
3840 J. Org. Chem., Vol. 43, No. 20,1978 Wegner and Rapoport 

5 days the product was suction filtered and recrystallized from ace- 
tonitrile to yield 3.51 g (81%) of lb: mp 172-173 "C dec; IR 3300 (OH), 
3200, 3400 (NHz), 1640 (amide I C=O), 744 (CH out-of-plane de- 
formation) cm-l. 

Anal. Calcd for CgH10N203: C, 55.65; H, 5.15; N, 14.43. Found: C, 
55.85; H,  5.18; N, 14.30. 
2,3:5,6-Dibenzo-1,7-dihydroxy-7a,8a-diaza-4-oxaoctahy- 

dro-s-indacen-&one (2b). A stirred mixture of o-phthalaldehyde 
(3.15 g, 0.0235 mol), urea (0.67 g, 0.112 mol), and 100 mL of distilled 
water was treated with 5 mL of 2.5% aqueous NaOH; stirring was 
continued for 6 days. Recrystallization of the suction-filtered crystals 
from acetonitrile yielded 2.75 g (80%) of 2b: mp 218-219 "C dec; IR 
3333 (OH, v br), 1653 (amide I C=O), 720-780 (CH out-of-plane 
deformation)8 cm-'; mass spectrum mle  310 (M), 309 (M - l),  308 
(M - 2), 307 (M - 3), aromatic cluster mle 77,78,79.  

Anal. Calcd for Cl~H14N~04: C, 65.81; H, 4.52; N, 9.03. Found: C, 
65.92; H, 4.55; N, 8.97. 

Monomethoxy, Monoethoxy, Dimethoxy, and Diethoxy De- 
rivatives of 2a and 2 b  3a-d and 4a-d. All compounds were prepared 
by a modification of the method described in ref la. Urea or thiourea 
(0.015 mol), added to a solution of the sodium alkoxide (0.030 g a t  Na 
in 50 mL of the alcohol), was added dropwise over a period of 15 min 
to a rapidly stirred solution of o-phthalaldehyde (4.02 g, 0.030 mol) 
in 200 mL of the alcohol. In all cases, 24 h of stirring and standing for 
2 weeks, a small amount of precipitate was evident. This was removed 
by suction filtration, and the filtrate was divided into two equal por- 
tions. One portion was immediately concentrated on a rotary evapo- 
rator. Resulting crystals were suction filtered, combined with the 
original precipitate, and recrystallized from acetonitrile. They were 
shown to be the monoalkoxy derivatives, 3a-d. The second portion 
of filtrate was acidified with 6 N HC1 until pHydrion paper showed 
a pH of -1 when precipitation began. Dropwise addition of 6 N HCl 
was continued until reaction mixtures contained voluminous pre- 
cipitates. Crystals were suction filtered, recrystallized from acetoni- 
trile, and shown to be the dialkoxy derivatives 4a-d. Further pre- 
cipitation occurred for -1 week. All derivatives gave positive Zeisel 
tests. 

Yields (%) and melting points (dec): 3a, 28, 180-182 "C; 3b, 33, 
205-206 OC; 3c, 58,192-193 "C; 3d, 21,218-219 "C; 4a, 64,173-174 
"C; 4b, 52, 227-228 "C; 4c, 12, 179-180 "C; 4d, 31,229-230 "C. IR 
(cm-1): OH 3400 (3a), 3440 3380 (3c), 3430 (3d); amide I C=O 1655 
(3b), 1655 (3d), 1650 (4b), 1666 (4d); CH out-of-plane deformation 
755 (3a), 754 (3c), 747 (4a), 750 (4c), see ref 8 for 3b, 3d, 4b, and 
4d. 

Anal. Calcd for C18H16N~03S (3a): C, 63.51; H, 4.74; N, 8.23, s, 9.42. 
Found: C, 63.40; H, 4.71; N, 8.24; S, 9.34. Calcd for C1d-hNz04 (3b): 
C, 66.66; H, 4.97; N, 8.64. Found: C, 66.77; H, 5.06; N, 8.67. Calcd for 

CigH18Nz03S ( 3 ~ ) :  C, 64.39; H, 5.12; N, 7.90; S, 9.05. Found: C, 64.44; 
H, 5.10; N, 7.82; S, 8.97. Calcd for C19H1~N204 (3d): C, 67.44; H, 5.36; 
N, 8.28. Found C, 67.17; H, 5.36; N, 8.23. Calcd for C ~ ~ H ~ S N Z O ~ S  (4a): 
C, 64.39; H, 5.12; N, 7.90; S, 9.05. Found: C, 64.27; H, 5.00; N, 7.97; S, 
9.12. Calcd for CIgH18N204 (4b): C, 67.44; H, 5.36; N, 8.28. Found: C, 
67.32; H, 5.30; N, 8.24. Calcd for C21H2zN203S (4c): C, 65.95; H, 5.80; 
N, 7.32; S, 8.32. Found: C, 65.77; H, 5.81; N, 7.29; S, 8.30. Calcd for 
C21HzzN204 (4d): C, 68.86; H, 6,Ol; N, 7.65. Found: C, 68.55; H. 6.25; 
N, 7.56. 

Conversion of Compounds of St ruc tu re  3 to  Compounds of 
St ruc tu re  4. These conversions were accomplished as described for 
formation of compounds of structure 4 above. Yields varied from 51 
to 85%. 

Conversion of 2b to 4d. After stirring for 10 days, a mixture of 300 
mL of 95% ethyl alcohol, 3 mL of 6 N HC1, and 0.62 g (0.002 mol) of 
2b remained heterogeneous. Heating to 70 "C resulted in homoge- 
neity. Cooling, suction filtration, and washing with acetone and 95% 
ethyl alcohol yielded product (0.70 g, 96%) shown to be identical with 
4d by undepressed mixture melting point (229-230 "C) and identical 
IR spectrum. 

Registry No.-o-Phthalaldehyde, 643-79-8; thiourea, 62-56-6; 
urea, 57-13-6. 
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The behavior of several acylguanidines toward low-pressure hydrogenation over PtOz catalyst was investigated. 
Creatinine (3) and alacreatinine (7a) gave cleanly the corresponding cyclic guanidines, iminoimidazolidines 4 and 
8a. @-Alacreatinine (9) also could be hydrogenated in aqueous acid to iminohexahydropyrimidine 10, but the same 
reaction in water gave a mixture of products. Only guanidine itself could be isolated from the hydrogenation of 
acetylguanidine, while the simple amide analogue pyrrolidinone was not reduced under these conditions and gave 
y-aminobutyric acid under forcing conditions. The glycocyamides alacreatinine (7a) and phenylalacreatinine (7b) 
were prepared by acid-catalyzed cyclization of the corresponding optically active a-guanidino acids. In both cases, 
the resulting glycocyamidines were racemic. When the hydrogenation of creatinine was carried out in DzO, the 
product 2-imino-1-methylimidazolidine (23) contained two deuterium atoms a t  C-4 and two a t  C-5, thus suggesting 
that hydrogenation would also lead to racemization of an a-chiral center. 

If the preparation of alkylguanidines could be effected 
by reduction of the corresponding acylguanidines, the process 
would be of considerable utility since a variety of acylguani- 
dines is readily available.192 We have recently3 developed a 
procedure using lithium aluminum hydride which accom- 
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plishes this conversion. In pursuit of perhaps an alternative 
and more convenient process, we have investigated the cata- 
lytic hydrogenation of acylguanidines. Such reductions of 
acylguanidines have not been reported. Although amides can 
be so reduced, the conditions necessary invariably involve high 
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Scheme I1 

I 
2 

temperatures (>200 "C) and pressure (200-300 Torr).4 
Our interest in the catalytic hydrogenation of acylguani- 

dines was stimulated by the high yield conversion of the 
guanidinoglycocyamidine 1 to the cyclic guanidine 2.5 Was this 
a special case, influenced by the exo guanidine group proximal 
to the carbonyl, or did it reflect a general reaction? To answer 
this question, we examined a series of acylguanidines under 
hydrogenation conditions similar to those used in the prepa- 
ration of 2 from 1. We now report our catalytic reduction re- 
sults. 

Because of its availability and similarity to the initial sub- 
strate 1, creatinine hydrochloride (3) was chosen as the model 
compound to use in developing a set of standard hydrogena- 
tion conditions which were 0.05 M acylguanidine with 50 mol 
% of PtO, catalyst in a Parr shaker a t  a hydrogen pressure of 
15-35 psi gauge. The reductions were monitored by aith- 
drawing an aliquot for either NMR or UV analysis. 

To our surprise, the lH NMR spectrum of the creatinine 
reaction mixture showed all the starting material to be con- 
sumed in less than 20 h of shaking at room temperature in 1.0 
N HC1. 13C and lH NMR analysis of the crude product ob- 
tained after filtration and evaporation indicated that the re- 
duction gave cleanly the corresponding cyclic guanidine 4 in 
greater than 90% yield. Hydrogenations in either 0.1 N HC1 
or water did not make a significant difference in the rate of 
hydrogenation, yield, or purity of the cyclic guanidine prod- 
uct. 

Alacreatinine hydrochloride (7a), a compound more directly 
analogous to 1, was tried next. In contrast to creatinine, the 
rate of hydrogenation of alacreatinine under the above stan- 
dard conditions was very slow (8 days). Cyclic guanidine 8a 
was obtained, however, in good yield (Scheme I). The addition 
of varying amounts of acid to the solvent or the application 
of heat did not make consistent differences in the rate or yield. 
We attribute the lesser activity of alacreatnine (7a) to steric 
hindrance of its carbonyl group caused by the adjacent methyl. 
This added steric bulk might be a causative factor in the rel- 
atively slower hydrogenation of 7a, although we did noi; an- 
ticipate a rate difference of such magnitude. 

In order to explore the question of generality, two further 
acylguanidines were synthesized and subjected to the stan- 
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dard hydrogenation conditions. @-Alacreatinine hydrochloride 
(9)2s6 was chosen as representative of the six-membered cyclic 
guanidine system, and acetylguanidine hydrochloride (18)l 
represented the open-chained series. 

0-Alacreatine (9) was hydrogenated readily in water but 
gave, unexpectedly, a mixture of compounds as ascertained 
by NMR. Ion-exchange chromatography was utilized to sep- 
arate the components, and with the strongly acid AG-50 resin 
and HC1 as the eluent it was possible to recover the desired 
pure cyclic guanidine 10. However, no other single component 
could be isolated, and TLC using a Weber visualizing spray7 
suggested that the product distribution was quite complex. 

Although no literature precedent is available regarding the 
hydrogenation of acylguanidines, there is one reports that 
deals with the hydrogenation of the remotely related N-  
acylimide system. Hydrogenation of several different N -  
acylimides 11 over PtO2 in ethyl acetate usually led to mix- 
tures of the intact reduced hydroxylactam 12 and the parent 
imide 14. Reduction presumably occurred by the same 
mechanism to carbinolimines 12 and 13. In the latter case the 
intermediate exo carbinolimine 13 apparently fragmented in 
the manner indicated to give back the parent imide 14 and an 
aldehyde which was further reduced to an alcohol. 

In the P-alacreatinine system, we thought that if the un- 
desired side products were due to a similar fragmentation 
occurring from 15 to 16 in a mildly acidic milieu (the hydro- 
chloride in water), increasing the acidity might protonate the 
hydroxyl group and promote the elimination of water to in- 
termediate 17 instead of ring opening to the aldehydo guani- 
dine 16 which then goes on to other products. It was found that 
addition of HC1 to the reaction mixture did permit the clean 
hydrogenation of 9 to 10. In 1 N HC1 the hydrogenation was 
mostly over in 1 day and totally completed in 2 days, giving 
pure product in high yield as shown in Scheme 11. 
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18 - )=NH + (CH,CHO) 

H L N  .HC1 
19 

Acetylguanidine hydrochloride (18) failed to give any trace 
of the desired ethylguanidine under any of a variety of con- 
ditions, and only guanidine hydrochloride itself (19) could be 
isolated. The hydrogenation was carried out in both water and 
acid (0.1 and 1.0 N HC1). In water all starting material was 
consumed in less than 2 days at room temperature, and a 
quantitative yield of guanidine hydrochloride was isolated. 
A control experiment showed that 18 was stable in water for 
that period of time. Thus hydrogenation under these condi- 
tions probably proceeded to the intermediate carbinolguan- 
idine stage. Fragmentation then gave guanidine hydrochloride 
(19) and acetaldehyde which was further reduced. 

No reaction could be detected in any of the acid hydroge- 
nations of acetylguanidine at  room temperature for up to 40 
h, but heating the reaction in 1 N HCI at 60 "C gave guanidine. 
This latter reaction was probably due in part, if not wholly, 
to hydrolysis since control studies indicated that 18 was hy- 
drolyzed in 1 N HC1/60 "C at about the same rate as guanidine 
appeared in the hydrogenation reaction. The HC1 salt was also 
hydrogenated in anhydrous glacial acetic acid that was 1 N 
in HC1, but no reaction occurred, even upon heating, as was 
also observed in the absence of added HC1. Attempted hy- 
drogenation of acetylguanidine free base in water failed also. 
No reaction occurred a t  room temperature and only uniden- 
tified products were obtained upon heating. 

In order to test the uniqueness of the acylguanidine hy- 
drogenation and to conclusively rule out the possibility that 
a lactam might similarly be reduced under our conditions, we 
subjected 2-pyrrolidinone (20) to hydrogenation in 1 N HC1 
under the standard conditions. As expected, no reaction was 
observed at  rmm temperature, and heating at 60 "C gave only 
the ring-opened y-aminobutyric acid (21). 

We can therefore summarize the relevant features of the 
above acylguanidine hydrogenation reactions. Five- and six- 
membered cyclic acylguanidines comprise a class of amides 
that are unique in that low-pressure catalytic hydrogenation 
reduces their carbonyl group to the level of methylene. The 
simple amide analogue pyrrolidinone failed to be hydroge- 
nated under these conditions. The six-membered 0-alacrea- 
tinine gave clean reduction only if acid was added, perhaps 
due to the fact that in water a competing fragmentation of an 
intermediate carbinolguanidine is operative. The simple 
open-chain acetylguanidine gave guanidine, probably through 
a carbinolguanidine intermediate, or no reaction. Also under 
forcing conditions in aqueous acid, guanidine was formed, but 
in the latter instance it is uncertain whether any reduction- 
fragmentation was involved or if only hydrolysis was re- 
sponsible. 

It is interesting to speculate why certain acylguanidines can 
be so easily hydrogenated while amides can not. Also, some 
cyclic carboxylic acid anhydrides can be hydrogenated over 
PtO2 at  room temperature and atmospheric pressure to the 
corresponding hemiacylal or lactone whereas simple esters are 
not reduced under these conditions.9 The latter behavior was 
rationalized by proposing that the electron density at  the 
carbonyl of anhydrides is less than that at  ester carbonyls 
because the electron donation of the central anhydride oxygen 
must be shared by two carbonyls. This postulated dependence 

of reducibility on electron scarcity is also supported by the 
previously noted observation that although simple imides are 
not easily reduced, N-acylimides are so reduced.* 

Our observations are consistent with this scheme. One 
would expect decreased amide resonance by donation of the 
nitrogen electron pair to the carbonyl in an acylguanidinium 
salt because this electron pair is already involved in the pro- 
tonated guanidinium system. Also, the presence of this posi- 
tively charged system so close to the carbonyl would tend to 
inductively decrease the electron density of the latter. It then 
becomes reasonable that the acylguanidine carbonyl should 
behave more like a ketone than an amide in its susceptibility 
to catalytic hydrogenation. 

A potentially useful application of acylguanidine hydro- 
genation reaction would be the preparation of optically active 
cyclic guanidines of type 8. Previously such compounds have 
been made in the dl form from the corresponding optically 
inactive diamines and an electrophilic reagent that provides 
the ring-forming one-carbon unit.10 Or perhaps the optically 
active cyclic guanidine obtained by hydrogenation could be 
hydrolyzed to give an optically active diamine, which would 
otherwise be difficult to prepare without going through a 
resolution. The best starting materials for this process are, of 
course, the naturally occurring, optically active amino acids. 
The route involves reactions that have been well worked out 
for a number of systems, i.e., amidination of the amino acid 
and cyclization of the resulting a-guanidino acid to the gly- 
cocyamidine. 

L-Phenylalanine (5b) was chosen initially as the optically 
active test substrate. The a-guanidino acid 6b was prepared 
by standard procedures1' and had [aIz5D +42". Cyclization 
to the glycocyamidine 7b was performed in boiling, concen- 
trated HC1, but to our surprise this latter compound was op- 
tically inactive. The simpler L-alanine system was also tried. 
L-Amidinoalanine (6a) was prepared and found to have [CYIz5D 
+loo. Cyclization with concentrated HCl gave 7a as before 
but, again, the glycocyamidine was racemic. 

This racemization during cyclization of the a-guanidino 
acid to the glycocyamidine in hot, concentrated HC1 was 
unexpected. I t  is known, of course, that peptides, when 
subjected to similar treatment, give optically active amino 
acids. No pertinent studies on optically active glycocyamidines 
have been reported and no optical activity data on these 
compounds have appeared. Some insight was gained in a study 
of exchange in D20. All the glycocyamidines 3,7a, 7b showed 
no deuterium incorporation at room temperature under mildly 
acid conditions; however, they did exchange under the more 
drastic conditions of the cyclization. 

This exchange and racemization behavior can be explained 
by assuming the enolization equilibrium 7 22 (Scheme 111). 
Again, the guanidinium resonance stabilization can be invoked 
to rationalize decreased amide-type delocalization and thus 
facilitate enolization. 

On the assumption that milder, nonracemizing cyclization 
conditions could be found, we still wished to explore the hy- 
drogenation reaction as a possible path to chiral alkylguani- 
dines and diamines. Since the hydrogenation is conducted 
under conditions where the glycocyamidines do not exchange, 
retention of any starting chirality might be feasible. To as- 
certain any potential racemization, we attempted to replace 
the carbonyl oxygen with deuterium and conduct the reaction 
in D2O. Thus by carrying out the reduction in D,O/Pt/H, we 
also would take advantage of the frequently overlooked, rapid 
equilibration between D2O and H2 in the presence of platinum 
catalyst to form H20 and D2. Any racemization potential 
under these conditions would be detected by deuterium in- 
troduction at  C-5. 

To test this approach we hydrogenated creatinine (3) in 
D2O and obtained in good yield a single crystanine product. 
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1H NMR analysis of the product showed that essentially only 
one major absorption was present, the 6 2.9 peak assigned to 
the N-CH3. There was a small absorption at  6 3.7 but this ac- 
counted for less than 10% of the total integration. Thus both 
of the product methylenes had fully incorporated deuterium 
to give the tetradeuterio derivative 23. This assignment was 
confirmed by the mass spectrum which showed an M+ -- HCl 
peak at  mle 103 and no appreciable M+ - HC1 peak at  mle 
99, the latter peak being exhibited by the protio compound. 
The M+ - HC1 peaks are the most intense in both the deuterio 
and protio products. 

I t  is clear from this experiment that complete exchange at  
the cy position ((2-5) took place rapidly during the hydroge- 
nation reaction. We can postulate that this exchange pro- 
ceeded through a ring-opened intermediate such as 25 which 
would rapidly incorporate deuterium via its enolization 
equilibrium and then be reduced to imidazolidine 4. The 
possibility that the starting creatinine underwent exchange 
under the hydrogenation conditions but without hydrogena- 
tion was eliminated by a direct control experiment in which 
unchanged starting material was recovered. Thus this hy- 
drogenation reaction, while a good method preparing Icyclic 
guanidines, does not show promise as a method for synthe- 
sizing chiral compounds. 

Experimental Section12 
DL-N-Amidinoalanine (6a). DL-Alanine (5a, 4.46 g, 50 mmol) was 

dissolved in 1 N NaOH (50 mL, 50 mmol). To  this was added S- 
methylisothiourea sulfate (6.95 g, 25 mmol), and the resulting solution 
was heated a t  50 "C for 6 h. The water was evaporated a t  <70 "C, 
leaving a white crystalline mass which was dissolved in 30 m b o f  
boiling water and allowed to cool to room temperature. Seeding with 
a pinch of the original residue gave the product as white stocky nee- 
dles; recrystallization from water gave 1.5 g (23%) of 6a: mp 218 "C 
dec; 1H NMR 6 4.0 (q, 1 H) ,  1.3 (d, 3 H,). 

L-N-Amidinoalanine (6a). L-Alanine (5a, 4.46 g, 50 mmol) was 
treated with NaOH and S-methylisothiourea sulfate for 6 h as de- 
scribed above. After evaporation of the water the crude solid :residue 
was recrystallized from water to give 3.37 g (52%) of 6a: mp 215-216 
"c (lit. mp13 247 "c ) ;  [OIz5D t9.6" (c 1.04, Hz0). Anal. Calcd for 
C ~ H ~ O Z N ~ :  C, 36.6; H, 6.9; N,  32.0. Found: C, 36.3; H,  7.1; N, 31.8. 

L-N-Amidinophenylalanine (6b). L-Phenylalanine (5b, 16.62 
g, 100 mmol) was treated with 1 N NaOH (100 mL, 100 mmol) and 
S-methylisothiourea sulfate (13.93 g, 50 mmol) for 2 h as described 
above. The residue remaining after evaporation of the water was 
recrystallized two times from water to give 1.89 g (9%) of pro'duct as 

white needles: mp 241-242 "C (lit. mp13 for DL compound, 240-242 
"C); [ a I z 5 ~  +42.4 " (c 1.98,l N NaOH). Anal. Calcd for C10H13N302: 
C, 58.0; H, 6.3; N, 20.3. Found: C, 58.0; H, 6.4; N, 20.3. 

DL-Alacreatinine Hydrochloride (7a). DL-N-Amidinoalanine 
(DL-6a, 1.1 g, 8.5 mmol) was refluxed for 3 h in concentrated HCl(25 
mL). Evaporation of the solvent gave a white crystalline solid that was 
recrystallized from ethanol to give 900 mg (72%) of DL-7a: mp 203-204 
"C (lit. mpll 203-204 "C); l H  NMR 6 4.5 (q, 1 H), 1.5 (d, 1 H); 13C 
NMR 6 177.3 (s), 157.1 (s), 55.5 (d), 15.4 (9). 

The same result was obtained when L-N-amidinoalanine ( ~ - 6 a ,  2.0 
g, 15.3 mmol) was refluxed with concentrated HCl(40 mL) for 3 h. The 
product had [aIz5D 0" (c 2, H20). 

DL-Phenylalacreatinine (2-Amino-5-phenylmethyl-4-oxo- 
4,5-dihydroimidazole) Hydrochloride (7b). L-iV-Amidinophe- 
nylalanine (6b, 2.37 g, 11.5 mmol) was refluxed in concentrated HCl 
(40 mL) for 1 h. Evaporation of the solvent and recrystallization of 
the residue from isopropyl alcohol-ether gave 2.35 g (90%) of 7b as 
flaky white crystals: mp 187-190 "C; [ c Y ] ~ ~ D  0" (c  2.14, HzO); 'H NMR 
6 7.6 (s, 5 H), 4.9 (m), 3.3 (d, 2 H). 

Anal. Calcd for C10H12N30Cl: C, 53.2; H, 5.4; N, 18.6. Found: C, 
53.4; H, 5.4; N, 18.7. 

@-Alacreatinine Hydrochloride (9). P-Alanine (8.91 g, 100 mmol) 
was treated with 1 N NaOH (100 mL, 100 mmol) and S-methyliso- 
thiourea sulfate (13.93 g, 50 mmol) for 1 h as described above. The 
crude N-amidino-@-alanine so obtained was recrystallized from water 
and immediately cyclized by boiling in concentrated HCl for 1 h. 
Evaporation and recrystallization from methanol gave 3.77 g (25% 
from @-alanine) of 9: mp 265-269 "C (lit.6 mp 268-271 "C); 13C NMR 
6 170.5 (s), 153.9 (s), 36.3 (t), 29.3 (t). 

Acetylguanidine (18). This compound as the free base was pre- 
pared as previously reported:l mp 186-187 "C (lit. mpl 188-190 "C); 
1H NMR 6 2.0 (s); 13C NMR 185.0 (s), 161.9 (s), 26.1 (q). 

The hydrochloride salt was prepared by dissolving a portion of the 
free base in 1 N HC1 and evaporating to dryness. The crude salt was 
recrystallized from ethanol-ether to give fine white needles: mp 
142-144 "C; 13C NMR 6 174.3 (s), 154.0 (s), 24.0 (9). 
2~Imino-1-methylimidazolidine Hydrochloride (4). Creatinine 

hydrochloride (373 mg, 2.5 mmol), PtOz (88%, 342 mg, 1.25 mmol), 
and water (50 mL) were shaken in a Parr apparatus under 20-35 psi 
of hydrogen for 20 h. After filtration of the catalyst and evaporation 
of the solvent, 320 mg (94.5%) of 4 was obtained: lH NMR 6 3.65 (m, 
4 H), 2.95 (s, 3 H); 13C NMR 6 158.8 (s), 49.8 (t), 40.7 (t), 31.1 (9); MS 
m/e 99 (M+ - HC1). 

The picrate was formed in HZO-ethanol from the hydrochloride: 
mp 195-196 "C (lit.14 mp 194.5-195 "C). 
2-Imino-4-methylimidazolidine Hydrochloride (sa). Alacrea- 

tinine hydrochloride (7a, 128 mg, 0.86 mmol), PtOz (121 mg, 0.43 
mmol), and water (50 mL) were shaken with hydrogen as described 
above. The course of the reaction was followed by UV, monitoring the 
intensity of the acylguanidine absorption at 225 nm. After 8 days the 
225-nm absorption had disappeared, and filtration and evaporation 
gave 106 mg (92%) of crystalline 8a: l H  NMR 6 4.4-3.2 (m, 3 H),  1.35 
(d, 3 H); l3C NMR 6 158.9 (s), 51.2 (d), 49.5 (t), 19.7 (9). 

A picrate was prepared in water from the hydrochloride: mp 
195-196 "C (lit.15 mp 195-196 "C). 
2-Iminohexahydropyrimidine Hydrochloride (10). A mixture 

of p-alacreatinine hydrochloride (9,373 mg, 2.5 mmol), PtOz (342 mg, 
1.25 mmol), and 1 N HCl(50 mL) were hydrogenated for 20 h a s  be- 
fore. After filtration and evaporation, 305 mg (91%) of crystalline 10 
were obtained: mp 150-153 'C (litS3 mp 153 "C); 'H NMR 6 3.4 (t, 4 
H) ,  2.1 (pentet, 2 H); I3C NMR 6 153.6 (SI, 38.0 (t), 19.2 (t). 

A picrate was prepared from water from the hydrochloride: mp 
184-187 "C (lit.15 mp 185-186 "C). 

Hydrogenation of @-Alacreatinine Hydrochloride (9) in Water. 
P-Alacreatinine hydrochloride (9,373 mg, 2.5 mmol) and PtOz (342 
mg, 1.25 mmol) were shaken with hydrogen as above in water (50 mL) 
for 19 h. Filtration and evaporation of the solvent gave a clear oil that 
slowly solidified. The lH NMR spectrum suggested the presence of 
more than one component: 6 5.5 (t, relarea l), 3.7 (m, 8), 2.3 (m, 4.5). 
The crude product was chromatographed on a column of Bio-Rad AG 
50-X8, -400 mesh resin (50 mL bed volume, 2 N HCl eluate). The 
elution was followed by TLC (silica gel, phenol saturated with water, 
visible with Weber spray)' and by this criterion 10 appeared as a 
deep-purple spot and could be isolated pure from the appropriate 
eluate fractions. The remaining fractions all contained a number of 
Weber-pink or red spots, and no other single compound could be 
isolated. 

Hydrogenation of Acetylguanidine Hydrochloride (18). 
Acetylguanidine (18, 294 mg, 2.1 mmol), as the hydrochloride, and 
PtOz (342 mg) were shaken with hydrogen in water (50 mL) as before. 
The reaction was monitored by UV and stopped after 48 h when the 
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absorption a t  227 nm had disappeared. Filtration and evaporation 
gave 203 mg (100% yield) of a white crystalline solid that proved to 
be identical with guanidine hydrochloride by TLC and 13C NMR (6 
157.8). 

When the hydrogenation was conducted in 1 N HCI no reaction was 
observed after shaking for 21 h at room temperature. The reaction 
mixture was then heated a t  60 "C for 43 h a t  which point the UV ab- 
sorption had disappeared. Filtration and evaporation of the solvent 
gave only guanidine hydrochloride. A duplicate reaction using 0.1 N 
HCl gave similar results. 

Hydrogenation of Creatinine Hydrochloride (3) in DzO. 
[4,5-2H~]-2-Imino-1-methyl-imidazolidine Hydrochloride (23). 
Creatinine hydrochloride (3,373 mg, 2.5 mmol) was placed in an hy- 
drogenation bottle and exchanged four times with D20 by dissolution 
and evaporation. To this was then added PtOz (342 mg, 1.25 mmol) 
and D20 (50 mL, 99.8% d), and the resultant mixture was hydroge- 
nated as before for 26 h. After filtration and evaporation, 319 mg (89%) 
of a white crystalline solid was obtained: 'H NMR 6 2.95 (s). The 
product was exchanged several times with water as before: MS mle 
104 (M+ - HC1). A picrate was prepared in the same manner as for 
the nondeuterated compound 4 and showed the same melting point 
a t  195-196 "C. 

Hydrogenation of Pyrrolidinone (20). Pyrrolidinone (20,213 mg, 
2.5 mmol) and PtOz (342 mg, 1.25 mmol) were hydrogenated as before 
in 1 N HCl (50 mL). No reaction was apparent by lH NMR after 47 
h a t  room temperature. The reaction was then heated a t  60°C as de- 
scribed above for 88 h, after which time 'H NMR and 13C NMR (see 
below) showed the starting pyrrolidinone to be gone, and in its place 
a new product which, after filtration and evaporation, appeared as 
a crystalline solid: mp 133-135 "C; 'H NMR pyrrolidinone 6 3.5 (5, 
t H), 2.2 (m, 4 H); hydrogenation product 6 3.0 (t, 2 H),  2.5 (t, 2 H), 
2.0 ( q , 2  H); 13C NMR hydrogenation product d 177.6 (s), 38.8 (t), 31.2 
(t), 22.2 (t). 

By comparison of melting points and NMR with that of an au- 
thentic sample, the product recovered from the hydrogenation reac- 

tion was established as y-aminobutyric acid hydrochloride (21). 

Registry No.-3,19230-81-0; 4,67316-70-5; DL-Sa, 302-72-7; L-5a, 
56-41-7; 5b, 63-91-2; DL-6a, 67337-40-0; ~ - 6 a ,  1758-74-3; 6b, 
13551-04-7; 7a, 67316-71-6; 7b, 67316-72-7; 8a, 67316-73-8; 9, 

616-45-5; 23 HCl, 67316-74-9; 23 picrate, 67316-76-1; S-methyliso- 
thiourea sulfate, 867-44-7; 0-alanine, 107-95-9. 

15231-28-4; 10, 26893-39-0; 18, 5699-40-1; 18 HC1, 39270-72:9; 20, 
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l-Acetyltricyclo[3.3.1.0~~7]non-3-ene (15) has been prepared by a five-step reaction sequence from 3-endo-car- 
boxybicyclo[3.3.l]non-6-ene. The skeletal framework of 15 follows from its conversion to the parent hydrocarbon, 
tricyc10[3.3.1.0~~~]nonane. Alternative conditions for the epimerization of 3-endo-acetylbicyclo[3.3.l]non-6-ene 
have been determined. 

Although the synthesis of tricyclo[3.3.1.02~7]nonane (1) 
has not been reported previously, two independent routes 
leading to compounds which contain this carbon skeleton are 

1 

known. In 1967 Krantz noted that pyrolysis of 5-allylcyclo- 
hexa-1,3-diene (2) at 225 "C gives tricyc10[3.3.1.02~~]non-3-ene 
(3) as well as l-allylcyclohexa-1,3-diene, 2-allylcyclohexa- 

3 

1,3-diene, benzene, and recovered starting material.2 Through 
labeling studies it was established that 3 is formed from 2 at 
184 "C by a [4 + 21 cycloaddition mechani~m.~ At higher 
temperatures at least one other mechanistic pathway becomes 
competitive.3 More recently, Frost1 and Margaretha have 
found that irradiation of various 6-allyl-4,4,6-trimethyl-2- 
cyclohexenones (4) gives mixtures of the isomeric tricyclo- 
nonanones 5 and 6.4 The product ratio depends on the sub- 
stituent R of the allylic side chain and is somewhat influenced 
by the ~o lven t .~  We now wish to report an alternative synthesis 
of the tricycl0[3.3.1.0~~~]nonane skeleton which permits the 

4 6 
5 
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