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Facile Synthesis of Mono-, Di-, and Trisubstituted Tri-tert-butyl hydrazine-1,1,2-tricarboxylateandtert-butyl
Alpha-Unbranched Hydrazines 2-(propan-2-ylidene)hydrazine carboxyl&e(Figure 1) have
been successfully used in the preparation of monoalkylated
hydrazined#-16 Both compounds can be alkylated under phase
transfer conditions at room temperature and@Qrespectively.
The Scripps Research Institute, 10550 North Torrey Pines Road, Deprotection under acidic conditions yields the monosubstituted
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o / FIGURE 1. Precursors for substituted hydrazines.
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. >LO)LN,NYO\]< - J) o Furthermore, in the case of reagdnit was found that one
oo N of the geminal Boc-groups was selectively removed under mild
S T8 e 8% . conditions using magnesium perchlorate in acetonitrile; further
0N TO( < o /// /// alkylation and complete deprotection gave the 1,2-dialkylated
. >LOJ\N,NYO\’< . >Loj\N‘NH hydrazineg415 Compound1 is now commercially available,
/// o / and the method is a very useful way for preparing mono- and
86% ~ 7% disubstituted hydrazines. ReageBt though currently not

commercially available, is readily synthesized fréent-butyl

Methods for the a[kylatiqn of diertbutyl hydrazine-1,2- ... hydrazinecarboxylate and acetone and has been used for the
dicarboxylate were investigated. It was found that under mild synthesis of monosubstituted hydrazines in good to excellent

conditions mono- or di-substituted hydrazine derivatives were yields. Unfortunately, it is not suitable for the preparation of

obtained in good to excellent yield. Furthermore, it was more highly substituted derivativé&Several literature reports
shown that one of the two Boc-groups of the disubstituted gescribe the use of the readily availableei-butyl hydrazine-
derivatives was selectively removed by heating, leading to 1 2-dicarboxylate3 as a precursor for the preparation of
precursors for trisubstituted hydrazines. substituted alkyl hydrazines. However, these methods all use
harsh reaction conditions, such as strong bases rHeutyl-

lithi di hydrid high t t 0
Substituted alkyl hydrazines are an important class of organic OIC '_‘;'Tl,l?r sodium hydride) or high temperatures {80

compounds that have found applications in medicinal chemistry
and as intermediates in the synthesis of heterocyclic com-
poundst— Despite their appealing structural simplicity they are
generally difficult to access. Direct synthesis from unprotected
hydrazine is known to be difficult and low yielding, generally
giving rise to complex mixtures of productdntensive efforts
have led to a variety of useful methods for their synthesis, using
orthogonally protected hydrazines. Most of the available
methods are limited to yield hydrazines with one specific degree SCHEME 1. Monoallylation of 3

In our efforts toward the versatile preparation of substituted
alkyl hydrazines we decided to investigate the possibility of
selective alkylation of3. We found that3 was selectively
monosubstituted using excess allyl bromide and potassium
carbonate in dimethylformamide yielding 62% oftdit-butyl
1-allylhydrazine-1,2-dicarboxylate4€) after 16 h at room
temperature (Scheme 1).

of substitution with only very few of them being truly o |
eneraf~13 H _ o H
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changing the base from potassium carbonate to cesium carbonat@ ABLE 2. Dialkylation of 3

1 1 1 I 1 1t O uiv. 2! 3 O R
led to dialkylation under otherwise identical conditions (Scheme >L0JLN HYO L g CacO >LOJLN N,
2) H o \|< 2-5 equiv. DMF, rt R O \|<
SCHEME 2. Diallylation of 3 3 — . Sae
| Compound R reaction time, h Yield, %@ mp., °C
(o}
>L R o B 2equiv. Cs;,CO; o} H 71{\© b
07N’ A ——— J N_ o 5a 8 91 104-5
A \([Z)( 7< 2.1 equiv. oL >I\O RN \(f)l/ \’<
| 5b PN 48 70° -
3 5c
68% isolated yield 5¢ NS 24 68° -
The mild reaction conditions and the fact that mono- or di- e .
substiution can be achieved by simply changing the carbonate 5d N 7 gt oo
base prompted us to look at other alkylating agents. Unfortu- o
nately, other alkyl bromides reacted very slowly. For example
i i i i 5o TN 19 84c -
in the case of propargyl bromide, satisfactory conversion e
required a reaction time of 1 week at room temperature. Instead o

it was found that alkylation using propargyl bromide was
particular efficient under phase transfer conditions. Hence, the 5 ¢ 11teq yield after chromatograpHy2.2 equiv of benzyl bromide.4
conversior3 to the monopropargy! derivative was achieved in  equiv of alkyl bromide.

good yield at room temperature using excess propargy! bromide

with tetr_abutylammoni_um hydrogensulfate as phase trangferare shown in Table 3. Both the symmetrical and unsymmetrical

catalyst in a biphasic mixture of toluene and 5% aqueous sodlumOlisubstitutecjl derivatives were found to have complicated

EZggoﬁ}de;ngfse| (;Onndd'gﬁr}sb\;\ger;? df;urig(;i?] b(—gzs(;:tzksllg |7n1:2e and 13.C NMR spectya. This has previou;ly been reported.and
| propargy y yielaing 8% ' explained by the existence of up to four different conformations

respectively, of the monoalkylated hydrazine derivativiesapd in this class of compound4:15

4d, Table 1). In the case of less reactive alkylation reagents '

(4aand4b, Table 1) excellent yields were obtained using 1.1 TABLE 3. Further Alkylation of 4d

equiv of the alkyl bromide and 1 equiv cesium carbonate in ///

o

A\

dimethylformamide at room temperature. We were thus ableto ]y, PP S | L,
selectively synthesize a diverse range of di-Boc-monosubstituted ° N ‘g’ \|< 15 equiv. DMF, o ‘g’ ‘|<
hydrazines directly fron3. 4d 6a-c
i c d R tion time, h  Yield, %2
TABLE 1. Monoalkylation of 3 oo o reacon e SR
o method Aor B o -
H H 6a 16 67
>ro\n,N NJLOJ< + REr —————> >ro\n,N NJLOJ< \©
o H O R
Compound R reaction time, h  Yield, %@ mp., °C method® 6b NS 16 75
it 0
4 4 86% 1035 A
a \© ’ 6c %/\/\% 16 70
o
4b PN 4 97% 757 A
a|solated yield after chromatography.
4c NS 2 73% 74 8 d IRy
4d /"%\\\ 19 82% 103 B Analysis of the symmetrical 1,2-disubstituted derivatives

(Table 2) by gas chromatography showed the product peak as

; 0 L
a|solated yield after chromatography(Method A) 1.1 equiv of alkyl well as a ml.nor peak (ca. 10%). The appearance of "’?” additional
bromide, 1 equiv of G&£Os, DMF, rt, 4 h; (Method B) 3 equiv of alkyl peak, despite the fact that the cqmpounds were all judged pure
bromide, PhCH5% aq NaOH, TBAHS, rt, 2.5 h fosc, 19 h for 4d. by TLC as well as LCMS analysis, made us speculate that the
compounds could be decomposing in the injector of the GC

The symmetrically disubstituted derivatives were easily (T = 225°C). To confirm this hypothesis compoursdl was

obtained in good to excellent yields using excess alkyl bromide Subjécted to heating under various conditions. It was found
and 2 equiv of cesium carbonate as shown in Table 2. that heating to 185C in diphenyl ether for 1.5 h caused the

Similarly, the unsymmetrically 1,2-disubstituted hydrazine 0SS of only one of the two Boc-groups yielding 71% f
derivatives could be obtained by treatment of the monosubsti- (Scheme 3). _ _
tuted products with cesium carbonate and allyl bromide, benzyl _ The fortuitous discovery that we can selectively remove one

bromide, or 2-(3-bromopropyl)isoindoline-1,3-dione. Examples Boc-group enables further reaction to form trisubstituted hy-
drazines. Thus, treatment of compouhdith iodomethane gave

(17) Wang, C. X.; Zhen, Z. Z.; Zhao, J. A.; Dowd, Synth. Commun. compound8 in 50% unoptimized yield after 3 days (Scheme
1999 29, 631-643. 4).
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SCHEME 3. Thermal Removal of Boc-group General Procedure for Dialkylation, Synthesis of Ditert-butyl
= 1,2-Dibenzylhydrazine-1,2-dicarboxylate 5aTo a solution of di-
>‘\ o} o /// tert-butyl hydrazine-1,2-dicarboxylate (500 mg, 2.15 mmol) in DMF
O)J\N,NTO Phy0, 185°C >L U NH (10 mL) was added cesium carbonate (2.10 g, 6.45 mmol) and
o} 1.5 hrs o- benzyl bromide (809 mg, 4.73 mmol). The mixture was stirred at
Z / room temperature for 7 h. The crude product was diluted with water

(20 mL) and extracted with ethyl acetate (3 20 mL). The
combined organic phases were washed with brine (30 mL),
dried over magnesium sulfate, and concentrated in vacuo. Flash
SCHEME 4. Alkylation of 7 chromatography (ethyl acetate/hexane 1/20) yielded 91%aafs
a white solid.'H NMR (600 MHz, CDC}, 50 °C) 6 1.32-1.45
P (m, 18H), 4.18-4.93 (m, 4H), 7.08-7.27 (m, 10H)23C NMR (600
/ MHz, CDCl;, 50°C) 6 28.8, 53.6, 81.7, 128.3, 129.1, 130.5, 137.8,

7
71% yield

&
0 / .
>I\ )]\ NH 5 equiv. CHsl (o}
0~ N’ Cs,CO; >|\ J N . T " .
e N 155.8. MS (ESI-TOF): calcd for GHzN,O,Na™ (MNat), 435.2254;
/// ' / found, 435.2260. Mp 104:5105.4°C.
General Procedure Unsymmetrically Disubstituted Deriva-
7 8 A tives, Synthesis of Ditert-butyl 1-Allyl-2-(prop-2-ynyl)hydrazine-
50% yield 1,2-dicarboxylate 6b: To a solution of4d (300 mg, 1.11 mmol)
Removal of the Boc-group from all the aforementioned in DMF (6 mL) were added cesium carbonate (398 mg, 1.22 mmol)
products under standard conditions gives rise to the mono-, di-,and allyl bromide (201 mg, 1.66 mmol). The reaction mixture was
and trisubstituted hydrazines. stirred for 16 h at room temperature. The reaction was diluted with
In summary we have investigated the use otedt-butyl water (20 mL) and extracted with ethyl acetatex(®20 mL). The

hydrazine-1,2-dicarboxylaté as a precursor for the synthesis go_mblned organic phases were washed with brinex (20 mL),
f certain mono-. di. and trisubstituted hvdrazines. The ease ried over magnesium sulfate, and concentra_ted in vacuo. Flash
ot . U L y chromatography (ethyl acetate/hexane 1/20) yielded 756b afs
with which the degree of substitution can be controlled makes , <oiorless liquidiH NMR (600 MHz, CDC}, 50 °C) 6 1.46 (s,
this commercially available protected hydrazine a practical and 18H), 2.22 (s, 1H), 4.084.59 (m, 4H), 5.12-5.22 (m, 2H), 5.96
useful precursor for the synthesis of substituted hydrazines ands.97 (m, 1H).13C NMR (600 MHz, CDC}, 50 °C) ¢ 29.0, 29.1,
adds to the already existing synthetic methods for achieving 40.0, 40.1, 42.1, 53.7, 55.9, 73.0, 73.5, 78.0, 79.3, 82.0, 82.4, 118.0,
substituted hydrazines. Furthermore, we have shown that118.9, 134.2,134.9, 155.2. MS (ESI-TOF): calcd fqgtGeN204-
compounds such &@a—e upon heating loose one of the two Na" (MNa*), 333.1785; found, 333.1784.
Boc-groups and that the resulting monoprotected hydrazine can Synthesis oftert-Butyl 1,2-Di(prop-2-ynyl)hydrazinecarboxy-
be alkylated to yield trisubstituted hydrazines. late 7: A solution of 5d (400 mg, 1.30 mmol) in diphenyl ether
(10 mL) was heated to 18%C for 1.5 h. The crude mixture was
subjected to flash chromatography using hexane (250 mL) and then
ethyl acetate/hexane 1/16, compouhdas isolated in 71% as a
General Procedure for Monoalkylation, Method A, Synthesis white solid.*H NMR (500 MHz, CDC4, rt) 6 1.46 (s, 9H), 2.19
of Di-tert-butyl 1-Benzylhydrazine-1,2-dicarboxylate 4a:To a 2.20 (m, 2H), 3.64 (m, 2H), 4.14 (s, 2H), 4.55 (bs, 1HL NMR
solution of ditert-butyl hydrazine-1,2-dicarboxylate (500 mg, 2.15 (500 MHz, CDC}, rt) 6 28.2, 40.1, 71.2, 72.3, 79.5, 79.8, 81.8.
mmol) in DMF (10 mL) was added cesium carbonate (1.40 g, 4.30 MS (ESI-TOF): calcd for @HigN,O:Na" (MNat), 231.1104;
mmol) and benzyl bromide (405 mg, 2.37 mmol). The mixture was found, 231.1107. Mp 58:160.2 °C.
stirred at room temperature for 2 h. The reaction mixture was diluted Synthesis oftert-Butyl 2-Methyl-1,2-di(prop-2-ynyl)hydrazi-
with water (20 mL) and extracted with ethyl acetate(20 mL). necarboxylate 8:To a solution of7 (142 mg, 0.68 mmol) in DMF
The combined organic phases were washed with bring (30 (8 mL) was added cesium carbonate (443 mg, 1.36 mmol) and
mL), dried over magnesium sulfate, and concentrated in vacuo. methyl iodide (484 mg, 3.41 mmol). The mixture was stirred at
Flash chromatography (ethyl acetate/hexane 1/10) yielded 86% of ., temperature for 3 days. The reaction mixture was diluted with
4aas a white solid:H NMR (600 MHz, CDC}, 50°C) 6 1.43 (s, water (30 mL) and extracted with dichloromethanex(®5 mL).
?3|E|:)’Nl|\'/|4|§ (go?)Hl\)/uj '62c|()bcs:‘ 2';')’6%28 %)5’5;%)'5722?3821(? ?247) g The combined organic phases were washed with brine (25
( Z 4, 1) oo P B oo 0 mb), dried over magnesium sulfate, and concentrated in vacuo
128.6, 137.4, 155.2. MS (ESI-TOF): calcd foi7B2eN.0.Na Flash chromatography (ethyl acetate/hexane 1/30) yielded 50% of

\O

Experimental Section

(MNa*), 345.1785; found, 345.1791. Mp 103:105.2°C. O
General Procedure for Monoalkylation, Method B, Synthesis g:)s ; i:glc;rlg(s)s(rl];qglﬂl.)HzN%R(s(s?)OS) '\gHﬁi (%Eczkl’_';t) 46034('85(?'_')
of Di-tert-butyl 1-Allylhydrazine-1,2-dicarboxylate 4c: Di-tert- 13¢ ’Nl\l/IR (5'00 MI-’|z C'DQ (1) ’5 28'6. 45.8 '71 1‘ 7'2 3 80‘ 27 '

butyl hydrazine-1,2-dicarboxylate (300 mg, 1.29 mmol) was K i n + .
dissolved in a mixture of toluene (2 mL) and 5% aqueous sodium ?OllﬁaMZS‘l(sE%g?OF)' caled for GHigh,0:Na” (MNa), 245.1260;

hydroxide (2 mL). To the biphasic mixture were added tetrabutyl-
ammonium hydrogensulfate (10 mg, 0.03 mmol) and allyl bromide
(468 mg, 3.87 mmol). The reaction was stirred at room temperature Acknowledgment. The author thanks Professor K. B.
for 2.5 h. Water (20 mL) was added, and the mixture was extracted Sharpless and Professor Valery V. Fokin for their advice.
with ethyl acetate (% 15 mL). The combined organic phases were Financial support from H. Lundbeck A/S and The Danish
washed with brine (15 mL), dried over magnesium sulfate, and Ministry of Science, Technology, and Innovation is highly
concentrated in vacuo. Flash chromatography (ethyl acetate/hexaneappreciated.

1/14) yielded 88% ofic as a white solid!H NMR (600 MHz,
CDCl;, 50°C) 6 1.43 (s, 9H), 1.48 (s, 9H), 4.62 (bs, 2H), 6.22 (bs,
1H), 7.25-7.32 (m, 5H).13C NMR (600 MHz, CDC}, 50 °C)
28.4,52.7, 53.3, 81.3, 81.4, 117.7, 133.4, 155.3. MS (ESI-TOF):
calcd for GaH.4N,0O4Na™ (MNa™), 295.1628; found, 295.1633. Mp
74.0-74.4°C. JO0525783

Supporting Information Available: Experimental procedures
and full spectroscopic details. This material is available free of
charge via the Internet at http://pubs.acs.org.
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