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Abstract: Acetal protected 4-formylphenylbismuthane was pre-
pared and used for arylation of trisubstituted hydrazines.
Formylphenylhydrazines, obtained after removal of acetal group,
were used in coupling reaction to give diols containing two sub-
stituted hydrazino moieties and the coupling of corresponding
phenylimine derivatives gave corresponding diamines.
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This work aims to extend the versatile hydrazines step-
wise substitution strategy with direct introduction of
arylaldehyde functionality and to use such substituted
hydrazinoarylaldehydes and their imine analogues in
pinacol or imino-pinacol coupling reactions.

Aldehydes play an important rolein organic synthesis be-
cause they are easily convertible to different functionality
or provide numerous ways for condensation and coupling
reactions.! One well-known reaction of adehydes is the
pinacol coupling that is used to prepare vicinal diols.? Re-
action of aldehydes with primary amines gives aldimines,
which also can be coupled to form vicinal diamines.34
Vicina diols and diamines both, especialy in the homo-
chiral form, are used as ligands in catalysts, as complex-
ing agents, and as synthetic intermediates.

The hydrazine alkyl and aryl derivatives are found in
drugs, pesticides, different types of reagents and consti-
tute starting materials for the synthesis of heterocycles.>
One convenient way to obtain differentially substituted
hydrazines is to use a directed stepwise substitution—
deprotection strategy starting with a suitably protected
hydrazine derivative.>® In this strategy, arylbismuthanes
have been used successfully for arylation of hydrazines.”
Arylbismuthanes are quite versatile reagents for aryla-
tion,212 but their synthesis is limited to aryl compounds
substituted with groups tolerating lithiation or Grignard
reagent preparations,®® and also the synthesis of arylbis-
muthanes with electron-withdrawing substituentsis not so
straightforward, although there are a few examples of
such bismuthanes.'?
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Arylhydrazines and their derivatives (hydrazones, hy-
drazides) bearing an adehyde group are relatively un-
known compounds. For example, agaritinal, a derivative
of 4-formylphenylhydrazine is often accompanied with
agaritine'® (aderivative of 4-hydroxymethylphenylhydra-
zine, which is considered a potential health risk) in mush-
rooms from genus Agaricus, at least one of which
(Agaricus bisporus) is widely cultivated. Formylarylhy-
drazones have been used also as intermediates in the syn-
thesis of compounds with non-linear optical properties,*
hetero-diradicals'® and heterocyclic compounds.*® Other
possible uses of formylphenylhydrazine derivatives in-
clude, for example, in photothermographic materials,’
electrophotographic photoreceptors,’® diagnostic agents
for urobilinogen detection®® and antibiotics.?°

Preparative methods for formylarylhydrazine derivatives
involve, for example, reduction of 4-cyanophenylhydra-
zine derivatives with DIBALH to the corresponding
aldehydes.® In another method,** substituted phenylhy-
drazone is metallated with t-BuLi and then treated with
PhN(Me)CHO. 4-Formylhydrazobenzenes formed as a
result of nontypical akyl-nitrogen cleavage when acet-
amidomethyl substituted diaryl azocompoundswere treat-
ed with KOH in acohol.?* Also, a few other, more
specific, methods have been described.'62

Here we describe the synthesis of aryl bismuthane 1 from
4-bromophenyl-1,3-dioxolane?® and its use for arylation
of three substituted hydrazines. The aryl bismuthane 1 is
obtained in good yield via standard aryl Grignard chemis-
try using adlightly modified method described by Combes
and Finet® under mild conditions in the fina step
(Scheme 1).%

o) o
1) M
0~ THF, 25-40 °C o/,

2) BiCl,, —45 °C 1 70%

Schemel Synthesisof arylbismuthane 1.

Arylation of hydrazines with 1 in the presence of
Cu(OAc), and Et;N* proceeded under mild conditions
and gave good yields for trisubstituted hydrazines®” (see
Table 1, compounds 3a—c).?® When 1,2-diacetylhydrazine
was used, the arylation gave complicated mixture of
unidentified products. Acetal group removal from com-

Downloaded by: University of North Carolina - Chapel Hill. Copyrighted material.



2538 O. Loog, U. Méeorg

LETTER

1
R ,H 1
N-N N-N 4
2 Boc R? Boc R?
‘ ii
HO OH HO
* d
1 1 1
R\ /R Fl\
N—N N—-N N—N
’ \ 7, Ay ’ \ 2
Boc R? R? Boc Boc R
5 6

Scheme 2 Arylation of substituted hydrazines with 1 and pinacol
coupling of hydrazinobenzaldehydes 4. Conditions: i) Cu(OAc),,
Et;N, CH.Cl,; ii) TsOH, THF-H,O; iii) Mn, Cp,TiCl,, 24,6
Me;Py-HCI, THF (or in entry &: Zn/Cu, EtOH, A).

pounds 3a—c proceeded in high yields by treatment with
substoichiometric amounts of TsOH in agueous THF.?®
Under these conditions, Boc groups, even on the same
nitrogen in 3b, were not affected.

Treatment of 4a with Zn/Cu couple® in ethanol (entry &)
resulted mainly in the formation of simple reduction prod-
uct 6a.5! Coupling of hydrazinobenzaldehydes under the

O
H ;
: O Q
——
R! R
\ 7/
N—N N—N
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i
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R\N N R
NN g N—N 7
Boc R? b \

conditions described by Gansiuer and Bauer®? gave the
corresponding diols 5a—c* in moderate yields and with
moderate (5a,b) to good (5¢) diastereosel ectivity.

L ong reaction times and moderate yields are probably due
to the bulky substituents in the hydrazino moiety. For ex-
ample, thelowest yield and longest reaction time were ab-
served for cases in which al three substituents in
hydrazine were Boc groups (entry 2). Long reaction times
may also be responsible for the moderate diastereosel ec-
tivity observed.®

The coupling of phenylimine derivatives® 7a and 7b to
the corresponding diamines were then investigated. Treat-
ment with Zn/Cu couple® gave diamines in 71% and ca.
29% yields, respectively, but with no diastereosel ectivi-
ty.%”

It should be noted that attempts to remove two or three
Boc groups attached to one hydrazino moiety in products
5b, 6a, 6b, 8a simultaneously under different deprotection
conditions® led in all cases to degradation or polymerisa-
tion.*® Hence it is advisable that the hydrazine derivative
into which the 4-formylphenyl group is to be introduced
is selected so that there is no further need for removal of
Boc groups. Alternatively, different protecting groups
(for example Z) should be considered.

In conclusion, we have shown that 4-formylphenyl group
could be introduced under mild conditions and in good

O O

8
Boc' ‘R? R?  'Boc

Scheme 3 Synthesis of phenylimine derivatives 7 and their imino-pinacol coupling. Conditions: i) PANH,, MgSO,, CH,Cl,; ii) Zn/Cu,

EtOH, A.

Tablel Detailsfor the Reactionsin Scheme 2 and Scheme 32

R! R? 3 4 5+6 7 8
Time Yield Time Yied Time Yieldof5 Yieldof 6 Time Yield Time Yield
(h) (%) (h) (%) (h) (%, di/meso) (%) (h) ) () (%, di/meso)
a Ph Boc 28 9% 3 92 23 65 (4:1) (15)P 23 93 1 71 (1:1)
a 29 8(L1) 65
Boc Boc 52 %4 15 9% 61 48 (4:1) 22 50 91 6 ca 29° (1:1)
c Ac Ac 49 85 1 92 23 51 (10:1) 10 26 47¢

aYieldsare for isolated materials. Ratios of dl/meso isomers were estimated on the basis of C,g HPLC and 'H NMR; dl and meso isomers were
assigned based on signals of benzylic protonsin *H NMR spectra as described in the literature.3*

b Yield estimated on the basis of C,g HPLC.

¢ Calculated on the basis of the yield of isolated material (44%), which contained ca. 15% of starting material 7b.
dnitial yield of raw product was almost quantitative, but the attempts to crystallise the raw product and finally its purification by silica gel

column chromatography lowered the yield considerably.
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yields into trisubstituted hydrazines. We have also de-
monstrated that formylphenylhydrazines undergo cou-
pling reaction to diols containing two substituted
hydrazino moieties (5a—c) and the corresponding phe-
nylimine derivatives undergo coupling to corresponding
diamines (8a,b). In principle, numerous other trisubstitut-
ed hydrazines and al so secondary amines/amides could be
used as substrates and also bismuthanes of other benz-
aldehyde derivatives could be prepared and used in the
similar manner for arylation.
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A mixture of 2-(4-bromophenyl)-1,3-dioxolane (8.160 g,
35.6 mmol), Mg powder (0.909 g, 37.4 mmol) and THF (55
mL) was gently warmed to induce the reaction, keeping the
reaction mixture temperature below 40 °C. The reaction
mixture was stirred for 4 h at r.t. and cooled to 45 °C. A
solution of BiCl; (3.370 g, 10.7 mmol) in THF (55 mL) was
added over the period of 20 min at —45 °C. The mixturewas
stirred for 35 min at the same temperature and then allowed
towarmtor.t. Sat. NH,Cl solution and brine were added, the
mixture was filtered through celite and the filter cake was
washed with THF. The organic layer was separated and the
water layer was extracted with Et,0. The combined organic
layer was dried (MgSO,) and concentrated at reduced
pressure. The residuewas dissolved in the mixture of EtOAc
and CH,CI, and eluted with EtOAc through a short pad of
silicagel. Eluates were concentrated to about 1:3 of initial
volume and about the same volume of hexane was then
added. The precipitate was filtered and dried to give 4.74 g
of light yellow fine crystals (mp 150.5-151.5 °C).
Additional 0.16 g of product was obtained from the mother
liquor by silicagel column chromatography (EtOAc—
hexane). Overal yield 4.90 g (70%, purity by NMR >99%)).
H NMR (200 MHz, CDCly): § =4.03 (m, 2 H), 410 (m, 2
H),5.76 (s, L H), 7.47 (d, J= 8.0 Hz, 2 H), 7.74 (d, J = 8.2
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Hz, 2 H). ®C NMR (50 MHz): § = 65.3, 103.9, 128.5, 137.6,
156.3. Treatment of arylbismuthane 1 with TSOH inag THF

(see ref.?°) gave corresponding bismuthane with free

adehyde groups; *H NMR and *C NMR spectra were

identical with those described in ref. 120

(27) Hydrazine 2a was prepared as described in ref.™ (82%, mp
104.5-105.5 °C). Hydrazine 2b was prepared asdescribed in

ref 5 (78%, mp 109-110 °C).
Preparation of Hydrazine 2c. To the mixture of 1,2-

diacetylhydrazine (0.382 g, 3.30 mmol) and MeCN (10 mL)
were added Boc,O (0.756 g, 3.46 mmol) in MeCN (5 mL)
and then DMAP (0.010 g, 0.083 mmal) in MeCN (0.3 mL).
The mixture was stirred at r.t. for 17 h under argon. The
reaction mixture was then poured into the mixture of sat.
NH,CI (10 mL) and brine (20 mL) and extracted with Et,0.
The combined organic layer was washed with the mixture of
sat. NH,Cl and brine (1:2), sat. NaHCO, and brine, dried

(MgS0O,) and concentrated. Column chromatographic

separation (silicagel, EtOAc) of the residue gave 2c as

colourless ail (0.365 g, 51%), which crystallised on
standing, mp 104-105 °C (purity by NMR >99%).

(28) Typical Procedure. CH,CI, (5mL) and Et;N (0.21mL, 1.5
mmol) were added to the mixture of hydrazine (1.0 mmal),
Cu(OAc), (0.276 g, 1.5 mmol) and bismuthane 1 (0.985 g,
1.5 mmol) in oven-dried flask under argon. The reaction
mixture was stirred at r.t. For the synthesis of 3b additional
amounts of Cu(OAc), and Et;N were added after 22 h and 48
h [respectively 0.186 g, 1.0 mmol + 0.091 g, 0.5 mmol of
Cu(OAc), and 0.1 mL, 1.0 mmol + 0.1 mL, 1.0 mmol of

Et;N]. For the synthesis of 3c additional amounts of

Cu(OAc), (0.276 g, 1.5 mmol) and Et;N (0.28 mL, 2.0
mmol) were added after 24 h. After indicated time (see
Table 1) Et,0 and H,O or in case of 3c aso brine were
added. In case of 3a only H,0O was added, the mixture was

filtered through celite and the residue was rinsed with

CH,CI,. The organic layer was separated and the water layer
was extracted with Et,O and in case of 3a also with CH,Cl,
or in case of 3c also with EtOAc. The combined organic

layer was washed with brine, dried (MgSO,) and

concentrated at reduced pressure. The residue was purified
by silicagel column chromatography (EtOAc—hexane).

Compound 3a: Colourless ail (purity by NMR >95%).

Compound 3b: Colourless oil (purity by NMR >97%).

Compound 3c: Pale yellow ail (purity by NMR >98%).
(29) Acetal groups were removed similarly to the procedure

described in ref.?4; 0.4 equiv of TSOH were used in solvent

mixture THF—H,0 25:1. Compound 4a: Colourless ail
(purity by NMR >98%). 'H NMR (200 MHz, CDCl,):

§=1.49(s, 9H), 1.52 (s, 9 H), 7.11-7.88 (m, 9 H), 9.94 (s,
1 H). 3C NMR (50 MHz): § = 28.16, 28.20, 82.9, 83.5,

121.2,122.3, 125.7, 128.7, 130.4, 133.0, 141.0, 146.8,

152.5, 152.7, 190.9. Compound 4b: Colourless crystals, mp

96.5-98.5 °C (purity by NMR >97%). Compound 4c:
Colourless ail (purity by NMR >98%).

(30) For the use of Zn/Cu couplein condensations of imines, see:
(a) Vellemée, E.; Tubrik, O.; Loog, O.; M&eorg, S.; Mé&eorg,
U. Proc. Estonian Acad. Sci. Chem. 2003, 52, 91; Chem.
Abstr. 2003, 139, 325020. (b) Sergeeva, E. V.; Rozenberg,
V.1.; Antonov, D. Yu.; Vorontsov, E. V.; Starikova, Z. A.;

Hopf, H. Tetrahedron: Asymmetry 2002, 13, 1121.

(c) Shimizu, M.; lida, T.; Fujisawa, T. Chem. Lett. 1995,

6009.

(31) The Zn/Cu couple was prepared and used as described in

ref 3% products were separated by silicagel column
chromatography (EtOAc—hexane). Compound 6a’:
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(33)

(34)

(35)

(36)

37)

(38)

(39)

Colourless oil [purity by NMR >99%, by C,; HPLC
(MeOH-H,0, UV 254 nm) >95%.

Ganséuer, A.; Bauer, D. J. Org. Chem. 1998, 63, 2070.
Compound 5a: Off-white solid foam [purity by NMR >97%,
by C,g HPLC (MeOH—H,0, UV 254 nm) >97%, dI/

meso = 80:20]. *H NMR (200 MHz, CDCl;): & = 1.47 (s, 36
H), 3.04 [br s, -OH(dI)], 4.59 (dI, major) and 4.69 (meso,
minor) (2x s, 2 H), 6.97-7.50 (m, 18 H). 3C NMR (50
MHz): 5 = 28.2, 78.4, 82.4, 122.4, 123.0, 125.6, 127.2,
128.6, 137.1, 141.1, 141.4, 153.1. Compound 5b: White
solid foam [purity by NMR >97%, by C,; HPLC (MeOH-
H,0, UV 254 nm) >98%, di/meso = 80:20]. Compound 6b:
White solid foam [purity by NMR >98%, by C;s HPLC
(MeOH-H,0, UV 254 nm) >97%]. Compound 5c: White
solid foam [purity by NMR >94% (ca. 5% Et,0), by Cg
HPLC (MeOH-H,0, UV 254 nm) >96%, by *H NMR dI/
meso = 10:1]. Compound 6¢: White solid foam [purity by
NMR >98%, by C,s HPLC (MeOH-H,0, UV 254 nm)
>96%).

For 1,2-diols see: (a) Tsukinoki, T.; Kawalij, T.; Hashimoto,
|.; Mataka, S.; Tashiro, M. Chem. Lett. 1997, 26, 235; and
references therein. (b) For 1,2-diamines 'H NMR, see:
Eisch, J. J.; Kaska, D. D.; Peterson, C. J. J. Org. Chem. 1966,
31, 453. (c) *C NMR: Periasamy, M.; Srinivas, G.;
Karunakar, G. V.; Bharathi, P. Tetrahedron Lett. 1999, 40,
7577.

Gansauer and Bauer (see ref.%?) found that in order to obtain
good dl-selectivity, the concentration of adehyde must be
kept low, which was achieved by its very slow addition.
Compounds 7a—c were obtained by treatment of compounds
4a—c with aniline (1.2-2.0 equiv) in CH,CIl, at r.t. in the
presence of MgSO, followed by filtration through the pad of
celite and concentration at reduced pressure. Compound 7a:
Slightly yellow viscous oil (purity by NMR >98%).
Compound 7b: Light yellowish solid, mp 133-134 °C
(purity by NMR >99%). Compound 7c: Colourless ail
(purity by NMR >95%).

The Zn/Cu couple was prepared and used as described in
ref.2% products were purified by silicagel column
chromatography (EtOAc-hexane). Compound 8a (1:1
mixture of dl- and meso-isomers): Colourless ail [purity by
NMR >94% (ca. 4% Et,0), by C,g HPLC (MeOH—H,0, UV
254 nm) >97%]. *H NMR (200MHz, CDCl,): § = 1.40-1.57
(m, 36 H), 4.49[br, 3H, dI-NCH (1 H) and NH (2 H)], 4.88
(br s, 1 H, meso-NCH), 6.42-7.50 (m, 28 H). *C NMR (50
MHz): § = 28.2, 61.8 (meso), 63.3 (dI), 82.4, 113.9 (mes0),
114.2 (dl), 118.0 (meso), 118.3 (dI), 122.7, 125.6, 127.6,
127.7,128.6, 129.1, 129.2, 135.4 (meso), 137.0 (dI), 141.0,
141.3, 146.5, 147.0, 153.0. Compound 8b (1:1 mixture of dI-
and meso-isomers): Colourless glass [purity by NMR >82%
(ca. 15% 7b), by C,g HPLC (MeOH—H,0, UV 254 nm)
>86%].

Deprotection conditions for Boc groups which were probed:
(8) CF;COOH in CH,CI,, seefor example: Méeorg, U.;
Pehk, T.; Ragnarsson, U. Acta. Chem. Scand. 1999, 53,
1127. (b) Ag HCI in CH4CN. (c) BF;Et,0 in HOAC, see:
Hiskey, R. G.; Beacham, L. M. IlI; Matl, V. G.; Smith, J. N.;
Williams, E. B. Jr.; Thomas, A. M.; Wolters, E. T. J. Org.
Chem. 1971, 36, 488. (d) SnCl, in EtOAc, see: Miel, H.;
Rault, S. Tetrahedron Lett. 1997, 38, 7865.

Similarly, it has been found that removal of Boc groupsfrom
1,2-di-Boc-1,2-diarylhydrazines under usual conditions
resulted in cleavage of the N-N bond, to give rise to the
corresponding arylamines: Kim, K.-Y.; Shin, J-T.; Lee, K.-
S.; Cho, C.-G. Tetrahedron Lett. 2004, 45, 117.
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