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propylidene group); MS (calcd maas 532) obsd mle 531.00,516.97, 
273.00, 213.00 (100). 

Ethyl 2-Deoxy-3,4,6-tri- 0 -acetyl- 1 -t h io-a , /3-~-arabh  - 
hexopyranoside (8). To a solution of 5 (1.0 g) in acetonitrile 
(30 mL) were added ethyl mercaptan (1.6 mL), acid resin (0.6 g), 
and lithium bromide hydrate (1.0 g), and the solution was stirred 
at room temperature for 18 h. The reaction mixture was worked 
up as described for 1 and the product was isolated by chroma- 
tography on a column of silica gel using ethyl acetate-hexane (1:4, 
R, = 0.16 for a and 0.12 for 8). The weight of a- and p-anomers 
were 0.34 and 0.17 g, respectively: mp (a-anomer) 51.5-52.5 "C, 
(@-anomer) 56-58 "C; [ a ] W  (a-anomer) +183.2 f 2" (c 1.0, 
CHC13); [(YI2OD (&anomer) -41.7 f 2" (c  1.02, CHC13); 'H NMR 
(a-anomer, CDC13) 6 5.44 (broad d, J = 5.5 Hz, H-l),5.24 (m, J 
= 4.9,9.4, 11.8 Hz, H-3), 4.97 (t, J = 9.4 Hz, H-4),4.39 (m, H-51, 

2.62 and 2.53 (m, 2 H, SCH,), 2.26 (sextet, J = 1.3,5.8,13.6 Hz, 
H-2 ), 2.16 (m, J = 5.8, 11.7, 13.6 Hz, H-2,),2.18, 2.04, and 2.0 
(3 s,%H3COO), 1.28 (t, CH3CH,S); 'H NMR (@-anomer, CDC13) 
6 5.00 (m, 2 H, H-3, H-4), 4.64 (dd, J = 2.6, 11.5 Hz, H-l), 4.20 

(m, H-5), 2.72 (m, 2 H, SCH,), 2.37 (m, H-2,), 2.07,2.03, and 2.02 
(3 8, CHaCOO), 1.84 (broad dd, J = 11.3,13.0 Hz, H-2,), 1.29 (t, 
CH3CH,S); MS (calcd mass = 334) obsd mle  333.16, 273.17, 
213.13. 
2,6-Dideoxy-3,4-di-O-acetyl-~-lyxo -hexopyranose (2- 

Deoxy-3,a-di- 0 -acetyl-L-fucopyranose, 9). To a solution 
3,4-di-O-acetyl-~-fucal (5.0 g) and lithium bromide hydrate (5.0 
g) in acetonitrile (150 mL) were added Ag 50W-X2 resin (3.0 g) 
and water (6 mL), and the mixture was stirred at  room tem- 
perature for 15 min. The product was isolated as described for 
1. Purification by chromatography on a column of silica gel using 
ethyl acetate-hexane (3:8, R, = 0.10) as eluant gave the title 
compound (colorless solid, 4.0 g, 73.8% yield); mp 98-99 "C; a: 

= 3.2 Hz, H-la), 5.35 (m, J = 3.2,5.2,8.0 Hz, H-3a),5.19 (broad 
d, J = 3.2 Hz, H-44, 5.10 (broad d, J = 3.2 Hz, H-48), 4.98 (m, 
H-3/3), 4.87 (dd, J = 1.6,8.9 Hz, H-lb), 4.33 (H-5a), 3.73 (m, H-5/3), 
2.15 and 1.98 (2 s, CH3CO0 of a-anomer), 2.17 and 2.00 (acetyl 
groups of 8 anomer), 2.04 and 1.86 (m, H-2), 1.20 (d, CH3 (C6) 
of /3-anomer), 1.13 (d, CH3 (C6) of a-anomer); MS for anomeric 
mixture (calcd mass = 232) obsd mle 231.13,215.12,155.09 (100). 

Methyl 2,6-Dideoxy-3,4-di-O -acetyl-a-L-lyxo -hexo- 
pyranoside (Methyl 2-Deoxy-3,4-di-O-acetyl-a-~-fuco- 
pyranoside, 10). To a solution 3,4-di-O-acetyl-~-fucal(2.0 g) and 
anhydrous lithium bromide (2.2 g) in acetonitrile (20 mL) were 
added Ag 50W-X2 resin (2.5 g) and methanol (1 mL), and the 
reaction mixture was stirred at room temperature for 5 h. The 
product was isolated as described for 1. Purification by chro- 
matography on a column of silica gel using ethyl acetatehexane 
(3:7, R = 0.33 for a-anomer, 0.26 for &anomer) as eluant gave 
the titie compound (colorless solid, 1.6 9): mp 66.4 "C (lit.28 mp 
66.5-67.5 "C). The weight of the 0-anomer was 0.33 g (syrup, 
83.9% combined yield): [aI2OD (a-anomer) -174.2 f 2" (c 1.00, 
CHC13) (litam -166" (c 0.79, CHCl,)]; [almD (8-anomer) -13.6 f 
2" (c 1.02, CHCl,); 'H NMR 6 5.24 (m, J = 2.9,4.9, 7.8 Hz, H-3), 
5.15 (dd, J = 1.2, 2.9 Hz, H-4), 4.83 (broad d, J = 3.4 Hz, H-1), 
4.03 (m, H-5), 3.31 (8, OCHJ,  2.01 (m, J = 3.7,10.0,12.7 Hz, H-L), 
1.82 (m, H-2 1, 2.13 and 1.95 (2 s, CH3COO), 1.12 (d, J = 6.6 Hz, 
CH3 (C6)); M2 (calcd mass = 246) obsd mle 245.18,215.17,155.13 
(100). 
2,6-Dideoxy-3,4-di-O-acetyl-~-arab~no-hexopyranose (2- 

Deoxy-3,4-di-O-ecetyl-~-rhamnopyranose, 11). To a solution 
3,4-di-O-acetyl-~-rhamnal (5.0 g) and lithium bromide hydrate 
(5.0 g) in acetonitrile (150 mL) were added AG 5OW-X2 resin (3.0 
g) and water (6 mL), and the mixture was stirred at room tem- 
perature for 15 min. The product was isolated as described for 
1. Purification by chromatography on a column of silica gel using 
ethyl acetate-hexane (3:8, R, = 0.12) as eluant gave the title 
compound (pale brown solid, 3.75 g, 69.1% yield): mp 79-80.2 
"c; a:8 2:l; [aI2O~ -96.8 * 2" (c 0.96, CHCl,); 'H NMR 6 5.36 
(d, J = 3.0 Hz, H-la), 5.33 (m, J = 5.1,9.4, 11.1 Hz, H-3a), 4.98 
(m, H-381, 4.90 (dd, J = 1.7, 9.4 Hz, H-la), 4.75 (t, J = 9.4 Hz, 
H-4h4.12 (m, H-54,  3.54 (m, H-58), 2.39 (m, J = 2.0, 5.5, 12.2 
Hz, H-284, 2.26 (m, J = 1.5,5.5, 12.5 Hz, H-2a ), 1.77 (m, J = 
3.8, 11.1, 12.5 Hz, H - 2 4 ,  1.66 (m, J = 9.4,12.2 I%, H-2@,), 1.23 

4.34 (dd, J s 4.6, 11.8 Hz, H-&), 4.03 (dd, J = 2.0,11.8 Hz, H-6b), 

(dd, J = 5.1,12.2 Hz, H-&), 4.09 (dd, J- 2.6,12.2 Hz, H-6b), 3.63 

0 = 9.4; [0l2OD -57.6 f 2" (c, 1.03, CHClS), 'H NMR 6 5.45 (d, J 

[d, J = 6.6 Hz, CH3 (C6) of @-anomer], 1.17 [d, J = 6.6 Hz, CH3 
((3) of a-anomer]; MS (calcd maw = 232) OM m/e  231.13,215.12, 
155.09 (100). 

5- (Met hoxycarbony1)pentyl 2-Deoxy-3,6-di- 0 -acetyl-4- 
0 -( 2,3,4,6-tetra- 0 -aCetyl-8-D-galaCtOpyranOSyl)-a-D- 
arabimo-hexopyranoside (12). A solution of lactal hexaacetate 
(18.3 g) in acetonitrile (100 mL) containing anhydrous lithium 
bromide (9.8 g), 5-(methoxycarbonyl)pentan-l-ol (10 mL), 4-A 
molecular sievea (4 g), and the acid resin (10 g) was stirred at room 
temperature for 16 h. The reaction mixture waa worked up aa 
described for 1, and the crude syrup waa dissolved in dichloro- 
methane (100 mL) containing pyridine (25 mL) and acetic an- 
hydride (25 mL). After 16 h, the reaction mixture waa diluted 
with dichloromethane and washed with water, ice-cold 1 M hy- 
drochloric acid, and saturated sodium bicarbonate solution. The 
product was purified by chromatography on a column of silica 
gel using ethyl acetate-hexane (2:3, R = 0.07) as eluant. The 
weight of the syrupy product was 13.6 g (k9.1% yield): [aIa3~ +13.0 

Hz, H-4'),5.27 (m, J = 5.1,8.2, 10.9 Hz, H-3), 5.11 (dd, J = 8.0, 
10.1 Hz, H-2'),4.94 (dd, J = 3.5, 10.1 Hz, H-3'),4.82 (broad d, 

Hz, H&), 4.13 (m, H-6'a, H-6%), 4.04 (dd, J = 7.2,12.0 Hz, H-6b), 
3.85 (m, H-5, H-5'), 3.63 (8, COOCH3) 3.63 ( d d , J  = 8.8,9.2 Hz, 
H-4),3.57 and 3.30 (m, OCHd, 2.30 (t, J = 7.5 Hz, CH2COO), 2.20 
(m, H-2,),2.04 (m, H-2,), 1.68-1.54 and 1.35 (CCH2CHgCH2 of 
the aglycon); MS (calcd maas = 704.26) obsd mle 729.22,705.22, 
501.12 (100). 

Supplementary Material Available: 5OO-MHz proton NMR 
spectra of compounds 1-12 (13 pages). Ordering information is 
given on any current masthead page. 

f 2" (C 1.00, CHCI,); 'H NMR (CDClS) 6 5.33 (dd, J = 1.1, 3.5 

J = 2.6 Hz, H-l), 4.54 (d, J = 8.2 Hz, H-l'), 4.33 (dd, J = 2.4,12.0 
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A structural unit common to many useful nonsteroidal 
antiinflammatory drugs is the 2-phenylpropionic acid 
moiety, from which the term "profen drugs" is derived. 
Profen drugs differ in the nature of the substituenta on 
the aromatic ring.' Examples include ibuprofen (I), 
flurbiprofen (2), and ketoprofen (3). No profens have been 
reported, however, that bear a perfluoroalkyl-substituted 
phenyl group. 

Acids 

Q 

1 2 3 
Herein is reported a synthetic route to 2-[(perfluoro- 

alky1)phenylJpropionic acids. The key intermediates are 
perfluoroalkylated cyclohexadienones 4,9a, and 9b. We 
previously reported synthesis of 4 by the novel addition 
of triethyl(trifluoromethy1)silane to 1,4-ben~oquinone,~ 
This versatile intermediate undergoes reactions similar to 
those undergone by quinone monoketal~.~ Fortunately, 

(1) Rieu, J.-P.; Boucherle, A.; Coueee, H.; Mouzin, 0. Tetrahedron 

(2) Stahly, G. P.; Bell, D. R. J. Org. Chem. 1989,54, 2873. 
1986, 42, 4095. 
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reactions of 4 leading to arenes occur with retention of the 
trifluoromethyl group, affording a variety of trifluoro- 
methylated aromatic molecules. For example, reduction 
and reductive amination of 4 yielded 4-(trifluoro- 
methy1)phenol and 4-(trifluoromethyl)aniline, respective- 
ly? We have also found that 4, like the quinone mono- 
ketals, reads with organometallic reagents. Phenyllithium 
and phenylmagnesium bromide add in 1,2 fashion to the 
carbonyl group, affording a diene that can be reduced to 
4- (trifluoromethyl) b i~henyl .~  

Another reaction reported for quinone monoketals is 
olefination of the carbonyl group under Peterson or Wittig 
 condition^.^ Attempts to olefinate 4 using triphenyl- 
phosphonium methylide (Wittig reaction)6 in toluene or 
DMF were unsuccessful. However, the more reactive 
Horner-Emmons reagent,s methyl 2-(dimethyl- 
phosphono)acetate, converted 4 to the triene 5 (Scheme 
I). 

It occurred to us that a properly chosen phosphonate 
reagent would provide an intermediate, similar to com- 
pound 5, that might be reducible to a profen derivative. 
Even though the success of the Horner-Emmons reaction 
tends to decrease with increasing steric crowding at  the 
acidic phosphonate carbon atom, 4 did undergo olefination 
with ethyl 2-(diethy1phosphono)propionate to give triene 
6 (Scheme I). The yields obtained in this reaction were 
erratic if glyme was used as solvent, following standard 
literature conditions, but were more consistent ( ~ O - ~ O V O )  
in toluene. 

Indeed, dissolving metal reduction of 6 afforded the 
profen ester 7. Zinc and acid were ineffective for the 
reduction, but amalgamated aluminum in wet THF 
worked cleanly and efficiently. Saponification of the ester 
then gave the desired acid 8. 

A similar sequence was used to prepare acids bearing 
other perfluoroalkyl groups (Scheme 11). The required 
dienone intermediates (9a and 9b) were synthesized by the 
addition of perfluorohexyl- and perfluorooctyllithium, 
respectively, to 1,4-benzoquinone.7 Use of triethyl(tri- 
fluoromethy1)silane to make 4 was required because of the 
instability of trifluoromethyllithium or Grignard reagents. 
However, other (perfluoroalky1)lithiums are stable enough 
to be useful if generated in situ. 

(3) Swenton, J. S. Acc. Chem. Res. 1989, 16, 74. 
(4) Stahly, C. P. Unpublished renultn. 
(5) March, J. Advanced Organic Chemistry, 3rd ed.; Wiley-lntereci- 

ence: New York, 1985; pp 845-664. 
(6) Wedsworth, W. S., Jr. Org. React. 1977,25,73. 
(7) (e) Suzuki, H.; Shiraishi, Y.; Shimokawa, K.; Uno, H. Chem. Lett. 

1988,127. (b) Uno, H.; Shiraiehi, Y.; Simokawa, K.; Suzuki, H. Chem. 
Lett. 1987, 1153. 
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It seemed unlikely that olefination reactions could be 
carried out on the alcohols 9a and 9b due to the acidity 
of the hydroxyl groups. A single attempt using 9a con- 
firmed this. The necessary protecting group was intro- 
duced by methylation with dimethyl sulfate in a two-phase 
system, affording compounds loa and lob. These were 
readily olefinated to give trienes 1 la and 1 lb. Dissolving 
metal reduction of 1 la and 1 lb occurred with loss of the 
methoxy groups to give esters 12a and 12b, which were 
hydrolyzed to the profen acids 13a and 13b. 

This is a new method for the synthesis of profen de- 
rivatives. A primary advantage is that the relationship of 
the perfluoroalkyl and propionic acid groups (para) is 
determined by the starting quinone. Thus, isomer sepa- 
ration requirements encountered in typical routes to other 
profens, which often rely on Friedel-Crafts reactions for 
ring functionalization,' are eliminated. Introduction of the 
perfluoroalkyl groups is operationally convenient due to 
the use of perfluoroalkyl iodide or bromide starting ma- 
terials (triethyl(trifluoromethy1)silane is made from tri- 
fluoromethyl bromide2) rather than the more difficultly 
handled fluorinating reagents such as hydrogen fluoride, 
fluorine, sulfur tetrafluoride, etc. The method appears 
general with respect to the perfluoroalkyl group. In ad- 
dition, it is likely that other available cyclohexadienones~ 

(8) For example: (a) Evans, D. A.; Hoffman, J. M.; Trueedale, L. K. 
J.  Am. Chem. SOC. 1973, 95, 5822. (b) Fischer, A.; Hendemon, C. N. 
Tetrahedron Lett. 1983, 24, 131. (c) Evans, D. A.; Trueadale, L. K. 
Tetrahedron Lett. 1973, 49,4929. 
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can be converted t o  profen derivatives by the  same 88- 
quence of reactions. 

Acids 8 and 13a were screened for pharmacological ac- 
tivitya8 Both exhibited analgesic effects. Compound 8 
gave 62% inhibition of writhes in the PQ writhing test and 
43% reduction of paw licking time in the formalin AG test 
at 100 mg/kg. At the same dose level compound 13a gave 
55% inhibition in PQ writhing and 89% reduction in 
formalin AG. Clearly, some profen-like activity is main- 
tained in these derivatives. 

Experimental Section 
General. NMR spectra were recorded on a GE/NIC NT-360 

spectrometer. Proton and carbon chemical shifts are reported 
in parta per million relative to tetramethylsilane, and fluorine 
chemical shifts are reported in parts per million relative to 
fluorotrichloromethane. Attached proton information from APT 
spectra is reported after the carbon chemical shifts as o (odd 
number of hydrogens attached to carbon) or e (even number of 
hydrogens attached to carbon). Infrared spectra were obtained 
on a Nicolet 2OSXB spectrophotometer, and values are reported 
in reciprocal centimeters. Mass spectra were recorded on a 
Finnigan 4023 gas chromatographlmam spectrometer equipped 
with a SO-m SE-52 fused silica capillary column. Gas chroma- 
tography was carried out on a Hewlett-Packard 5890 instrument 
equipped with a 30 m X 0.53 mm (i.dJ 2.65 pm (film thickness) 
HP-5 fused silica capillary column. Preparative thin-layer 
chromatography (PTLC) was carried out on commercially pre- 
pared silica gel plates (Analtech), and visualization was by ul- 
traviolet light. Elemental analyses were performed by Galbraith 
Laboratories, Knoxville, TN. The preparation of 4-(triethylsil- 
oxy)4(trifluoromethyl)-2,5cyclohexadien-l-one (4) was described 
previously.2 Ethyl 2-(diethylpho~phono)propionate~~ was syn- 
thesized from ethyl %bromopropionate and triethyl ph0sphite.l' 

4-Hydroxy-4-( perfluorohexy1)-2.5-cyclohexadien-1-one 
(9a). A mixture of 220 mg (2.0 mmol) of l,4-benzoquinone, 0.48 
mL (2.2 mmol) of perfluorohexyl idodide, and 20 mL of dry diethyl 
ether was placed into a flame-dried flask under a nitrogen at- 
moephere. The solution was oooled to -78 OC and treated dropwiae 
with 1.46 mL (2.2 mmol) of a 1.5 M solution of methyllithium- 
lithium bromide complex in diethyl ether. The solution turned 
blue on addition of the f i t  drop of methyllithium and remained 
blue thereafter. After the addition, the mixture was stirred cold 
for 30 min, and 6 mL of 1 N HC1 was added. The cold bath was 
removed, aml the blue color was discharged as the solution warmed 
to room temperature. The resulting solution was poured into 50 
mL of 1 N HCl, and the aqueous layer was extracted with two 
20-mL portions of diethyl ether. Combination, drying (MgSO,), 
and concentration of the ether layers afforded a residue that was 
purified by PTLC (two 2-mm silica gel plates eluted with 1% 
methanol-99% dichloromethane) to give 412 mg (54% yield) of 
4-hydroxy-4-(perfluorohexyl)-2,5-cyclohexadien-l-one (94 as a 
beige powder. An analytical sample was obtained by recrystal- 
lization from dichloromethane-methanol: mp 104-105 OC; lH 

H, J = 10 Hz); 'T NMR (CDClJ 6 -81.28 (t), -119.5 (m), -122.3 
(br e), -123.2 (br 81, -126.6 (m); IR (KBr) 3231,1672,1626,1404, 
1388, 1238, 1206,871,806,738,698 cm-'; high-resolution mass 
spectrum calcd for C12H602F19 428.0081, found 428.0100. 

Compound 9b was prepared by a similar procedure. 
4 - H ~ d ~ ~ 4 - ( p e r f l u o ~ t y l ) - 2 ~ ~ c l o h e ~ e n - l o n e  (9b): 

42% yield; white solid; mp 130-131 OC (dichloromethane- 
methanol); 'H NMR (CDcl + CD90D) 6 6.38 (d, 2 H, J = 10 Hz), 
6.97 (d, 2 H, J = 10 Hz); 'b NMR (CDCIS) -81.23 (t), -119.43 
(m), -122.01 (m), -123.17 (br e), -126.51 (m); IR (neat) 3220,2390, 
1750,1620,1210,1150 c"'; high-resolution maw spectrum calcd 
for Cl4HIO2F1, 528.0018, found 527.9968. 

4-Methoxy-4- (perfl uorohexyl)-2,Ccyclohexadien- 1 -one 
(loa). Three mg (0.9 mmol) of tetrabutylammonium hydrogen 

NMR (CDCls + CDsOD) 6 6.38 (d, 2 H, J 10 Hz), 6.97 (d, 2 

Notes 

sulfate and 4 mL of 50% NaOH were added to a solution of 200 
mg (0.47 mmol) of 4-hydroxy-4-(perfluorohexyl)-2,5-cyclo- 
hexadien-1-one (9a) in 4 mL of toluene. The mixture was stirred 
for 10 min, treated with 0.060 mL (0.63 mmol) of dimethyl sulfate, 
stirred vigorously for an additional 2 h, and poured into 100 mL 
of 1 N HCl. The resulting mixture was acidified with 37% HCl 
and extracted with three 50-mL portions of diethyl ether. Com- 
bination, drying (MgSO,), and concentration of the diethyl ether 
layers afforded a residue that was purified by PTLC (two 2-mm 
silica gel plates eluted with dichloromethane) to give 162 mg (78% 
yield) of 4-methoxy-4-(perfluorohexyl)-2,5-cyclohexadien-l-one 
(loa) as a pale yellow oil: 'H NMR (CDCls) 6 3.31 (e, 3 H), 6.38 
(d, 2 H, J = 10 Hz), 6.87 (d, 2 H, J = 10 Hz); '8F NMR (CDCld 
6 -81.32 (t), -117.48 (m), -119.35 (br s), -122.30 (br a), -123.22 
(bra), -126.61 (m); IR (neat) 2950,1692,1678,1641,1392,1238, 
1201, 1146, 850, 720, 705, 696, 669 cm-'; high-resolution mass 
spectrum calcd for Cl8H7O2F19 442.0238, found 442.0215. 

Compound 10b was prepared by a similar procedure. 
4-Methoxy-4-(perfluorooctyI)-2,5-cyclohexadien-l-one 

(lob): 73% yield; white solid; mp 34-36 "C (hexane); 'H NMR 
(CDClJ 6 3.31 (8, 3 H), 6.59 (d, 2 H, J = 10 Hz), 6.86 (d, 2 H, J 
= 10 Hz); "T NMR (CDCl,) 6 -81.23 (t), -117.23 (br a), -119.10 
(br a), -121.79 (m), -123.14 (br a), -126.46 (br 8); IR (neat) 2950, 
1695,1643,1240,1210,1150,860,710,560 cm-*; high-resolution 
mase spectrum calcd for C&OgF17 542.0174, found 542.0130. 

Ethyl 24 4-(Triethyleiloxy)-4-(trifluoromethyl)-2,5-~yclo- 
hexadienylidene]propionate (6). S i  percent sodium hydride 
(33 mg, 0.82 mmol) was placed in a flame-dried flask under a 
nitrogen atmosphere and washed free of mineral oil with three 
1-mL portions of petroleum ether. Addition of 1 mL of dry toluene 
followed by 200 mg of ethyl 2-(diethylphosphono)propionate and 
stirring of the mixture for 10 min at room temperature resulted 
in formation of a colorless solution. To this was added 200 mg 
(0.68 mmol) of 4-(triethylsiloxy)-4-(trifluoromethyl)-2,5-~yclo- 
hexadien-1-one (4, and the mixture was allowed to stir for 1 h. 
It was then poured into 10 mL of 1 N HC1, and the resulting 
aqueoue mixture was extracted with three 5mL portions of diethyl 
ether. Combination, drying (MgSO,), and concentration of the 
organic layers afforded a residue that was purified by PTLC (one 
2-mm plate eluted with 25% dichloromethane-75% petroleum 
ether) to give 160 mg (62% yield) of ethyl 2-(4-(triethyM- 
oxy)-4-(trifluoromethyl)-2,5cyclohexadienylidene)propionate (6) 
as a colorless liquid 'H NMR (CDCld 6 0.55 (q, 6 H, J = 8 Hz), 
0.92 (t, 9 H, J = 8 Hz); 1.34 (t, 3 H, J = 7 Hz), 2.13 (s,3 H), 4.28 
(9, 2 H, J = 7 Hz), 5.95 (d, 1 H, J = 11 Hz), 6.09 (d, 1 H, J = 
11 Hz), 6.85 (d, 1 HI J = 11 Hz), 7.32 (d, 1 H, J = 11 Hz); '9 
NMR (CDCl,) 6 -81.8 (8); IR (neat) 2953,2909,2876,1708,1466, 
1406,1380,1365,1309,1267,1235,1175,1112,1077,998,868,801, 
745, 701, 611 cm-'; high-resolution mase spectrum calcd for 
CleHmFaOsSi 376.1682, found 376.1674. 

The following compounds (Ila,b) were prepared by similar 
procedures. 

E thy l  2-[4-methoxy-4-(perfluorohexyl)-2,5-cyclo- 
hexadienylidenelpropionate (118): 85% yield; yellow oil; 'H 

HI, 4.29 (9, 2 H, J = 7 Hz), 5.89 (d, 1 H, J = 10 Hz), 6.03 (d, 1 
H, J = 10 Hz), 7.06 (dd, 1 H, J = 10,2 Hz), 7.47 (dd, 1 H, J = 
10,2 Hz); 19F NMR (CDCld 6 -81.20 (t), -119.00 (br 4, -119.56 
(br 81, -122.22 (br e), -123.10 (br s), -126.51 (br 8); IR (neat) 2880, 
1710, 1365, 1240, 1200, 1143, 1070, 1020, 810, 695, 669 cm-l; 
high-resolution maw spectrum calcd for Cl7Hl2OBFlS 511.0579, 
found 511.0599. 

E thy l  2-[4-methoxy-4-(perfluorooctyl)-2,S-cyclo- 
hexadienylidenelpropionate (1 1 b): 57% yield; yellow oil; 'H 
H), 4.29 (q, 2 H, J = 7 Hz), 5.90 (d, 1 H, J = 10 Hz), 6.03 (d, 1 
H, J = 10 Hz), 7.05 (dd, 1 H, J = 10,2 Hz), 7.48 (dd, 1 H, J = 
10,2 Hz); 19F NMR (CDCld 6 -81.17 (t), -119.10 (br e), -119.50 
(br s), -122.12 (m), -123.09 (br 81, -126.55 (br a); IR (neat) 2960, 
1720,1430,1245,1220,1155,815,660 cm-'; high-resolution mass 
spectrum calcd for CpOHllOfl1, 626.0749, found 626.0753. 

Ethyl 2-[4-(Trifluoromethyl)~henyl]propio~~ (7). Alu- 
minum foil (163 mg, 6.0 mg-atom) WBB amalgamated by immersion 
in a solution of 2% mercuric chloride in water for 15 8, washed 
with absolute ethanol followed by diethyl ether, cut into small 
pieces, and added to a solution of 228 mg (0.61 mmol) of ethyl 

NMR (CDCIS) 6 1.35 (t, 3 H, J 7 Hz), 2.17 (8, 3 H), 3.15 (8,3 

NMR (CDCla) 6 1.35 (t, 3 H, J = 7 Hz), 2.16 (8, 3 H), 3.15 ( ~ , 3  

(9) Screening wan carried out by Panlabs, Inc., 11804 North Creek 
Parkway South, Bothell, WA 98011. 

(10) Arbuzov, A. E.; Dunin, A. A. Zh. Fir. Khim. 1914,48, 296. 
(11) Henin, F.; Mortezaei, R.; Muzart, J.; Pete, J. P.; Piva, 0. Tetra- 

hedron 1989,46,6171. 
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2-(4-(triethylsiloxy)-4-(trifluoromethyl~-2,5-~yclo- 
hexadienylidenelpropionate (6) in 10 mL of 10% water-90% 
tetrahydrofuran. The resulting mixture was heated at 70 OC for 
1 h, allowed to cool to room temperature, and fiitered. The filter 
cake was washed with tetrahydrofuran. Concentration of the 
combined filtrates gave a residue, which was poured into 20 mL 
of 1 N HC1. The aqueous mixture was extracted with three 10-mL 
portions of diethyl ether. Combination, drying (MgS04), and 
concentration of the organic layers gave a residue, which was 
purified by PTLC (two 2-mm plates eluted with 50% dichloro- 
methane50% petroleum ether) to give 97 mg (65% yield) of ethyl 
2-[4-(trifluoromethyl)phenyl]propionate (7) as a colorless liquid 
'H NMR (CDC13) 6 1.21 (t, 3 H, J = 8 Hz), 1.51 (d, 3 H, J = 7 
Hz), 3.78 (q, 1 H, J = 7 Hz), 4.12 (m, 2 HI, 7.42 (d, 2 H, J = 8 

high-resolution mass spectrum calcd for C12H13F302 246.0876, 
found 246.0873. 

The following compounds (12a,b) were prepared by similar 
procedures. 
Ethyl 2-[4-(perfluorohexyl)phenyl]propionate (12a): 91% 

yield; pale yellow oil; 'H NMR (CDC13) 6 1.23 (t, 3 H, J = 7 Hz), 
1.53 (d, 3 H, J = 8 Hz), 3.78 (q, 2 H, J = 7 Hz), 4.15 (m, 1 H), 
7.45 (d, 2 H, J = 9 Hz), 7.75 (d, 2 H, J = 9 Hz); '9 NMR (CDC13) 
6 -80.99 (t), -110.66 (m), -122.00 (br 8) ;  -122.25 (br s), -123.30 
(br s), -126.48 (m); IR (neat) 2985,1737,1617,1240,1146,1019, 
837,807,745,695 cm-'; high-resolution mass spectrum calcd for 
CI7Hl3O2Fl3 496.0708, found 496.0713. 
Ethyl 2-[4-(perfluorooctyl)phenyl]propionate (12b): 85% 

yield; pale yellow oil; 'H (CDC13) 6 1.22 (t, 3 H, J = 7 Hz), 1.53 
(d, 3 H, J = 8 Hz), 3.78 (q, 1 H, J = 7 Hz), 4.15 (m, 2 H), 7.45 
(d, 2 H, J = 10 Hz), 7.56 (d, 2 H, J = 10 Hz); lgF NMR (CDC13) 
6 -81.33 (t), -111.09 (m), -121.64 (br s), -122.43 (br s), -123.28 
(br s), -126.62 (br 8) ;  IR (neat) 2985,2938,1737,1616,1421,1369, 
1298,1209,1151,1026,705,656,561 cm-'; high-resolution mass 
spectrum calcd for ClBH13O2Fl7 596.0644, found 596.0610. 
24 4- (Trifluoromet hyl) phen yllpropionic Acid (8). A 

mixture of 1.0 g (4.0 mmol) of ethyl 2-[4-(trifluoromethyl)- 
phenyllpropionate (7), 5 mL of 1 N sodium hydroxide, and 5 mL 
of ethanol was heated at reflux for 1 h and poured into 30 mL 
of 1 N HC1. The resulting aqueous mixture was extracted with 
three 10-mL portions of dichloromethane. Combination, drying 
(MgS04), and concentration of the organic layers afforded 0.86 
g (95% yield) of 2-[4-(trifluoromethyl)phenyl]propionic acid (8) 
as a white solid. An analytical sample was obtained by recrys- 
tallization from hexane: mp 56-58 "C; 'H NMR (CDCl3) S 1.53 
(d, 3 H, J = 9 Hz), 3.81 (q, 1 H, J = 9 Hz), 7.44 (d, 2 H, J = 11 

(o) ,  125.6 (o) ,  125.6 (o), 128.1 (o) ,  130.0 (o ) ,  143.5 (e), 179.9 (e); 
l9F NMR (CDClJ 6 -63.2 (8) ;  IR (KBr) 2963, 1712, 1619, 1419, 
1327,1264,1232,1166,1124,1072,1019,843 cm-'; high-resolution 
mass spectrum calcd for CIOHg02F3 218.0555, found 218.0556. 
Anal. Calcd C, 55.06; H, 4.16. Found: C, 55.05; H, 4.16. 

The following compounds (13a,b) were prepared by similar 
procedures. 
2-[4-(Perfluorohexyl)phenyl]propionic acid (13a): 95% 

yield; white solid; mp 61-62 OC (dichloromethane); 'H NMR 
(CDC13) 6 1.55 (d, 3 H, J = 7 Hz), 3.83 (q, 1 H, J = 7 Hz), 7.47 
(d, 2 H, J = 8 Hz), 7.56 (d, 2 H, J = 8 Hz); lSC NMR (CDC13) 
6 17.6 (o), 44.7 (o), 126.7 (01, 126.8 (01, 126.9 (o) ,  127.5 (o) ,  143.3 
(e), 179.1 (e); '@F NMR (CDC13) 6 -81.25 (t), -111.10 (m), -122.00 
(br s), -122.30 (br s), -123.20 (br s), -126.50 (br 8); IR (neat) 2925, 
1710, 1620,1520,1460,1420,1360,1290,1220,1200,1140,795, 
565,536 cm-'; high-resolution maas spectrum calcd for c&go2F13 
468.0395, found 468.0433. Anal. Calcd C, 38.48; H, 1.94. Found 
C, 38.70; H, 1.89. 
2-[4-(Perfluorooctyl)phenyl]propionic acid (13b): 94% 

yield white solid; mp 89-90 OC (dichloromethane-methanol); 'H 

7.47 (d, 2 H, J = 9 Hz), 7.57 (d, 2 H, J = 9 Hz); NMR (CDCld 
6 18.1 (0),45.2 (o) ,  127.2 (o) ,  127.3 (o), 127.4 (o), 143.8 (e), 179.3 
(e); l9F NMR (CDClJ 6 -81.36 (t), -111.17 (m), -121.56 (br s), 
-122.51 (m), -123.48 (br s), -126.72 (br 8 ) ;  IR (neat) 2990,2940, 
1690,1418,1300,1225,1195,1140,860,805,560 cm-'; high-res- 
olution mass spectrum calcd for Cl7H902F17 568.0331, found 
568.0331. Anal. Calcd: C, 35.93; H, 1.60. Found: C, 36.32; H, 
1.56. 

Hz), 7.59 (d, 2 H, J 8 Hz); 'gF NMR (CDCl3) 6 -63.0 (9); 

Hz), 7.60 (d, 2 H, J = 11 Hz); "C NMR (CDCl,) 6 18.0 (o), 45.2 

NMR (CDCl3) 6 1.55 (d, 3 H, J 7 Hz), 3.82 (q, 1 H, J = 7 Hz), 
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Bis( 1-methyl-1H-tetrazol-5-yl) disulfide 1 displays ex- 
traordinarily high reactivity to  nucleophiles, and its re- 
action with thiols gives disulfides and l-methyl-lti-tetra- 
zole 5-thiol (NMTT).' 1 was also found to be a useful 
reagent for the  geometrical isomerization of Z olefins to 
E ones in nonpolar solvents.2 During the isomerization 
reaction, 1 is considered to dissociate thermally and gen- 
erate the tetrazolylthio radical (TetS.), which leads to 
thermal isomerization in a manner similar to the isomer- 
ization by iodineS3 The disulfide-thiol exchange reaction 
between 1 and dithiothreitol (DTT) was reported to give 
cyclic disulfide 3 and NMTT via the hypothetical inter- 
mediate 2 by intramolecular second disulfide formation 
as shown in Scheme I. 

Our interest was focused on the  formation of the un- 
symmetrical disulfide bond using 1 because the new S-S 
bond formation is a very significant class of reactions4 in 
the synthesis of biologically active compounds,S such as 
atrial natriuretic peptides (ANPla6 We tried to isolate 
acyclic A corresponding to the  hypothetical intermediate 
2 and examine the character of A. Described herein is the 
application of 1 to the preparation of versatile monotet- 
razolyl disulfides A, which were found to be useful for the 
synthesis of unsymmetrical disulfides B as well as sym- 
metrical ones C possessing groups sensitive to other di- 
sulfide-forming reagents, such as iodine (Scheme 11). 

Preparation of Mixed Disulfides 6. Disulfide 1 was 
prepared in high yield by two-phase oxidation (CH2C12- 
H20)  with KHC03-Br2,7 because 1 decomposed gradually 
on dissolution in HzO. The usual oxidation method using 
FeC13 or other reagents in a n  aqueous solution gave mod- 

(1) Narisada, M.; Terui, Y.; Yamakawa, M.; Watanabe, F.; Ohtani, M, 
Miyazaki, H. J. Org. Chem. 1985,50, 2794. 

(2) Sugawara, T.; Narisada, M. Carbohydr. Res. 1989,194,125. 
(3) Sonnet, P. E. Tetrahedron 1980,36,557. 
(4) (a) Hiskey, R. G .  The Peptides: Analysis, Synthesis, Biology; 

Gross E., Meienhofer, J., Ed.; Academic Press: New York, 1981; Vol. 3, 
p 137. (b) Hiskey, R. G.; Mizoguchi, T.; Smithwick, E. L., Jr. J.  Org. 
Chem. 1967,32,97. (c) Hiskey, R. G.; Ward, B. F. Zbid 1970,35,1118. 
(d) Brois, S. J.; Pilot, J. F.; Barnum, H. E. J.  Am. Chem. SOC. 1970,92, 
7629. 
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A.; Johl, A.; Riniker, B.; Rittel, W. Helu. Chim. Acta 1977,60,27. 
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