8 aoacrrta4 8olrou~r 

pPOw88. 

ft lma bean progowd in tbr m@rlty of pravlour p8pM+9 (but mea % tb8t lo 0*81UB 

fhJOF’0X~lf8t~ th4 fhKWh# atOm 18 tbm l lootropblllo mkr. In 6Wrti OUF mU1t.m - ir, 

8aoodmcm ultb tJ3lr point of *law alaoa 111 of tbs remat pro&iota mat-mind fluorlno. 

Hormarrr, wued 17 boua~t ooataln t&m 8ulfrto mlmty, mb it8 hatom 8tNature vitb UI 

0X0-flUOrin0 hl t&O OYOlObUteO~ f’rmt la in 8OOORhU0, With LIuyf’OM l~tOr8tU.l% d8ta 021 

l lwtropblllo bddltlow to dlam 1a1-'5r1% Tbo lqortrat 8rgwmt for the l leotropblllo 

flwrtia 8tOB in rvyrat 1 1s 2UIpILI’8 d8t89 on the Ilrrkomikov trpI W#lOw~wt:tlty rad tbs 

lnaorpor8tioa of mxtrrnml auoleopbllaa la It8 rmatloar ultb lndaoe. 

b OOOtr88t t0 tbir d8t8g, bDYIV@r, OUT r88ulta 8bOV 8aotb.r ~1Owlwtlrity. m 

pr*fmwJtl81 formtlcm of acqmruds 3 uhd 7, la Mob tba oxy#ea 8t# is llnkd to tba 1u8 

rubbtltuted OmbOa 8t=, l@&d to th OOZiO1U81On that, in m&rurrrO t With &rkOmlkOV'8 Nl@, tk@ 

l lwtropbllla ONIter in 0mlu flWmXy8Ulf8ti im not tb@ flWrlrre 8ti, but tbr, bypOftirlt0 

OXyam. 7b18 8ugdwtiOli 18 8UppI-td by tbr 8tmOtW# Of B 16, tlm l lQl.iflault femtulr of 

rhicb la tba 8xo-coa~r8tloa of tbo rulfrte upup lm thm ayolobutuio moiety. It 18 rrrll hmm 

tb8t l XO-8ttWk 18 t& wlo dirwtlW Of l l8atropblllo l ppr0Wh to tha OyOlObUt~lU double m ti 

111C&15,16. Altbcugb the porslblllty of elrdropbllio l tt8ok by oxygen rta of m-t l 

- pnvlowly pmposmd-, our uparlmmt81 r+lultm m-a tbs flf8t rrblob wnfirm tblx blpottilr. 

80--r, tk tua#tOd ~kPOlytl0 DWtilU d-8 not OlWfo til Of Our J.@&Ult#. ?lJVt Of 811, 

wna Of 8tUdlmd I%8Otlw8 -to prodUOt8 Of p8rtlOlp.8tlw by mteml nualeopblles, 8uob u 801-t 

(8wtaI&trlh) or 8pWl8lly 8dded 8~1008 of stmng 80ld8 (lltbium peroblorata or tatr8bUtYlmlm 

tO8y18ti). FiMbemn, la the nrotlmr of Iktilbmm, ayolobaum, md dlaao 14 tha rla 

&WOdUOt8 8r@ O#pound8 8, 10 8Bd 15 titb 018- CWbfl@ntlolr Of th 8ddd8. A11 Of tbir 

ladiO8tw tb8t tba addltlw HOW wt lnoludr int8mOdl8t4 fC+rMtlOn Of w&wtiOM or moal~ 

1OaS. me hi@ Yield Of l m4ddWt8 My b up18hd bY 8U#WtllI,# 8 UOOOartd mh0Uhr rrObM_ 

for tblr rerottoa. ni8 l U##O8tlm dOea mt COntrdht rltb litOmtlW9 d8t8 On tb8 Wobmti Of 

@ddltlOn Of MOtb@r bypOfluorit@8f8*o. Altwb our PWUlt8 tbFOv 8OW li#bt UpOa WSi- 

flwMy8ulf8t* I%8CtlVlty, W 8n wt 8blm t0 Up18lto yet l 11 Of tb@ d8t8 ill thr litit@ Of 8 

8-1, -iSH. 

Ill ObaClullOli w SbOO1d ~b8lSlW the ,Ylith#tlC wrk Of tk r'.portad r~WtlO~0. ti hVm 

found 8 OO!iWCdWIt wtbad for tbm M+8t4p iatrodwtlon Of botb flUOrlm md 8Ulf8t@ wlOtiO8. 

tbln ra8CtiOa M 8 bivdor 8)rrtbetlo outlook bamw tbo #rlfark mloty om k ully 

8ubrtltutab ultb otbar upup#. rltbau@!i tb0 first prodUOt8 Of tbM FUOtiO~ m 8dt-li.ke 
8Ulf8te8, thy Oan k o#raJlmntly tranrforwd into wrrlwt l tbaxy6ulf8t80 by trwtmmt ultb 

trletbyloxoolum totmflwrebor8te. 
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8paatrr - ti.003, ‘3c m - +o.Ol, 1% ma? - 20.03 ppm; and in aoupllag ooartmtm: 0.1 Es 

(‘I!), 0.3 RX (‘91) &Ed 0.1 HX cm mn). All m rpwtr8 of cutum ultm nrm obta.nti La 

-6 U4 l tbOX~lf8t.W b a13 WhtiOam. 

- 8mtPa -lW obtrha4 OLI 8 VI?ilP MT Ih8 -4 MT cti (.1-t- -at, 75 80; Obularl 

lonlzatloa: 18obutam plamm) . 

All the mt8ri818 lLHd i.0 thi# Vork nn mFai8llt 8V8i18bh. CUiUr fhOroXt8Ulf8t8’7 

U&d 9,~0dint~~~~D~ltr~O~C~O[~.2,OZ151 4~8-3,74!iWN t4’& -?8 plWp8nb by kaom 

proaa4um$, 

hutin&. A 

%wkili# vitb OUiUB flUOlru~Ulf8t8 OID . Avoid 8trikbl 8Dd 

h8otiom of O88iklB flUOroXmlf8t8 (1) Vitb 8Ikm88 (am8r81 phW’0). 

ki 8Ikae (r-8 ~1) xdutioD ln 1 8.L of the 8pproprbt8 moltoat ~11 rddd sloul~ to 8 rtlrrad 

dXtUr0 Of MIh8 fhOIWX~Ulf8t8 (0.5 8, 2 ldl) in the W BOlVeOt (5 ti) 8t -10 - &?@C (for 

N8Otion OOadftioa8 8u ?8bla 1). m. n8OtiOD -tkLtW -8 8tirfWd 8t m tmr8tlW8 UlItil 

nyrat 1 aorghtoly 4iMppmrad (8aoording to the KIet8mh lndio8tor). maa dry ether (5 IL) 

UW 444 8nd tha rmultlry rrhlte mild u8~ flItend, n8h+d ulth 8th8P. 8ad dried under v8autm. 

l-?h4.WU-2~~8Ulf8t~-(2) ad i?-flUO~-l_ha~U~f8t8-(3) OuiU Mlt8. I%@14 62-711. 

?cnlnd : F, 5.56; Ca, 40.41. C6a\20$8?3 rvqullrr ?, 5.72; C8, 40.02. ?or 2: ‘II y(R: 

64.42 (m, ?H, CH2?), 4.65 (8, lfl, CWO~CII, 1.9-1.3 (I, 68, Xfl2L 0.9 (t, 3M, 3J,_, . 

7.0 Rx, CH3). ‘or m: U-230.24 (t4, 2JF-B l 47.0 Hx, 3J,_, t 20.0 Bx, ?CB2)+ 

‘3c mR: 684.26 (tu, lJC-8 l 152.6 RX, ‘Jc4 m 167.8 Ex, C’), 74.41 (44, ‘JC,A = 

153.1 EtX, 2JC,t I 19.8 k, C2), 30.19 (t4, ‘JC,B = 130.0 fix, 3JC_r l 4.8 RX, C3), 

26.91 (t, ‘Jc,B m 128.0 RX, C4), 22.21 (t, ‘JC_u l 125.2 RX, C% t4.02 (q, tJC_~ 8 

123.9 Bx, C6). ror 3: ‘JI m: 64.72 (8, lA, Cra), 3.95 (m, 2R, M-S), t.9-1.3 (D, 

68, 3CH2), 0.9 (t, 3H, 3Je_~ l 7.0 Eir, CR3). ‘% WR: a-167.61 (dr, 2Jr-~ = 49.0 

RX, crrr). ‘3C HI: 692.18 (dd, ‘JC,fl r 152.1 Es, IJC_t = 169.3 Hx, C2), 67.68 (44, 

tJC_~ t 144.1 Mx, 2JC_p m 22.1 Hx, C’), 30.58 (t4, ‘JC_A 8 123.0 IX, 2JC,r l 20.4 

fit, C3), 26.62 (t.4, ‘JC_A = 130.2 RX, 3JC_, 8 4.5 fit, C’), 22.04 (t, ‘JC_8 m ws.6 

b, cs), 13.94 (q, l~~_fl l 124.0, ~6). 

2~lUoro_l-pka~l-l~tb~~8ulf8t~(6) 8md t-nuoro-2-ph~)l-24thy~8Ulf8tt(7) Ml= 88lt8. 

Ylmld 711. round: I, 5.03; c8, 37.21. C@804Co?S nquirw t, 5139; C8, 37.74. 

?or 6: ‘R m: 67.6-7.2 (D, 5H, C6i35). 5.26 (dt, 18, 3J,, l 20.6 HI, 3J1-u = 

4.5 MI, Cl+DSo3h), 4.62 (444, lEA, 2J~_) = 47.0 RX, 2J~,t = 10.0 Hx, ~JH_EI l 4.5 

Hx, carH#), 4,59 (444s lag, 2Ja_q I 47.0 HX, 2J~_~ = 10.0 tlr, 3J,-, = 4.5 I(%, 

CHAH#)e ‘9~ I#R: 6-22S.72 (td, 2Jp_~ = 47.0 Hx, 3Jp_~ = 20.6 Hrr CHZt). 13C 

I#R: 6138.32 (d, 3J,_t l 4.0 HX, Cip80). 129.0-125.5 (8, x&t 84467 (tdd, ‘JCa = 

153.9 Br, CH2U, 75.38 (44, ‘JC,B = 144.0 Hx, 2JCq = 20.2 RX, CBoso3C8). 

Ior 7: ‘fl m: 67.6-7.2 (m, SII, C6!i55), 5.72 (444, 18, 2Jgg = 49.3 HX, 3J,-, 9 

7.2 Ex, 3Jg_~ s 3.5 Hz, Cm), 4.02 (d44, 18~. 2Jg-~ - lle9 Hx, jJg_r * 20.4 b, 

~JE),H t 7.2 Ex, C~&@!i03C8), 3.92 (444, 1Bg, 2Ja_~ = 11.9 &r 3J,, = 29.4 &B 

3J,_, l 3.5 IX, c8&$%!#03c8). ‘% Yu: d-180.47 (444, 2Jf,8 = 49-3 UX, 3Jpe~ 

m z$t.L, 3J,-, m 20.4). ‘3C z)Q: 6136.81 (4, 2JCq m 18.0 RX, Cipro), lzP.O-12S.5 (m, 

5Chr), 92.07 (bdt, ‘JC,n m 156.2 Et, 'Jc_r m 171.9 Mx, 2JCa m 3.5 he Cw), 68.77 

(tdd, ‘JC_H l 146.0, 2JC,l s 24.8 Er, 2JC_~ I 3.8 Er, CEQO). 

three-(8) ur4 l ryt&m-(9) 1,2cd~ph~~l-t-flu24~y~Ulf8te ouium ulta. Ylal4 64%. 

Found : T, 4.24; C.8, 31.58. c1481004Ch~3 raquirw F, 4.45; C8, 31.t8. For 8: ‘H =: 6 

7.6-7.2 (8, 108, C6f351, S.77 (66, lE, 2Jn_p . 45.5 Ilr, 3J,, = 6.0 i.h, =F), 5.43 (d4, 

ts, 3J8_e m 6.0 Em, 351-p I 12.3 Rx, RC0SO3W. ‘9¶’ MR: bt60.38 (dd, ?JF-R = 
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45.5 lz, 35,-H 8 12.3 tb, real. ‘3C MuI: 6138.0-125.7 (m, C6%), 93.85 (dd, ‘JC,, m 

176.6 Hz, CET), 78.43 (dd, 2JC-p D 26.7 Lit, CmSu3csL 

Por 9: ‘g m: 87.6-7.2 (B, 108, C6e5), 6.01 (dd, 18, ‘Jg_p = 47.2 Rs, 3Jaa l 

3.0 HZ, HZ?), 5.29 (dd, 18, 3Jg_p m 24.3 IIs, 3Jg_h l 3.0 fir, =-Cd. ‘91 m: b 

-192.45 (dd, 2Jt_H m 47.2 &, 3+_~ l 24.3 Hz, KH). '3c m: 6138.0-12’5~7 (I, 

C6H5 1, 94.55 (bd, ‘JC~ l 176.8 Hz, Cm), MO.07 (dd, 2JC_p = 22.3 111, CILDsbjc8). 

Ci8-(IO) & try-(ll)-Erluofo-~~yol~y~ulfate oulum ultr. Tiald 82S. bud: Fe 

5.32; Cs, 40.76. c6R,@4CmIS rsqulma t, 5.76; Ca, 40.26, tar 10: 'A 11111: 64.95 

(d&Id, ltl, 2J~_y = 51.0 HZ, JH_H = 5.4, 2.4 and 2.4 IIx, CM'), 4.10 (m, 18, CBO), 2.5-l-O (8, 

BM). ‘% M¶R: 8 -197.5 (br.8). 

For 11: 'H ntR: 64.45 (dddd, IB, 251-p z 48.0 HZ, JH_g = 8+1, 7.2 W 3-8 82, Cm), 

4.25 (m, llf, CHO), ‘9t WR: d-179.6 (dm, 2Jy,~ = 48.0 Br). 

cir-(15) md tr~8-(16)-(4-nuoro-9,10-o~~o-d~t~y~l~+ioyolo~4~2~2~~~5~- 

de+l-en-3-yl-aulfate arsiru ra.ltr. Yield 605. round: f, 3.76; Ca, 277.15. Cl4gl606’C~rS 

rsqulrer y, 3.83; Cs, 26.78. For 15: ‘9F MR: h-192.24 (ddd, 2Jp_g = 53.6, 3Jp,” = 

11.6, 3Jp,~ = 27.7 Hz, fCHI. 

For 16: ‘9F HHR: b-188.53 (ddd, 2JF_~ t 53.4 tlr, 3Jp,~ = 11.2 Hz, 3Jp_~ * 

18.0 El+, ?CR), 

Trietbyloxcmium tatrafluoroboratm (0.32 g, 2 r01) ylb 8ddrd to 8 8tPrd l lxtura Of tbo 

corn8p&ing oe8iw malt (1 ml) in 1 mL l tbylaoatata 8t 2@C. Tim rmOtion mixture ~8 

8tlrmd at room temperature for 4 bmr8, tbsa 3 IL hoxms w dd& 8nd thm alxtura VU fiilt@lrd 

through 8 tbtn 18yer of sill08 gel, rrhich wu thm vubed wltb 20 mL etb~laoetxtehxuw I:1 

mlxtur*. Addition81 purlflcrtion oan b performed by colum ohm~folrwby on 8lUo8 gel* 

l-~luop+2_buyl(.tbyl)- (4) 8nd 2-fluoro-1-h~xyl(etbyl)- (5) rulfatm. llold 90%. l-d: 

t, 8.56; S, 13.62. CgH1704 PS requlns I’, 8.32; S, 14.04. )lu8-8mt- (I/e): 228 (p), 

209 (H+ - PI, 195 (W - CH$), 139 (CH2USO$X2t+ 

For 4: 'Ii WlIR: 64.60 (m, ll, CHO), 4.46 (m, 2H, CH2f), 4.3s (q, 2H. 3J,eH = 7.0 Hz, 

CH$, 2.09 (t, 3H, 3J,, B 7.0 HI, CH3), 1.9-1.3 (m, 611, 3CHZ), 0.90 It, 3g, 3%~ = 

7.0 Hz, CH3). ‘9l’ mR: s-229.67 (td, 2Jp_~ = 46.0 Hz, 3J,, = 20.0 Hz). 

tor 5: ‘II M: 64.69 (rn, W, CW), 4.25 (B, 411, xgfl), 2.08 (t, 3& 3JH_H a 7.0 

w, CH~), 1.9-1.3 (B, 6~, 3~~~1, 0.9 (t, 3~, 33g_fl l 7.0 ~2, Cg3). l9y m: 

b -167.31 (dm, 2J~_H l 49.0 HZ). 

c18-(12) aad tMn8-(13) 2-f~uo~-t-ayo~obuy~(m~yl) 8uLfatmr. Tie14 651. tooad: I’, 6.02; 

s, 13.66. C&H1504PS requires P, 6.40; S, 14.17. H4884peamlm (CheriC81 100~ut100, 1/a 1; 
227 We H), 207 (H++H - HF'), 101 (I++ H - tDSQOC2B5)+ 

For 12: ‘H I#R: !!4.85 (dddd, lH, 2J~,p = 51.0 HZ, JH_11 = 5.7, 2.2 md 2.2 Hz, CW), 

4.70 (a, IH, CIK)), 4.39 (q, 2H, tXH2), 2.5-1.3 (8, Ilfl). l% WSt: b-194.27 (br.r, CW). 

tor 13: ‘H WR: 44.65 (dddd, 13, 2Jg4 = 49.0 Bz, JH_~ . 8.1, 7.2 md 3.9 Iis, C=P), 

4.48 (m, IE, ceol, 4.38 (q, 2A, OCH2), 2.5-1.3 (m, 1lE). ‘9? NfR: b-160.7 (dm, 2Jp,~ = 

49.0 Ht, CH?a). 

Ci8-(18) ti tr~-(19~-3-I4-flu~-9,lo~~84~o~~t~yo~yltriuYolot4*2*2.~~5~- 

dau-7-u!eI(mthyl) mlf8tm8. yl@Zd 91%. la: y, 4.96; S, 7.88. Cl6g2+@ e I* 

b.a4! S, 8.17. 

lor ta: ‘II W!: 66.r8 (m, 28, fJ7*8), 4.55 (ddd, 18, 2Jw . 53.0 tIs, Jgwg l 6.0 

md 3.0 RS, II’>, 4.45 (m, IE, 133). 4.40 (q, 28, oes2L 3.60 (I, 68, m3L 3.5-1.3 (m, 

9H)* 1% mt b-194.24 (ddd, 2Jy,g I 53.0 Eh, 351-8 * 27.7 UA 11.6 %I). ‘3C Mr 6 

172.28 (8, COO), 133.25 (d, C7(*),, 133.05 (d, C8(7)), 87.00 (dd, ‘JCa = 218 fi, C% 

76.05 (dd, 2JC_p 1 16.4 Hs, C3), 70.45 (t, OCB2), 5t.g8 (q, +I), 45.55 (6, C’(% 



45.30 (d, C6(1)), 44.11 (dd, 2JC~ I 23.7 Hz, C5), 34.21 (d, C9Cto), 33.82 (dd, 

3Jcq m 4.6 Hx, C2), 14.61 (q, CH3). 

Par 19: 111 mu: 66.46 (m, 2R, B7,8,, 5.04 (dddd, Ill, 2J”_p I 52.0 Rr, JH_H a 9.0, 

4.5 and 1.8 lit, B4), 4.75 (dtd, lH, 3J,, s 16.0 Ez, JH_R l 4.5 and 1.5 Hx, P3I, 4.40 (Q, 

211, OCH2), 3.5-1.3 (D, 9HI1 ‘9P mR: 6-l91.10 (ddd, 2Jp_~ = 52.0 Mt, 35F_~ = 18.0 and 

11.0 Rx)* ‘3c m: 6171.28 (8, COO), 133.85 (d, C'), 131.53 (d, C8), 90.11 (dd, ‘Jc_p = 

226.0 Hz, C’l), 82.12 h.ld, 

(d, Ct(6)), 

2JC_p = 25.3 MS, C3), 70.23 (t, CH$>, 51.88 (q, CB30), 45.55 

4 5.30 (8, C6(l)), 39.65 (dd, 2JC_r = 22.0 Rr, Cs), 34.21 (d, C9,CrG), 

32.65 (46, 3JC-p = 3.8 Hx, c2), 14.61 (q, CH3). 

6-~~~droxy-l~t~x~~~ayl-9~o-fl~~-totr~oyolo~6.1.1.02~7~~10~~~-3- 

oarbcmy~lo rold laotom (17 1. Yield 20$. lound: F, 7.59. C13M1304P requ:r@a P, 7*53. 

Ikbb-8~OtIWM (ChedC81 i_iZmtiOn, de): 253 W + HI. 111 m: 64.82 (d, 1H, ‘JH_P = 

62.6 Hx, CHF), 4.80 (ddt, 13, J = 7.0, 2.5 md 0.8 WI, CJKI), 3.70 (8, 3H, CH301, 3.6-2.0 (B, 

8tJ). ‘91 m: 6-207.33 (dt, 2Jp_~ = 62.6 iiz, 3JP_H t 4.6 Mz). 
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