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TLC, Merck aluminum sheets precoated with Kieselgel 60 Fog,
or Aluminum oxide Fyg, were used. For other general experimental
information see ref 7. Physical and spectroscopic data of products
are given in Table III.

General Procedure for the Lithiation of 1a-5a and Re-
action with Electrophiles. Preparation of 1-6¢-f and 7-9.
A solution of the lithiating agent (5 mmol) in THF (5 mL) at -80
°C was treated dropwise with a solution of 1a-5a (5 mmol) in THF
(5 mL). The reaction mixture was stirred at ~80 °C for 30 min,
and then the electrophile (5 mmol) was added neat. The mixture
was stirred for an additional 30 min then hydrolyzed by the
addition of saturated aqueous NH,Cl solution at -80 °C and
extracted in ether.

General Procedure for the Oxidation of Alcohols 2c-5c.
Preparation of 2g-5g. A solution of the alcohol 2e-5¢ (2 mmol)
in anhydrous acetone (6 mL) was treated portionwise with pow-
dered CrQ; (600 mg, 6 mmol) at 0 °C with vigorous stirring. The
mixture was stirred for 10 min at rt, and then the excess oxidizing
agent was destroyed by the addition of 2-propanol (1 mL), and
stirring was continued for 10 min. The mixture was poured into
saturated aqueous NaHCOQj solution (30 mL). The solids were
filtered off and washed with acetone (2 mL) and ether (50 mL).
The product was extracted from the filtrates in ether.

4-Hydrazino-3-phenyl-1H-pyrazolo[3,4-d Jpyrimidine
(10a). A suspension of 1g (253 mg, 1 mmol) in EtOH (3 mL) was
treated with anhydrous hydrazine (0.08 mL, 2.5 mmol) with
stirring. The solution was heated to reflux, filtered while hot,
and concentrated. The product, which crystallized out, was
filtered and washed with EtOH and ether; yield 84%.

1-Methyl-4-(1-methylhydrazino)-3-phenyl-1 H-pyrazolo-
[3,4-d Ipyrimidine (10b). A suspension of 1g (253 mg, 1 mmol)
in MeOH (2 mL) was treated with methylhydrazine (0.26 mL,
5 mmol) with stirring. The mixture was stirred for 2 h at rt, the
solvents were removed under reduced pressure, and the product
was taken in ether; yield 80%.

5-Benzoyl-6-chloro-4-(phenylamino)pyrimidine. A solution
of 1g (506 mg, 2 mmol), aniline (0.22 mL, 2.4 mmol), and Et;N
(1 mL) in benzene (10 mL) was heated under reflux for 12 h and
then left 16 h at rt. The solvents were removed under reduced
pressure, and the product was taken in CH,Cl,. The solution was
washed with water and dried (Na,S8O,). The product was further
purified by chromatography; yield 92%, mp 125-126 °C
(CH,Cly/hexane): 'H NMR (CDCl,) 6 7.14 (t, 1 H, J = 2.0 Hz),
7.33 (t,2H,J = 2.0 Hz), 7.44-7.56 (m, 4 H), 7.62 (t, 1 H,J = 2.0
Hz),7.82 (d, 2 H, J = 2.0 Hz), 8.39 (s, 1 H), 8.52 (s, 1 H); 13C NMR
(CDCly) 6 112.88 (s), 122.08 (d), 124.96 (d), 128.81 (d), 129.20 (d),
134.14 (d), 137.17 (s), 157.96 (s), 158.37 (d), 159.19 (s), 194.63 (s).
Anal. Caled for Ci;H,,CIN;O: C, 65.92; H, 3.91; N, 13.57. Found:
C, 66.28; H, 4.15; N, 13.66.

5-Phenylpyrimido[4,5-b]Jquinolin-4(3H)-one (11). A hom-
ogenized mixture of the previous product (310 mg, 1 mmol) and
PPA (3.0 g) was heated at 100 °C bath temperature for 10 min.
On cooling the mixture was hydrolyzed with water and neutralized
with saturated aqueous K,CO; solution. The product, which
crystallized out, was filtered and washed with water and MeOH;
yield 97%.

4-Chloro-5-phenyl-11H-pyrimido[4,5-b ][1,5]benzo-
diazepine (12). A suspension of 1,2-phenylenediamine (130 mg,
1.2 mmol) in anhyd benzene (4 mL) was treated with Et;N (0.14
mL, 1 mmol), and the mixture was stirred at 45 °C until a clear
solution was formed. Then, a solution of 1g (2563 mg, 1 mmol)
in benzene (3 mL) was added dropwise with stirring and the
reaction mixture was refluxed for 1 h. Solvents were removed
under reduced pressure and the product was purified by chro-
zsnao;og'raphy on silica gel using benzene/ether as the eluent; yield

7% .
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The supported-reagent technique has attracted consid-
erable interest among synthetic chemists in recent years.?
Advantages frequently claimed in favor of supported
reagents compared with their homogeneous counterparts
are increased yields, mild conditions, and clean and rapid
reactions, but examples of regio-, stereo-, and chemose-
lective control using supported reagents are rather few.?
We have recently introduced silica gel supported zinc
borohydride for the regio- and stereoselective reductive
cleavage of unsymmetrical epoxides' and herein wish to
disclose another application of this reagent for regiose-
lective 1,2-reduction of conjugated ketones and aldehydes.

Selective reduction of conjugated ketones and aldehydes
to the corresponding allylic alcohols is a challenging
problem, since it is usually associated with varying
amounts of concomitant reduction of the double bonds.
This leads to saturated alcohols and/or ketones, due to
competing 1,2- vs 1,4-attack by hydride.* Considerable
progress has been made in the development of various
reducing agents for this purpose,’ but few have proven very

(1) For previous paper, see: Ranu, B. C.; Das, A. R. J. Chem. Soc.,
Chem. Commun. 1990, 1334.

(2) (a) Suzuki, T.; Wada, K.; Shima, M.; Watanabe, Y. J. Chem. Soc.,
Chem, Commun. 1990, 1059, (b) Nishiguchi, T.; Taya, H. J. Chem. Soc.,
Perkin Trans. 1 1990, 172. (c) Nishiguchi, T.; Asano, F. J. Org. Chem.
1989, 54, 1631. (d) Nishiguchi, T.; Bougauchi, M. Jbid. 1989, 54, 3001.
(e) Laszlo, P.; Cornélis, A. Aldrichimica Acta 1988, 21, 97. (f) Ferreira,
J. T. B,; Cruz, W. O.; Vieira, P. C.; Yonashiro, M. J. Org, Chem. 1987,
52, 3698. (g) Laszlo, P. Acc. Chem. Res. 1986, 19, 121. (h) Cornélis, A.;
Laszlo, P. Synthesis 1985, 909. (i) Mckillop, A.; Young, D. W. Ibid. 1979,
401, 481, (j) Posner, G. H. Angew. Chem., Int. Ed. Engl. 1978, 17, 487.

(3) (a) Nishiguchi, T.; Taya, H. J. Am. Chem. Soc. 1989, 111,9102. (b)
Cornélis, A.; Laszlo, P.; Pennetreau, P. Bull. Soc. Chim. Belg. 1984, 93,
961. (c) Posner, G. H.; Rogers, D. Z. J. Am. Chem. Soc. 1977, 99, 8208.
(d) Posner, G. H.; Chapdelaine, M. J. Synthesis 1977, 5565. (e) Posner,
G. H.; Chapdelaine, M. J. Tetrahedron Lett. 1977, 3227. (f) Posner, G.
H.; Perfetti, R. B.; Runquist, A. W. Ibid. 1976, 3499. (g) Tronchet, J. M.;
Tronchet, J.; Birkhauser, A, Helv. Chim. Acta 1970, 53, 1489, (h) Fetizon,
M.; Golfier, M.; Louis, J.-M. J. Chem. Soc., Chem. Commun. 1969, 1102.

(4) (a) House, H. 0. Modern Synthetic Reactions, 2nd ed.; W. A.
Benjamin: New York, 1872, (b) Lane, C. F. Aldrichimica Acta 1976, 9,
31. (c) Hudlick$, M. Reductions in Organic Chemistry; Ellis Horwood
Limited: Chichester, England, 1984.
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Table I. Reduction of Conjugated Carbonyl Compounds to
the Corresponding Allylic Alcohols with Silica Gel
Supported Zinc Borohydride

time yield®
entry starting carbonyl compd (h) (%)
1  3-methylcyclohex-2-en-1-one 8 80
2  4-carbethoxy-3-methylcyclohex-2-en-1- 8 82
one®
3 (8)-(+)-carvone® 8 80°
4  3-carbomethoxycyclohex-2-en-1-one 8 85
5 a-ionone® 8 85
6 cyclopent-2-en-1-one 8 20 (50)¢
7  cyclohex-2-en-1-one 8 15 (55)¢
8 PhCH=CHCOCH, 7 85
9 mesityl oxide 8 65
10 cinnamaldehyde 7 87
11 citral 7 88
12  crotonaldehyde 7 80
13  4-nitrobenzaldehyde 7 8

sYield of isolated pure products. ® As mixture of isomers (70:30)
by GLC. ¢As mixture of isomers (60:40) by GLC. 9Yields in par-
entheses refer to those obtained by carrying out the reaction at —23
°C (entry 6) and ~78 °C (entry 7) for 8 h without any solvent.

Table II
% composition % yield of
of 1,2- vs isolated
1,4-product allylic
carbonyl compd (GC) alcohol
3-methylcyclohex-2-en-1-one 50:50 38
(S)-(+)-carvone 60:40 45
PhCH=CHCOCH, 50:50 40
citral 55:45 40
cyclopent-2-en-1-one 15:85
cyclohex-2-en-1-one 10:90

general and practical in scope. Thus, there is a need for
new reducing agents that are reliable, easy to use, and
inexpensive. We have found that our recently developed
silica gel supported zinc borohydride! provides an efficient
and highly selective reduction of conjugated ketones and
aldehydes to the corresponding allylic alcohols.

In a typical procedure, the conjugated carbonyl com-
pound was treated with silica gel supported zinc boro-
hydride in tetrahydrofuran at -5 to ~10 °C for 7-8 h and
the corresponding allylic alcohol was isolated in a pure
state by hydrolysis and simple ether extraction. The re-
sults are reported in Table L.

As shown in Table I, structurally varied conjugated
ketones and aldehydes were reduced to the corresponding
allylic alcohols in good yields. No appreciable 1,4-reduction
products were observed or isolated except in the cases of
cyclopentenone and cyclohexenone. But, much improve-
ment was observed when reduction was carried out with
these two ketones in the absence of solvent (entries 6, 7).
Several easily reducible functional groups, such as car-
boxylic ester, double bond, and nitro, remained unaffected
under these conditions.

(5) (a) Mittakanti, M.; Peters, J. L.; Morse, K. W. J. Org. Chem. 1990,
55, 4468. (b) Nutaitis, C. F.; Bernardo, J. E. Ibid. 1989, 54, 5629. (c)
Kaspar, J.; Trovarelli, A.; Lenarda, M.; Graziani, M. Tetrahedron Lett.
1989, 30, 2705. (d) Sanchez, R.; Scott, W. Ibid. 1988, 29, 139. (e) Bhaduri,
S.; Sharma, K. J. Chem. Soc., Chem. Commun. 1988, 173. (f) Farnetti,
E.; Pesce, M.; Kaspar, J.; Spogliarich, R.; Graziani, M. J. Chem. Soc.,
Chem. Commun. 1986, 746. (g) Kim, S.; Ahn, K. H. J. Org. Chem. 1984,
49, 1717. (h) Gemal, A. L.; Luche, J.-L. J. Am. Chem. Soc. 1981, 1083,
5454. (i) Mordenti, L.; Brunet, J. J.; Caubere, P. J. Org. Chem. 1979, 44,
2203. (j) Krishnamurthy, S.; Brown, H. C. Ibid. 1977, 42, 1197. (k)
Posner, G. H.; Runquist, A. W,; Chapdelaine, M. J. Ibid. 1977, 42, 1202.
(1) Hutchins, R. O.; Kandasamy, D. Ibid. 1975, 40, 2530. (m) Johnson,
M. R,; Rickborn, B. Ibid. 1970, 35, 1041. (n) Wilson, K. E.; Seidner, R.
T.; Masamune, S. J. Chem. Soc., Chem. Commun. 1970, 213.
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Zinc borohydride in DME has been reported® to effect
reduction of conjugated ketones to the allylic alcohols in
the synthesis of prostaglandins, but we found this com-
bination to produce substantial amounts of 1,4-addition
products in simple cyclic and acyclic carbonyl compounds.”
Our supported reagent eliminates this drawback. More-
over, this reagent has unique and uniform reducing
properties toward both cyclic and acyclic enones different
from those obtained with sodium cyanoborohydride® and
diisobutylaluminum hydride.®® Compatibility with a va-
riety of normally reducible functional groups makes this
procedure more attractive and useful for selective reduc-
tions in multifunctional molecules. Thus, this reagent
avoids the disadvantages of strong reducing agents like
DIBALH.*® Though reductions of cyclopentenone and
cyclohexenone with this supported reagent are not as
satisfactory as those obtained with NaBH,/CeCl,,*® DI-
BALH,™ and 9-BBN,5 significant improvement during
neat reduction is interesting® compared with the results
in solution.’

In conclusion, silica gel supported zinc borohydride thus
appears to be a mild and efficient reagent for the reduction
of a variety of conjugated aldehydes and ketones to the
corresponding allylic alcohols in high yields. Moreover,
the easy availability of this reagent makes this simple
procedure extremely attractive and a practical alternative
to the existing methods,’ and we believe this will find
general acceptance in organic synthesis.

Experimental Section

'H NMR spectra were recorded at 60 or 200 MHz in
CCl, and CDCl; solutions. GLC was done using a SE-30
column (2 m) and N, as carrier gas. Thin-layer chroma-
tography was done on precoated silica gel plates (Eastman
Kodak Co.). Zn(BH,), in 1,2-dimethoxyethane (DME) was
prepared from ZnCl, and NaBH, according to the reported
procedure.®® THF was distilled from Ph,CO-K under N,
immediately prior to use.

Preparation of Silica Gel Supported Zinc Boroh-
dyride. A solution of Zn(BH,), (285 mg, 3 mmol) in DME
(3 mL) was added to silica gel HF 254 (1 g) and stirred at
room temperature for 30 min. Solvent was then evapo-
rated under reduced pressure at room temperature to give
the supported reagent, which was used for the reduction
of conjugated carbonyl compound (1 mmol) on the same
or next day.

General Procedure for Reduction. 3-Methylcyclo-
hex-2-en-1-one (110 mg, 1 mmol) was stirred with the silica
gel supported Zn(BH,),, prepared as in the previous text,
in THF (56 mL) at -5 to —10 °C (ice-salt bath) under Nj.
Stirring was continued for 8 h until completion of the
reaction as monitored by TLC. The reaction mixture was
then decomposed by careful dropwise addition of water
and filtered through Celite. The filtrate was extracted with
Et,0 (3 X 10 mL), and the extract was washed with sat-
urated aqueous solution of NaHCO; and brine. It was then
dried (Na,SO,) and evaporated to leave the product. The
crude product was chromatographed through a short
column of silica gel to leave a pure alcohol (80 mg, 80%).

(8) (a) Crabbé, P.; Guzmén, A.; Vera, M. Tetrahedron Lett. 19783, 3021.
(b) Crabbé, P.; Garcia, G. A.; Rius, C. J. Chem. Soc., Perkin Trans. 1
1973, 810. (c) Corey, E. J.; Anderson, N. H,; Carlson, R. M.; Paust, J.;
Vedejs, E.; Vlattas, I.; Winter, R. E. K. J. Am. Chem. Soc. 1968, 90, 3245,
(Sté)lgorey, E. J.; Becker, K. B.; Varma, R. K. J. Am. Chem. Soc. 1972, 94,

(7.) For the results of the reduction of some carbonyl compounds with
%‘nﬁﬁﬁ)z in DME under the conditions of a reported procedure,® see

able II.

(8) Reduction in the absence of solvent is now being explored for

further useful applications.
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This procedure was followed for the reduction of the
other conjugated carbonyl compounds. The allylic alcohols
obtained were purified (=95%) by column chromatography
(distillation was avoided to prevent loss of material due
to decomposition or polymerization). The products were
identified and the purities were checked by comparison
with authentic samples (TLC, IR, and 'H NMR).

Spectral data for 3-carbomethoxycyclohex-2-en-1-0l
(entry 4): IR (neat) 3200-3500 (broad), 1715 cm™; 'H
NMR (CCl,) é 1.2-2.3 (m, 6 H), 3.62 (s, 3 H), 3.84 (broad
s, 1 H), 4.20 (broad, 1 H), 6.81 (m, 1 H) (homogeneous by
GLC and TLC).

Reduction of 3-Methylcyclohex-2-en-1-one on a
Multigram Scale. 3-Methylcyclohexenone (5.5 g, 0.05
mol) was added dropwise to a stirred suspension of Zn(B-
H,); (14.25 g, 0.15 mol) supported on silica gel (30 g;
(prepared as in the previous text from the solution (140
mL) of Zn(BH,), in DME and silica gel) in THF (100 mL)
under N, and stirred further for 8 h at =5 to -10 °C. The
reaction was worked up as in the previous text and the
crude product was chromatographed over silica gel to leave
the pure alcohol (4.56 g, 80%).

Alternatively, supported reagent can be added in por-
tions to the solution of 3-methylcyclohexenone in THF to
get same result.

Reduction of Cyclohex-2-en-1-one with the Sup-
ported Reagent without Any Solvent. Neat cyclo-
hexenone (96 mg, 1 mmol) was added to the solid sup-
ported reagent, prepared as in the previous text, at ~78 °C
under N,, and stirring was continued for 8 h (monitored
by TLC). The reaction mixture was decomposed with
careful dropwise addition of H,O and worked up as in the
previous text to furnish pure cyclohex-2-en-1-o0l (54 mg,
55%) after chromatography. The same procedure was
followed for the reduction of cyclopentenone at 23 °C.
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Tris(8-cyanoethyl)nitromethane (1) has become a con-
venient and inexpensive starting material for the con-
struction of cascade polymers (“arborols”)? and Micellanes.?
Although transformations have been reported involving
the nitrile functionality of 1, little attention has been given
to the conversion of the nitro group into carbozxylic acid
derivatives.* Since nitro groups attached to tertiary

(1) Cascade Polymers. 17. Building Blocks for Cascade Polymers. 7.
For previous paper in this series, see: Weis, C. D.; Newkome, G. R. J.
Org. Chem. 1990, 55, 5801.

(2) Newkome, G. R.; Baker, G. R.; Arai, S.; Saunders, M. J.; Russo, P.
8.; Theriot, K. J.; Moorefield, C. N.; Rogers, L. E.; Miller, J. E.; Lieux,
T. R.; Murray, M. E,; Phillips, B.; Pascal, L. J. Am. Chem. Soc. 1990, 112,
8458 and references therein.

(3) Newkome, G. R.; Moorefield, C. N.; Baker, G. R.; Johnson, A. L.;
Bahera, R. K. Angew. Chem., Int. Ed. Engl., in press. Newkome, G. R.;
ll\isg?re.ﬁeld, C. N.; Baker, G. R.; Saunders, M. J.; Grossman, 8. H. Ibid.

, in press.
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carbon atoms can undergo radical anionic displacement
reactions,® we decided to investigate the potential use of
1 as a source of new building blocks for cascade polymers.

Homologation was easily accomplished by treatment of
the sodium salt of nitromethane with 1, thus providing a
quaternary C-center having a ~CH;NO, substituent.
Subsequent transformations of the -CH,NO, moiety
(Scheme I) gave rise to novel polyfunctionalized neo-
pentane cores.

Although the reaction of 4 mol of nitromethyl anion with
1 mol of 1 in DMSO in the presence of an external light
source did not occur at 25 °C,5® reaction commenced
spontaneously at 60-65 °C and was terminated after ~30
min, providing 2 in 64% yield. Extended reaction times
caused diminished yields of isolated product. Compound
2 was easily characterized by the appearance of a new peak
at 6 78.2 in the 3C NMR spectrum for the CH,NO, and
a notable shift (Aé 50) for the quaternary carbon. Inter-
estingly, as noted earlier,’ no reaction was observed when
DMF was used as a solvent. Further substitution of 2 with
acrylonitrile in the presence of Triton-B or DBU was re-
stricted to the introduction of only one S-cyanoethyl group,
affording 3 in 40% yield. The *C NMR spectrum of 3
shows a peak at § 92.2 (CHNO,) and other peaks for the
unique cyanoethyl moiety. Presumably, steric factors
hamper any further approach of a second acrylonitrile
molecule. It should be noted that the generally facile
replacement of the nitro group in 1 by a §-cyanoethyl
moiety by using tri-n-butyltin hydride’ failed completely.

Transformations of a primary nitro group into other
functionalities have been reported.® Conversion of the
-CH,NO, moiety into nitrile 4 by reaction with PCl; in
pyridine was straightforward.? The appearance of two
C==N peaks in the 13C NMR spectrum at 4 119.6 and 120.3
in an approximate 1:3 ratio confirmed the structure of 4.
Aldehyde 5 was prepared in excellent yield by the oxida-
tion of 2 with KMnO, in aqueous potassium tetraborate
solution.!®!! The structural assignment is supported by
the new peak in the 1*C NMR spectrum at & 204.6 for the

(4) Newkome, G. R.; Moorefield, C. N.; Theriot, K. J. J. Org. Chem.
1988, 55, 5662.

(5) Kornblum, N.; Erikson, A. S. J. Org. Chem. 1981, 46, 1087.

(6) In ref 4, the molecular ratio of NaH to reagents was erroneously
presented.

(7) Ono, N.; Miyake, H.; Kamimura, A.; Hamamoto, I.; Tamura, R.;
Kaji, A. Tetrahedron 1988, 41, 4013.

(8) Kornblum, N. Aldrichimica Acta 1990, 23, 71.

(9) Wehrli, P. A.; Schaer, B. J. Org. Chem. 1977, 42, 39686.

(10) Kienzle, F.; Holland, G. W.; Jernow, J. L.; Kwoh, S.; Rosen, P. J.
Org. Chem. 1973, 38, 3440.

(11) Huggenberg, W.; Hesse, M. Helv. Chim. Acta 1983, 66, 1519,
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