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s, H ) .  S-(p-Chlorobenzy1)thiouroium salt, mp 165-170 "C. (*)- 
Phenylglycine salt, mp 164-166 "C. Anal. Calcd for  C18H27NO&: C, 
58.51; H, 7.37; N, 3.79; S, 8.68. Found: C, 58.35; H, 7.51, N, 3.76; S, 
8.44. 

Resolution of (*)-Phenylglycine by Acid of 8b. T h e  hydroxy 
sulfonate sodium salt 8b (0.092 mol)  in 90% ethanol was passed 
through an ion-exchange column in the acid fo rm (ANGC-242). 
Evaporation o f  the solvent yielded the o i ly  sulfonic acid, which was 
dissolved in water (90 mL) ,  and t o  this was added (&)-phenylglycine 
(0.066 mol). T h e  reaction mixture was heated and f i l tered and the 
filtrate was allowed t o  stand at room temperature overnight. Fi l trat ion 
gave 5.6 g of a crystalline adduct: mp 201-203 "c; [a]D -48.2 O ( c  8.5, 
HzO). Anal. Calcd for ClsH29NSOs: C, 55.79; H, 7.54; N, 3.62; S, 8.28. 
Found: C, 56.06; H, 7.49; N, 3.74; S, 8.03. To the adduct (2.0 g) in water 
(50 m L )  was carefully added ammonium hydroxide to  pH 8. Fi l trat ion 
o f  the result ing whi te  plates gave (+)-phenylglycine (0.37 g): [ N ] D  
t 1 5 4 "  (1.0 N HC1) (lit.,1s 158.6 f 0.8"); sublimes 249-254 "C (lit.I8 
245-2.50 "C). 

Acknowledgment. The authors are grateful t o  D. A. 
Johnson for the  spectroscopic analyses and  C. G. CBrdenas 
and  E'. A. Grieco for helpful discussions. 

Registry No.--1, 19902-08-0; 2, 69239-17-4; 2 S-(p-chloroben- 
zy1)thiouronium salt, 69239-19-6; 3, 6153-17-9; 4a, 6909-30-4; 4b, 
4680-25-5; 5a, 69239-20-9; 5b, 69239-21-0; 5b (+)-phenylglycine salt, 
69239.23'2; 6, 69239-24-3; 6 S- (pchlorobenzy1)thiouronium salt, 
69307-88-6; 6 (*)-phenylglycine salt, 69307-89-7; 7a, 4680-24-4; 7b, 
4959-34-6; 8a, 69239-25-4; 8b, 69239-26-5; 8b free acid, 69239-27-6; 
8b ( t ) -pheny lg lyc ine  salt, 69239-28-7; (4R,8S)-9, 69239-29-8; 
(4R,8R)9,69239-30-1; IO, 69239-31-2; I I ,  4031-57-6; 12,38630-75-0; 
(+)-limonene, 5989-27-5; (4R,8R)-limonene 8,9-oxide 28098-68-2; 
(4R,BS)-limonenc 8,9-oxide, 28098-67-1; (*)-phenylglycine, 2835- 

Supplementary Material Available: Complete I3C NMR data. 
for compounds, 2,5, 6 , 8 , 9 ,  10, 11, and 12 (1 page). Ordering in for -  
mat ion  is given on any current masthead page. 

References and Notes 

(1) The most common optically active sulfonic acids are from the camphor 
family, e.g., camphor-10-sulfonic acid and bromocamphor-n-sulfonic 
acid. 

(2) E. E. Gilbert, Encycl. Chem. Techno/. 2ndEd.. 19, 279 (1969); S. R. Sandier 
and W. Karo, "Organic Functional Group Preparations", Vol. 12, Academic 
Press, New York, 1968, p 506. 

(3) C. J. Norton, N. F. Seppi, and M. J. Reuter, J. Org. Chem., 33, 4158 
( 1968). 

(4) M. Hajek and J. Malek, Synthesis, 315 (1976); H. Vogel, ibid., 99 (1970), 
and references cited therein. 

(5) C. M. Buess, C. N. Yiannios. and W. T. Fitzgerald, J. Org. Chem., 22, 197, 
(1957). P. F. Warner, U.S. Patent 3 114 776 (1963); J. A. Claisse, D. I. 
Davies, and L. T. Parfitt, J. Chem. SOC. C, 258 (1970); J. C. Richerand C. 
Lamarre, Can. J. Chem., 53 ,  3005 (1975). However, see A. Gaiffe and J. 
Castanet, C. R. Hebd. Seances Acad. Sci., 271, 1012 (1970). 

(6) The addition of other radicals to a-pinene can be carried out under 
nonhydroxylic conditions: see R. L. Kenney and G. S. Fisher, J. Org. Chem., 
39, 682 (1974) and ref 5. 

(7) The specific rotation of optically pure (-)-@-phellandrene has been de- 
termined as [ N ] D  -15.87', ff5 = 0.8425 (B. J. Kane unpublished results). 
The specific rotation of 3 (97.8%, [aID -11.01") was adjusted for the 
presence of the highly levorotatory (-)-a-phellandrene (0.7%) impurity. 
This may be regarded as a lower limit of the %ee of 2. Attempts to measure 
the optical purity of 2 by direct NMR analysis of the (-ta-phenylethylamine 
and (-)-a-napthylamine salts inCDC13 with chlral shift reagents were un- 
slJccessful. 

(8) C. Cazaux, G. Bourgeois, and R. Lalande, Tetrahedron Lett., 3703 
(1969). 

(9) B. Singaram and J. Verghese, lndian J. Chem., 14b, 1003 (1976); H. Kuc- 
zynski and A. Zabza, Rocz. Chem., 40, 643 (1966); J. Verghese, lndian 
Perfumer, 18, 47 (1976). 

(10) W. Cocker, K .  J. Crowley, and S. G. Traynor, J. Chem. SOC., Chem. Com- 
mun., 982 (1976). 

(1 1) The reaction of cyclohexane epoxide with bisulfite, sulfite, and thiosulfate 
anions has been described: C. C. J. Culvenor, W. Davies, and N. S. Heath, 
J Chem. SOC., 278 (1949); A. Lambert and J. D. Rose, ibid, 46 (1949). 
Sulfite has been found here to give the best yields. Similar observations 
have been made for the carene oxides: E. Myslinski and E. Michalek, Rocz. 
Chem., 47, 285 (1973). 

(12) The percent water was determined by Fischer analysis and NMR. Field 
desorption mass spectra were obtained on many of the sulfonate salts 
which showed (M + Na)' ions. 

(13) E. E. Royals and J. C. Leffingwell, J. Org. Chem., 31, 1937 (1966) For a 
review of the stereochemistry of epoxide opening see: B. S. Thagarajan, 
Ed, "Selective Organic Transformations", Vol. 2. Wiley-lnterscience, New 
York, 1972. pp 1-85. 

(14) The cisepoxide 7b required 11 1 h of reflux compared to 40 h for the 
frans-epoxide 4b. Alternatively. 7a was completely reacted after 18 h at 

06-5. 

150 O C  under pressure in the presence of a phase-transfer catalyst. 
(15) F. Bohlmann, R. Zeisberg, and E. Klein, Org. Magn. Reson., 7, 426 

(1975). 
(16) A.  R .  Cole and P. R. Jefferies, J. Chem. SOC., 4391 (1956). 
(17) P. Crews and E. Kho-Wiseman, Terrahedron Lett., 2483 (1978). 
(18) D(-)-Phenylglycine is required for the synthesis of antibiotics such as 

Ampicillin: see J. C. Clark, G. H. Phillipps, M. R. Steer, and L. Stephenson. 
J. Chem. Soc., Perkin Trans. 1, 471 (1976). 

(19) J. P. Bain, A. B. Booth, and E. A. Klein, U.S. Patent 2 863 882 (1958). 

Synthesis and Stereochemistry of 
2,6-Dipheny1-3-alkyltetrahydro-I-pyranones 

and the Corresponding 4-Pyranols 

R. Sivakumar, N. Satyamurthy, and I<. Ramalingam* 

Depar tmen t  of Chemistry ,  PSG College of Ar t s  C% Science. 
Coim batore 641 01 4, In din 

Danie l  J. O'Donnell, K. Ramarajan, and K. Darre l l  Ber l in*  

Depar tmen t  of Chemistry ,  Oklahoma S ta te  I.nicersity, 
S t i l l ua te r ,  Oklahoma 74074 

Receioed October 17, 1978 

J a p p  and  Maitland reported1 the formation of a mixture 
of stereoisomeric diphenylmethyltetrahydro-4-pyranones 
during the condensation of benzaldehyde and 2-butanone in 
basic medium. However, in our hands such a condensation2 
afforded pure r-2,cis-6-diphenyl-trans-3-methyltetrahy- 
dro-4-pyranone ( la) .  Similarly, condensation of behzaldehyde 
with 2-pentanone yielded pure r-2,cis-6-diphenyl-trans-3- 
ethyltetrahydro-4-pyranone ( lb ) .  T h e  structures of la  and 
1 b were assigned primarily on the basis of *H NMR data. T h e  
relevant details are recorded in Table I. The ketones la-c were 

OH 

la,  R = CH,; R' = H 2a, R = CH,; R '  = H 
b, R = C,H,; R' = H 
c, R = R' = CH, 

b, R = C,H,; R'  = H 
c, R = R' = CH, 

clH->&oH 0 
ChHi 

3a, R = CH,; R' = H 
b, R = C,H,; R' = H 
c,  R = R = CH, 

subjected to reduction with lithium aluminum hydride and  
with Meerwein-Ponndorf-Verley conditions. A mixture of 
epimeric alcohols resulted which was separated by column 
chromatography over alumina. The  less strongly adsorbed 
axial alcohols were eluted in a petroleum ether-benzene 
mixture, and  the more strongly adsorbed equatorial alcohols 
were eluted in benzene-ether fractions. The configuration and 
conformation of the pyranols were assigned on the basis of IR, 
'H NMR,  and  I3C NMR spectral data ,  which are given in 
Tables I1 and  111. 

If a regular chair conformation is assumed for the hetero- 
cyclic ring, the two phenyl groups and the methyl group in la  
or the ethyl group in l b  may be expected to occupy the stable 
equatorial positions. Detailed information on the stereo- 
chemistry of 4-pyranones la  and l b  can be gleaned from their 
'H NMR spectra. The signals a t  6 4.33 (d ,  J = 11 Hz) and 4.81 
(d, J = 10 and 5 Hz) for la  correspond to  H(2) and H ( 6 )  pro- 
tons, respectively. T h e  observed large coupling constant 
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Table I. IR and lH  NMR Data for Tetrahydro-4-pyranonesasc 

IR 
c=o 

___ 

yield, stretch, 6, PPm 
compd mp,} "C YO cm-I H(2) H(3) H(5) H(6) other 

~- 

l a  82-83 14 1697 4.33 (d, J = 2.60-2.82 4.81 (dd, J 0.86 (d, 3 H, CH3, J = 6 Hz), 
11 Hz (4 = 5, 10, Hz) 7.20-7.50 (m, 10 H, Ar-H) 

11 Hz) (m) = 5 ,  10 Hz) Hz), 0.99-1.75 (m, 2 H, 
l b  104-105 1 2  1694 4.45 (d, J = 2.54-2.83 4.79 (dd, J 0.78 (t,  3 H, -CH2CH3, J = 7 

-CH?CH3), 7.20-7.52 (m, 
10 H,  Ar-H) 

'C Chemical shift data will be reported elsewhere.7 0 Solvent of crystallization: la (methanol); Ib (ethanol). Abbreviations 
used: s, singlet; d ,  doublet; dd,  doublet of doublets; t ,  triplet; m, multiplet. 

Table 11. IR and 'H NMR Data for Tetrahydro-4-pyranols 

IR 
c-0 

2a 

2b 

2c 

3 a 

3b 

3 C  

88-89 

123-123 

129-1 30 

100-1 0 1 

92-94 

121-1 

44 1021 4.6 (d, J = 1.80-2.12 
10 Hz (m) 

42  1026 4.61 (d, J 1.50-1.70 
= 10Hz)  (m) 

,i9 1010 4.55 (d, J 1.80-2.12 
= 10Hz)  (m) 

d 7 1042 4.04 (d, J 1.50-1.70 
= 10Hz (m) 

'7 I 1040 4.2 (d, J = 1.44-2.32 
10Hz) (m) 

ii 1 1040 4.09 (d, J 1.60-1.92 
= 10Hz)  (m) 

4.08 (b  s, 
w112 = 
7 Hz) 

4.18-4.24 1.88-2.18 
(b  m, (m)  
w1/2 = 
10 Hz) 

3.68-3.82 
(m, WID 
= 7 Hz) 

3.30-3.70 2.10-2.31 
(m, W I I P  (m) 
= 26 Hz) 

3.62-4.00 
(b m, 
w1/2 = 
24 Hz) 

3.03-3.30 
(WID = 
20 Hz) 

5.00 (dd J 
= 5 ,  10 Hz), 1.67 (b s, 1 H, OH), 
Hz) 7.18-7.52 (m, 10 H, 

Ar-H) 

J = 7 H) ,  0.9-1.4 (m, 

(b s, I H, OH), 7.18-7.48 
(m, 10 H, Ar-H) 

0.74 (d. 3 H, CH3, J = 7 

4.98 (dd, 0.72 (t, 3 H, -CH2CH3, 

Hz) 2 H, -CH2CH3), 1.74 
J = 3, 10 

0.78 (d, 6 H, C-2 CH3, C-6 
CH3, J = 7 Hz), 1.78 
(s, 1 H, OH), 7.15-7.44 
(m, 10 H, Ar-H) 

J = 3, 10 Hz). 1.75 ( s ,  1 H, OH), 
Hz) 7.12-7.44 (m, 10 H, 

Ar-H) 

J = 7 Hz), 1.12-1.42 (m, 

(b  s. 1 H,  OH), 7.16-7.52 
(m,  10 H, Ar-H) 

4.56 (dd, 0.77 (d, 3 H, CH3, J = 6 

4.49 (dd, 0.68 (t,  3 H, -CH&Hs, 

Hz) 2 H, --CHzCH3), 1.98 
J = 3, 1 2  

0.80 (d, 6 H ,  C - 2  CH3, C-6 
CH3, J = 6 Hz), 1.94 
(s, 1 H, OH), 7.18-7.48 
(m. 10 H, Ar-H) 

il All  pyranols were crystallized from petroleum ether (60-80 "C). Yields for 2a, 2b, and 2c are based on MPV reduction; for 3a, 
:Ib, and 3c the yields are based on LiAlH4 reduction. Elemental analysis data were as follows. la Found: C, 81.03; H,  6.79. Calcd: C, 
81.19; H ,  6.81. l h  Found: C, 81.53; H,  7.17. Calcd: C, 81.37; H, 7.19. IC Found: C, 81.25, H, 7.21. Calcd: C, 81.37; H,  7.19.2a Found: C, 
80.78; H, 7.55. Ctilcd: C, 80.60; H,  7.52.2b Found: C, 80.62; H, 7.82. Calcd: C, 80.81; H, 7.85. 2c Found: C, 81.02; H, 7.89. Calcd: C, 80.81; 
H, 7.85. 3a Found: C, 80.79; H, 7.55. Calcd: C, 80.60; H ,  7.52.3b Found: C, 80.99; H,  7.84. Calcd: C, 80.81; H, 7.85. 3c Found: C, 80.65; 
H. 7.87. Calcd: C,  80.81; H, 7.85. 

Table 111. 13C Chemical Shifts (6)  for Tetrahydro-4-pyranols ___ 
compd C(2) C(31 C(4) C(5) C(6) other ____ 

2a" 80.18 42.20 69.40 41.14 73.66 CH3, 13.82;Ar, 142.73, 141.18, 128.04, 127.49, 127.35, 127.20, 127.03, 125.74 
2ba 79.87 47.37 65.16 42.17 73.60 -CHzCH:3, 10.83; -CHzCH3, 19.64; Ar, 142.78, 141.24, 128.04, 127.73, 

2c 79.83 42.77 73.91 42.77 79.83 CH3, 14.01; Ar, 141.14, 127.95, 127.40, 127.19 
:la" 84.85 45.20 73.91 43.33 77.88 CH3, 13.13; Ar, 141.87, 140.30, 128.09, 127.69, 127.37, 127.28, 125.70 
Rbfl 82.67 50.33 70.82 43.62 78.15 -CHzCH3, 10.16; -CHzCH:{, 19.46; Ai-, 141.87, 140.33, 128.11, 127.75, 

3c 84.82 45.13 79.36 45.13 84.82 CH3, 13.56; Ar, 140.38, 128.04, 127.63, 127.28 

127.49, 127.41, 127.26, 127.02, 125.74 

127.46, 127.25, 125.68 

The signals for the carbons other than those for the ethyl group assume four magnetically nonequivalent groups of aromatic carbons 
and five magnetically nonequivalent ring carbons for 2b. The nonequivalency of some of these carbons is apparently lost in 3b. A similar 
situation is apparently true in 2a and 3a, but neither show total nonequivalency of the carbons. 
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Tab le  IV Tab le  V 
.- 

fraction bP, "C compd fraction bp, "C compd 
- .~ 

I 55-60 mainly unreacted benzaldehyde I 55-58 mainly unreacted benzaldehyde 
I1 95-111 monobenzylidene derivative I1 120-126 monobenzylidene derivative 
II[ 166-180 dibenzylidene derivative I11 170-180 dibenzylidene derivative 
IL' 186-192 4-pyranone ( la) IV 200-202 4-pyranone ( 1  b) 

JH(~)..H(~) = 11 Hz for la suggests that H(2) and H(3) are 
diaxial and that the phenyl and methyl groups are in equa- 
torial positions. The coupling constants of 10 and 5 Hz for 
JH(~,)H(~,) and J H ( ~ ~ ) H ( ~ ~ ) ,  respectively (which are typical of 
vicinal coupling constants Janti and Jgauche in the chair con- 
formation), suggest that the proton at C(6) is in an axial po- 
sitiorx3 The lH NMR spectra of the protons at C(2) and C(6) 
in l b  are  qui te  similar to  those in la, suggesting that the two 
ketones have identical conformations. 

The 'H NMR data of the epimeric 4-pyranols are summa- 
rized in Table 11. The assignment of the configuration of the 
hydroxyl group may be deduced from the chemical shift data 
of the H(4) proton. The H(4) proton of the equatorial alcohol 
is shielded to a greater extent than the H(4) hydrogen of the 
axial alcohoL3 It can also be seen from Table I1 that the half- 
width signal for H(4) in the axial alcohols 2a, 2b, and 2c is 7 ,  
10, and 7 Hz, respectively, as compared to that of 26,24, and 
20 Hz, respectively, for the corresponding equatorial epimers 
3a, 3b, and 3c. The configuration of the 4-pyranols was also 
corroborated by the 13C chemical shift data furnished in Table 
HI.* In general, it was noted that the carbinyl carbon shielding 
depends largely upon the configuration of the hydroxyl group; 
an axial hydroxyl group shields the hydroxyl-bearing carbon 
by about 5 ppm. Such chemical shift differences for epimeric 
alicyclic alcohols have been clearly e~tabl ished.~ 

Experimental Section 
Melting points were determined with a "BOETIUS" micro-heating 

table ,and were uncorrected. Proton magnetic resonance spectra were 
obtained on a Varian XL-100(15) high-resolution NMR spectrometer 
(with a time-averaging computer accessory, C-1024) operating at 100.0 
MHz and are expressed in 6 values, relative to internal MerSi. IR 
spectra were recorded on a Beckman-5A spectrophotometer as KBr 
pellets and are expressed in cm-'. Proton noise-decoupled I3C NMR 
spectra were recorded a t  25.2 MHz on a Varian XL-lOO(15) NMR 
spectrometer equipped with a Nicolet TT-100 Fourier transform 
accessory. Chemical shift data encompassing a 6000-Hz spectral re- 
gion were collected into 8K data points. Single-frequency, off-reso- 
nance spectra were obtained by irradiating with a continuous wave 
frequency a t  about 8 -5 compared to Me& in the proton spectrum. 
The samples were run as 0.3 and 1.5 M solutions in DCC13 containing 
tetrarnethylsilane as an internal reference. The spectra of all samples 
were recorded a t  37 "C. Assignments have been made on the basis of 
signal multiplicity found in the off-resonance decoupled spectra and 
from the magnitude of the ~J I~C-H couplings (which were largest for 
carbon attached directly to oxygen). 

Preparation of r-2,cis-6-Diphenyl-trans-3-methyltetrahy- 
dro-4-pyranone (la).  The procedure adopted was similar to that of 
,Japp and Maitland' with modifications. A mixture of benzaldehyde 
(223 g, 2.1 mol), 2-butanone (72 g, I mol), ethanol (66%, 575 g, 12.5 
mol), water (1080 g, 60 mol), and sodium hydroxide (IO%, 80 mL, 2 
mol) was vigorously stirred for 8 days. The thick yellow oily layer was 
washed with water and taken up in ether, and the ethereal solution 
was dried (Na2SOd. Evaporation of the solvent gave a residue which 

The method of Japp and Maitland' was followed for the prepara- 
tion of IC, mp 111-112 "C. 

General Procedure for Reductions. Lithium Aluminum Hy- 
dride Reduction. To a well-stirred slurry of lithium aluminum hy- 
dride (0.6 g, 0.016 mol) in dry ether was added dropwise a solution of 
0.03 mol of 4-pyranone in dry ether (150 mL). The mixture was heated 
under reflux for about 6-8 h and then allowed to stand overnight. 
Excess hydride was carefully destroyed by the dropwise addition of 
ethyl acetate. The resultant mixture was neutralized (13 HC1-HZO. 
15 mL) and extracted (ether). The ether extract was washed with a 
saturated solution of NaHC03 and dried (Na2S04). The epimeric 
mixture of 4-pyranols, obtained after evaporation of the ether, was 
subjected to chromatography over alumina with benzene-petroleum 
ether (bp 60-80 "C) as the solvent system in the procedure described 
below. 
Meerwein-Ponndorf-Verley Reduction. The procedure de- 

scribed in the literature6 was followed, but with a slight modification. 
The 4-pyranone (0.03 mol) was placed in 175-200 mL of dry ?-pro- 
panol. A solution of 5.019 g of aluminum isopropoxide (0.02 mol) i n  
10 mL of dry 2-propanol was added to the solution of the ketone. and 
the mixture was boiled for 4-6 h. Most of the solvent was distilled off, 
and the residue was acidified with 1:l HCl-HZO (50 mL) and extracted 
(ether). The ethereal portion was washed with saturated NaHCO:j 
solution and dried (NaZS04). The epimeric mixture of 4-pyranols, 
obtained after removal of the ether, was subjected to chromatography 
as described below. 

Chromatographic Separation of Mixture of Epimeric 4- 
Pyranols. For 1 g of the mixture of alcohols, 20 g of neutral alumina 
(BDH, active) was used. The mixture of alcohols was dissolved in a 
minimum amount of cold benzene and added to the prepared column 
of alumina. Elutions were carried out with petroleum ether (bp 60-80 
"C), petroleum ether-benzene ( l : l ) ,  benzene. benzene-ether (1:l). 
and ether in the order given. Six 25-mL fractions were collected for 
each eluant. The solvent was removed on a water bath. The contents 
of each flask were triturated with 1-2 mL of petroleum ether (60-80 
"C) and left overnight, whereupon solidification occurred. The 
melting point of the solid from each flask was determined. and frac- 
tions melting at the same temperature were collected and purified by 
crystallization from a suitable solvent. The axial alcohols were ob- 
tained from petroleum ether-benzene eluates and the equatorial al- 
cohols from the benzene-ether eluates. The yield. melting point, and 
solvent of crystallization of the 4-pyranols are recorded in Table 11. 
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was fractionated under reduced pressure (2-3 mm), whereupon the 
fractions listed in Table IV were collected. The final fraction (bp 
186-192 "C) solidified upon standing. Crystallization b&"ol) gave 
shining crystals of la (38 g, 14%), mp 82-83 OC.l 

Preparation of r-2,cis-6-Di~henyl-trans-3-ethultetrahv- 

Registry ~ ~ . - 1 a ,  68226-09-4; Ib, 68226-10-8: IC, 68226-09-6; Za, 
69291-45-8; 2b, 6g2g1-46-g; 2c, 69291-4;-@ Za, 69291-48.1; 3b, 
69291-49-2; 3c, 69291-50-5; benzaldehyde, 100.52.;: ?.butanone. 
78-93-3; 2-pentanone, 107-87-9. 

dro-4-pyranone (lb). Condensation of benzaldehyde (2.2 mol) with 
2-pentanone (1 mol) via the above procedure yielded a residue which 
on fractionation under reduced pressure (2-3 mm) gave the fractions 
listed in Table V. The final fraction (bp 200-202 "C) solidified upon 
standing. Crystallization (ethanol) gave shining crystals of l b  (35 g, 
12%), mp 104-106 "C. 
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We have investigated the chemistry of 2,4-diamino-6- 
piperidinopyrimidine 3-oxide, a hypotensive compound.' We 
now report the synthesis of related N-alkylpyrimidinones and 
the  preparation of substituted ureas. Pyrimidinones in which 
particular nitrogens are alkylated are often prepared with 
difficulty. T h e  direct alkylation of 2-amino-4-hydroxypyri- 
midines is ambiguous because of multiple sites of possible 
alkylation.' Similarly, condensation route to  N-alkyl-2- 
amino-4-hydroxypyrimidines which employ substi tuted 
guanidines can in principle give either of two possible prod- 
ucts:' 3-(Cyanimino)propionic systems are useful precursors 
of various  pyrimidine^.^ We now report their intermediacy in 
the  preparation of N-alkylpyrimidinones and  complex ureas 
of clearly defined structure.  
N-Alkyl-3-imino-3-ethoxypropanarnide hydrochlorides (2) 

are readily prepared from the corresponding N-a lky l -2 -c~-  
anoacetamides, ethanol, and  hydrogen chloride (step 1, 
Scheme I). Amides of structure 2 react with cyanamide in 
toluene or methylene chloride (step 2) t o  yield N-alkyl-3- 
(cyanimino)-3-ethoxypropanamides (3). Secondary amines 
readily displace ethanol from compound 3 t o  produce N- 
alkyl-3-(cyanimino)-3-(alkylamino)propanamides of structure 
4 (s tep 3). 

Amides of structure 4 are versatile intermediates. These 
3-(cyanimino)propanamides, when reacted with 2 or more 
equivalents of potassium t e r t -  butoxide, yield 2-amino-3- 
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alkyl-6-(alkylamino)-4-pyrimidinones of structure 5 (step 4). 
Similarly, N-n- butyl-3-(cyanimino)-3-ethoxypropanamide, 
when treated with 2 equiv of base, yields 2-amino-3-n- 
butyl-6-ethoxy-4-pyrimidinone (6)  (step 5 ) .  

Base-mediated intramolecular cyclizations of amides on 
nitriles are reported in the art.5 For example, N-pheny1-N'- 
(0 -cyanophenyl)urea, when treated with sodium methoxide, 
affords 3-phenyl-4-(3H)-imino-2( 1H)-quinazolone.6 

N-Alkyl-3-[ (aminocarbonyl)imino]-3-(alkylamino)propa- 
namides of structure 7 can be prepared by hydrolysis of 3- 
(cyanimin0)propanamide 4 with concentrated hydrochloric 
acid in acetic acid (Scheme I, s tep 6). 

Table  I 
_________I_- 

yield of yield of yield of 
____ NR'2 4, CY6 mp, "C 5, % mp, "C 7, % mp, "C compda R 

89 126-127.5e I a Et '\3 87 117-118.5d I 87 276-2Ve 

b Et 84 188-189.5d 58 240-241 52 115-115.5f g 

7 
' 0  
LJ 

C 133-141h n -Bii .3 88.7 oil 77 197-1988 52 

/- 

L-/ n-Bu \ 0 38 105-11ocJ 47 195-196.58 77 109-1108 d 

e n-BIi NEt, 44 oilb 77 120-120.5g 72 164-165.5s 
Unless otherwise noted, these compounds gave satisfactory elemental analyses (*0.4% C, N, N). 

From ethyl acetate. C analysis is 0.78 off. I N analysis is 0.47 off. 

Not analyzed. c Sublimation 
Crystallized from toluene. e Crystallized from ethyl acetate. f Crystallized from methylene chloride/cyclohexane. g Crystallized point. 

from ethyl acetatt?/cyclohexane. 
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