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During the investigation of the tropolonic frac- 
tion of the steam-volatiles from Cupressus pygmaea 
(Lemm.) Sarg. heartwood,lb it was noticed that a 
part of the fraction reacted with 10% sodium 
hydroxide solution to form a salt of exceptionally 
low solubility. Paper chromatographic studies of 
this salt indicated that  it was composed essentially 
of only one compound, previously designated as 
pygmaein. Regeneration of the parent tropolone 
from its salt, and crystallization from n-hexane 
produced crystals melting a t  39-40'. The total 
yield of this material was 17% based on volatile 
oil and o.34yO on dry weight of wood. 

The isolated substance gave positive copper ace- 
tate and ferric chloride tests for tropolones, and 
coupled readily with aromatic amines. It had an 
analysis corresponding to CllH1103 with one 
methoxyl. The molecular weight determination ac- 
cording to Rast (180 * 2070) corroborated this 
formulation. The material was characterized by 
preparation of the copper chelate (1 : 2  molecular 
ratio), m.p. 211-212", thallium * chelate (1 :1 
molecular ratio), m.p. 197-197.5", dicyclohexyl- 
amine salt, m.p. 86-87', and cyclohexylamine 
salt, m.p. 170.5-171'. 

The ultraviolet and infrared spectra of pygmaein 
and its copper complex were characteristically 
tropolonic.* The infrared carbonyl band a t  1612 
em.-' was surprisingly weak in pygmaein as com- 
pared to the bands exhibited by thujaplicins and 

nootkatin. In  p-thujaplicinol, which has an  addi- 
tional ortho hydroxyl, this decrease in intensity 
has been attributed to  thc symmetrical placement 
of the two hydroxyls around the carbonyl. The 
low intensity carbonyl absorption in pygmaein, 
which has only one hydroxyl next to carbonyl, 
seems to point out that this may not be the only 
reason. 

In  pygmaein copper chelate, as expected, the 
hydroxyl band was absent and the carbonyl band 
shifted to 1583 em.-' with intensity somewhat 
increased. 

The NMR spectrum of pygmaein exhibited, in 
addition to other peaks, a singlet corresponding to 
the methoxyl protons a t  t 1 . 3  p.p.m. and a doublet 
a t  $3.8 and +3.9 p.p.m. stemming from the iso- 
propyl methyl protons, The magnitude of J for 
the doublet (about 6.5 c.P.s.) as well as the intensity 
ratios of the peaks agreed with these  assignment^.^ 

This evidence seems to indicate that we are 
dealing with a tropolone type compound with 
methoxyl and isopropyl groups attached to the 
ring. 

Refluxing pygmaein with a mixture of hydrobro- 
mic and acetic acids removed the methyl from the 
methoxyl to give an 89YG yield of a tropolone indis- 
tinguishable from natural a-thujaplicinol. Methyl- 
ation n i th  diazomethane, and refluxing thr  result- 
ing methyl ethers with methanolic sodium meth- 
oxide gave a 319.', yield of 2-methoxyl-3-isopropyl- 
benzoic acid.' This seems to indicate that we are 
dealing with one of the three possible a-thujap- 
licinol monomethyl ethers. Of these. 2-methoxy-3- 
hydroxy-4-isopropyltropolone (11) does not seem 
to be a likely possibility since it is not a tropolone 
in the usual sense of the word and the compounds 
of its class have decidedly di'fferent physical and 
chemical properties 5 

-. 
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The structure of pygmaein was finally ascer- 
tained by ethylating the compound with diazo- 
ethane and refluxing the resulting mixture with 
sodium ethoxide to  give a 26oJ, yield of 2-methoxy- 
3-isopropylbenzoic acid. The above scheme depicts 
all of the possible ethyl ethers and rearrangement 
products that  might arise, assuming all three 
possible structures for pygmaein. As can be seen, 
only structure 111,3-methoxy-Pisopropyltropolone, 
could give rise to 2-methoxy-3-isopropylbenzoic 
acid. 

As far as is known, pygmaein has previously 
been neither synthesized nor isolated from a natural 
source. In addition, it has been chromatographically 
identified in Cupressus goveniana Gord., Juniperus 
communis L., and Juniperus monosperma (Englm.) 
Sarg.' It is presently being studied for toxicity to 
wood destroying fungi. 

 EXPERIMENTAL^ 

Isolation of pygmaein. The separation of 21.4 g. of the 
crude sodium salt of pygmaein from the volatile oil of 
Cupresszis pygmaea heartwood has been described.' The 
parent tropolone was regenerated from the salt by treat- 
ment with 50 ml. of 10% hydrochloric acid, taken up in 150 
nil. of n-hexane and precipitated a t  -5' with 10 g. of cyclo- 
hexylamine to give 21.3 g. of adduct, m.p. 164-170'. After 
decomposing the cyclohexylamine adduct with 100 ml. of 
10% sulfuric acid by the usual procedure, the pygmaein 
was taken up in 50 ml. of n-hexane, treated with a teaspoon 
of charcoal, the solution filtered, and the tropolone crystal- 
lized from the same solvent a t  -5' to  give 9.4 g. of crystals, 
m.p. 38-40' (yield 17% in oil; 0.34% of dry wood weight). 

Characterization of pygrnaein. An analytical sample of 
pygmaein was prepared by decomposition of its copper com- 
plex with hvdrogen sulfide in chloroform solution, followed 
by sublimation and crystallization from iso-octane to give 
ill defined clusters of prisms, m.p. 39-40'. 

Anal. Calcd. for CIIHla03: C, 68.02; H, 7.27; mol. wt. 
(Rast), 194. Found: C, 67.69; H, 7.29; mol. wt. (Rast), 

The copper chelate of pygmaein was prepared by the 
usual procedure and purified by recrystallization from 
ethanol to  give a mixture of needles and hexagons, m.p. 
21 1-212O. 

.4nul. Calcd. for C2~H260e.C~: C, 58.72; H, 5.82; Cu, 14.12; 
OCH3, 13.iY. Found: C, 58.59; H, 5.63; Cu, 14.64; OCH,, 
14.21. 

Thallium chelate was prepared by dissolving 301 mg. of 
pygmaein, m.p. 38-40", in 25 ml. of warm 5% ammonia 
and adding to  i t  a solution of 742 mg. of thallium acetate 
in 5 ml. of watcr. Filtration and washing with water gave 
575 mg. of ypllow crystals, m.p. 195-198' (93% yield). 
Crystallization from chloroform/iso-octane gave long, char- 
acteristic plates, m.p. 197-197.5". 

180 f: 2070. 

( 5 )  R. 13. Johns, A. W. Johnson, and M. Tisler, J. Chem. 
Soc., 4605 (1954). 

(6) All melting points are corrected; microanalyses by 
Microchemical Laboratory, University of California, Berke- 
ley. Ultraviolet and infrared spectra were run on Beckman 
1)Ii I1 and Perkin-Elmer Model 21 recording spectro- 
photometers, respectively, and NMR spectra on Varian 
Associates spectrometers. 

Anal .  Calcd. for CIIHISOBT~: C, 33.23; € I ,  3.32. Found: 
C, 32.96; H, 3.24. 

The preparation of the dicyclohcxylaminc salt, m.p. 
86-87', has been described.' The cyclohexylamine salt was 
obtained by the same procedure. Crystallization from 
hexane/chloroform gave elongated prisms, m.p. 170.5- 
171.5'. 

Anal .  Calcd. for CITHn03N: C, 69.59; H, 9.28. Found: 
C, 69.33; H, 9.01. 

Spectral characteristics of pygmaein. Ultraviolet: Amax 251 
mp (log c 4.45); 325 mp (log e 3.75); 353 mp (log c 3.73); 
366 mp (infl.) (log E 3.71); 310 mp (infl.) (log e 3.64)- 
(iso-oct.ane). Pygmaein copper chelate (calculated on the 
basis of the molecular weight of the anion = 193): A,,, 264 
mp (log E 4.53); 337 mp (log c 4.04); 381 mp (log E 3.79); 
665 mp (log E 1.48)--(ethanol). 

Infrared: 3160s,2920s, 2840m, 1612w, 1575s, 1540s, 15009, 
14659, 14509, 1400s, 13909, 1325m, 1286s, 1237s, 12059, 
11659, 11209, 1062s, 1035m, 975m, 940m, 917w, 890w, 
865w, 805m, 795~1 ,  685m, cm.-L(potassium bromide). 
Pygmaein copper chelate: no hydroxyl absorption between 
4000 and 3000 cm.-l-(Nujol). Carbonyl a t  1582s- 
(potassium bromide). 

NMR': (60 mc, CSz)-peak a t  -3.0 p.p.m., multiplet 
a t  -1.4 p.p.m., singlet a t  +1.3 p.p.m., doublet at +3.8 
and f3 .9  p.p.m. (J about 6.5 cps). Intensity ratios: 1.1 :3.0; 
2.8: 6.0. 

Reaction of pygmaein with hydrobromic acid. A 308-mg. 
portion of pygmaein, m.p. 38-40', was refluxed with a mix- 
ture of 6.5 ml. acetic and 5 ml. of 42yo hydrobromic acid 
for 100 min. The resulting mixture was diluted to 75 ml. 
with water, brought to  pH 5 with ammonia and extracted 
with 30 ml. of chloroform. The extract was dried and the 
solvent evaporated. The residue was taken up in 15 ml. of 
iso-octane and the solution filtered from the small amount 
of impurities. The reaction product was precipitated a t  
+5' by addition of 0.5 g. of dicyclohexylamine, giving 510 
mg. of the adduct (89% yield), m.p. 130-130.5", undr- 
pressed on admixture with the corresponding salt of nat,ii- 
rally occurring a:thujaplicinol. The identity was furthrr 
confirmed chromatographically as well as by comparing 
infrared spectra of the adducts and of the regenerated com- 
pounds themselves. 

Rearrangement of the pygmaein ethyl ethers. Ethylation of 
307 mg. of pygmaein, m.p. 38-40" was conducted using 
an excess of diazoethane, analogously to the diazomcthane 
methylation. The resulting mixture of ethyl ethers R:LS 
refluxed for 1 hr. with a solution of 0.5 g. of sodium in 15 
ml. of absolute et,lianol. The reaction products were de- 
graded as described for the rearrangement of the methyl 
ethers1 to  give 153 mg. of dicyclohexylamirie salt, m.p. 
150.5-153.0" .(26% yield). Regeneration of the parent acid 
gave crystals, m.p. 66.5-67.5", undepressed on admixture 
with an authentic sample of 2-methoxy-3-isopropylbenzoic 
acid; preparation of the pure dicyclohexylsmine salt from 
the regenerated acid gave crystals, m.p. 155.2-156", un- 
depressed on admixture with an authentic sample of thc di- 
cyclohexylamine salt of 2-methoxy-3-isopropylbenzoic acid. 
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