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mg of sodium hydride for 3 hr. That the methyl-
ethylnitrosamine (V) produced in this reaction was
the result of direct displacement of iodide, rather than
carbene insertion, was demonstrated by subjecting di-
methylnitrosamine-d; (VI)® to these conditions; the
isolation of product with a molecular weight of 93
(mass spectrometry) implies that cleavage of the ni-
trosamine C-D bond preceded the reaction with the
alkylating species.
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It is noteworthy that canonical structures involving
resonance delocalization of the formal negative charge
at carbon cannot be formulated, and the facility of
the reaction must be attributable entirely to inductive
effects. Such a situation was once thought to be im-
possible,” but several groups have amply demonstrated
the viability of inductively stabilized carbanions? analo-
gous to the one proposed here. It is presumed that
polarization of the N-N-O group, as in IIb, is more
important in the carbanion than in the nitrosoamine
itself, since the formal positive charge at the heterocyclic
nitrogen would contribute to the inductive stabilization
of the carbanionic center. It is hoped that kinetic
studies currently in progress will shed further light
on the mechanistic details of this reaction.
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The 9-Fluorenylmethoxycarbonyl Function, a New
Base-Sensitive Amino-Protecting Group
Sir:

In contrast to the variety of amino-protecting groups
which can be cleaved under nonhydrolytic conditions
by acids of varying strengths, there is currently no
complementary set of groups cleavable by basic reagents
of graded activity. Making use of the process of 8
elimination,'~*we have developed one such hydrocarbon-
derived protective function, the 9-fluorenylmethoxy-
carbonyl group (FMOC), which can be cleaved under
extremely mild conditions, most conveniently simply by
allowing a solution in liquid ammonia® to stand for
several hours. Other convenient deblocking conditions
involve dissolution in ethanolamine, morpholine, or a
similar amine. In addition the group is potentially
capable of being modified for greater or lesser sensitivity
toward basic reagents.
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The FMOC group may be readily introduced by treat-
ment of the parent amine with 9-fluorenylmethyl chloro-
formate (3a) or the corresponding azidoformate (3b)
in aqueous dioxane in the presence of sodium carbonate
or bicarbonate. The chloroformate (mp 61.5-63°;
ir (CHCl;) 1770 cm~!; nmr (CDCl;) § 4-4.6 (m, 3,
CHCH,;), 7.1-7.8 (m, 8, aryl)) is obtained (869) by
reaction of 9-fluorenylmethanol® with phosgene in
methylene dichloride without added base. The azido-
formate (mp 83-85°; ir (CHCI;) 2135, 1730 cm~!; nmr
(CDCl,) 6 4-4.5 (m, 3, CHCH,), 7.1-7.9 (m, 8, aryl)) is
best obtained (827%;) by reaction of 3a with sodium
azide in aqueous acetone. Fortunately, for purposes of
selectivity in the synthesis of polyfunctional compounds
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or complex polypeptides, the FMOC group is stable
under conditions involved in the removal of most of the
commonly used protective groups such as hydrogen
bromide or chloride in various organic solvents, tri-
fluoroacetic acid, and catalytic hydrogenolysis over
palladium-carbon. Cleavage by-products (monomeric
or polymeric dibenzofulvene (2) or an amine-dibenzo-
fulvene adduct such as 4) depend on both reaction con-
ditions and the reagent used and in all cases are easily
separated from the desired amine. As an example, a
solution of FMOC-glycine (1, R = CH.CO;H), mp
174-176°, in liquid ammonia is allowed to stand for
10-12 hr, the ammonia evaporated, and the residue
treated with ether to remove 2. The residue is treated
with water to remove a trace of dibenzofulvene polymer
and evaporation gives glycine in quantitative yield.
Similarly a solution of FMOC-aniline (1, R = CsHj3),
mp 189-190°, in morpholine is allowed to stand at room
temperature for 25 min, diluted with water, filtered to
remove adduct 4, mp 172.5-174° (95 %), and extracted
with ether to give aniline (969). If ethanolamine is
substituted for morpholine as solvent and cleavage re-
agent the by-product is 2 rather than an analog of 4.
Authentic 2 was shown to react with morpholine to give
4.
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Methylhydroxycyclobutenedione
Sir.

We wish to report the synthesis of methylhydroxy-
cyclobutenedione (1), the first simple homolog of
hydroxycyclobutenedione (2). On the basis of previous
work on the phenyl analog,! 1 was expected to be a

strong monoprotic acid. In addition, abstraction of
another proton by base would lead to a new species (3)

: i R‘j [1'0 2-
0" \\0

=CH, 3,R=CH,
2 R== H 4,R=0

(1) E. J. Smutny and J. D. Roberts, J. Amer. Chem. Soc., 77, 3420
(1955); E.J. Smutny, M. C. Caserio, and J. D. Roberts, ibid., 82, 1793
(1960).
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isoelectronic with the aromatic squarate anion (4).2
Simple Hiickel calculations performed on 3 suggest
that a substantial amount of the stability exhibited by
4 should also be found in 3.2 In this report we wish to
communicate the synthesis of 1 and the formation of
3 under relatively mild conditions.

Treatment of diethoxycyclobutenedione*® (4.7 g,
27.6 mmol) with methyl magnesium bromide (2.95 M,

CH:0 O 1 CHMgBr H.C 0
2. HO, ether
_
3. H*, acetone

C,H:O 0 HO 0
1

32 mmol) in ether at —78° followed by hydrolysis and
extraction afforded a residue which was treated with
an aqueous acid-acetone mixture and allowed to
evaporate. Trituration with ether afforded 1 (1.34 g,
4497) as colorless crystals after sublimation and re-
crystallization;* mp 162-164° (acetone-heptane); nmr
(acetone-ds, TMS) 7 1.98 (0.99 H, s), 7.82 (3 H, s);
Ymax (Nujol) 2650-2150 (broad), 1800, 1725, 1540,
1070, 755 cm~!; Agax (H:0) 260 (e 11,000), 230 my
(24,000).

Anal. Caled for CsH,O;: C, 53.58; H, 3.60;
mol wt, 112. Found: C, 53.70; H, 3.48; m/e, 112,
neut equiv, 115,

The presence of only two resonances in the nmr
spectrum of 1 coupled with the absence of any ap-
preciable amount of H/D exchange in the methyl
group (acetone-ds, DO, HCI) precludes the presence
of tautomer 1b. Keto-enol tautomers such as 1¢ in
rapid equilibrium with 1, however, cannot be ruled out
at present.

H

H 0 CH, 0

H

HO OH 0 0
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Treatment of 1 (720 mg, 6.43 mmol) with excess
diazomethane afforded the crystalline methyl ether
derivative 5 (680 mg, 84%7); mp 49-51°; »., (Nujol)
1820, 1800, 1760 cm™!; An.x (CH;OH) 228 mu (e

CH,N, H,C 0
1 —=—=—=— )E(
H,0*
CH,0 0
5

17,000); nmr (CDCl;, TMS) 7 5.53 (2.96 H, s), 7.75
(3 H, s). Acid-catalyzed hydrolysis of 5 gave back 1
(90%). The mass spectrum of 5 consisted of four major
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5, 888 (1966); (b) R. West, H. Y. Niu, D. L. Powell, and M. V, Evans,
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