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nucleophiles, generation of benzyne. Neither type of reaction offers significant

synthetic utility.
Electron-transfer (ET) reactions of several classes of trifluoromethanesul-

fonyl derivatives were examined. For alkyi and aryl esters, the chemistry is

very similar to that of the corresponding methanesulfonate esters. Trifluoro-

methanesulfonamides, however, display a behavior uniquely different from that

of all other sulfonamides. They undergo reductive cleavage (to amine and triflite
jon) much more easily than do methanesulfonamides, they cleave via a pre-equili-
brium electron-transfer mechanism, and the substituent effect upon their rates of
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I. Introduction
The main objectives of this research dealt with the unusual reaction be-
tween lithium phenylacetylide and 2-fluoro-2,2-dinitroethyl trifluoromethane-
sulfonate (triflate), shown in eq. 1, discovered by S. Shackelford at Seiler

Research Laboratory. It was hoped to both determine the mechanism of this

o - B W W R e e e - s e

- A & @ - - S s ey H

C = C-Li C=c-C ¢
FC(NO, ) ,CHOTF + ‘O! 1 — @— T (1)

unusual transformation and also broaden its scope so as to extend it to triflate
esters of other g-nitro alcohols and other iithium acetylide species. The reason
this was felt to be important was that structures similar to 1, which would possess
a conjugated enyne structure with attached fluoro and/or nitro groups but without
the large, relatively inert phenyl group, would be promising materials for use
as energetic binders, plasticizers, and cross]ihking agents to replace nonener-
getic materials currently used for these purposes. In addition, certain other
classes of reactions of triflate esters and triflyl derivatives were to be ex-
piored, partly for their possible bearing on the mechanism of the reaction in eq.
1 and partly for their own intrinsic interest. These other areas and a brief
rationale for their investigation are as follows:
a. Reaction of g-nitroalkyl triflate esters with other carbanionic nucleophiies.
Reaction of céfbanions such as malonate SE) and cyclopentadienide (3) with
g-nitro triflate esters such as the dinitro propyl compound (ﬂ) might be expected
to give either the nitro vinyl derivatives 5 and 6, in analogy with the reaction
shown in eq. 1, or, possibly the direct substitution products 7 and 8. All of
these materials would be of interest either as energetic compounds themselves

or as precursors of other interesting materials:

Al
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CH(COR) \ CH4C (N0, ) CH 0TS
a8 3 4
NO, N0,
CH t!. = CH CH(CO.R).  CH.C = CH —' Xy CH.C{NO., )CH.CH(CO.R)
s 212 3 T Y b Lhad 2" 9.
5 6 7

CHAC(NO, )zcnz—-®
8

b. Reactionof Aryl triflates with strong bases.
In analogy with some published work on reactions of other aryl sulfonate

esters(1) one might expect production of benzyne (eq. 1). Considering the super-
,(2)

iority of triflate over toluene- or benzenesulfonate (ca. 105-fo1d as a

(3)

leaving group, and its greater inductive effect, this might furnish a synthet-

ically useful method for generating benzyne from phenol-type precursors.

oTf oTf
/l\-’H [\-_ o

ety @ £ 0TE (2)
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c. Possible SN1 reactions of aryl triflates.

Considerable interest has been exhibited over the years in the chemistry of
phenyl cations but the only well-documented route to such species has been sol-
volysis of aryl diazonium ions.(4) Unfortunately, these species undergo numer-
ous side reactions and interpretation of data from their reactions is often diffi-
cult. A few unsuccessful attempts at solvolysis of aryl triflates had been re-

ported,(s) but we felt that polycyclic aryl triflates, such as 9 and 10, might

-—




be more prone to ionize to triflate and aryl cations in polar solvents.

This area of chemistry was felt to be important because formation of enyne 1
might be occurring by SRNI-type mechanisms(s) as indicated in eqs. 3 and 4. Also,
since the electron-transfer chemistry of many sulfonyl systems is fairly well
understood,(7) investigation of similar reactions of triflyl derivatives should
yield interesting comparisons.

e ¥ =
FC(NOZ)ZCHZOTf _ FC(NOZ)ZCH2 + OTf

A
RCEC™ (3)

— FC(NO, )zé'HZCECR

A y
FC(M0,) ,CH,CECR + FC(NO,)CH, + OTF
F
NeecHoTt—&3 F
» ~ ‘ ¥
0N € = CH, + OTF
0N
RCEC™ (4)
F F
\c = CHCECR <—b— i =CHCs=
3 _ C=CHC=CR
0N 0,N
s A :
+ C=CH, +0Tf
O,N

d. Reaction of triflate esters and other triflyl derivatives with electron donors.




II. Results
A. Determination of the mechanism of the enyne-forming reaction between 1ithium
acetylides and g-nitroalkyl triflates.

Instead of examining directly the reaction between 2-fluoro-2,2-dinitro-
ethyl tr1f1ate and 11th1um pheny]acety11de we proposed to study react1on of the "
'very s1m11ar 2 2 d1n1tropropy1 cémpound (11) with the same nucleophile. The
reasons for this choice were mainly ones of safety and practicality. Fluoro-

(8)

dinitroethanol (12) is a very severe skin irritant and is not readily avail-
able commercially. The dinitropropyl alcohol (13), on the other hand, is not
as noxious and can be readily purchased from a number of companies. It can be
converted to triflate 11 in quite good yield, and it was felt it should react

readily with 1ithium phenylacetylide to yield enyne i4.

CH3C(N0 )ZCH oTf FC(NO ) CH OH CH3C(N02)2CH20H
n 12 13
\ =
C = CH-C=C
7
©O
1

Unfortunately, we soon found that 11 cannot be converted to 14 as readily
as 1 can be prepared from the fluorinated ester. In fact, in several dozen
attempts in which a variety of solvents, temperatures, and modes of mixing
reagents were examined, only once was a small yield (ca. 1%) of a compound that
might have been 14 obtained. The amount was not sufficient even to allow identi-
fication of its structure. At about this stage of our work we learned that
Shackelford and Drue]inger at Seiler Research Laboratories had experienced similar
difficulties with 11, and worse, had determined that about the only enyne-forming
reaction that proceeded in reasonable yield with the fluorinated triflate was

(9)

that shown in eq. 1, the originally discovered reaction.

B




These developments were not only a major setback to our work, but also

made determination of the mechanism of the enyne-forming reaction of question-

able value. We were eventually able to secure a smali supply of the fluoro-
alcohol 12 but by then other areas of research seemed more profitable to pursue. ﬁ
Our reasoning was that if the scope pf.the enyne-forming reaction is practically

limited to formation of just one, not particularly useful, compound then knowl-

edge of the reaction mechanism is not of pressing importance, either. !
B. Reaction of s;nitroalkyl triflate esters with other carbanionic nucleophiles.
At the same time we were finding that reaction of 11 with lithium phenyl-
acetylide failed to yield 14 (or anything else identifiable) we also found that
11 also failed to yield identifiable products on treatment with 1ithium salts
of cyclopentadiene and diethyl malonate under similar conditions (diethyl ether

solvent at ~ -100°). The usual result was formation of 2 large number of tarry

materials that would not separate on thin layer chromatograms. Reaction of 11

with cyanide ion also gave disappointing results. Several different procedures,

employing THF or diethyl ether as solvents, different temperatures, and reaction

times all gave about the same results.

C. Reaction of aryl triflates (and nonaflates) with strong bases.

The reactions of both phenyl triflate (15) and phenyl nonafluorobutanesul- :

fonate (nonaflate) (16) with strong amide bases were examined, using conditions
similar to those used by Fleming and Mah for conversion of phenyl benzenesulfon-
ate to benzyne.(]) Reaction of both 15 and 16 with the lithium salt of 2,2,6,6-
tetramethylpiperidine (17) in THF at 0° yielded modest amounts (ca. 20%) of the
substitution product 18. Fleming and Mah reported a 40% yield of 18 in the

reaction of either phenyl benzenesulfonate or toluenesulfonate with 17, and ar-

gued convincingly that it arose via formation of benzyne which then reacted

)

with 17 or its anion (eq. 5).(1




Unfortunately, attempts to improve the yield of benzyne derived products
from 15 or 16, by way of longer reaction times, increased concentration of 17,
or use of different solvents or bases, were unsuccessful. We conclude that while
generation of benzyne from aryl triflates is feasible, it offers little advan-
tage over the use of other, cheaper, aryl sulfonate esters.
D. Possible SNl reactions of aryl triflates.

Shortly before our project started Hanack et al., published a long report
on attempts at generation of aryl cations by solvolysis of aryl triflates and

(

nonaflates. 10) Twelve different triflates and nonaflates were examined in

great detail under a wide variety of conditions. In no case was heterolytic

C-0 cleavage observed. Either no reaction was observed, or nucleophilic attack
at sulfonyl sulfur resulting in S-0 cleavage was found. No evidence for produc-
tion of aryl cations, even under the msot vigorous conditions (e.g., heating in

water at 150° for 14 days), was obtained.

As noted in our proposal, however, Taft has proposed that the stable state

of an aryl cation may be the triplet species 19 rather than the expected singlet

(11)

structure 20, and Symons and coworkers have recently demonstrated that

photolysis of certain aryl diazonium salts at low temperature does yield meta-
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(12) We there-

stable triplet species with structures presumably similar to 19.
fore felt that it was of importance to examine the reactions of some polycyclic
aryl triflates, such as 21 and 22, since polycylic triplet species, such as 23,
should be considerably more stable than monocyclic cations 1ike 19, in analogy

with the stability differences between polycvclic and monocyclic arene cation . . |
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The 9-anthryl triflate (gg) was- easily synthesized and 1-naphthyl mesylate
(24), a somewhat less reactive analog of 21, was available from some previous
work. It was found that 22 underwent quite rapid reaction even under quite
mild conditions (acetic acid solution, 98°, 10 hrs.), yielding a mixture of
anthrone (25) and anthraquinone (26) on workup. (The formation of the quinone
is probably due to autoxidation of anthrone during either the workup or during
the reaction.) The reaction of 22 in several other solvent systems (e.g., tri-
fluoroacetic acid, 2,2,2-trif1uoroefhanol, acetone-water) gave very similar
results. It was also found that 9-anthryl acetate (27) rapidly yielded the same
mixture of products in these solvents. The fact that the acetate, a derivative

with an extremely poor leaving group, also shows about the same reactivity,

—
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argues strongly against an SN1 type mechanism (heterolytic C-0 cleavage) for
these reactions. Most 1+ elyv, some variant of the Bucherer reaction, an addition-

elimination process, accounts for the unusual reactivity of 22 and 27. Two pos-

sible pathways are shown in eq. 6 and 7. ‘?
o O O CCH3
CSeCMCSCINGE e
25 o
. eE 27
o - %
H HH \O_/
it 4 (5)
+ RoR’

/
) rn
QLOIQO = O~ o et A
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The naphthyl derivative (24) proved inert under all conditions tried, as
did phenyl nonaflate.

E. Reaction of triflate esters and other triflyl derivatives with electron
donors.

The initial impetus for this study was the concern that the enyne-forming
reaction of 2-fluoro-2,2-dinitroethyl triflate might be occurring by an SRNI
mechanism. For this radical chain process to occur, the triflate anion radical
(28) must undergo C-0 cleavage, yielding the species shown in eq. 8. If substi-

tution occurs after elimination, then the vinyl ester anion radical (29) should

LFC(NOZ)ZCHZOTfJ —> FC(N02)2CH2 4 OFF . (8)
28
0,N 0,N
N\ < c N . 5
[ /,C = CHOTf] —> //C = CH <+ OTf (%)
F 29 F

cleave as indicated in eq. 9. It was felt that electron-transfer reactions of
the simple model compounds, n-hexyl énd n-octyl triflate (30) and p-anisyl
triflate (_l) would be indicative of the behavior of 28 and 29. Study of these
compounds would also avoid likely complications caused by the nitro groups in
28 and 29. Of further interest was the fact that the electron-transfer chem-

70) and aryl methane-sulfonates (33)(7C) had already been

istry of alkyl (gg)(
previously studied in our laboratory, and comparison of the chemistry of the
fluorinated and nonfluorinated sulfonates would be interesting. Also, we decided
to investigate the electron-transfer chemistry of the triflyl derivatives of
substituted anilines (34) since we had carried out some unpublished work on

the chemistry of the corresponding methanesulfonyl derivatives (35).
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Treatment of the n-alkyl triflates (§g).w1th sodium naphthalene, a powerful
1-electron reducing agent, in THF solution, yielded mixtures of n-alkanes, the
corresponding alcohols, and alkylated dihydronaphthalenes. Attempts at obtain-
ing quantitative measures of the yie]ds of different products were not very suc-
cessful due to the instability of the triflate esters. The nature of the product
mixture, however, strongly suggests that they undergo reductive cleavage by the
same mechanism as do the mesylate esters.(7b) Tﬁis is outlined in eq. 10. Forma-
tion of alkylated dihydronaphthalenes and alkanes is particularly good evidence
for intermediacy of alkyl radicals since it-is well known that simple alkyl
radicals yield almost equal amounts of coupling and reduction products on reac-
(14)

tion with sodium naphthalene. Formation of alcohol is most likely a result

of further reduction of the triflate anion radical, as is known to be the case
(7b)

for alkyl methanesulfonates. In any case, the inferred C-0 cleavage of

the triflate anion radical would support the possibility of SRNI reactions for

alkyl triflates.

i st

i i e e s ol 1
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RCTe +K:Q\,©§>L ——> ROTF — > [R OTEJ

R* + oTe ke Tr

(10}
i R

LA
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-
HL

R+

The aryl triflate, 31, on treatment with either sodium naphthalene, or the
weaker electron donor, sodium anthracene, gave only a quantitative yield of the
corresponding phenoxide ion, 36. This is also quite similar to the previously
observed behavior of the reilated aryl mesylates, §§,(7C) and tends to rule out
the possibility of SRNI reactions for aryl and probably vinyl triflates. Forma-

tion of aryl radical in reaction of 31 should have yielded anisole under these

conditions: none was found.

= *
CHLO= Q}o

36

The electron transfer chemistry of the triflamides, 34, while not extremely

relevant to the main thrust of our original proposal, turned out to yield the
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most interesting results of all. That these results are of value is attested to
by the fact the triflamido substituent, particularly when attached to an aryl

(15)

ring, has a wide range of biological activity. Herbicidal, anti-inflamma-

(16) (17)

‘tory, and anticonvulsant activity have all been reported. In addition,

the triflamido group has enjoyed considerable synthetic use as an activating

group and amino-protecting agent.(]a)

Additional knowledge of their chemistry
is therefore likely to be useful.

The series of different substituted triflamides, 34, listed in Table I was
prepared by standard techniques. About the only interesting aspect of the syn-
theses was the formation of fairly large amounts of the corresponding ureas (37)
during reaction of primary aniiines and triflic anhydride. The urea-forming
agent was traced to a volatile impurity present in the sulfonic anhydride.
Whether this impurity was formed during conversion of trifluoromethanesulfonic
acid to its anhydride on heating with phosphorus pentoxide, or was something
initially present in the acid purchased from Aldrich Chemiical Co. could not be
confirmed since all triflic anhydride prepared from sulfonic acid purchased
since January of 1978 has failed to yield any urea. We can only assume that
some impurity was present in the earlier batches of acid that either was con-

verted to a urea-forming agent on treatment with PZOS’ or was itself capable of

yielding diaryl urea on reacting with primary anilines.

@ S NHNH —@




Substituents

R=H, X=H
R=H, X=E¢CH3
R=H, X=27CH30

R=H, X=m-CH,0

3
R=H, X=p-Cl

R=H, X=m-Cl

R-CHB, X=H

R-CHy, X=p-CH,
R=CHy, X=p-CH0

R=CHy, X=m-CH,0

3’
R=CHy, X=p-Cl

R=CH,, X=m-Cl

3
R'CH3CH2, X=H

Table I

Properties of Triflamides

R

\
; -N-SO,CF
X __Egzzi:r- 3“3

?i
m.p., °C b.p., °C/mm Hz Lit. m.p., °C
64-66 67°
40-44
36-37 38-41°
60-62 63-65°
47-49 50.5-51.5°
74-76 76-77°
71/0.25
83/0.75
35-36 115/0.80
105/0.60
30-31 102/1.0
109/0.95 |
73/0.50 |

3). B. Hendrickson and R. Bergeron, Tetrahedron Lett., 3839 (1973).

b

J. E. Robertson, J. K. Harrington, and B. Mendel (Minnesota Mining and

Manufacturing Co.) S. African 6804, 125, Nov. 14, 1968; Chem. Abstr.,

71, 49571s (1967).

————
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The overall reaction of triflanilides 34 with electron donors is rather
similar to that of the corresponding mesylamides, 35. In short, the following
statements can be made:

a. Triflanilides which do not possess an acidic hydrogen on nitrogen (34

g-m), are rapidly and quantitatively cleaved to amine anion and CF3502' by the

anion radicals of naphthalene, phenanthrene, and anthracen€ in THF.

b. The stoichiometry of the reaction is 2 moles of anion radical to one
mole of triflanilide.

c. Triflanilides possessing an acidic N-H group (34 a-g) are rapidly depro-
tonated by arene anion radicals, and the resulting salts are inert to cleavage.

d. Triflamides of purely aliphatic secondary amines, such as that derived
from morpholine (38) are apparently not cleaved by any of the arene anion radi-

cals tried (naphthalene, phenanthrene, anthracene).

\
CF3SOZN ©

About the only major difference between mesylamides and triflamides is that
weaker electron donors (such as sodium anthracene) are able to cleave the tri-
flyl derivatives of N-substituted anilines but not the corresponding mesyl
derivatives. This is not too surprising in view of the greater electronega-
tivity of the triflyl group. A direct competition experiment between 34g and
the corresponding mesylamide, using sodium naphthalene, showed the triflamide
to be almost 19 times more reactive.

Further examination of the reactivity of triflamides, however, revealed

some unique features. It was found that the relative rates of cleavage of dif-

pp—— P— prv ____‘wi‘mJ
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ferent ring-substituted triflanilides were insensitive to the nature of the
electron donor. Thus, the rate of cleavage of 34h was 0.5 times that of 34g
with sodium anthracene (E]/2 vs. SCE = -1.96V) and 0.47 with sodium phenanthrene
(E]/2 vs. SCE = -2.46V). This behavior is very similar to that of aryl methane-

sulfonates (33)(7c)

and strongly implies a two-step, preequilibrium type of
cleavage mechanism, as shown in eq. 11. This is quite different from the behav-
ior of arenesulfonamides, whose relative rates are very sensitive to the nature
of the electron donor, and which indicates that the rate-determining step is

probably the initial electron transfer. (72> 19)

R

R .
Lo - n-Te |
vX"@N-‘; * Av A -;;’r; X@ + AvH

SLOW

3 ArH™ . R . =cam
X_@-NR & X‘@r + Cr3$02_ (1)

Although the differences in cleavage mechanisms makes the comparison of
somewhat doubtful value, direct competition measurements between triflanilides
and corresponding toluene-sulfonamides 39, using sodium anthracene, showed the

two classes of compounds to be almost of .identical reactivities.
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Similar comparison between 34g and phenyl methanesulfonate showed the phenol
derivative to be ca. 75 times more reactive than the triflamide, with sodium anthra-
cene as the electron donor.

Using sodium anthracene in THF and the competition experiment technique,
the relative rates of cleavage of triflamides 34 g-1 were determined. The data
are given in Table II. Correlation of this rate data with o-constants gave a very
poor fit, r = 0.870. The correlation with ¢® - constants was almost as bad,

r = 0.890, but correlation with o" - constants was excellent, r = 0.995,

p =+ 3.74. In comparison, similar data for aryl mesylates correlated best with
c-constants, r = 0.987, p = + 3.00,(7c) and that for N-methyl-N-phenyl methane-
sulfonamides (using sodium naphthalene as the electron donor) also correlated

best with o-constants, r = 0.966, p = + 3.11.(20)

Table II

Relative Rate of Amine Formation in Sodium Anthracene

Cleavage of Substituted N-Methyltriflanilides

Triflanilide Substituent Log Rel. Rate o c® "
349 H 0 0 0 0
34h p-CHy -0.3010 -0.170 -0.15 -0.129
34i p-CH30 -0.3990 -0.268 -0.12 -0.1M
343 m-CH40 -0.1839 0.115 0.13 -0.076
% 34k p-C1 1.0310 0.227 0.27 0.238
' 341 m-C1 1.4239 0.373  0.35  0.373

Another interesting feature of the reductive cieavage of triflanilides was
shown by carefully examining the products from reaction of the m-chloro compound,
341, with sodium anthracene and sodium naphthalene. From reaction with anthra-
cene anion radical, only m-chloro-N-methylaniline is obtained: dechlorination does

not compete with S-N bond cleavage. On reaction with the more powerful electron
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donor, naphthalene anion radical, both the m-chloroaniline and the dechlorinated
triflamide, 34g, (ca. 15%) are obtained. The fact that the extent of C-C1 bond
cleavage is different for different electron donors, while the relative rates

of S-N cleavage stay the same argues that these two reactions follow entirely

different pathways from the instant of the initial electron transfer. Once forma-

tion of the intermediate that must precede S-N cleavage has occurred (see eq. 11),
dechlorination is no longer possible. One can reasonably argue that the trifla-
mide anion radical that leads to S-N cleavage probably has the extra electron
highly localized in the su]fonyl»group, while C-C1 cleavage must either proceed
via dissociative cleavage or prior formation of a different anion radical, possi-
bly one with the extra electron localized in the aromatic ring. These possibili-

ties are outlined in eq. 12. Similar reactions are displayed by ring-halogenated

aryl methanesulfonates and have been rationalized in the same manner.(7c)
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The correlation of the relative reactivities of the triflanilides with

o rather than with o is quite interesting, but not easily explained. It is

indicative of mainly an inductive interaction between the substituent and the
site of reaction rather than a mixture of inductive and resonance effects that
correlation with o-constants would indicate. The relative rates of cleavage

are a function of both an equilibrium constant (Keq) and a rate constant

(kS-N) as shown in eq. 12. Since the kS-N step might even have a negative reac-
tion constant (reactions in which rather similar phenoxy radicals are generated

(21) the equilibrium constant probably controls

often have negative p-vaiues),
the value of p in this case. The poorer fit of the data with o could be an indi-
cation that the strong inductive effect of the CF3 group is the major stabilizing
effect on the localized sulfonyl anion radical and that resonance effects from
the substituent via the aryl ring and nitrogen are very minor. On the other
hand, the large positive value of p(+ 3.74) indicates that inductive effects of
these substituents, which must travel the same path, are considerable. Inter-
estingly, Trepka, et al., observed a similar result when they examined the sub-
stituent effect on acidities of ring-substituted trif]ani]ides.(]sa) They found
that the acidities correlated best with o rather than with ¢ , as one might ex-
pect, yet the high value of p(+ 2.15) indicated considerable effect of the sub-
stituent.

In conclusion, triflamides are more readily cleaned by electron donors than

(7a) the reaction is 1imited

are methanesu]fonamidés, but unlike arenesulfonamides,
to derivatives of aromatic amines. As a protecting agent for amino groups, simple
benzenesulfonamides are superior. The mechanism of cleavage of triflamides, how-
ever, is unique among sulfonamides, and clearly reflects the large inductive
effect of the CF3 group.

Publication of the work dealing with the electron = transfer chemistry of
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triflamides is planned as soon as some minor aspects of the research are

completed.
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