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TABLE IV 
REACTION CONDITIONS AND PRODUCT YIELDS" 

CFsCOF, mmol Alcohol (mmol) Time, day Ester (mmol) Mol wtb 

10.0 CzHsOH (4 .0)  0.5 CF3COzCzH5 (3 .9 )  142.8 (142.0)" 
11 .o CFsCHzOH (4 .0)  0 . 5  CF&OzCHzCFs (3 .9)  195.6 (196.0) 

7 . 0  (CFa)zCHOH (4 .0)  4 . 0  CF3COzC(CFs)zH (3 .4)  263.1 (264.0) 
6 . 0  (CFa)zC(CHs)OH (2 . O )  4.0 CF~COZC(CF,)ZCHP, (1 .6 )  279.3 (278.0) 
5 . 0  (CF3)sCOH (1 . I )  2 .0  CF3C02C(CF3)3 (1 .1)  331.3 (332 .O) 
0.8 (CFS)ZC(CZF~)OH (0 .6)  3 . 0  CF3COzC(CFi)zCzFs (0 .6 )  380.7 (382.0) 

a All reactions were carried out in the presence of CsF at  room temperature. b Vapor density determined assuming ideal gas behavior 
by Regnault's method. c Calculated value. 

Ester 

CF3COzCzHj 
CF3COZCH2CF3 
CFaCOzC(CFs)2H 
CFaCOzC (CF3)zCHa 
C F ~ C O Z C ( C F ~ ) ~  
CFaCOzC (CF3)zCzFs 

a Calculated value. 

TABLE V 
ELEMENTAL ANALYSIS AND THERMODYNAMIC DATA 

Elemental analysis, % --. BP, AHvt ASv9 Log Pmm = a - b / T  
C H F OC kcal/mol eu a b 

33.8 (33 .8p  3 . 6 ( 3 . 5 )  39.9 (40.1) 62 8 . 3  24.6 8.27 1809 
24.5 (24.5) 1 . 0  (1.0) 24.5 (24.5) 57 7 . 6  23.1 7.92 1663 
22.7 (22.7) 0 . 4  (0 .4)  65.5 (64.8) 48 6 . 8  21.2 7 .51  1487 
25.9 (25.9) 1 . 1  ( 1 . 1 )  62 .0  (61.5) 65 8 . 0  23.6 8 .04  1743 
21.7 (21.7) 68.9 (68.7) 56 7 . 9  24 .0  8 .12  1724 
21.9 (22.0)  69.7 (69.6) 

Preparative Procedure.-In a typical reaction a 2.5: 1 excess 
of CFICOF was condensed into a vessel which contained 4 mmol 
of the appropriate alcohol and about 5 g of activated CsF. 
The mixture was left a t  25' until the band due to OH stretch 
(-3600 cm-l) disappeared from the infrared spectrum of the 
mixture. The volatilities of all the esters prepared were much 
less than that of the trifluoroacetyl fluoride (CFSCOF), which 
facilitated the separation of the esters from the excess unreacted 
CFBCOF by fractional condensation. Except for hexafluoroiso- 
propyl alcohol, (CF3)&HOH, and hexafluoro-2-methylpropanol- 
2, (CF~)ZC(CHS)OH, reaction of CFaCOF with the other alcohols 
went to completion without any difficulty, giving pure esters. 
The cesium fluoride recovered from these reactions became in- 
creasingly more active. (CF3)ZCHOH and (CF,)zC(CH3)0H re- 
acted more slowly. Some unreacted alcohol always remained in 
these latter cases and the complete separation from the ester was 

difficult. However, completion of the reaction could be achieved 
by condensing the impure ester onto fresh CsF in the presence 
of excess CF3COF. The solid recovered from these latter re- 
actions had a moist appearance and on heating at 100' evolved 
the parent alcohol. Reaction conditions and yields of products 
are given in Table IV. Elemental analyses and thermodynamic 
data are found in Table V. 
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The organomercurials PhHgCFClCOzR (R = CH3 and GHs) and PhHgCFBrCOtCzHs have been prepared by 
reaction of the respective alkyl dihaloacetate with potassium tert-butoxide and phenylmercuric chloride or by 
mercuration of the respective ethyl trihalovinyl ether with mercuric nitrate in ethanol, followed by redistribution 
of the mercuration product with diphenylmercury. These mercurials are FCCOzR transfer agents at tem- 
peratures above 125", reacting with olefins to give gem-fluorocarboalkoxycyclopropanes and inserting FCCOZR 
into the Si-H bond of triethylsilane. Also described is FCCOzEt addition to the C=N bond of PhN=CC12. 

I n  a previous investigation3 we prepared PhHgCC12- these studies to  mercury compounds of the type 
C02CH3 and PhHgCC1BrCOzCH3, both ClCC02CH3 PhHgCFXC0,R (X = C1, Br; R = CH3 or CzH6). The 
transfer agents, as well as PhHgCBreCOzCHs, a source divalent carbon transfer chemistry of the PhHg- 
of BrCC02CH3. In view of our interest in organometal- CC1XC02CH3 compounds and of PhHgCBrzCOzCH3 
lic routes to fluorinated ~ a r b e n e s , ~ - ~  we have extended required rather drastic conditions, but it was expected 

(4) D.  Seyferth and S. P. Hopper, J .  Ora. Chem., 37, 4070 (1972). 
(5) D.  Seyferth, H. Dertouzos, R.  Suzuki, and J. Y.-P. Mui, J .  Oro. Chem., 

(6) D. Seyferth and K .  V. Darragh, J .  Org. Chem., 36, 1297 (1970). 
(7) D. Seyferth and G. J. Murphy, J .  Organometal. Chem., 49, 117 (1973). 
(8) D. Seyferth and S. P. Hopper, J .  Oruanometal. Chem., 61, 77 (1973). 
(9) D.  Seyferth and G. J. Murphy, J .  Organometal. Chem., 62, C1 (1973). 

(1) Part LXIV: D.  Seyferth and Y. M. Cheng, J .  Amer. Chem. Soc., 

(2) Preliminary communication: D .  Seyferth and R.  A. Woodruff, J .  

(3) D.  Seyferth, R. A. Woodruff, D.  C. Mueller, and R.  L. Lambert, Jr., 

96, 6763 (1973). 

Fluorzne Chem., 2, 214 (1972). 

J .  Oroanometal. Chem., 43, 55 (1972). 

(This paper is labeled part XI11 by error.) 32,2980 (1967). 
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TABLE I 
FLUOROCARBOALKOXYCARBENE TRANBFER REACTIONS OF PhHgCFClCOzR 

Recov- 
ered 

Mmol Reaa- start- 
of Sol- Reaction tion Yield ing 

mer- vent temp, time, PhHgCl, mate- Products (% yield based on consumption of 
curial (ml) OC hr % rial, % starting mercurial) 

Reactions of PhHgCFClCOiEt 
C?.Et F, 

Substrate 
(mmol) 

12.0 Olefin 144 
(20) 

36 86 

H H (neat) 
(1 part) (2.45 parts) 

(85%) 2; + &CO?Et 

(1 part) (239 parts) 
H H 

(695,) 

0 
(neat) 

12.0 Olefin 132 24 79 
(20) (sealed tube) 

19 

12.0 Benmne 135 24 26 
(12) (sealed tube) 

64 

H-C HJcH CHJ C0,Et 

12.0 Benzene 155 72 72 
(12) (sealed tube) +HgO 

(21) 
HJC CH, 

( i 2 )  H3C CHI 
(38%) 

MeaSiCHzCH=CHz 12.0 Olefin 129 36 66 
(neat) (20) (sealed tube) + HgO 

(19) 

SiMe, SiMe, 
I I 

(1 part) (1.85 parts) 

(24%) 

&Mew SIMe, MesSiCH2CH=CHz 12.0 Olefin 133 62 55 
(neat) (20) (sealed tube) +Hgo 

(21) 
& T E t  I + I 

(1 part) (1.9 parts) 

(55%) 

E t  + uCojEt CHGCHCsHu-n 12.0 Olefin 134 48 37 9 
(neat) (20) (sealed tube) +Hgo 

(18) 

(1 part) (2.5 parts) 
(15%) 

C H I = C H C ~ H U - ~  10.3 Olefin 145 
(neat) (12) (sealed tube) 

24 33 
+Hgo 
(14) 

18 

(1 part) (2.6 parts) 

(18%) 

EtaSiCHFCOzEt 
(71%) 

EtsSiH 
(neat) 

CHI 
I 
I 

CaHsCH 

CHa 

Q 
(neat) 

12.0 EttSiH 108-110 50 25 
(20) +Hgo 

(54) 

24.0 Cumene 155 72 23 37+ 
(20) (sealed tube) +Hgo 

(11) 

(30) (sealed tube) HgP 
(54) 

12.0 T H F  155 48 0, + 
None 

None 
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TABLE I 
(Continued) 

Reoov- 
ered 

start- 
Mmol Resc- Yield ing 

of Sol- Reaotion tion PhHgC1, mate- 
Substrate mer- vent temp, time, Yield rial, 

(mmol) curial (ml) O C  hr % % 

Reactions of PhHgCCIFCOIMe 

A 7.2 Benzene 135 48 58 38 
(7.0) (sealed tube) 

8.0 Benzene 135 60 57 
(8) (sealed tube) 

(24) 

10.0 Benzene 155 72 54 
(10) (sealed tube) +Hgo 

(2.9) 
H,C CH, 

(60) 

MeaSiCHnCH=CHz 8 . 0  Benzene 135 60 71 10 
(24) (8) (sealed tube) 

CHz=CHCaHn-n 8 .0  Benzene 135 60 47 
(8) (sealed tube) 

Products (% yield based on consumption of 
starting mercurial) 

CO .Me F 

(1 part )  (1.8-1.9 parts) 
(S5-88%) 

C0,Me F 

H3c& H,C CH, C0,Me 
(48%) 

SiMe, SiMe, 
I I 

(1 part) (1.9 parts) 

(24%) 

8.0 Benzene 135 60 63 EtaSiCHFCO&Ie 
(8) (sealed tube) +Hgo (25) (72%) 

that  th r  extrusion of FCC02R from PhHgCFXCOzR 
compounds should occur more readily. Previous work 
in thrsc laboratorics had shown that thermolytic elim- 
ination of fluorocarbcnes is much more favorable than 
elimination of the analogous chloro- or bromocarbencs?+ 

Results and Discussion 

Mercurial Synthesis.-Phenyl(fluoroch1orocarbome- 
thoxymethy1)mercury could be prepared by a varia- 
tion of our route to  phenyl(trihalomethy1)mercury com- 
pounds'o (eq 1). It was found essential to neutralize 
the reaction mixture a t  low temperature with dilute 
HC1. When this step was omitted, no product could 
bc isolated. Application of this procedure to  the re- 
action of phenylmercuric chloride, ethyl bromofluoro- 
acetate, and potassium tert-butoxide gave the desired 
PhHgCFBrC02C2H6 in only 8% yield. 

A second route to  such mercurials is based on some 
results of Knunyants and his coworkers,11 who reported 
that halogenated vinyl ethers could be mercurated (eq 
2 )  to give a mixture of products. We found that this 
mixture, isolated as a heavy oil, could be converted 
cleanly into the desired product, PhHgCFClCOzEt, by 
a substituent redistribution reaction with diphenyl- 
mercury. After filtration of the phenylmercuric chlo- 
ride which had formed, phenyl(fluoroch1orocarbo- 
methoxymethy1)mercury was isolated in good yield. A 
similar approach was used in the preparation of PhHg- 
CFBrC02Et (Scheme I). 

All three of thesr mercurials are stable, crystalline 
solids and were found t o  transfer FCCOzR to appro- 
priate carbenophiles. 

Divalent Carbon Transfer Chemistry. -When a 
cyclooctene solution of PhHgCFClCOzEt was heated a t  

1.5 t -UuOK NCI-H?O E t O H  aq NaCl 

THF/ - 60" Hg(CFClCO2Et)z + ClHgCFClCOzEt (2) 
PhHgCl + HCClFCOzCH, - +-+ EtOCF=CFCl + Hg(N03)z -+ -+ 

PhHgCCIFCOzCHa (44%) + t-BuOH + KC1 (1) 

(10) D. Seyferth and R.  L. Lambert, Jr., J .  OrganomelaL Chem., 16, 21 (11) V. R. Polishohuk, L. S. German, and I. L. Knunyants, Iss. A k a d .  
(1869). N a u k S S S R ,  Ser.  Khim., 2024 (1971). 
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SCHEME I 
EtOH CBrFICFOEt + Hg(NO,,), - 
t) 

Br + I OEt 

I 'F 
OJHgC-C@ 

F 

P t O H  

O,%NHgCFBrCO?Et + EtF + HNO, 
Jaq SaCi 

ClHgCFBrC0,Et 

i p l l i i g  In C,,H 

PhHgCFBrC0,Et + PhHgCl(s) 

144" under nitrogen for 36 hr, transfer of FCCOzEt to  
the olefin occurred in high yield (eq 3). Precipitation 

PhHgCFCICOLEt + 

1 part 2.43 parts - 
85% 

of phenylmercuric chloride did not occur until thc re- 
action mixture was cooled. Further experiments with 
other olefins established the gcnerality of this transfer 
reaction. Rather similar reactivity was exhibited by 
PhHgCFC1C02CHy. These reactions are summarized 
in Table I. Although better product yields were ob- 
tained when no diluent such as benzene was used, re- 
actions in which benzene was present also gave reason- 
ably good results. Both of these mercurials inserted 
their respective divalent carbon species into the Si-H 
bond of triethylsilane in good yield (eq 4), but attempted 

PhHgCFClCOzR +- EtaSiH ---f 
EtaSiCHFCOzR + PhBgCl (4) 

FCC02Et insertion into C-H bonds known to be quite 
reactive to  CC12 (cumene and tetrahydrofuran) l2 was 
not successful. 

The reaction conditions required for FCCOzR trans- 
fer from PhHgCFClC02R compounds, 2-3 days a t  135- 
145O, wew rather severe. Since the elimination of 
PhHgX from PhHgCC1,X compounds becomes more 
facile as X is changed from C1 to Br to  Illa it  was ex- 
pected and found that FCC02Ft transfer proceeds more 
readily from PhHgCFBrC02Et than from PhHgCFCl- 
C02Et. Thus a reaction of the former with cyclo- 
octene (1:3 molar ratio) in benzene medium at 135" 
gave 9-fluoro-9-carboethoxybicyclo [6.1 .Q]nonane in 
74% yield and phenylmercuric bromide in 83% yield 
after only 20 hr. Other reactions are summarized 

(12) D. Seyferth, 5 .  hI. Burlitoh, K. Yamanioto, S. S. Washburne, and 

(13) D. Seyferth and C. K. Haas, J.  Organometal. Chewk., 30, C38 (1971). 
C. J. Attridne, J. O r g .  Chem., 36, 1989 (1970). 

in Table 11. Phenyl(fluorobromocarboethoxymethyl)- 
mercury also reacted with triethylsilane to  insert 
FCC02Et into the Si-H bond, but no C-H insertions 
( e .g . ,  with cyclooctane and 2,5-dihydrofuran) were 
observed. Fluorocarboethoxycarbene addition to a 
C=N bond also was achieved (eq 5). 

PhHgCFBrCOzEt + PhN=CCla -+ 
PhN-CFC02Et + PhHgBr ( 5 )  

Y 
Clz 

It would be of interest t o  know the nature of the 
transfer process involved in these reactions, ie., whether 
an FCCOZR carbene intermediate actually is involved, 
but the results in hand do not allow an answer to  this 
question. Mechanistic implications cannot be derived 
from product yield comparisons between the various 
olefins, and, since many of the reactions were carried out 
in sealed tubes, even crude rate measurements were not 
possible. With unreactive substrates (e.g., cumene and 
cyclooctane), starting mercurial recovery was high after 
heating times which in the case of reactions with olefins 
gave high phenylmcrcuric halide yields. However, this 
observation also does not help to distinguish between a 
direct transfer process and one involving a carbene inter- 
mediate, In  the case of a carbene extrusion process, 
such starting material recovery can be explained in 
terms of continual regeneration of starting mercurial by 
insertion of FCCOzR into the Hg-X bond of the phenyl- 
mercuric halide formed in the extrusion step. Dichloro- 
carbene extrusion from PhHgCClzBr is known to be a 
reversible process.14 In  the present instance, the rc- 
vcrsibility of carbene extrusion Jvas implied by the find- 
ing that, when the decomposition of PhHgCFBrCOzEt 
was carried out in the presence of 1 molar equiv of 
phenylmercuric chloride, PhHgCFCICOzEt was formed 
in 55% isolated yield, together with phenylmercuric 
bromide (eq 6). This observation is best rationalized 

PhCI, 133' 
PhFIgCFBrCOzEt + PhHgCl-+ 

PhHgCFCICOZEt + PhHgBr ( 6 )  

in terms of FCC0,Et insertion into the Hg-C1 bond 
of phenylmercuric chloride. The organomercury com- 
pound formed, being more stable than the starting 
mercurial, thus accumulates in the reaction mixture. 

The absence of C-H insertion reactions in the chem- 
istry of these new mercurials also provides no mecha- 
nistic insight. Insertion reactions of bromocarbo- 
ethoxycarbene occur in only low yield,15 and the sta- 
bilizing effect of fluorine relative to  bromine on a singlet 
state carbene center should increase the selectivity of 
the FCCOzR species sufficiently so as to  preclude C-H 
insertion. 

In  any event, this limited investigation has shown the 
PhHgCFXC02R reagents to  be useful FCCOzR transfer 
agents, although the reaction conditions, ca. 1 day of 
heating at  125") are still rather severe. Since they serve 
to  introduce both a fluorine atom and a reactive func- 
tional substituent into the product, they may find useful 
synthetic applications. 

(14) D. Seyferth, J. Y.-P. hIui. and J. M. Burlitch, J. Amer. Chem. Soc., 

(15) U. Schdllkopf and &I. Reets, TetrahedronLett.,  1541 (1969). 
89, 49z3 (1967). 
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FLUOROCARBOETHOXYCARBENE TRANSFER RXACTIONS OF PhHgCBrFCOlEt 
Reoov- 

ered 
start- 

Mmol Reaa- ing 
of tion Yield mate- 

Substrate mer- Solvent Reaction time, PhHgBr, rial, 
(mmol) ourial (mC temp, OC hr % % 

Products ( %  yield based on 
starting material oonsumed) 
CO-Et F 

7 .0  Benzene 125 20 83 
(7) (scaled tube) 

(21) 

7 . 0  Benzene 125 20 80 
(7) (sealed tube) 

MeaSiCI-IzCH=CHz 6 , O  Benzene 135 24 86 
(18) (6) (sealed tube) 

CHz=CHCsHn-n 6 . 0  Benzene 135 
(18) (6) (sealed tube) 

EtsSiH 
(21) 

(neat) 

0 
I neat)  

24 77 

7 . 0  Benzene 125 20 93 
(7) (sealed tube) 

6 .0  Olefin 125 24 Mixedwith 
(6) (sealed tube) polymer and 

HgO 

6 . 0  Benzene 125 24 38 36 
(6) (sealed tube) 

6 . 0  Hydrocarbon 135 
( 6 , O )  (sealed tube) 

24 68 

Experimental Section 
General Comments.-All reactions were carried out in flame- 

dried glassware under an atmosphere of dry nitrogen. Solvents 
were dried before use. Sealed tube reactions were carried out 
using a tube oven which was thermostatically controlled to 
1 2 ' .  Proton nmr spectra were recorded using a Varian As- 
sociates T60 or a Hitachi Perkin-Elmer R-20B spectrometer. 
Chemical shifts are recorded in 6 units, parts per million down- 
field from internal tetramethylsilane. Chloroform or dichloro- 
methane were used as alternative internal standards when neces- 
sary. Fluorine nnir spectra were recorded using the R-20B 
spectrometer with accessory I9F Flt generator (56.446 NHz). 
Fluorine chemical shifts are reported in parts per million upfield 
from internal hexafluorobenxene. Infrared spectra were ob- 
tained using a Perkin-Elmer Model 257 or 457A grating spectro- 
photometer. Reactions of the PhHpCFXCOsR compounds are 
summarized in Tables I and XI. Characterization data for coin- 
pounds prepared are found in Table 111. Two examples of the 

(1 part) ( 2 . 2  parts) 

(74%) 

H n 
(1 part) ( 2 2  parts) 

(59%) 

SiMe, 
I 

SiMe, 
I 

(1 part) (16 parts) 
(52%) 

(1 part) (2.9 parts) 
(19%) 

EtsSiCHFCOzEt 
(74%) 

F C0,Et 
(1 part)  (1.3 parts) 

( c a .  15%) 

Ph 

c1 CwFo2Et 
(40-55) 

No volatile products 

general techniques used in these reactions are reported in detail. 
All other reactions followed these procedures, with the exception 
of those involving PhN=CCl2 and PhHgCl as carbenophiles. 

Preparation of the Organomercury Reagents. A.  By the 
Base Procedure.-A 50O-ml, three-necked flask equipped with an 
addition funnel, paddle stirrer, and Claisen adapter with low- 
temperature (pentane) thermometer and a nitrogen inlet was 
charged with 15.65 g (50 mmol) of phenylmercuric chloride, 8.86 
g (70 mmol) of methyl fluorocliloroacetate,16 and 100 ml of THF. 
In the addition funnel was prepared a solution of 7.85 g (70 
mmol) of potassium tert-butoxide (MSA Research) in 50 ml of 
TIIF, precipitated as the alcoholate by addition of 6.6 ml (ca. 70 
mniol) of twt-butyl alcohol. 

The reaction rnixture was cooled to below -50" in a Dry Ice- 

(16) (a) E. R. Larsen. J .  Ovg, Chem., 28, 1133 (1963). (b) R.  S. Corlcy, 
J. Lal. and M. W, Kane, J .  Arne?. Chem. Soc., 78, 3489 (1956). (0) €3. 
Englund, "Organic Syntheses," Collect Vol. IV,  Wiley, Xew York, N. Y . ,  
1963, pp 184,423. 
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TABLE 111 
REACTION PRODUCTS 

Ir (C=O) ,  
om-' Nmr (CCla), 6 .  ppm 

Registry 
no. Structure" nasD 19F nmr, ppm upfield from CaFn 

11 .3  (t, J = 23.6 Hz) 1732 1.13 (t, J = 7 Hz, 3 H, 

0,76-1,81 (m, 14 H, ring H)  
4.06 (9, J = 7 Hz, 2 H, 

1.13 (t, J = 7 Hz, 3 H, 

0,93-1,90 (m, 14 H, ring H)  
4.06 (9, J = 7 Hz, 2 H, 

1.10 (t, J = 7 He, 3 H, 

OCHzCHs) 

OCHKHs) 

OCEI2CH3) 

OCHzCH3) 

OCHzCH3) 
0.66-1.86 (m, 10 H, ring FI) 
4.03 (9, J = 7 Hz, 2 H, 

1.33 (t, J = 7 Hz, 3 H, 
OCHzCHs) 

OCIIzCHa) 
1.0-2.2 (m, 10 H, ring 13) 
4.22 (9, J = 7 Hz, 2 H, 

OCHzCH3) 
0.10 (s, 9 H, Me3Si) 
0.6-1.8 (complex in, 5 H, 

1.37 (t, J = 7 Hz, 3 H, 

4.19 (9, J = 7 He, 2 H, 

0.14 (s, 9 H, Rle3Si) 
0.7-1.7 (complex m, 5 €1, 

1,36  (t, J = 7 Hz, 3 H, 

4.18 (9, J = 7 Hz, 2H, 

0.40-1.56 (m, 14 H, alkyl 

SiCHz) 

OCHzCH3) 

OCHzCHa) 

SiCHI) 

OCHzCHa) 

OCHzCHa) 

and ring H)  
1.15 (t, J = 7 Hz, 3 €1, 

OCHZCH,) 
4 . 0 8 ( q j J = 7 H z , 2 H ,  

0.43-1.43 (m, 14 H, alkyl 

1.10 (t, J = 7 H z j  3 H, 

4.01 (y,J = 7Hz,2H,  

0.42-1.2 (m, 15 H, 

1 . 2 5 ( t , J =  7Hz,3H,  

4 . 0 6 ( q , J  = 7 H z , 2 H ,  

4.82 (d, J = 47.2 Hz, 1 H, 

OCHzCH,) 

and ring H )  

OCHaCHa) 

OCHzCHa) 

Et&) 

OCHzCHa) 

OCHzCHa) 

SiCHFCOz-) 
1.16 (s, 6 H, lien) 
1, 21 (s, 6 H, Xez) 
1.33 (t, J = 7 Hz, 3 H, 

4.18 (9, J = 7 Hz, 2 H, 

1.35 (t, J = 7 Hz, 3 H, 

4.34 (9, J = 7 He, 2 H, 

6.7-7.5 (m, c5 H, 

OCHzCHa) 

OCHzCHa) 

OCHzCHa) 

OCHzCHa) 

Ph', 

38204-10-3 1,4652 

H 

F 1 4690 
\ 

38204-09-0 37.0 (s, br) 1746 
1729 

CO.Et 

H 
10.5 (t, J = 21.5 Hz)  38324-35-5 CO,Et 

dF H 

1.4559 1735 

5 3 , 2  (s, br)  38204-1 1-4 F 1,4380 1744 
1730 

CO.Et 

H 

14.6 (t of d, 
JF-H,  = 18.7 Hz, 
JF-E~ = 8.5 Hz) 

1734 SiMe 1 4299" 
1 38204-13-6 

I '  
H ,  H 

SiMe 1 ,  4302b 
I 

CH2 

38204-12-3 1749 
1733 

H 

21.7 (complex m )  42086-83-9 '!," CO.Et 1,4267 1733 

46.1 (complex m, approximates 
a doublet of triplets) 

1,4271 42086-84-0 '!," F 1751 
1732 

" 

64.O(d ,J  = 4 8 H ~ )  38204-14-7 EtpSiCHFCOtEt 1 4354 1752 

1719 

1,4307 1731 421 17-05-5 

COIEt 

42117-06-6 Th F 1,5190 1761 cw CO?Et 

CI 
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TABLE I11 
(Continued) 

I r  (C=O), 
nND cm-1 Nmr (CCId, 6, ppm 

1.4408 1742 1.35 (t, J = 7 Hz, 3 H, 
OCHzCHa) 

2 .1  and 2.4 (d O f  m, JHF = 
18 Ha, 2 H, cyclopropyl H )  

3 .6-4 .1  ( m , 4 H , r i n g H )  
4.24 (9, J = 7 Hz, 2 H, 

OCH2CHa) 
1.4492 1750 1.37 (t, J = 7 Hz, 3 H, 

1736 OCH2 CH,) 
2.25-2.45 (m, 2 H, cyclo- 

4.10 (m, 4 H, ring H )  
4.27 (9, J = 7 Ha, 2 H, 

1.4315 1735 1.0-1.2 (m, 12 H, Ned) 

propyl H )  

OCHnCHa) 

3.75 (s, 3 H, OCHa) 

Registry 
no. 

42086-85-1 
Struoture" 19F nmr, ppm upfield from CaFs 

24.9 (t, JHB = 18 Hz) 
C0,W 

WF H 

42086-86-2 62.2 (t, J = 3.2 Hz) 

42117-08-8 

421 17-09-9 

CH, F 36.5 (s, br, some fine splitting 
to  Me) 

EtaSiCHFCOzMe 1.4362 1754 0.44-1.22 (m, 15 H, 
1727 EtaSi) 

3.62 (s, 3 H, OCHa) 
4.84 (d, JHF = 47.5 

Hz, 1 H, SiCHFC02-) 
1.4691 1737 0.93-1.93 (m, 14 H, ring) 

3.75 (s, 3 H, OCHa) 

64.9 (d, JHF = 47.9 Hz)  

C0,Me 4208687-3 14.2 (t, JFH = 21.1 Hz)  dF H 

42086-88-4 1.4727 1751 0.93-2.08 (m, 14 H, ring) 
1735 3.75 (s, 3 H, OCHa) 

60.0 (s, br) width a t  half height 
= 11Hz 

25.4 (t O f  d, JFH. = 19, JFHb 1.4372 1753 (sh) 0.05 (s, 9 H, MeaSi) COIMe 42086-89-5 Me,SiCH, 
1738 0.56-1.70 (m, 5 H, SiCH2-c- 8.5-10 Hzl 

CaHj) 
3.80 (s, 3 H, OCHa) 

42086-90-8 Me,SiCHI F 1,4330 1756 0.08 (s, 9 H, MeaSi) 48.0 (d Of t, JFH~ = 17, JFHb = 
1738 0.41-1.61 (m, 5 H, YiCHz-c- 5 . 3  Ha) 

CaH;) 
3.77 (s, 3 H, OC&) 

1.4242 1754 (sh) 0.61-1.83 (m, 14 H, ring and 25.3 (complex m, approximates 
a t of d, JFH, = 19, J F H ~  = 7 
Ha 1 

1740 chain H )  
3.80 (s, 3 H, oCI&) 

42086-91-9 CO,Me 

H, Ha 

1.4262 1756 0.66-1.66 (m, 14 H, ring and j 0 . 2  (complex m, approximates 
a d of t, JFH. = 18, J F H ~  = 
5 . 3  Hz) 

1739 chain H)  
3.78 (s, 3 H, OCHa) 

H,, 

1.4580 1738 1.0-2.1 (m, 10 H, ring H )  10.9(t,JFa = 2 1 . 5 H ~ )  
1732 (sh) 3.80 (9, 3 H, OCHa) 

42086-93-1 C0,Me 

(25 H 

42086-94-2 1.4604 1752 3.75 (s, 3 H, OCHa) 54.2 (s, br, width at  half height 
1748 = 13 Ha) 
1735 

H 
All compounds listed gave acceptable (3~0.3%) carbon and hydrogen analyses. In those cases where two geometrical isomers were 

formed, the mixture of isomers was analyzed. * Refractive index of material ca. 957, pure, contaminated with its epimer. 

acetone bath, and the solvated butoxide was added over a 15-min 
period, keeping the temperature below -50' a t  all times. The 
resulting clear solution was stirred at -50' for 30 min, then was 
poured into 500 ml of cold water containing 6 ml (70 mmol) of 

concentrated HCl, to give a milky white, two-phase system. 
The mixture was extracted with 500 ml of chloroform. The 
chloroform was removed on a rotary evaporator to give a White, 
crystalline residue, which was slurried in 100 ml of chloroform and 
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filtered to remove phenylmercuric chloride. A 100-ml portion of 
hexane was added, precipitating a small additional amount of 
phenylmercuric chloride. The solution was placed in a freezer 
overnight. Filtration gave, in two crops, 8.9 g (22 mmol, 44%) 
of PhHgCFClCOzCHt. Material recrystallized twice from I : 1 
chloroform-hexane gave a constant melting point of 115-117°. 

The following analytical data support the assigned structure: 
nmr (CDC13) 6 7.41 (m, 5 H, C ~ H S )  and 3.96 ppm (s, 3 H,  OCH,); 
ir (CCI,) 3080 (w), 1965 (w), 1764 (vs), 1733 (vs), 1483 (w), 1434 
(m), 1280 (vs), 1240 (sh), 1070 (m, br), 1028 (w), and 700 cm-1 
(m). 

Anal. Calcd for CsHsCIFOzHg: C, 26.81; H,  2.00. Found: 
C, 26.81; H, 2.05. 

Essentially the same procedure was used in the reaction of 30 
mmol of phenylmercuric chloride with 6.61 g (35.6 mmol) of ethyl 
bromofluoroacetate17 and 35 mmol of t-BuOK-t-BuOH in 150 ml 
of T H F  a t  -50" for 1 hr. The same work-up procedure gave, 
upon crystallization from 1 : 1 chloroform-hexane, 1.10 g (8%.) of 
PhHgCFBrCO1Et: mp 111-114" (two further recrystalliza- 
tions gave a constant meltingpoint of 113-11t50); nmr (CDCl,) 8 

OCH2-), and 7.15 ppm (m, 5 H, Ph); lgF nmr (acetone) 36.9 
ppm downfield from internal CsF6 (s, with Hg satellites, JF-H~ = 
565 Hz); ir (CClr) 3075 (w), 3060 (w), 2989 (m), 2960 (w), 1753 
(s), 1722 (vs), 1487 (w), 1465 (w), 1432 (m), 1385 (w), 1368 (w), 
129.5 (m), 1265 (sh), 1246 (vs, br), 1170 (w), 1091 (m), 1070 
(sh), 1058 (s), 1035 (sh), 1026 (sh), 1000 (w), 911 (w), 860 (w), 700 
(s), 618 cm-l (m). 

Anal. Calcd for CloHloBrFOnHg: C, 26.01; H, 2.18; Br, 
17.31. Found: C, 25.93; H, 2.18; Br, 17.57. 

B. By the Olefin Mercuration Procedure. 1. Phenyl- 
(fluorochlorocarboethoxymethy1)mercury.-A 250-ml three- 
necked flask equipped with an addition funnel and a magnetic 
stirring bar was charged with 32.5 g (0.10 mol) of mercuric nitrate 
(Merck, reagent) and 40 ml of absolute ethanol. From the addi- 
tion funnel was added 15.0 g (0.118 mol) of ethyl 2-chloro-1,2- 
difluorovinyl ether.18 The mercuric nitrate dissolved with heat 
evolution. The resulting solution was stirred for 1 hr and then 
was poured into a solution of 27.1 g (0.1 mol) of mercuric chloride 
in 600 ml of distilled water. Ex- 
traction with chloroform followed by drying and removal of 
solvent gave 35.0 g of a dense, light yellow oil. The oil was 
diluted to 100.0ml with benzene. 

A solution of 3.54 g (10.0 mmol) of diphenylmercury in 40 ml 
of benzene in an erlenmeyer flask was "titrated" with the above 
solution until phenylmercuric chloride no longer precipitated. 
The end point was reached after addition of 15.0 ml of this solu- 
tion. Filtration of the resulting mixture gave 3.16 g (10.0 
mmol, 100%) of phenylmercuric chloride, mp 254-256'. Solvent 
was removed from the filtrate to give a white powder which was 
washed with hexane and suction filtered to give 3.77 g of material, 
mp 98-105'. Recrystallization two times from methylene 
chloride-hexane gave material of constant mp 101-105', which 
was identified as phenyl( chlorofluorocarboethoxymethy1)mercury 
(9.05 mmol, 90%) on the basis of the following data: nmr (CD- 

OCHzCHs), and 7.13-7.47 ppm (m, 5 H, Ph); IgF ninr (acetone) 
39.9 ppm downfield from internal C6F6 (9, with Hg satellites, 
JF-H~ = 578 Ha); ir (CClr) 3070 (w), 3060 (w), 2985 (in), 2905 
(w), 1758 (vs),  1730 (vs), 1432 (w), 1371 (w), 1300 (sh), 1268 
(vsj, 1239 (sj, 1070 (s, brj, 1030 (m), 730 (s), 700 (m), 672 (w,), 

1.35 (t, J = 7 Ha, 3 H,  OCHzCHa), 4.26 (q, J 7 Hz, 2 H ,  

A dense white oil separated. 

C1,) 6 1.33 (t, J = 7 Hz, 3 H,  OCHZCH,), 4.35 (9, J = 7 Hz, 2 H, 

and 679 cm-' (w). 

8.50. Found: C. 28.80: H ,  2.55: C1, 8.78. 
Anal. Calcd for CloHIBCIFOzHg: C, 28.78; H ,  2.42; C1, 

Based upon the stoichiometry used, the overall yield of the title 
mercurial was 67 mmol(67%). The originally obtained mercura- 
tion product is thought to consist of a mixture of ClHgCClFCOz- 
E t  and Hg(CC1FC02Et)z, based upon its nmr spectrum, which 
showed two overlapping quartets assigned to the CH2 resonance 
of the ethyl group. 

2. Phenyl( fluorobromocarboethoxymethy1)mercury.-The re- 
quired starting material, ethyl 2-bromo-1,2-difluorovin~~l ether, 
was prepared in a two-step sequence from bromotrifluoroethylene. 

A 250-ml three-necked flask equipped Rith a magnetic stirrer, 
a gas addition tube extending to the bottom of the flask, and a 
Dewar condenser was charged with 100 ml of absolute ethanol and 
2.3 g (0.1 mol) of sodium. When the sodium had dissolved, the 

(17) R. l?j. Heszeldine, J .  Chem. Soc., 4259 (1952) 
(1% S. Dixon, J .  Ow. Chem., 21, 400 (1956). 

flask was cooled in an ice bath, and a total of 41.5 g (0.26 mol) of 
bromotrifluoroethylene was diotilled into the stirred sodium 
ethoxide solution. When bromotrifluoroethylene no longer con- 
densed on the cold finger, the reaction mixture was poured into 
250 ml of cold water, separating a dense, yellow liquid. The 
aqueous layer was extracted with two 25-ml portions of methylene 
chloride, which were combined with the organic layer, washed 
with cold water, dried over anhydrous magnesium sulfate, and 
distilled. A fraction boiling at  102-107.5" (47.5 g ,  0.25 mol, 
96%) was collected (lit.I7 bp 108").and identified as 2-bromo-l,l,- 
2-trifluoroethyl ethyl ether: n Z 5 ~  1.3707 (lit.ls TPD 1.375); nmr 

2 H, OCH2CH3), and 6.29 ppm (d of t ,  JF-H~~," = 48 Ha, JF -R~  = 
5 €Iz, 1 H,  CHFBrCFt-); ir (thin film) 3000 (m), 2949 (w), 2930 
(w), 2884 (w), 1485 (w), 1448 (w), 1412 (sh), 1380 (s), 1361 (s), 
1307 (s, br), 1276 (s), 1254 (w), 1217 (vs, br), 1195 (s, br), 1149 
(w), 1085 (vs, br), 1051 (vs, br), 1025 (sh), 936 (w), 912 (sh), 
900 (m), 830 (m), 755 (s), 737 (s), and 681 cm-' (w).  

A 230-ml three-necked flask equipped with a paddle stirrer and 
an addition funnel was charged with 13.4 g (120 mmol) of potas- 
sium tert-butoxide (MSA Research) and 30 ml of n-decane. 
From the addition funnel was added 20.7 g (100 mmol) of 2- 
bromo-l,l,2-trifluoroethyl ethyl ether over a 5-min period. A 
pale yellow color developed, and the mixture became somewhat 
viscous. The reaction was mildly exothermic. The addition 
funnel was immediately replaced with a &in. Vigreux column and 
stillhead, an additional 10 ml of n-decane was added to aid stir- 
ring, and the mixture was heated to distil out volatiles. Two low- 
boiling fractions (I, 81-83', and 11,83-90") weie examined by glc 
and found to  contain principally tert-butyl alcohol. A third 
fraction (91-10l0) was virtually pure l-bromo-1,2-difluorovinyI 
ethyl ether (7.82 g, 42 mmol, 42%), and a fourth fraction, 101- 
Il5', was found to contain the l-bromo-1,2-difluorovinyl ethyl 
ether and n-decane. Both of the higher boiling fractions 
were suitable for use in the preparation of broniofluorocarbo- 
ethoxymethylmercuric chloride. The infrared spectrum of a 
portion of fraction I11 was identical with that of an authentic 
sample of the ether prepared previously and characterized on the 
basis of the following analytical data: nmr (CC14) (mixed cis and 
trans) 6 1.41 ( t ,  J = 7 Hz, 3 H ,  OCH2CH3) and 4.03 and 4.05 
ppm [2 t ,  J = 7 Ha, 2 H (combined), OCHZCHI]; ir (thin film) 
3000 (m), 2919 (w), 1867 (vs), 1743 (s), 1480 (w), 1445 (w), 139j 
(w), 1377 (m), 1275 (vu), 1251 (sh), 1196 (s), 1165 (vs), 1110 (m),  
1070 (vs), 1048 (sh), 1027 (s), 996 (m),  985 (sh), 880 (s, br), 
and 690 cm-l (m); n Z 5 ~  (mixture of isomers, as obtained) 1.3961. 

Anal. Calcd for C4H5BrF20: C, 25.69; H,  2.70; Br, 42.74. 
Found (mixedisorners): 

The preparation of the mercurial then was accomplished as 
follows. 

A 250-ml three-necked flask equipped with an addition funnel 
and a paddle stirrer was charged with 13.0 g (40 mmol) of mer- 
curic nitrate and 60 ml of absolute ethanol. From the addition 
funnel was added 7.8 g (42 mmol) of ethyl 2-bromodifluorovin~~l 
ether over a 5-min period. The mixture became homogeneous, 
and a yellow color appeared. Cooling was required to moderate 
the reaction. The solution was stirred for 10 min at  On, then 2.34 
g (40 mmol) of NaCl in 50 ml of water was added. The mixture 
became cloudy. The mixture was poured into an additional 100 
ml of water and extracted with two 200-ml portions of chloroform. 
Filtration removed a small amount of yellow powder, leaving a 
colorless, homogeneous solution. The solvent was removed on a 
rotary evaporator and the oily white residue was taken up in 
benzene and diluted to 50.0 nil. A 3.54-g (10.0 mmol) portion of 
diphenylmercury in 40 ml of benzene was "titrated" with the 
mercurial solution. After addition of 24 ml of the latter, a pre- 
cipitate of phenylmercuric chloride no longer appeared on addi- 
tion of 1 drop of the solution. The remaining 26 ml of solution 
was added to another 10 mmol of diphenylmercury, and the 
mercurial slurries were combined and filtered to give 6.20 g (19.8 
nimol) of phenylmercuric chloride (99%), mp 256'. The filtrate 
was concentrated on a rotary evaporator, then precipitated by 
addition of cold hexane, giving 9.0 g (19.5 mmol) of the title 
mercurial, mp 113-115" (49% based on starting mercuric ni- 
trate). 

The spectroscopic properties of this product were identical with 
those of the material obtained by the base reaction (see above). 

Reaction of Phenyl(fluorochlorocarboethoxymethy1)mercurY 
with Cyc1ooctene.-A 100-ml three-necked flask equipped with a 
reflux condenser, a thermometer, and a magnetic stirring bar was 
charged with 5.0 g (12.0 mmol) of the mercurial and 20 ml (ca. 

(CClr) 6 1.35 (t, J = 7 Hz, 3 H,  OCHZCH,), 4.07 (9, J = 7 Hz, 

C, 25.61; H, 2.73; Br, 42.93. 
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150 mmol) of cyclooctene. The mixture was heated to reflux, 
becoming homogeneous a t  ca. 100'. Heating was continued a t  
143-143" for 36 hr. On cooling, the flask was filled with a pre- 
cipitate of phenylmercuric chloride. The mixture was filtered 
to give 3.63 g (11.6 mmol, 96%) of phenylmercuric chloride, mp 
255-261". Glc examination of the filtrate indicated the pres- 
ence of two products (MIT isothermal glc, 4 ft SE-30, 142"). A 
portion of the filtrate was saved for analysis and the remainder 
was distilled in vacuo in two fractions: I, 0.04 mm, to room 
temperature; 11, 0.04 mm, 61-65'. Fraction I1 was analyzed 
by glc and found to contain two products: A, minor product, 
retention time 4.2 min; B, major product, retention time 5.5 
min. They were separated by preparative glc (F & M 720, 6 
ft DC-200, 180') and identified as 9-ezo-fluoro-9-endo-carboeth- 
oxybicyclo [6. 1 .O] nonane (A) and 9-endo-fluoro-9-exo-carboeth- 
oxybicyclo[6.l.0]nonane (B) on the basis of the analytical data 
shown in Table 111. 

Fraction I1 (2.07 g)  contained no other products; thus the 
distilled yield of mixed isomers of 9-fluoro-9-carboethoxybicyclo- 
[6.l.O]nonane was 9.67 mmol (80%). Glc yield analysis in- 
dicated the overall yield t o  be 85%. The products were formed 
in a ratio of 1 : 2.43 in order of elution on glc. 

The assignment of structure for the two isomers is based on the 
fact that in fluorocyclopropanes, JHF (cis) > JHF (trans).ls 
Thus, the 1gF nmr spectrum of A appeared as a triplet, JHF = 
23.6 Hz, a t  11.3 ppm upfield from internal hexafluorobenzene, 
while the corresponding fluorine signal of B appeared as a broad- 
ened singlet a t  37.0 ppni, with a width at  half height of 8.5 HZ.~O 
The limit for J in this system thus becomes 4.25 Hz. Precedent 
for such assignments may be found, for example, in the case of 
7-phenyl-i-fluoronorcarane . 21 

Reaction of Phenyl(chlorofluorocarboethoxymethy1)mercury 
with Cyc1ohexene.-A heavy-walled Pyrex tube (flame dried and 
flushed with nitrogen) was charged with 5.0 g (12.0 mmol) of the 
mercurial and 20 ml of cyclohexene. It was evacuated to ca. 0.5 
mm and sealed. The sealed tube was heated in a tube oven a t  
133" for 24 hr with occasional agitation. When removed from 
the oven, the contents of the tube were homogeneous, but on 
cooling, the tube was filled with a precipitate. Filtration of the 
reaction mixture gave a white, crystalline solid, mp 255-258", 
identified as phenylmercuric chloride (2.97 g, 9.5 mmol, 79%), 
and traces of elemental mercury. A portion of the filtrate was 
saved for yield analysis, and the remainder was distilled in vacuo 
in two fractions: I, 0.04 mm, to room temperature; 11, 0.04 
mm, 37-43'. Glc analysis of fraction I1 (F  & M 5750, 4 ft 
UCW 98, 145") showed six products. However, two of these 
accounted for ca. 88% of the fraction. These were separated by 
preparative glc (F  & 3I 720, 6 ft DC-200, 155') and identified as 
the two isomers of 7-fluoro-7-carboethoxybicyclo [4.1 .O] heptane 
on the basis of the analytical data shown in Table 111. Crystalli- 
zation of the pot residue from distillation from hexane gave 0.95 g 

(19) K. L. Williamson, Y.-F. Li, F. H. Hall, and S. Swager, J .  Amer. Chem. 
Soc., 88, 5678 (1966). 

(20 )  The half-height width of a singlet may be taken a6 the limiting value 
approached by 2J for the same peak interpreted &s a poorly resolved 1 : 2 :  1 
triplet. 

(21) T. Ando, Y.  Kotokn, H. Yamanaka, and W. Funusaka, Tetrohedron 
Lett.,  2479 (1968). 

(ca. 19%) of starting mercurial. Glc yield analysis (MIT iso- 
thermal glc, SE-30, 142") indicated the overall yield of 7-fluoro-7- 
carboethoxybicyclo[4.1.0]heptane to be 69%, based on starting 
mercurial consumed. 

Reaction of Phenyl(fluorobromocarboethoxymethy1)mercury 
with AT-Phenyliminoph0sgene.-A reaction of 6 mmol of the 
mercurial with 1.04 g (6 mmol) of PhN=CClZ in 6 ml of dry ben- 
zene was carried out in a sealed tube at  12.5" for 24 hr. After the 
tube had been opened, filtration removed 0.82 g (38%) of phenyl- 
mercuric bromide, mp 276-278", from the light yellow solution. 
Glc examination of the filtrate showed the presence of PhN=CCIZ 
(47%) and a higher boiling product. Vacuum distillation re- 
moved the solvent and the unconverted PhN=CCl?. The pot 
residue was dissolved in ether and treated with a small amount of 
hexane to precipitate 0.6 g (22%) of starting mercurial. The 
remaining material was chromatographed on a small silicic acid 
column. The first fraction to elute (using 1:1 v/v hexane- 
dichloromethane) was a colorless oil which was purified by pre- 
parative glc (F & M 700, 6 ft UCW 98, 175') and identified as 
l-phenyl-2,2-dichloro-3-fluoro-3-carboethoxyaziridine (Table 111). 
Its yield, estimated by glc, was ca. 50%. The second fraction to 
elute crystallized upon removal of solvent to give another 0.4 g of 
PhHgCFBrCOzEt, making a total recovery of 36%. 

Reaction of Phenyl(fluorobromocarboethoxymethy1)mercury 
with Phenylmercuric Chloride.-A 50-ml flask equipped with a 
magnetic stirring bar and a reflux condenser with a nitrogen inlet 
tube was charged with 2.13 g (4.6 mmol) of the mercurial, 1.45 g 
(4.6 mmol) of phenylmercuric chloride, and 10 ml of dry chloro- 
benzene. The mixture was stirred and heated a t  reflux for 4 hr. 
As the reflux temperature was reached, the reaction mixture be- 
came homogeneous, and as the heating period progressed, gradual 
precipitation of a flaky white solid was observed. The mixture 
was cooled and filtered to leave 1.87 g of white solid, mp 271- 
277", assumed to be mostly PhHgBr containing some PhHgCl. 
The filtrate was evaporated. Addition of pentane to the residue 
and refrigeration produced 1.06 g of white solid, mp 99-101", 
identified as PhHgCFClCOzEt (ir and nmr). The absence of 
significant amounts of PhHgCFBrCOzEt was indicated by the 
absence of the Br-C stretch at  618 cm-l. Recrystallization 
raised the melting point to 101-105°. 
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