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Table I. Synthesis of Arylmalononitriles from 
Aromatic Acetonitriles 

aryl- 
malono- yield, 

arylacetonitrile nitrile % mp, "C 
phenyl 
4-methoxyphenyl 
4-bromophenyl 
3,4 -( me thylenedioxy )phenyl 
3-pyridyl 
1-naphthyl 
2-me thylphenyl 
2-chlorophen yl 

1 94 
7 77 
9 91 
10 92 
11 56 
1 2  100 
13 95 
14 92 

67-68 
71-72 
86-87.5 
131-133 

165-1 66 
49-50 
62-63 

250 dec 

aqueous base, followed by acidification. The overall re- 
action is shown in eq. 7. Seven additional arylmalono- 
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nitriles were synthesized in excellent yield by the same 
general procedure. The results are summarized in Table 
I. 

2-Chlorobenzyl thiocyanate (8), unlike cyanogen chlo- 
ride, is a selective cyanating agent and does not react with 
highly stabilized anions. Thus, the anion of phenyl- 
malononitrile does not react with thiocyanate 8, although 
it can be further cyanated to phenyltricyanomethane by 
cyanogen chloridelo (eq 8). 

NaH 
PhCH(CN)Z PhC(CN)B 

Similarly, thiocyanate 8 did not react with the anion of 
ethyl a-cyanophenylacetate, whereas the reaction of anions 
of this type with cyanogen chloride proceeds readily. 

Experimental Section 
General Methods. Melting points were determined on a 

Thomas-Hoover apparatus and are uncorrected. Mass and in- 
frared (KBr) spectra were recorded with a Hitachi Perkin-Elmer 
RMH-2 and a Perkin-Elmer Model 137 spectrometer, respectively. 
NMR spectra were recorded on a Bruker 250 FT machine with 
CDC13 solution containing Me4Si as an internal standard unless 
otherwise noted and are reported in 6 units (J values are in hertz). 
Elemental analyses were carried out by Galbraith Laboratories. 

General Procedure for the Cyanation of Arylacstonitriles. 
To a solution of LDA (11.0 mmol) in benzene (75 mL) at 5 "C 
under nitrogen was added a solution of the arylacetonitrile (5.00 
mmol) in benzene (25 mL), and the reaction mixture was stirred 
for 15 min. A solution of 2-chlorobenzyl thiocyanate (11.0 "01) 
in benzene (50 mL) was added over 15 min, and the reaction 
mixture was stirred for an additional hour. The reaction was 
worked up by washing the benzene solution with water and 10% 
aqueous sodium hydroxide. The combined aqueous solution was 
cooled in an ice bath and acidified to pH 1 with concentrated 
hydrochloric acid. The product was extracted into methylene 
chloride, and the solution was dried over MgSO, and evaporated 
to give the arylmalononitrile. Arylmalononitriles 7,9-12, and 14 
were crystallized from ethanol, and 1 and 13 were distilled at  
reduced pressure. 

Phenylmalononitrile (1): mp 67-68 "C (1it.l~~ mp 68-69 "C); 
IR (KBr) 2900.1480.1450 cm-': 'H NMR (CDC1,) 5.08 (8.1 H). 
7.50 (s ,  5 H); mle  (relative inknsity) 142 (M+,%8), 115'(100): 
(2-Methylpheny1)malononitrile (13): mp 49-50 "C; IR (KBr) 

2900, 1480, 1450 cm-'; 'H NMR (CDC13) 2.48 (s, 3 H), 5.05 (a, 1 
H), 7.38-7.60 (m, 2 H); MS, mle  (relative intensity) 156 (M', 35), 

(10) Wagner, H.,; Gompper, R. Angew Chem., Znt. Ed. En&. 1969,8, 
986. 
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141 (E), 129 (loo), 91 (23). Anal. Calcd for Cl0H8N2: C, 76.92; 
H, 5.13; N, 17.95. Found: C, 76.75; H, 5.28; N, 17.76. 
(2-Chlorophenyl)malononitrile (14): mp 62-63 "C (lit.' mp 

60-62 "C) IR (KBr) 2900,1475,1440 cm-'; 'H NMR (CDC13) 5.38 
(s, 1 H), 7.40-7.75 (m, 4 H); MS, mle (relative intensity) 176 (M', 
41) 141 (loo), 114 (19). 

1-Naphthylmalononitrile (12): mp 165-166 "C (lit.5 mp 
166-167 "C); IR (KBr) 2900,1500 cm-'; 'H NMR (CDC13) 5.58 
(8, 1 H), 7.54-8.05 (m, 7 H); MS mle (relative intensity) 192 (M', 
1001, 191 (31), 165 (47). 
(kBromopheny1)malononitrile (9): mp 86-87.5 "C; JR (KBr) 

2900, 1490 cm-'; 'H NMR (CDClJ 5.05 (s, 1 H), 7.39 (d, J = 8.5 
Hz, 2 H), 7.65 (d, J = 8.5 Hz, 2 H); MS, mle (relative intensity) 
222 (18), 220 (M', 19), 141 (100); high-resolution mass spectrum, 
calcd for C&,BrN2 mle  219.9636 and 221.9616, found 219.9664 
and 221.9626. 
(4-Methoxypheny1)malononitrile (7): mp 71-72 "C (lit.' mp 

67-69 OC; IR (KBr) 2850,1600,1510 cm-'; 'H NMR (CDC13) 3.84 
(s, 3 H), 5.01 (s, 1 H), 7.41 (d, J = 8.5 Hz, 2 H), 7.98 (d, J = 8 
Hz, 2 H); MS, mle  (relative intensity) 172 (M+, 100), 161 (30), 
157 (39), 102 (34). 

3-Pyridylmalononitrile (1 1): decomposes at  250 "C (lit.lo 
mp 246-248 "C); IR (KBr) 3100, 2175, 2125 cm-'; 'H NMR 
(Me2So-d6) 7.60 (8,  2 H), 7.91 (8, 2 H), 13.0 (br s, 1 H); MS, mle 
(relative intensity) 143 (M+, 100), 116 (80); high-resolution mass 
spectrum, calcd for CBH5N3, mle  143.0483, found 143,0483. 
[3,4-(Methylenedioxy)phenyl]malononitrile (10): mp 

131-133 "C; IR (KBr) 2950,1500,1440 cm-'; 'H NMR (CDC13) 
4.96 (s, 1 H), 6.06 (8,  2 H), 6.84-6.98 (m, 3 H); MS, mle (relative 
intensity) 186 (M', loo), 185 (96), 156 (40), 128 (99). Anal. Calcd 
for CloH6N2O2: C, 64.52; H, 3.23; N, 15.05. Found C, 64.73; H, 
3.43; N, 15.04. 
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In conjunction with a program directed toward the 
synthesis of the antibiotic streptolydigin (l),l we sought 
a convenient supply of the trideoxyhexose subunit rho- 
dinose (2).2 Two syntheses of rhodinose, both from car- 

OH 

2 

(1) Rinehart, K. L., Jr.; Borders, D. B. J.  Am. Chem. SOC. 85, 4083 
(1963). 

(2) (a) Stevens, C. L.; Blumbergs, P.; Wood, D. L. J. Am. Chem. Soc. 
86,3592 (1964). (b) Rhodinose is also a component of the oligosaccharides 
present in the rhodomycin family of anthracycline antibiotics: Brock- 
"I, H.; Greve, H. Tetrahedron Lett., 831 (1975) and references therein. 
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bohydrate precursors [L-rhamnose (3): L-xylose (4)4], have 
been reported>6 but they are low yield and quite lengthy 
by current standards, especially if the lack of complexity 
of 2 is taken into account. 

We now report a four-step synthesis of 2 from readily 
available @)-ethyl lactate (5), which proceeds in 31% 
overall yield (Scheme I). The key reaction in the sequence 
takes advantage of the precedentedg propensity of chiral 
a-alkoxy aldehydes to suffer "chelation-controlled"9c ad- 
dition of Grignard reagents and proceeds with a diaster- 
eoselectivity of 19:1 a t  -100 O C . l 0  

Experimental Section 
General Procedures. Melting points were determined in 

Pyrex capillaries and are uncorrected; specific rotations were 
obtained with a Perkin-Elmer 141 polarimeter and IR spectra were 
taken on a Perkin-Elmer 599B spectrophotometer. 'H NMR 
spectra were recorded at  60 MHz on an Hitachi Perkin-Elmer 
R-24 NMR spectrometer and mass spectra on an Hitachi Per- 
kin-Elmer RMS-4 mass spectrometer. High-pressure liquid 
chromatographic (HPLC) separations were performed on a Varian 
Model 5000 chromatograph equipped with a Varian Varichrome 
UV-vis detector and a 4 mm X 30 cm C18-rBondapak column. 
Thin-layer chromatography (TLC) was performed on 0.25-mm 
Machery-Nagel Si1 G/UVm plastic sheets; spots were visualized 
with phosphomolybdic acid. Column Chromatography was carried 
out according to the procedure of Still et al." Elemental analyses 
were performed by Galbraith Laboratories. 

Except for the hydrolysis of 9 to 2, all reactions were conducted 
under an atmosphere of nitrogen. 

(S)-Et hyl2-[ (2-Methoxyethoxy)met hoxylpropionate (6). 
Nfl-Diiiopropylethylamine (48.5 g, 65 mL, 0.375 mol) was added 
to dry distilled methylene chloride (ca. 250 mL) and the mixture 
cooled in an ice bath. (S)-Ethyl lactate (29.5 g, 29.0 mL, 0.25 mol) 
was added in one portion and the mixture stirred at room tem- 
perature for 15 min. (2-Methoxyethoxy)methyl chloride (46.75 

(3) Haines, A. H. Carbohydr. Res. 21,99 (1972). 
(4) Knollman, R.; Dyong, I. Chem. Ber. 108, 2021 (1975). 
(5) The antipode of 2 has been prepared from triacetylglucal (see ref 

2a). 
(6) The preparation of benzyl 4-0-acetyl-2,3,6-trideoxy-~-threo-hexo- 

pyranoside (a protected form of 2) from L-rhamnose has also been de- 
scribed: El Khadem, A. H.; Cermak, R. C. Carbohydr. Res. 75,335 (1979). 

(7) Corey, E. J.; Gras, J.-L.; Ulrich, P. Tetrahedron Lett., 809 (1976). 
(8) Stowell, J. C. J. Org. Chem. 41, 560 (1976). 
(9) (a) Wolfrom, M. L.; Hanessian, 9. J. Org. Chem. 27, 1800 (1962). 

(b) Nakati, T.; Kishi, Y. Tetrahedron Lett., 2745 (1978). (c) Still, W. C.; 
Schneider, J. A. Zbid. 21, 1035 (1980). 

(10) The degree of stereoselectivity is temperature dependent. The 
9/epi-9 ratio is 80:20 and W 1 0  at -30 and -78 O C  (internal temperatures), 
respectively. Use of temperatures below 100 OC was precluded by the 
freezing of the reaction mixture. The degree of stereoselectivity is also 
dependent on the molar ratio of substrate to Grignard reagent. In si- 
multaneoua experimenta conducted at  -78 OC using the same stock so- 
lution of 8, reaction of 7 with 8 prepared from 4 and 7.2 equiv of the 
halide gave 9/epi-9 product ratios of M 2 0  and W10, respectively. 

(11) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 43, 2923 (1978). 

g, 46 mL, 0.375 mol, Aldrich) was added dropwise over 0.5 h and 
the mixture stirred for an additional 4 h. The mixture was then 
washed successively with distilled water (3 X 150 mL), 10% 
hydrochloric acid (150 mL), and water (150 mL) and dried over 
anhydrous sodium sulfate. Removal of solvent in vacuo gave 50 
g (90%) crude ester that was over 90% pure as judged by TLC 
(chloroform/methanol, 955) and NMR and was ordinarily used 
without further purification. Analytically pure material was 
obtained by distillation: bp 75-76.5 "C (5 torr); NMR (CDC13) 
6 1.30 (3 H, t, J = 7 Hz), 1.54 (3 H, d, J = 8 Hz), 3.35 (3 H, s), 
3.4-3.9 (4 H, m), 4.16 (2 H, q, J = 7 Hz), 4.24 (1 H, q, J = 8 Hz), 
4.77 (2 H, 8); [aIz3D -42.5" (c 1.0, absolute EtOH). Anal. Calcd 
for C9H1806: C, 52.42; H, 8.73. Found C, 52.59; H, 8.83. 

(S)-2-[ (2-Methoxyethoxy)methoxy]propanal (7). Crude 
ester 6 (80 g, 0.386 mol) was dissolved in 500 mL of dry distilled 
methylene chloride at -78 "C and the mixture mechanically 
stirred. Diisobutylaluminum hydride (56.8 g, 0.40 mol, 1 M 
solution in hexane, Aldrich) was added over a period of 15 min 
and the mixture stirred for 1 h at -78 "C followed by quenching 
at -78 "C with 100 mL of a saturated solution of ammonium 
chloride. Hydrochloric acid (4%, 200 mL) was added, the cooling 
bath removed, and the mixture stirred for l/z h. The mixture 
was subsequently extracted with methylene chloride (4 X 200 mL), 
and the extracts were dried over anhydrous sodium sulfate. 
Removal of solvent gave 55 g of crude aldehyde. Distillation gave 
53 g (85%) of pure 7: bp 53-54 "C (0.6 torr); NMR 6 1.32 (3 H, 
d, J = 7 Hz), 3.38 (3 H, s), 3.48-3.9 (4 H, m), 4.1 (1 H, q of d, J 

(c  1.0, absolute C2H50H). Anal. Calcd for C,H& C, 51.84; 
H, 8.70. Found: C, 51.90; H, 8.72. 

(S ,S )-a-[ 1-( (%-Met hoxyet hoxy)met hoxy )et hyll- l,3-diox- 
ane-2-propanol (9). Magnesium turnings (12 g, 0.5 mol) were 
taken in dry tetrahydrofuran (400 mL) in a flask provided with 
a condenser. 2-(2-Bromoethyl)-1,3-dioxane (71 g, 50 mL, 0.36 mol, 
Fluka) was added over a period of 5 min. The exothermic reaction 
was controlled by cooling periodically in ice. The mixture was 
subsequently refluxed for 15 min and then stirred at  room tem- 
perature for an additional 30 min. 

was added via 
syringe over 1 h to a solution of 8.0 g (0.050 mol) of aldehyde 7 
in 200 mL of dry tetrahydrofuran maintained at -100 "C (in- 
t e rndo  temperature, a liquid N2/dry ice bath was employed). 
The mixture was stirred at -100 "C for an additional 1 h and the 
solvent removed. The residue was poured cautiously into 500 mL 
of 0.5% hydrochloric acid and extracted with ether (4 X 200 mL). 
The organic layer was dried over anhydrous sodium sulfate and 
the solvent removed to give the crude alcohol that was purified 
by column chromatography, using 1:l acetone/chloroform as 
eluent to afford the desired product (9) and the undesired isomer 
in a 955 ratio (10 g, 75%) as determined by HPLC.12 The desired 
9 can be separated from ita epimer by careful flash chromatog- 
raphy (1:l acetone/chloroform). Analytically pure 9 was obtained 
by HPLC, using methanol as the eluent: NMR 6 1.20 (3 H, d, 
J = 6 Hz), 1.45-1.9 (4 H, m), 3.12 (1 H, br s, OH), 3.35 (3 H, s), 
3.4-4.2 (11 H, m), 4.57 (1 H, t, J = 3 Hz), 4.75 (2 H, 8); [alZ,,-6.5" 
( c  1.0, absolute C2H60H). Anal. Calcd for C13H2606: C, 56.10; 
H, 9.42. Found C, 56.25; H, 9.32. 
2,3,6-Trideoxy-~-threo-hexose (2, Rhodinose). Alcohol 9 

(2.78 g, 10 mmol) was dissolved in a mixture of 50 mL of acetone, 
10 mL of water, and 10 mL of 10% hydrochloric acid and heated 
at 55 "C for 2 h at which time the reaction was judged completed 
by TLC (1:l CH,COCH3/CH30H). The acidic solution was 
neutralized with 15 mL of 3% sodium bicarbonate solution and 
the solvent removed in vacuo. The crude product was purified 
by column chromatography (silica gel, 1:l CH3COCH3/CHC13) 
to give 760 mg (57%) of 2 as a pale-yellow oil. Analytically pure 
material was obtained by HPLC, using 1:l methanol/water as 
solvent. The NMR and IR spectra of 2 are in agreement with 
those r e p ~ r t e d . ~  Anal. Calcd for C6H1203: C, 54.55; H, 9.15. 
Found: C, 54.50; H, 9.30. The (2,4-dinitrophenyl)hydrazone 
derivative of 2 was prepared in 30% yield.13 After recrystallization 

= 7, 2 Hz), 4.81 (2 H, s), 9.62 (1 H, d, J = 2 Hz); [ c Y ] ~ ~ D  -29.3" 

The clear solution of the Grignard reagent 

(12) The UV-vis detector (see general commenta at beginning of Ex- 
perimental Section) was set at 250 nm. Calibration studies a t  several 
different wavelengths indicated that relative peak areas of 9 and ita 
epimer did not vary with detector wavelength. 
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from 95% ethanol it melted at  120-122 "C [lit.% mp 121-122 "C 
(for enanti~merl~)]. 
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There has been considerable interest in the addition of 
a single electron to annulenes that are antiaromatic in the 
Huckel sense. However, only two such anion radicals 
(containing 4n + 1 ?r electrons) have been generated and 
observed. Both [8]annulene and [ 16lannulene readily 
accept an additional electron from either an alkali metal 
or an electrode to yield the respective anion radical.'P2 
Here, we report the preparation and ESR observation of 
the missing annulene anion radical that  lies between the 
anion radicals of [ 81 annulene and [ 161 annulene. 

Neutral [12]annulene has been observed at low tem- 
perature and was prepared via the photoirradiation of 
syn-tricyclo [ 6.4.O.O9J2] dodeca-2,4,6,10-tetraene (TDT) a t  
-110 0C.3 At  -40 "C [12]annulene rearranges irreversibly 
to its bicyclic tautomer as shown in eq 1. 

The unstable [12]annulene can be reduced either po- 
larographically or via alkali metal in T H F  (tetrahydro- 
furan) to give the [12]annulene dianion (eq l).* This 
dianion is very stable, and its lH NMR signal remains 
unaltered at  temperatures between -90 and +30 "C (NMR 
signals a t  6.98, 6.23, and -4.6 ppm). 

~~ 

(1) (a) Strauss, H. L.; Katz, T. J.; Fraenkel, G. K. J. Am. Chem. SOC. 
1963,85,2360. (b) Katz, T. J.; Fraenkel, G. K. Ibid. 1960,82,3785. (c) 
Stevenson, G. R.; Concepcion, J. G. J. Phys. Chem. 1972, 76,2176. 

(2) (a) Oth, J. F. M.; Baumann, H.; Gilles, J. M.; Schroder, G. J. Am. 
Chem. SOC. 1972,94,3498. (b) Concepcion, J. G.; Vincow, G. J. Phys. 
Chem. 1975, 79, 2037. 

(3) Oth, J. F. M.; Rottele, H.; Schriider, G. Tetrahedron Lett. 1970, 
1 ,  61. 

(4) Oth, J. F. M.; SchrGder, G. J. Chem. SOC. B 1971, 904. 
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Figure 1. ESR spectrum (upper) of the [12]annulene anion 
radical recorded at  -100 "C. The lower spectrum is a computer 
simulation generated by using the experimental coupling constants 
listed in Table I. This spectrum looks very similar to the small 
picture of the ESR spectrum in ref 4 that was recorded during 
the generation of the annulene dianion. No mention of the 
spectrum appears in this paper4 or in any other to our knowledge. 
Continued reduction of the solution results in the disappearence 
of the ESR signal and simultaneous appearance of the NMR 
spectrum for the [ 12lannulene dianion. Under high-gain con- 
ditions, no further lines can be observed either at lower or higher 
fields. 

Experimental Section 
Samples of TDT dissolved in THF were sealed under vacuum 

in a 4-mm quartz EPR tube. A potassium mirror was deposited 
at the top of the tube out of contact with the solution. The frozen 
solution was irradiated at  liquid nitrogen temperature with a 
high-pressure mercury lamp for 40 h. After each hour of irra- 
diation the solution was allowed to thaw at -100 "C in an acetone 
slush bath. The sample was then replaced in liquid nitrogen and 
the irradiation continued. At  the end of the irradiation period, 
the quartz tube was inverted, allowing the [12]annulene solution 
to come into contact with the potassium mirror at  -100 "C. 
Low-temperature EPR experiments were then carried out on the 
potassium-reduced solutions with a Varian E-4 EPR spectrometer. 

Results and Discussion 
The EPR pattern from the reduction of [12]annulene 

with potassium metal results from two sets of three 
equivalent protons with coupling constants of 1.53 and 1.30 
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