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C, 51.70; H, 4.37; N, 18.48; S, 10.65. 
Preparation of 2-Amino-4-hydroxy-6-(phthalimido- 

methyl)pyrimido[4,5-b](1,4)thiazine (13). To 200 mL of an- 
hydrous methanol was added 398 mg (2.15 mmol) of 6 under 
nitrogen and the mixture was stirred under reflux. When this 
suspension began refluxing, 181 mg (2.15 "01) of NaHC03 was 
added, followed by 606 mg (2.15 mmol) of (1-bromo-2-oxo- 
propy1)phthalimide. This mixture was refluxed for 2 h in N2, 
concentrated to -50 mL by rotary evaporation, and cooled. 
Crystals of 13, thus formed, were collected by filtration, washed 
with distilled water followed by a small amount of MeOH, and 
dried: yield 660 mg (96%); mp 228 O C ;  UV (0.1 N NaOH) A, 
340 nm (e 4740), 255 (12410); NMR (TFA) 6 7.4 (c, 4 H, 
phthalimido), 4.65 (s,2 H, C6 methylene), 3.55 (s,2 H, C7H). Anal. 
C a l d  for C1&IllN60&1.5H20 C, 48.91; H, 3.80; N, 19.02; S, 8.69. 
Found C, 49.09; H, 3.86; N, 19.23; S, 8.61. 

Preparation of 2-Amino-4-hydroxy-6-(phthalimido- 
ethyl)pyrimido[4,5-b](1,4)thiazine (14). This reaction was 
carried out exactly as described for the preparation of 13, using 
(1-bromo-2-oxobuty1)phthalimide instead of (l-bromo-2-0~0- 
propy1)phthalimide. The product was obtained in -90% yield: 
mp 214-126 "C; UV (0.1 N NaOH) A, 339 nm (e 4569), 256 
(12274); NMR (TFA) 6 7.4 (c, 4 H, phthalimido), 3.98 (8, 2 H, 
C,H), 3.8, 3.05 (br, br, 4 H, C6 ethyl). Anal. Calcd for 

C, 52.82; H, 3.95; N, 19.13; S, 8.59. 
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Ample evidence has been accumulating to indicate that 
the addition of organometallic reagents to carbonyl com- 
pounds proceeds via an electron-transfer pathway. In the 
case of the reaction of lithium organocuprates with a series 
of enones, House' presented the empirical rule that, in 
order for the two-step mechanism (the electron transfer 
and recombination of the resultant radical pair) to proceed 
at  a reasonable rate, the electrode potential difference (Ed 
- E,J between the reactants should be more positive than 
-0.4 V. A number of additional factors for the occurrence 
of the single electron transfer pathway have been scru- 
tinized by Ashby2 for Grignard reactions with ketones. We 
have found, however, no definitive example in which 
one-electron transfer to carbon dioxide has been shown to 
be important in the carbonation of organometallic reagent.3 

(1) House, H. 0. Acc. Chem. Res. 1976, 9, 59. 
(2) Ashby, E. C.; Wieseman, T. L. J. Am. Chem. SOC. 1978,100,189. 
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Table I. Product Yields (%) of the Reactions of 
1-Triptycyllithium with Carbon Dioxide and Typical 

Carbonyl Compounds 
1-( 1- 

normal triptycyl) 
carbonyl compd product ethanol 3 triptycene 
CO,Q 85' trace 15 
C 0 , b  27 23 48 

CH,CHO 84e 16 
Ph ,CO 8af 2 16  
adamantanone 83p trace 10 

CH,O 71d 0 22 

a Introduced in a few minutes. Introduced over 10 
min. 1-Triptoic acid. 1-Triptycenemethanol. e 1-(1- 
Triptycy1)ethanol. f Diphenyl( 1-tripty~yl)carbinol.~ 2- 
(1-Triptycy1)adamantan-2-01. 

Scheme I 

A 
L5 

1 ( E  Triptyc-Li) TriPtYc, bLiC0, 

(C,H,),O I 
TriPtyc-H + CH,iHOC,H, 

1 
1 Trlptyc-C(CH,)HOH - CH3CH0 + -C,H, 

We now report and discuss evidence for one-electron 
transfer from 1-triptycyllithium (1) to carbon dioxide 
taking place in a nonpolar solvent. When a suspension of 
1 in benzene-ether (1:2 v/v) was saturated with dry carbon 
dioxide gas followed by usual workup, triptycene and 1- 
(l-triptycyl)ethanol(3) were obtained in addition to the 
expected 1-triptoic acid (2). Neither di(1-triptycyl) ketone 
nor di(1-triptycy1)carbinol was found.3 The yield of the 
products varied, depending on the rate of introduction of 
C02 gas. When a rapid stream of carbon dioxide was 
employed, the suspended 1 disappeared within a few 
minutes and the reaction gave the highest yield of carbo- 
nation product 2. When the addition was slow and it took 
more than 10 min for the starting suspension to become 
clear, the side reactions were prevalent (see Table I).4 

The results are best interpreted in terms of the forma- 
tion of l-triptycyl radicals by one-electron donation from 
lithium reagent 1 to carbon dioxide. The radical species 
which has been generated independently by decomposition 
of ditriptoyl peroxide5 and has the odd electron in the sp8.6 
hybrid orbital6 is considered to be very reactive. Ab- 
straction of a hydrogen atom from solvent ether should 
lead to the formation of the 1-ethoxyethyl radical which 
then can undergo @-cleavage to give acetaldehyde. For- 
mation of triptycene and 3 can thus be explained. There 

(3) Electrocatalytic reduction of carbon dioxide by using Ni and Co 
complexes of phthalocyanines and macrocycles has a number of preced- 
ents. See, for example: Meshitauka, S.; Ichikawa, M.; Tamaru, K. J. 
Chem. SOC., Chem. Commun. 1974,158; Fischer, B.; Eisenberg, R. J. Am. 
Chem. SOC. 1980, 102, 7361. A referee called our attention to the car- 
bonation of 1-norbornyllithium which gives dinorbornylcarbinol(l5%) 
in addition to the carboxylic acid (19%): Jorgenson, M. J. Org. React. 
1970,18,7. Most of the complexities in this reaction can be ascribed to 
a possible electron transfer from the lithium reagent to the dinorbornyl 
ketone intermediate. 

(4) The reaction of 1 with carbon dioxide was reported for the first 
time by Wittig and Schollkopf (Tetrahedron Lett. 1968,91) to give 2 in 
41% veld, the yield midway between our two extreme values. 

(5) Bartlett, P. D.; Greene, F. D. J. Am. Chem. SOC. 1964, 76, 1088. 
(6) Reichel, C. L.; McBride, J. M. J. Am. Chem. SOC. 1977,99,6758. 
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Figure 1. Walsh diagram showing how linear COz with 16 valence 
electrons (--(l~,J~(l7rJ‘) tends to the bent structure in COP with 
17 valence electrons (...(1a2”)2(4b2’)2(6a~)). 

should be a competition for the lithium reagent to react 
with carbon dioxide or acetaldehyde secondarily formed. 
When the addition of carbon dioxide is rapid, the chance 
of reaction of acetaldehyde with 1 would be low (see 
Scheme I). The fate of unreacted C02-- is not clear; 
neither oxalate nor formate was detected in the D20 wash 
of the reaction mixture when examined by 13C NMR. 

In view of rather high reduction potential (E l l2  = -2.3 
V vs. SCE in CH3CN)’ of carbon dioxide, the above con- 
clusion is an unexpected one. In order to see if 1 could 
be a unique organolithium compound which may have a 
good electron-donating ability in the present solvent sys- 
tem, the reaction of lithium reagent 1 with a series of 
typical carbonyl compounds has been examined as control 
experiments.8 The results are summarized in Table I. 
Whereas the formation of triptycene (-10-22%) could not 
be avoided? the yields of the expected addition products 
were high and only a small amount of 3 was detected in 
the reaction with benzophenone and adamantanone. Al- 
though the occurrence of one-electron transfer was also 
suggested by a slight development of color characteristic 
of the benzophenone ketyl during the reaction with ben- 
zophenone (Ell2 = -1.72 V),2 no benzopinacol was ob- 
tained. Thus an extensive electron transfer as judged by 
the formation of the radical products was not found in the 
control experiments with the typical ketones. 

The reaction of hindered tert-benzyllithium compounds 
with O2 was recently shown by Fraenkel and Geckle’O to 
behave unusually. Instead of the expected alcohols, a 
one-electron transfer to oxygen takes place to give the 
products due to tert-benzyl radicals. In this connection, 
the normal behavior of 1 with O2 should be pointed out; 
1-hydroperoxytriptycene is obtained in good yield.“ 

We propose that the unexpected one-electron transfer 
from 1 to carbon dioxide should be dictated by a unique 
steric effect. When the reaction proceeds in a classical 
nucleophilic mode, the approach between the trigonal re- 
action center of 1-triptycyllithium and the linear carbon 
dioxide molecule will be hindered by the three peri hy- 

(7) Baizer, M. M.; Chruma, J. L. J. Org. Chem. 1972, 37, 1951. 
(8) Molle, G.; Dubois, J.-E.; Bauer, P. Tetrahedron Lett .  1978, 3177 

and references cited therein. 
(9) Formation of triptycene in these runs cannot be ascribed to the 

unreaded 1-triptycyllithium, aa no deuterium waa incorporated by work- 
up with DzO after the reaction. See also the Experimental Section. 

(10) Fraenkel, G.; Geckle, M. J. J. Chem. SOC., Chem. Commun. 1980, 
55. 

(11) Kawada, Y.; Iwamura, H. J .  Org. Chem. 1980, 45, 2547. 

Figure 2. Newman projections for two models for the approach 
of 1-triptycyllithium to (a) COP and (b) typical ketones. 

drogen atoms on the triptycene moiety. As was shown by 
the Walsh diagram,12 adding an electron to the 2?r,-6al’ 
MO of carbon dioxide favors a bent nuclear arrangement 
(see Figure 1) which should diminish the above steric in- 
teraction, leading to a facile recombination of the triptycyl 
radical and the anion radical of carbon dioxide. 

In the cases of the reaction with simple aldehydes and 
ketones, these have trigonal geometry at the carbonyl 
carbon. There is a staggered configuration possible for the 
approach to 1 without interference by the peri hydrogens 
(see Figure 2).13J4 Thus the probability of the reaction 
taking place by way of one-electron transfer followed by 
recombination of the radical pair should be lower here than 
in the reaction with carbon dioxide. Another factor re- 
sponsible for reduced yields of radical products from the 
reaction with aldehydes and ketones could be cage effects. 
The ketyls due to these substrates would be expected to 
shield the radical center of the 1-triptycyl radical more 
effectively than the anion radical from COP Cage recom- 
bination might take place sooner than escape out of the 
cage followed by reaction with a solvent molecule. 

Experimental Section 
1-Bromotriptycene was prepared in 60% yield by a procedure 

similar to fried man'^.'^ Formaldehyde was generated by the 
standard procedure16 from paraformaldehyde (Merck). All the 
other chemicals were commercially available and used without 
further purification except for drying. The n-butyllithium (1.6 
M in hexane) used was purchased from Merck. 

Preparation of l-Triptycyllithium>J’ To a solution of 
1-bromotriptycene (170 mg, 0.5 mmol) in benzene-ether (1:2, 30 
mL) at -50 OC was added 1.2-1.5 equiv of n-butyllithium in 
hexane. Stirring was continued for 30 min at this temperature 
and for 1 h after removal of the cold bath. Precipitation of most 
of the 1-triptycyllithium took place during this period. When 
the suspension was quenched with deuterium oxide after being 
kept at ambient temperature for 1 h, triptycene-I-d was obtained 
quantitatively (197% d, based on ‘H NMR integration), showing 
the stability of the lithium reagent. 

Reaction of 1-Triptycyllithium. All the reactions were 
carried out at ambient temperature. Dry gaseous reactanta were 
introduced into a reaction flask with (for CH20) or without (for 
COP and CH,CHO) the aid of a nitrogen stream. Ketones (0.5 
mmol) were dissolved in a small amount of benzene and added 
over a period of - lC-15 min. After being stirred for a few hours, 
the reaction mixtures were worked up as usual and chromato- 
graphed either on a Lobar column (Merck) or on silica gel plates 

(12) Walsh, A. D. J. Chem. Soe. 1953,2266. Buenker, R. J.; Peyerim- 
hoff, S. D. Chem. Reo. 1974, 74, 127. 

(13) The pronounced stability of the staggered configuration of the 
trigonal moiety near the bridgehead position of a triptycene molecule can 
be demonstrated by the analogy of isolation of the stable atropisomers 
of I-trigonally substituted triptycenes. For a leading reference see: Oki, 
M. Angew. Chem., Int. Ed. Engl. 1976,15, 87. 
(14) The anion radicals (ketyls) are known to be slightly bent, but the 

energy minima are rather shallow relative to the planar geometry: Ber- 
nardi, F.; Guerra, M.; Pedulli, G. F. J. Phys. Chem. 1974, 78, 2144. 

(15) Friedman, L.; Logullo, F. M. J. Am. Chem. SOC. 1963,85, 1549. 
(16) Sandler, S. R.; Karo, W. “Organic Functional Group Preparation”; 

Academic Press: New York, 1968; Vol. I, p 84. 
(17) Wittig, G.; Tochtermann, W. Justus Liebigs Ann. Chem. 1968,33, 

1251. 
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(20 X 20 cm, 2-mm thick, Merck). Yields of the major products 
are based on the weights of their isolated samples. Those for minor 
products were determined by 'H NMR integration of their 
characteristic signals relative to that of CHClzCHClz added to 
the reaction mixture as an internal standard. 

All the spectroscopic data and/or melting points of the com- 
pounds obtained showed satisfactory agreement with the literature 
valuesPv6 The previously unreported 1-(1-triptycy1)ethanol (3) 
gave satisfactory analytical and spectral data: mp 152-153 OC 
(from hexane); 'H NMR (CDCld 8 2.19 (d, J = 6.3 Hz, 3 H), 2.41 
(d, J = 3.4 Hz, 1 H), 5.36 (8, 1 H), 5.69 (dq, J = 6.3,3.4 Hz, 1 H), 
6.96-7.13 (m, 6 H), 7.26-7.60 (m, 4 H), 7.69-7.80 (dd, 1 H), 
7.96-8.12 (dd, 1 H). Anal. Calcd for C&& C, 88.56; H, 6.08. 
Found: C, 88.52; H, 5.96. 

Registry No. 1,59239-90-6; 2,4423-49-8; 3,77924-80-2; triptycene, 
477-75-8. 
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Of the numerous methods for the preparation of al- 
kenes: the McMurray couplin& and the Baston extrusion6 
reactions are among the most impressive for the synthesis 
of sterically congested 01efins.~J Some time agoe we 
showed that the @-lactone route (eq 1) is a convenient, 
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(3) Patai, S., Ed. "The Chemistry of Alkenes"; Interscience Publishers: 
New York, 1964, Vol. 1; 1970, Vol. 2. 

(4) (a) McMurry, J. E.; Fleming, M. P. J. Org. Chem. 1976,41, 896. 
(b) McMurry, J. E. Acc. Chem. Res. 1974, 7, 281. 

(5) Barton, D. H. R.; Guziec, F. S.; Shahak, I. J. Chem. SOC., Perkin 
Trans. 1 1974, 1794. 

(6) (a) Lenoir, D. Chem. Ber. 1978, 111, 411. (b) Lenoir, D.; Frank, 
R. Tetrahedron Lett .  1978,53. 

(7) (a) Cordt, F.; Rank, R. M.; Lenoir, D. Tetrahedron Lett. 1979,505. 
(b) Schaap, A. P.; Faler, G. R. J. Org. Chem. 1973,38, 3061. (c) Buter, 
S.; Waesenaar, S.; Kellogg, R. M. Ibid. 1972, 37, 4045. 

(8) Adam, W.; Baeza, J.; Liu, J.-C. J. Am. Chem. SOC. 1972,94,2000. 

sterospecific method for the preparation of alkenes. 
However, this method was limited to tri- and tetrasub- 
stituted alkenes because otherwise the fl-hydroxy acids 1 
could not be cyclized into the @-lactones 2 with the ben- 
zenesulfonyl chloride-pyridine reagent. 

Inspection of space-filling models of a,fl-disubstituted 
@-hydroxy acids 1 shows that if large alkyl groups are 
present in the threo configuration, e.g., tert-butyl (t-Bu) 
or 1-adamantyl(1-Ad) as in la-c in which R1 = R4 = t-Bu 
or 1-Ad and R2 = R3 = H, then through steric repulsion 
of the large substituents the carboxy and hydroxy groups 
are optimally juxtaposed to effect dehydrative cyclization. 
Furthermore, through lithium cation coordination of the 
carboxylate center with the oxygen of the carbonyl elec- 
trophile, it is expected that the condensation of the a- 
lithiocarboxylate with the carbonyl substrate should afford 
predominantly the desired threo-@-hydroxy acid lag In- 
deed, via the sequence in eq 1 a number of sterically hin- 
dered olefins 3 could be prepared stereospecifically. GLC 
analysis showed that only one product, namely, the trans 
olefin, was formed in the thermal decarboxylation of the 
@-lactones 2. The results are summarized in Tables 1-111. 
In view of its convenience, this synthetic method is an 
attractive alternative route to sterically congested olefins. 

Experimental Section 
Melting points, which were determined on a Thomas-Hoover 

melting point apparatus, and boiling points are uncorrected. 
Infrared spectra were recorded on a Perkin-Elmer Model 283 
infrared spectrophotometer and 'H NMR spectra on a Hitachi 
Perkin-Elmer Model R-24B spectrometer. Elemental analyses 
were performed by Atlantic Microlabs, Inc., Atlanta, GA. Starting 
materials were either purchased from standard suppliers or 
prepared according to literature methods and purified to match 
the reported physical constants and spectral data. Solvents were 
purified according to standard literature procedures. Room 
temperature was normally ca. 30 OC, unless otherwise stated. 
Rotary evaporations of solvents were usually performed a t  room 
temperature and 15-20 torr, unless otherwise stated. 

General Procedure for Generation of the Lithium a- 
Lithiocarboxylate Synthons. A 250-mL, 2-necked, round- 
bottomed flask, provided with magnetic spinbar, rubber septum, 
and three-way stopcock, was connected to a nitrogen manifold 
and flame-dried under vacuum (ca. 1 torr) while flushing with 
dry nitrogen for a t  least 5 min. Into the reaction vessel was 
syringed 12.1 g (110 mmol) of diisoropylamine (freshly distilled 
from calcium hydride) and 60 mL of anhydrous THF (freshly 
distilled from benzophenone ketyl). By means of a dry ice- 
methanol bath the reaction flask was cooled to -78 OC and while 
the mixture was stirred vigorously, 44 mL of a 2.5 N (100 mmol) 
solution of n-butyllithium in n-hexane (standardized acidime- 
trically) was added with the help of a syringe. After complete 
addition (ca. 10 min), the cooling bath was removed and the 
reaction mixture allowed to reach room temperature and stirred 
at room temperature for 1 h. The reaction mixture was cooled 
again to -78 OC by means of a dry icemethanol bath and 50 mmol 
of the carboxylic acid was added dropwise with the help of a 
syringe. Subsequently, the reaction mixture was allowed to warm 
up to room temperature and stirred at room temperature for 1 
h. Deuteration of an aliquot of the straw-yellow-colored solution 
with deuterium oxide confirmed that the extent of a-lithiation 
was at least 98% by 'H NMR. 

General Procedure for Preparation of the @-Hydroxy 
Acids 1. The a-lithiocarboxylate solution as prepared above was 
cooled to 0 "C and while the mixture was stirred 55 mmol of the 
aldehyde or ketone was syringed into the reaction mixture and 
allowed to stir at room temperature under nitrogen overnight. 
The solvent was removed by rotary evaporation and the solid 
residue dissolved in the minimum amount (ca. 30 mL) of distilled 

(9) (a) Mulzer, J.; Bruntrup, G.; Finke, J.; Zippel, M. J. Am. Chem. 
SOC. 1979, 101, 7723. (b) Mulzer, J.; Zippel, M.; Brhtrup, G.; Segner, 
J.; Finke, J. Liebigs Ann. Chem. 1980, 1108. 
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