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Abstract - The addition of ceaium fluoroxysulfate (1) to a variety
of alkenes (1-hexene, styrene, E-atilbene, cyolohexzene, diene 14)
proceeds under mild oonditions giving the previocusly unknown vicinal
fluoro alkyl sulfates. The structures of these products were
rigorously established by thorough 'H, V9r and 13¢ MR data
analyses. The studied reactions exhidit lovw regio- and stereo-
selectivities with a preference for anti-Markovnikov- and syn-
addition. The predominance of cis-product formation is consistent
with a oconcerted mechanisa for the addition.

Introductiop

Hypobalogenites, which contain strong electron-withdrawing groups such as perchlorate and
sulfonate, are of oconsideradble interest as powerful halogenating nuonu"3. Blectrophilic
properties of halogen atoms are most pronounced in perchlorates !-00103‘. sulfates
1-080,72, and triflates !-08020733, which are able to undergo low-temperature addition
resctions with alkenes, even when doudle bond is inactivated by electronegative substituents.
The most extensively studied reagents are those with X = Cl, Br and I. The usual products of
their reactions with alkenes are vioinal halogen alkyl perchlorstes'® or -gulfonates?.3s,

411 known fluoro derivatives of this type (X = F) are violently aggressive towards organic
substrates, and their addition produots could be isolated only in the reactions with
perfluoroslkenes's,

Recently a formal analog of the hypohalogenites, cesium fluoroxysulfate (1), bas attracted
substantial attention as a convenient and mild ionioc fluorinating resgent-9. The main result
of its resoctions with various organic substrates, such as aromatio ocarbo- and hetervoyclio
eoupounﬁ.5'5. organotin derivatives?, B-duotom‘. lnymlo‘nldus. enoclacetates, and
alkenead:9, 1s electrophilic fluorination by the hypofluorite molety in the anionio fragment
P-0-S03~ of this reagent. The main result of its resotion with alkenes is the formation of
vinyl rl.mrm.aa or produots of fluorine addition with the partioipation of external
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nuu)oopbnoa9. for instance, M. Zupan et al. have shown that reagent 1 reaots with substituted
slkenes in CHxClp at room tesperature to give fluoroalkenes. The same reaction in CH3O0H

gave B-metboxyalkylfluorides, and in & CH2Cl,/A00H or CHoClo/RF mixture produced vioinal
fluoroacetates and difluorides, respectively. These produots are, socording to the uutbon“'9,
products of addition of eleotrophilic fluorine and an external nuoleophile to the double bond in
accordance with Markovnikov's rule. The addition of 1 in CH30H or CHClo/HFP to E- and
Z-stilbenes, acenaphthalene, and substituted indenes proceeds nonatereoselectively, but with
preferential forsation of products of orn-addnion9.

From the above datas it is olear that cesiun flucroxysulfate (1) as well as covalent
bypochlorites possess high electrophilio resctivity towards alkenes, but the composition of their
products is quite different. The sain difference {s that reagent 1 never gives
8-fluorocalkylsulfates, the produots of normal 1,2-addition. This unusual fact {» in contradiction
vith dats on addition of other hypofluorites'®:C and our results on binding of different
nuoleofugic anions'®+11 1ncluding substituted sulfonate anionall in Adp processes. These
observations prompted us to make an investigation of cesium fluoroxysulfate resctions with
different alkenes with the aim of preparing 1,2-addition produots and examining the regio- and
stereocheaistry of these reacticns {(preliminary communication see’?),

RESOLTS

¥We have studied the reactions of cesium fluoroxysulfate (1) with a variety of alkenpes:
scyclio (1-hexene, styrene, B-stilbene), cyclio {(cyclohexene), and the polycyclic
(trioyolo(4.2.2,02:5]decane derivative 13). Resctions have been performed by the careful
addition of alkene {2-4 fold excess) to a suspension of 1 in the appropriate solvent, with
atirring and at ambient temperature or under mild ocooling (0- -1C°C). The reactions were
oonitored by a potassium iodide - starch indicstor. The S8-fluoroalkylsulfate cesius salts formed
were separated by precipitation by the addition of ether and analysed by MMR. Mother liquors were
not analysed in detail, but their MMR spectra indicates an insignificant quantity of fluoroslkenes
in the complex mixture. Reaction conditions and ylelds of the 8-fluorocalkylaulfate
cesium salts are listed in Table 1. In some cases the structures of the cesium salts were
additionally proven by the tranaformation into oovalent ethoxysulfates by trestment with
trietbyloxonium tetrafluoroborate. Microanalysis data for Cs and F were odbtained for all products.

Table 1. Reactions of Cesium Fluoroxysulfate with Alkenes.

Alkene Solvent Tesperature Time Product (yleld, %)
oC h
1-hexene CRxC1, 20 20 2(31), 3(31)
EtOAc 20 15 2(24), 3(a8)
CHaCN 0 2 2(11), 3(63)
styrene CHyCN -10 10 6(20), 7(51)
E-stilbene CH3CN 0 20 8(d2), 9(22)
oyclo- CBCl, 20 10020), 11(20)
hexene EtOAc 20 15 10(30), 11{20)
CR3CN ] 10(52), 11{30)
L} EtOAc 20 %0 15(27), 17(20)
CH3CH 20 10 15(80), 16(20)

The regioochemistry of the addition of cesium fluorosulfate to i-hexens and styrene has been
examined. The reactions of 1-hexene were perforsed in three different solvents: methylene
ohloride, ethyl acetate, and ascetonitrile. In all cases a mixture of the two regioisomerioc sdducts
2 and 3 were obtained. The atruoctures and yields were determined using 1H. '97 and
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13C MMR dats. The 'B MMR speatrum oontained signals for the aliphatio protoas and & cosplex
pattern for tbe ao-protons. In the 197 o speotrum there appeared two separate signals with
obemiosl shifts of -230 ppa (td, Jp_py = 47.0 and 20.0 Bz) and -187 ppm (), whioh were attributed
to fluorine atoss of the CHoP and CHF groupa, respectively. 13 W spectra were in agreement
with the proposed structures with corresponding signsls for all the oarbon atoms and antioipated
C-F couplings. PFor an additional identification the salts 2 and 3 were transformwed into the
ethoxysulfates (% aad 5), vhiob in eddition to 'H and '9F MR spectra, were identified by a
mass-spectral analysis and microanalysis. The mass speotrus of isomers % and 5 contained s
molecular peak m/e 228 and fragmeots corresponding to (M - F1*, [M - CHpF]*, (M -

CyHgCHF J*, ete.

C,HgCH=CH, + Cs"SO30F ——= C HgCH-CHaF + C HgCHF -CH, —=

1 0505 Cs* 050,Cs*
2 3
Et,0'BF,
————= (HgCH-CH,F + C,HyCHF-CH,
050,0€t 0S0,0Et
¢ 3

The reaction of reagent ! with styrene in scetonitrile proceeded exotersally and led to a
mixture of the regioisosers 6 and 7 in a ratio of 2:5 (determined from 18 and V9F R
spectra). There were two different fluorine signals 1o the 197 MR speotrum at -226 and -180 ppm
vith the P-E ooupling constants ocorresponding to CESF and CHF groups. The 15 R speotrua
exhidited a signal for the CHP-proton at 5.7 ppm (464, J = 39.0, 7.2 and 3.6 Hz) and two signals
for the diastereotopic CHpP -protons witb very similar ohemical ahifts nesr 8.6 ppm with
couplings of 47 and 5 Bs. The 3¢ mm speotrus supported these assignments, exhibiting eignals
for four different carbons (besides the phenyl group) with 'Je_p = 172-173 Mz sad 2Jc.p =
20-25 Hz.

1

OSOSCS. 7
\6]\ W\

Ve then investigated the sterecchemistry of the resctions of cesius fluoroxysulfate ! with
E-atilbene, oyolobexene, and the diens 1N. E-stilbene reacted resdily at 0°C giving threo-(8)
and erythro-(9) isomers in a 2:1 ratio in a high yfeld. The structures for 8 and 9 were
eluoidated by WMR by comparison with speotral data for similar 8-fluorosthanes?.

Ph H Ph ,0S0Cs Ph H
N / 1 r 3
e=c! A H-C—CoH  +  H-C—CZ0S03C
H Ph ¢ Ph F Ph
8 KX

The reaction of oyolobaxene was studied in three different solveats: acetonitrile, ethyl
acetate, and methyleoe chloride. The resotion in scetonitrile required ocooling to 0°C becsuse of
its vigorous nature. 4 mixture of the ois- and trans-isomers, 10 and 11, was obtained in all
cases with the ratio of producots depending on the nature of the solvent. Struotures of tbhese
sdduots (10,11) were eluoidated from '8, 197 and 13 B speotra. The oonfiguration of the
substitusnts in these oocmpounds was determined fros vioinal protoo ooupluu.u: 5.4, 2,2, 2.2 R
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- for the cis-adduct 10, and 8.1, 7.2, 3.9 Hz for the trans-isomer 11. The ratio of the

isomers 10 and 11 wms determined by 19¢ we speotroscopy, where & broad signal appeared at

§ =180 ppm for the cis-adduct and a narrow signal at -198 ppm appeared for the trans-adduct, which
were in accordance with previously published data on B-tluorooyolohumea". An additional
identification of these products (10 and 11) was performed by their transformation into the
ethoxysulfates 12 and 13. In the chemical ionization mass spectrunm of the sulfate esters

(12,13) there appeared a molecular fon with m/e 227 [M+H)*, corresponding to cluster-ions

[M+39]* and [M+56]%, and fragments [MeH -~ HF}*, and [MeH - HOSO,0Bt]*.

@ 1 0s0;Cs’ 0S0; Cs*
- Oﬁ O —
F ~F

W

Et Q’BF QOSOZOEf OOSOzOEf
+
E

13
AV
The caged alkene 14 reacted with ooaiu- fluoroxysulfate in acetonitrile to give the products

15 and 16 in which the cyclobutene double bond was functionaliged. The same resction in ethyl
acetate led to a complex mixture where the cis-isomer 15 was identified. In this case the
fluorolactone 17 (yield 20%) was also isolated from the mother liquor and identified by its NMR
and mass apeotra. Adducts 15 and 16 were transformed into the ethoxysulfates 18 and 19,
and their structures were confirmed by 'H, 197 and 13C MMR analyses. In the 'H MMR
speoctrum of the trans-isomer 18 the HCF hydrogen atom had ocoupling oconstants 52.0, 9.0, 4.1 and
1.5 Hz, and the HCO proton - 16.0, 4.3, 5.3 and 2.0 Hz. Coupling constants for the HCF hydrogen in
the cis-isomer 19 were 52.0, 5.9 and 2.6 Hz. The oconfigurational assignment in the four-membered
ring was based on values for the vicinal H-B coupling constants as previously roportod’s. The
exo-configuration of fluorine was confirmed by the presence of a ocoupling constant of 9.0 Hz with
the proton at C-2. Additional proof of this oconfiguration was based on a positive Overhauser
effect with the olefinic protons.

0503(:5 O3CS
F
CO,CH,4 2 §
CO,CH, 0~ CO,CH;
3 IR WA A
- 95070Et 0S0,0€Et
Et,0'BF,; F
e T ‘
CO,CH CO,CH,4

CO,CH, CO,CH,

w\(exo-r—') lg\(endo-r-')



DISCUSSION

The mein resulis of the presecti inveatigation are the following: (i) the resations of cesius
fluoroxysulfate 1 with alkecea give 1,2-additioo produots, which implies that 1 ia not caly s
fluorinating sgent, but alsc an oxygensting reagent; (11) the addition to unsymmetrioc alkeces gives
products in which the major produot bas fluorine loocated at the most substituted carboo; (111) in
contrast with published results? we hewe never isclated producta of puoleophilie binding of
external nuoleophiles, even in nucleophilic soclvents such as soetonitrile; (iv) the main
atereccheaical result of tbhese particular reactions is a predosinance of ayn-~addition.

These data soable us to make some copolusions aboul the sschanisa for additicn o
fluoroxysulfate to a doudble bond. PFirst of all, data from the literature and our results perwmit us
to exclude fros consideration a free radical mechanisms. Our dats oould be rationalized in terms of

two other alternative mechanisms, one deing hetercolytic, the second involving & concerted molesular

prooceaas.

It has boen proposed in the majority of previous papers=3 (but see 58) that in cesium
fluoroumlnu the fluorine atom s the eleotrophilic center. In gensral our results are in
f view since all of the resctiocn producis ocontainosd fluocriss.
Moreover, compound 17 doesn't ocotain the sulfate moiety, and its lactose struoture with an
exo-fluorine in the cyclodutene fragmeot is 1in acoordances with numerous literature data on
eleotrophilic sdditions to diens 12i08,35,76, The important argusent for tbe sleotrophilic
fluorine atom {n reagent 1 is Zupan's datad on the Markomikov type resioselentivity and the
inoorporation of externsl suoleopbiles in its resctions with indene.

In contrast to this dltl9 bowever, our results shov another regioseleotivity. The
preferential formmtion of compounds 3 and 7, in which the oxyges atom is limked to the less
substituted ocarboo atom, lesd to the oconolusion that, in agreement with Markovnikov's rule, the
eleotrophilic center in oceaius fluorcoxysulfate is not the fluorine atom, but the hypofluorite
oxygen. This suggestion is supported by the struoture of compound 16, the significant feature of
which 1a the sxo-configuration of the aulfate group in the cyolobutans molety. It ia well imown
that exo-attack is the main direction of eleotrophilic approach to the oyolobutenio double bond in
14108,15,16 1though the possibility of electropbilio attack by oxygen atom of resgent 1
Was previoualy proposed’S, our experissctal resulis are the Tirst which confirm ibhis bypothesis.
Bowever, the suggested heterolytic sechanisa does not olarify all of our results. Pirst of sll,
none of atudied resctions gave produots of partioipation by external nucleophiles, such s solvent
(scetonitrile) or specially added anions of strong acids (1ithium perchlorate or tetradutylammonius

?__ggylgt_.g), Purthersore, in the resotions of R-atilhene, ovolohexens, ai diena 14 the main

products sre cospounds 8, 10 and 15 with ocis- configurstiocn of the addends. 411 of this

indicates that the addition does pot inolude intermediate formation of carbocations or "oniua®
ions. The high yield of syn-eddudis may be explained by suggeating s cooceried wolecular meochaniss
for this resction. This suggestion does not contradiot with literature data on the mechaniss of
addition of another bypoflucrites'®:9. Although our results throw some light upoa cesius
Tluorcxysulfate reactivity, we are not able to explain yet all of tbese dats in the limits of a
sinsle mechanism.

In conclusion we should emphasize the ayntbetic importance of tbe reported resctions. W¥e have
found a convenient method for the one-step introduction of both fluorine and sulfate moleties.
Thia resctico opecs & brosder synthetic ocutiocok becsuse the suifate moiety can De easily
subatituted with other groups. Although the first produots of these resotions are salt-like
sulfates, they can be ocoaveniently transformed into oovalent ethoxysulfates by treatment with

trietiyloxonium tetrafluorodorate.

KIPERIMENTAL
4 and 197 WM speotra were recorded in the pulss Fourier tranaform mode oo a Bruker WH-250

spectrometer {250.13 and 235.3% HBs reapectiveiy) with HepSi or CCiyf ws an intersal refer-
ence. Upfield shifts in 197 sre indicated as negative. Brrors in chemical sbifts: 1n 'H WA
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spectra - +0.003, 3¢ W2 - +0.01, 197 o - +0.03 ppm; and in ooupling oonstants: 0.1 fAs
(18), 0.3 Bz (197) and 0.4 Hx ('3C WR). ALl MMR spectra of cesium salts wers obtained in
DMSO-dg and ethoxysulfates im CDC13 solutions.

Mass apectra were obtained on & Varian MAT 3AS and MAT CB-6 {(electron impact, 75 eV; obemicsl
ionization: iscbutane plassa).

All the materials used in this work wers commercially available. Cesfum fluoroxysulfate'7
snd 9,10-dimethoxycarbonyltricyclol#.2.2.02:5] deoa-3,7-Ciene 14168 yere prepared by known
procedures.

Caution: Working with cesium fluoroxysulfate can dbe dangerous. Avoid sharp strikes and
heating. A protective shield always should be used.

Resctions of oesium flucroxysulfate (1) with alkenes (getera)l procedure).

An slkeoce (3-8 mmol) solution in 1 mL of the appropriats solvent was added slowly to a stirred
mixture of cesius fluoroxysulfate (0.5 g, 2 mmol) in the same aclvent (5 al) at =10 - «20°C (for
resction oconditions see Tadle 1). The reaction mixture was stirred st room temperature until
resgent 1 completely disappeared (mccording to the KI-staroh indicator). Thea dry ether (5 alL)
was added and the resulting white solid was filtered, washed with ether, and dried under vacuus.

1-Fluoro-2-hexysulfste-(2) and 2-fluoro-i-hexysulfate-{3) cesium salts. TYield 62-Thf.
Pound: F, 5.56; Cs, 80.N1. CgHyz0pCaFS requires ¥, 5.72; Cs, 40.02. For 2: 'H WG:
SN.N2 (m, 24, CHP), X.65 (m, 1B, CHOSO3Cs), 1.9-1.3 (m, 6H, 3CH), 0.9 (t, 3H, 3Jg_g »
7.0 Bz, CHy). 199 WR: 6-230.28 (vd, 20p_g « 7.0 He, 3Jp_g = 20.0 Ux, FCBy).
13c r: 688.26 (ta, 'Jo_g « 152.6 Hs, VJo_p = 167.8 Bs, C'), TA.M1 (dd, e p =
153.1 Bs, 2Jc_p = 19.8 Be, €2), 30.19 (te, VJo.g = 130.0 Hz, 3Jc_y » 8.8 B2, C3),

26.91 (t, Yoo g = 128.0 Be, CY), 22.21 (¢, Wg.g = 125.2 Rz, C5), 18.02 (q, 'c.g =
123.9 Bs, cé). Por 3: 'R MKR: 61.72 (m, 1R, CHF), 3.95 (m, 2H, CH080yCs), 1.9-1.3 (m,
6H, 3CHp), 0.9 (v, 38, 3Jg_y « 7.0 Hx, CR3). 9P MR: 4-187.61 (am, 2Up_y = ¥9.0

Re, CHP). 13c mMR: 692.18 (dd, VJo.g = 152.1 Bx, VJc_p = 169.3 Hx, C2), 67.68 (dd4,
Vg = 1881 Bz, 2Jc_p = 22.1 Hx, C'), 30.58 (td, VJe_g » 123.0 Bx, 2Jo_p = 20.%

B, €3), 26.62 (td, 'Jo.g = 130.2 He, 3Jc_p = 4.5 He, CV), 22.08 (¢, VJo_g « 125.6

Hx, c5), 13.9% (q, 'Jo.g = 124.0, c6).

2-7luoro-1-phenyl-1-ethylsulfate-{6) and }-fluoro-2-phenyl-2-ethylsulfate-(7) ocesium sslts.
Yield T1$. Found: P, 5.03; Ca, 37.21. CgHgOxCaPS requires F, 5.39; Cs, 37.78.

Por 6: 'R MMR: 67.6-7.2 (m, SH, CgBg), 5.26 (dt, 18, 3Jg_p = 20.8 Hx, 3Jg_g =
V.5 Nz, CHOSO3Cs), 8.62 (dad, 1Hy, 2Jg.p = 47.0 Bz, 2Jy_p = 10.0 Hz, 3Jy_y o 4.5
Hs, CB‘W). 4,59 (ddda 18p, zdg_p = 847.0 Hg, ZJH_H = 10.0 Hsz, 3Jg_5 s 4.5 Hx,

CHyHpP). 97 Wm: 4-225.72 (td, 2Jp.p = 47.0 Hg, 3Jp_g = 20.8 By, CHR). l3c
BMm: §138.32 (d, 3Jc_p » 3.0 HE, Cypgo)s 129.0-125.5 (m, 5C4p), BA.67 (tdd, 'Jog =
153.9 Bz, CHpF), 75.38 (dd, “Jo_g = 145.0 Bz, 2Jc_p = 20.2 Rz, CHOSO3Cs).

Por 7: B mm: 4§7.6-7.2 (m, SH, CgHg), 5.72 (ddd, 1B, 2Jg_p = %9.3 U3, 3Jg.pg =
7.2 Bz, 3Jg_g = 3.5 Hz, CHP), ¥.02 (ddd, 18y, 20g_y = 11.9 He, 3Jg_p = 20.¥ Hs,
3Jgu = 7.2 Hx, CHyHROSOyCs), 3.92 (ddd, 1Hp, 2Jg_y = 11.9 Bz, gy = 29.8 s,

304 = 3.5 Bz, CHyHR0S03Cs). 97 wm: 6-180.87 (dad, 2Jp_g = ¥9.3 Hx, 3Jp_y

= 29.%, 3p_g = 20.0). V3¢ mm: £136.81 (4, 20c_p = 18.0 He, Cypgo), 129.0-125.5 (m,
5Car)s 92.07 (ddt, YJe_g = 156.2 Bz, Jc_p = 171.9 Hz, 25c_g = 3.5 Bz, CRP), 68.77
(tdd, YJc_g = 146.0, 2Jc_p = 24.8 Bz, 2Jc.y = 3.8 Bz, CH0).

Threo-(8) and erythro-(9) 1,2-diphenyl-1-fluoro-2-ethylsulfate cesium salts. Tield 64%.
Found: F, 4.28; Ca, 31.58. CypyBygOxCaFS requires F, 4.35; Cs, 31.18. For 8: 'E WMm: ¢
7.6-7.2 (m, 108, CgBg), 5.7T7 (dd, 18, 23g_p = #5.5 ¥s, 3Jg_g = 6.0 Hz, BCP), 5.33 (44,

18, 3Jg_g » 6.0 Hs, 3Jy.p = 12.3 Rz, BCOSO3Cs). '9¢ WMR: 6-180.38 (dd, 2Jp_p =
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25.5 Bz, JJp.y = 12.3 Hx, PCB). 13C WMR: 6138.0-125.7 (m, Cgs), 93.85 (dd, 'Jc_p .
176.6 Bz, CHF), 78.83 (dd, 2Jc_p = 26.7 Mz, CBOSO3Ca).

Por 9: B MRR: 67.6-7.2 (m, 10R, CgBs), 6.01 (dd, 1H, 'Jg_p = 37.2 8s, 3Jp.p =
3.0 He, BCP), 5.29 (4d, 18, 3Jg_p « 24.3 Bx, 3Jg_y = 3.0 Hz, BCOSO3Cs). ‘97 wm: ¢
-192.85 (dd, 2Jp_y = A7.2 By, 3Jp_g = 24.3 Bz, FCH). 13C mMR: 6138.0.125.7 (m,

CeHg), 98.55 (dd, 'Jc_p = 178.8 Bz, CRF), 80.07 (dd, 2Jc_p = 22.3 Hs, CBOSOyCs).

Ci8-(10) and trans-(11)-2-fluoro-1-cyolobexylsulfate cesium salts. TYield 82%. Found: F,
5.32; Ca, %0.76. CgHyoOnCaPS requires P, 5.76; Ca, 30.26. Por 10: 'R MM: 4A.95
(dddd, 1H, 2Jy_p = 51.0 Hz, Jg_y = 5.4, 2.4 and 2.8 Hz, CHP), .18 (m, 1B, CBO), 2.5-1.0 (m,
8H). 19 WaR: & -197.5 (br.s).

Por 11: 'H WMR: 6A.A5 (dddd, 18, 2Jg_p = 38.0 Hx, Jy.g = 8.1, 7.2 and 3.8 Bz, CHP),
2.25 (», 18, CHO). 97 MMR: 6-179.8 (dm, 2Jp_g = %6.0 bz).

C18-(15) and trans-(16)-(A-fluoro-9,10-c1s-endo-dimethaxycarbonlytrioyolo(¥.2.2.02+5)-
dec-T-en-3-yl-sulfate cesium salts. Yield 60%. Pound: F, 3.76; Ca, 27.15. CqaB608CeFS
requires F, 3.83; Cs, 26.78. Por 15: 19F MMR: 4-192.2% (ddd, 2Jp_g = 53.8, 3Jp_y =
11,6, 3Jp_p = 27.7 Hz, FCH).

Por 16: 19F NMR: ¢-188.53 (add, 2Jp_y = 53.% Hz, 3Jp_g = 11.2 He, 3Jp_y «

18.0 Be, FCH),

Resotions of 2-fluorcalkylsulfate cesium salts with
triethyloxoaius tetrafluoroborate (general proocedure)

Triethylozopium tetrafluoroborate (0.32 g, 2 mmol) was added to a stirred sixture of the
correspooding cesium salt (1 mmol) in 1 mL ethylacetate at 20°C. The resction mixture was
stirred at rooas temperature for 3 hours, then 3 mL hexane was added and the mixture was filtered
tbrough a thin layer of silice gel, which was then vashed with 20 al ethylacetate-hexane 1:1
mixture. Additional purificstion can be performed by column chrosatography on silics gel.

1-Fluoro-2-bexyl (ethyl)- (N) and 2-fluoro-1-hexyl(ethyl)- (5) sulfates. Yield 90%. Found:
r, B.58; S, 13.62. CgHy70y F3 requires P, 8.32; S, 14.0N. Mass-spectrum (m/e): 228 (M*),
209 (M* - F), 195 (M* - CHpF), 139 (CHp0S0,0CpHs).

For %: VA MMR: 64,60 (@, 1H, CHO), 8.36 (w, 2H, CHoF), 8.35 (q, 2H, 3Jg_g » 7.0 Hz,
CH0, 2.09 (v, 3K, 3Jy_y = 7.0 Hz, CK3), 1.9-1.3 (m, 6H, 3CHp), 0.90 (t, 3H, 3oy y =
7.0 Hz, CH3). 197 MMR: £-229.67 (td, 2Jp_y » ¥8.0 Hz, 3Jp_y = 20.0 Hz).

Por 5: 'E MMR: 6X.69 (m, 1H, CAF), 2.25 (m, 84, 2CB0), 2.08 (t, 3H, 3Jy.y = 7.0
Hs, CH3), 1.9-1.3 (m, 6H, 3CHp), 0.9 (t, 3H, 3Jg_y = 7.0 Wz, CH3). 97 wR:

6 -187.31 (dm, 2Jp_g = 29.0 Hz).

C18-(12) and trans-(13) 2-fluoro-1-cyolohexyl(ethyl) sulfates. Yield 85%. Pound: P, 8.02;
S, 13.86. CgMi5OxFS requires F, 8.40; S, 14,17. Mass-spectrus (chemical lonization, w/e);
227 (M* « H), 207 (M* « H - HP), 101 (M* + K - HOSO,0CoHs).

Por 12: 'H MMR: 4 8.85 (dddd, M, 2Jy_p = 51.0 Hz, Jy_y = 5.7, 2.2 and 2.2 Hez, CHF),
N.70 (=, H, CHO), 3.39 (q, 2H, OCHp), 2.5-1.3 (=, 118). 197 WMR: 6-198.27 (vr.s, CHP).

Por 13: 'R WMR: 6X.65 (dddd, 1H, 2Jg_p = 49.0 Bz, Jy_g « 8.1, 7.2 and 3.9 Hx, CHP),
8,08 (m, 1B, C8O), X.38 (q, 2H, OCHp), 2.5-1.3 (=, 118). 9P WM: 6-180.7 (dm, 2Jp_p =
29.0 Hz, CHF).

C1s-(18) and trans-(19)-3-{A-fluoro-9,10-cis-endo-dimetboxycarbonyltricyolo(d.2.2.02:5]-
dec-T-ene} (ethyl) sulfates. Yield 915. Pound: F, 8.96; S, T.88. Cy5B2908FS requires P,
8.84; 8, 8.17.

Yor 18: B W: ¢6.38 (m, 28, BT+8), 8.55 (dad, 1H, 2Jgy = 53.0 Hx, Jg_g = 6.0
and 3.0 Bx, BY), A.05 (=, 1B, #3), M.%0 (q, 2B, OCBp), 3.60 (s, 6H, OCH3), 3.5-1.3 (m,

98). 197 mR: 6-198.2% (ddd, 2Jp_y = 53.0 Bs, 3Jp_g = 27.7 and 11.6 Es). '3c mem: ¢
172.28 (s, CO0), 133.25 (4, CT(8)), 133,05 (4, c8(7)), 87.80 (ad, Yoy = 218 A2, CY),
76.05 (48, 2Jc_p = 16.3 Hs, C3), 70.85 (t, OCBp), 51.88 (q, CB30), ¥5.55 (4, C'(6)),
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%5.30 (a, c6(1)), aa.11 (dd, 20c_p = 23.7 Hz, C5), 3¥.21 (4, C9C'0), 33.82 (dd,
33c.p = 4.8 Bz, C2), 10.61 (q, CB3).

4.5
2H,

For 19: 'H mm: ¢6.48 (m, 2H, BT+8), 5.00 (ddda, 1M, 29y_p x 52.0 e, Jy_y = 9.0,
and 1.8 Bz, BY), 8.75 (dtd, H, 3y p = 16.0 Bz, Jy_g = 4.5 and 1.5 He, P3), ¥.80 (q,
OCH2), 3.5-1.3 (m, 9H). 97 WR: 6-191.10 (ddd, 2Jp_y = 52.0 Hz, 3Jp_g « 18.0 and

11.0 Bz). 3¢ wm: 6172.28 (s, CO0), 133.85 (4, C7), 131.53 (4, c8), 90.11 (dd, "c_p =

226.
(g,

0 Hz, c¥), 82.82 (49, 2Jc_p = 25.3 Hx, C3), 70.23 (r, CHR0), 51.88 (q, CH30), 35.55
c1(6)), u5.30 (4, c6(1)), 39.65 (da, 20c_p = 22.0 R, C5), 38.21 (4, €9,¢'0),

32.65 (dd, 3Jc_p = 3.8 Hz, C2), 14.61 (q, CHy).

6-Endo-bydroxy-A-methoxycarbonyl-9-exo-fluoro-tetracyolol6.1.1.02:705,10}ae0a-3-

oarboxylic aoid laotone (17). Yield 205. PYound: F, 7.59. Cy3Hy30aF requires P, 7.53.
Mass-speotrus (chemical looization, s/e): 253 (M* « H). 'H MMR: &%.82 (d, 1H, Wy p =
62.6 Hx, CHP), 4.80 (ddt, 1B, J « 7.0, 2.5 and 0.8 Hx, CHO), 3.70 (s, 3H, CH30), 3.6-2.0 (m,

8u).

1.

199 w:  §-207.33 (dt, 20p_y = 62.6 Hz, 3Jp_g = V.6 Hz).
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