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acetone-methanol. The (dimethyl derivative of Id separated as 
colorless, glistening prisms, mp 202". 

Anal .  Calcd for Cn6HlsO6: C, 71.5; H, 6.47; 3Me0, 21.3. 
Found: C, 71.7; H,  6.33 MeO, 21.3. 

Salicylaldehyde-5,5-Dirnethyl- 1,3-~yclohexanedione Conden- 
sation Product (V or VI). A.-Condensation of salicylaldehyde 
(2.8 g) and I1 (3.5 g) in aqueous KOH as described by Chakra- 
varti, et ~ l . , ~  gave V or \'I: mp 207-208", XzH 268 mp, 
283 mp. 

B.-Salicylaldehyde (2.44 g) and I1 (5.6 g), warmed in acetic 
acid (30 ml) and water (40 ml) for 30 min, formed a crystalline 
product. Recrystallized from acetone-methanol, V or VI 
separated as coiorless prisms, 5.8 g, mp and mmp 207-208'. 

75.2; H,  7.13. 
A n a l .  Calcd for Cs3H~604: C, 75.4; H, 7.15. Found: C, 

o-Vanillin-5,5-Dimethyl-l,3-cyclohexanedione Condensation 
Product. A.-A mixture of o-vanillin (1.52 g) and I1 (2.80 g) 
condensed in acetic acid (10.0 ml) and water (20 ml) as described 
above gave a product (3.80 g, mp 226-228') which crystallized 
from acetonemethanol a+ colorless needles: mp 228", A::" 268 
mp, 284 mp. 

Anal .  Calcd for C24H&: C, 72.7; H ,  7.12; lMeO, 7.83. 
Found: C, 72.7; H,  7.17; MeO, 7.94. 

B.--A solution of o-vanillin (1.52 g), I1 (1.40 g), and I11 
(1.36 g),  condensed similarly in hot aqueous acetic acid, gave 
only the above o-vanillin-I1 condensation product (1.86 g), 
mp and mmp 228". 

Acknowledgment:-The author is indebted to L. M. 
White and Miss G. Secor for elemental analyses. 
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In  continuation of earlier worklJ on the basic 
constituents of Rhazya strictu Decaisne we had isolated 
a new alkaloid, mp 110-112° (or 80-83°, hydrate), 
[ a I z 4 ~  +103", which .was named strictamine. Later 
i t  was found that its mass spectrum was identical with 
that of vincamidine, an alkaloid isolated from Vinca 
minor L. and reported3 to melt a t  78-80' and to possess 
a composition CzoH24r\Tz03. 

This alkaloid (for which we prefer to retain the name 
strictamine, because of the similarity of the name 
vincamidine and vincamedine, an alkaloid of com- 
pletely unrelated structure4) exhibits ultraviolet ab- 
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sorption of the indolenine type: XzH 213 mp (log 
E 4.37) and 262 mp (log E 3.80). Infrared bands a t  
1740,1630, and 1610 cm-' (in CHCl3) can be assigned 
to ester, C=N, and C=C groups. The nmr spectrum 
corroborated some of these conclusions: a complex 
series of signals between 7.1 and 7.8 ppm indicates four 
aromatic protons and a singlet a t  3.78 ppm (3 H) a 
methoxy function, while an ethylidene side chain is 
indicated by the doublet ( J  = 7 cps, 3 H) at  1.56ppm1 
further split (J = 1.5-2 cps) into a quartet (a phenom- 
enon we observed also for other systems possessing an 
ethylidene side chain). The mass spectrum5 of the 
alkaloid is fairly uncharacteristic : a strong molecular 
ion a t  m/e 322.1690 requiring the composition CzoHzz- 
Nz02 (calcd 322.1681), and prominent peaks due to loss 
of H and C02CH3 are its distinguishing (but unin- 
formative) features. Most importantly, the spectrum 
revealed the correct elemental composition and that the 
two oxygens are present as a carbomethoxy group. 

Reduction of strictamine with lithium aluminum 
hydride and deuteride furnished the first important 
information on the carbon skeleton of the alkaloid. 
The product of the hydride reaction showed a molecular 
ion peak at  m/e 296 (322 - 26) corresponding to trans- 
formation of an ester to the alcohol and saturation of the 
C-N double bond. Ultraviolet absorption at  242 and 
289 mp (E 6040 and 2750) indicated a dihydroindole 
system; infrared bands a t  3610 and 3380 em-l identified 
hydroxyl and amino functions, respectively. The mass 
spectral fragementation pattern was distinguished by 
strong peaks m/e 166, 144, 143, 136, 130, 122, and 121, 
which in the case of the deuteride reduction product 
appeared at  m/e 168, 145, 144, 136, 131, 123, 122, and 
121. Thepeaks at  v./e 130,143, and 144 represent indole 
fragments and their shift by 1 mass unit in the tri- 
deuterio derivative indicates incorporation of one 
deuterium atom into the indole moiety as required by 
reduction of the indolenine to an indoline. The 
remaining peaks are best rationalized in terms of the 
$-akuammigine6r7 type structure I (Scheme I). 

m/e 121 

R1=H, m/e 130 R2=H2, m/e 166 
R1=D,m/e 131 Rz=Dz, m/e 168 
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Subsequent experiments (Scheme 11) bore out these 
assumptions and permitted assignment of structure I1 
for strictamine. Treatment of strictamine (11) with 
sodium borohydride in methanol-methoxide solution 
left the compound unchanged, providing a strong argu- 
ment against the possibility of an akuammicinea**~9- 
asp ido~permat id ine~~~~ skeleton, since indolenines of this 
skeleton are knownsb to undergo ring opening to the cor- 
responding indole under such conditions. The remark- 
able inertness of the C=Y double bond points to much 
greater steric hindrance around this group in 11, as com- 
pared with akummicine (VII). 

SCHEME I1 
COOCHs COOCH3 

NR c--. NaBH4 CHsO' O F $ H z  - PtO* aT& N b  

\ 

I1 IV 
1 H+/Zn 

COOCH3 

' CHIOOC 
111 m/e 194 

Reduction of I1 with zinc in methanolic sulfuric acid 
resulted in the dihydro derivative I11 (mp 190-193") 
which features a rearranged a-aminoindoline skeleton. 
The ultraviolet chromophore of this compound [A,,, 
244, 298 mp (E 7900,3250) ] suffers a hypsochromic shift 
in  acid solution [Xp2H'HC1 235, 290 mp (unchanged ex- 
tinction)], a behavior characteristic for systems contain- 
ing a Ph-N-C-S grouping." Further proof that I11 
possessed indeed a rearranged skeleton was furnished 
by the catalytic reduction of I1 to a quite different di- 
hydroproduct, IV. The latter shows the ultraviolet 
bands of an indoline and its mass spectrum is quite 
similar to that of alcohol I [peaks at  m/e 324 ( A I + ) ,  

130, 122, and 1211, and the interpretation of these ions 
is readily accommodated by the mechanism sketched 
above for strictarninol (I). Furthermore, reduction 
of IV with lithium aluminum hydride furnished the 
corresponding alcohol (mol wt = 296) whose mass 
spectrum was identical with that of I, whereas the alco- 
hol obtained by hydride reduction of the a-aminoindoline 
system I11 showed a quite different fragmentation pat- 
tern. 

It should be noted that recently the alkaloid aku- 
ammiline12 was shown to possess structure V featuring 
the skeleton we propose for strictamine. Unfortunately, 

EtOH 

309 (M - l5), 251 (11 - 73), 194 (166 + 28), 144, 143, 

( 8 )  (a) K. Bernauer, W. Arnold, C. Weissman, H. Schmid, and P.  
Karrer, H e h .  Cham. Acta, 49, 717 (1960); (b) G. F. Smith and J. T.  Wrobel. 
J ,  Chem. SOC., 792 (1960): (0) J. Levy, J. LeMen, and M.-M. Janot, BUZZ. 
SOC. Cham. Francs, 979 (1960). 
(9) K. Biemann, "Mass Spectrometry: Organic Chemical Applications," 

McGraw-Hill Book Co., Inc., New York, N. Y., 1962, Chapter 8. 
(10) K. Biemann, M. Spiteller-Friedmann, and G. Spiteller, J .  Am. Chem. 

~ o c . ,  86, 631 (1963). 
(11) H. F. Hodson and G. F. Smith, J .  Chem. Soc., 1877 (1957). 
(12) L. Olivier, J. Levy, J. LeMen, M.-M. Janot. H. Budzikiewicz, and 

C. Djerassi, Bull. SOC. Chzm. France, 868 (1965). 

the published data do not permit avery meaningful com- 
parison and correlation of our results. An important 
piece of evidence, cited by the French-American work- 
ers,12 is the rearrangement (Scheme 111) of deacetyl- 
akuammiline (VI) to (-)-akuammicine (VII) under 
treatment with strong base. 

SCHEME I11 c>gcH' ___t KO-tBu benzene 0P-i H 

reflux \ 

'1 
V, R = A c  

VI, R=H 

COOCHg 
VI1 

We have been unable, as yet, to firmly duplicate this 
transformation with strictamine (11) itself. Reflux 
(1-2 hr) in benzene and potassium t-butoxide led to a 
mixture (representing about one-half of the original 
material) which consisted mainly of starting material 
and trace amounts of a compound with the same Rf 
value (tlc) as natural akuammicine. 

It may be that equilibrium concentration of the anion 
derived from I1 by removal of the hydrogen at  C-16 
is very low, while during the deformylation of VI a full 
negative charge is developed at  that position. 

The representation of the stereochemistry of the 
carbomethoxy grouping as shown in I1 is based pri- 
marily upon the nmr spectrum of the compound which 
shows a doublet ( J  = 7 cps, 1 H) at  4.78 ppm which we 
assign to the hydrogen atom a t  C-16; the shielding of 
the indolenine nucleus would seem sufficient cause 
for the abnormal chemical shift. 
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The formation of vicinal dihydroxyimidazolidines 
and -piperazines by the addition of alkylenebisamides (I) 
t,o glyoxal has been r e p ~ r t e d , ~  but the geometry of 
these adducts was not established. In  a similar sys- 
tem, N,N'-dimethylurea was shown4 to add nonstereo- 
specifically to glyoxal to form equimolar amounts of 
cis- and trans-4,5-dihydroxy-l,3-dimethyl-2-imidazoli- 
dinone, but, under the conditions of this reaction, the 
less stable cis isomer was converted to the trans con- 
figuration. Rates for the formation of the cis- and 
trans-imidazolidones and for the conversion of the pure 
isomers into equilibrium mixtures a t  various pH values 
(1) One of the laboratories of the Southern Utilization Research and 
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