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APPENDIX 

TABLE III. 

Marihuana Activity of Cannabinol Types* 

Name of Compound 
Dibenzopyranes 

1. 2,6,6-trimethyl-7,8,9,10-tetrahydro-( VII) 
2. l-Hydroxy-3,6,6,9-tetramethyl­

tetrahydro-(XXVIII) 
3. 1-Hydroxy-3-n-amyl-6,6,9-trimethyl­

tetrahydro-(XL V) 
4. l-Methoxy-3-n-amyl-6,6,9-trimethyl­

tetrahyd ro-(XL VII) 
5. 1-Amyloxy-3-n-amyl-6,6,9-trimethyl­

tetrahydro-(XL VIII) 
6. Bromine product of l-hydroxy-3-n­

amyl-6,6,9-trimethyl-tetrahydro-(XL VI) 
7. l-Hydroxy-3-methyl-6,6-diethyl­

tetrahydro-(XIV) 
8. l-Hydroxy-3-methyl-6,6-dipropyl­

tetrahydro-(XV) 
9. 1-Hydroxy-3-methyl-6,6-dibutyl­

tetrahydro-(XVI) 
JO. l-Hydroxy-3-methyl-6,6-d i-amy 1-

tetrahydro-( XVII) 
11. 1-Hydroxy-3-n-amyl-6,6-diethyl-

9-methyl-tetrahydro-(L) 
12. 1-Hydroxy-3-n-amyl-6,6-dipropyl-

9-methyl-tetrahydro-(LI) 
13. 1-Hydroxy-3-n-amyl-6,6-dibutyl-

9-methyl-tetr,ahydro-(L-II) 
14. 1-Hydroxy-3-n-amyl-6,6-dimethyl­

tetrahydro-(XLII) 
15. Red oil distillates 

Activity 
0 

0 

10 
No marihuana 

but narcotic 
No marihuana 

but narcotic 

12 
No marihuana 

but narcotic 
No marjhuana 

but narcotic 
No marihuana 

but narcotic 
No marihuana 

but narcotic 

1 or less 

I or less 
No marihuana 

but narcotic 
80 

Maximum 
Deviation 

±3 

±3 

±25 

• The above activities were determined by Dr. R. P. ·Walton of the Uni­
versity of Mississippi, using dogs as experimental animals. The ac­
tivities are expressed in terms of a standard U. S. P. extract of 
cannabis. 



COMPOUNDS OF THE CANNABINOL TYPE 

INTRODUCTION 
In the inquiry into the nature of the principle of the hemp 

plant (Cannabis sativa) responsible for marihuana effects, the 
place of cannabinol is important. This compound, isolated in high 
yields from active distillates, is toxic but does not give the typical 
marihuana effects. Nevertheless, because the chemical properties 
of the most active distillates resemble very closely the chemical 
properties of cannabinol and because the analyses of such dis­
tillates lie very close to that of cannabinol itself, it has long been 
suspected that the active principle is a near relative of cannabinol. 
Investigation into the constitution of cannabinol has ·therefore 
been pursued by many workers,1• 2 • 

8
• 

5
• 

6
• 

7 and at the beginning of 
this research it was formulated as a 6, 6-dimethyl-dibenzopyrane 
of the following constitution with doubt only as to the position 
of the hydroxyl and amyl group on ring B: 

It was the purpose of this study to exploit synthetic methods 
for approaching compounds of the cannabinol type with the view 
to settling the constitution of cannabinol and of providing re­
lated compounds for physiological study. Examination of the 
literature indicated that probably the most useful route to such 
compounds would be an extension of the method of Sen and 
Basu'0 for the preparation of the substituted tetrahydrobenzo­
coumarins in excellent yields according to the following general 
reaction: 
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The next step would be either dehydrogenation followed by 
the use of the Grignard to give the type; 

R,•H-GH, 

Hz•ON 

"'• •Al NY, 

or in the opposite order, that is, the use of the Grignard first fol­
lowed by dehydrogenation. 

Since the reaction of Sen and Basu10 is known to occur with 
dihydric phenols and since the cyclohexanones are available, the 
method would lead to substances closely resembling the formulat­
ed cannabinol. Assuming that these suggested reactions are suc­
cessful, the only item to be decided in reference to the use of the 
dihydric phenols would be the position of the condensation of the 
two rings with reference to the hydroxyl groups. Since only one 
compound was reported in each of these condensations and on the 
basis of the high yields obtained, the reaction must have pro­
ceeded mainly in one direction and it is predicted that of the two 
possibilities outlined below for the dihydric phenols, the one with 
the rings joining between the two hydroxyls seems most rea­
sonable: 

OR 

However, the final proof of the position will have to be given in 
the course of work on representative compounds. 

This reaction was tested and found very satisfactory on orcinol 
and other representative phenols (See Bembry and Powell,9 also 
for reactions involved see Flow Sheet I , Series A) and was used 
to prepare compounds related to cannabinol. The position of the 
condensation between the t•wo rings was settled meanwhile by 
Adams and Baker" and cannabinol itself was also synthesized.16 

The method was then used for the most part to prepare the tetra-
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hydro-dibenzopyrane derivatives and others described below. 
These derivatives are the most important ones for consideration 
in dealing with marihuana activity, since it has been established 
only recently by Adams and his co-workers15 that the tetrahydro­
cannabinols possess rnarihuana activity. 

RESULTS AND CONCLUSIONS 
1. The method of Sen and Basu10 for the preparation of the 

tetrahydrobenzo-coumarins has been extended to the study of the 
cannabinol types. 

2. The extended method is a convenient way to obtain either 
the cannabinol- or the partially reduced cannabinol-types. 

3. 2-Methyl-7, 8, 9, 10-tetrahydro-dibenzopyrone (V) when 
dehydrogenated with sulphur gave 2-methyl-dibenzopyrone (VI) 
which was identical with that prepared -by Kahn6 by a less practi­
cal method. 

4. 2, 6, 6-TrimethyJ-7, 8, 9, 10-tetrahydro-dibenzopyrane (VII) 
was <lehydrogenated to give directly bhe corresponding pyrane 
(VIII) which corresponds to the basic cannabinol type. 

5. In the preparation of olivetol ( 5-n-amyl-resorcinol) the 
procedure of Suter and Weston10 involving the reaction of butyl 
magnesium bromide on dimethoxy-benzamide to form dimethoxy­
valerophenone failed when applied to the reaction of -the same 
Grignard on 3, 4, 5-trimethoxy-benzamide, instead a mixture of 
substances was formed from which was isolated a dimet:hoxy­
butyl-valerophenone instead of the expected trimethoxy-valero­
phenone. 

6. Likewise as in 5 above the reaction of butyl magnesium 
br.omide on trimethoxy-benzonitrile (XXXVII) failed to give the 
expected trimethoxy-valeriophenone (XXXVIII) but instead 
gave mainly the identical ketone obtained in 5 above. Here are 
presented additional examples of the !ability of the 4-methoxy in 
3, 4, 5-trimethoxy-benzo derivatives as have been observed in 
other instances by Kostanecki,26 Semmler27 and Thomas.28 

7. A series of tetrahydro-dibenzopyranes was synthesized, in­
cluding tetrahydrocannabinol itself (XLV). as well as tetrahydro­
cannabinols in which the 9-methyl is substituted by hydrogen 
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(XLII) and in another case where the 3-n-amyl is substituted by 
a methyl (XXVIII). 

8. Compounds possessing marihuana activity were prepared 
in the course of this work. 

9. Typical marihuana activity was associated with partially 
reduced cannabinol itself and was Jost through slight departure 
from the basic cannabinol structure. Although typical marihuana 
activity was lost by such a departure, the compounds still pos­
sessed some ,narcotic properties. 

10. Homologs up to 6,6-di-n-amyl of l -hydroxy-3,6,6-tri­
methyl-tetrahydro-dibenzopyrane and up to 6,6-di-n-butyl of 
tetrahydrocannabinol were prepared through extended applicatfon 
of the pyrane synthesis developed. 

11. The hydrogen content of the tetrahydro-dibenzopyrane 
molecule was reduced to values between the tetrahydro and the 
completely dehydrogenated pyrane by treatment with one mole 
of bromine. In ,the case of such treatment on tetrahydrocannabinol 
the resulting product possessed a higher marihuana activity than 
did the original tetrahydrocannabinol. The possibility of deep­
seated changes within the molecule by bromine treatment was not 
excluded. 

12. Study of the bio-assays of the synthetic compounds sug­
gest that the active principle of the red oil is a compound or mix­
ture of compounds where ring A of cannabinol is partially re­
duced to di- or tetra-hydro or both where the essential difference 
between the synthetic compounds and the naturally occurring 
product is in the difference in the position of the double bond in 
this ring. 

13. The following new compounds were prepared in the 
course of this work: 

(1 ). 2-Methyl-7.8,9,10-tetrahydro-6-dibenzopyrone (V) 
(2). 2,6,6-Trimethyl-7,8,9,10-tetrahydro-6-dibenzopyrane (VII) 
( 3). 2-(Methyl-4'-methyl-6'-cyclohexene~ 1 '-6 1- l'-carboxylate) 

1,3-dimethoxy-5-methy I-benzene (XXVI) 
( 4). 2-( 4'-methyl-6'-cyclohexene~ 1' -

0 '- l '-carboxylic acid) 1,3-
dimethoxy-S-methy I-benzene (XXVII) 
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( S). 1-Acetox y-3 ,9-dimethy 1-7 ,8,9, I O-tetrahydro-6-dibenzo­
pyrone (XXIIIa) 

( 6). l-Methoxy-3,9-dimethyl-7,8,9,10-tetrahydro-6-dibenzo­
pyrone (XXIV) 

( 7). l-Acetoxy-3,6,6,9-tetramethyl-7 ,8,9, l O-tetrahydro-6-
dibenzopyrane (XXIX) 

( 8). 2-( l '-Isopropyloxy-4'-methyl-6'-cyclohexenet, 1'-6'-) 

l-methoxy-3-hydroxy-5-methyl-benzene (XXIVa) 
(9). l-Hydroxy-3-n-amyl-7,8,9,10-tetrahydro-6-dibenzo­

pyrone (XLI) 
( 10) . 1-Hydroxy-3-n-amy 1-6,6-dimethyl-7,8,9, 10-tetrahydro-6-

dibenzopyrane (XLII) 
( 11). 3,5-Dinitrophenyl-urethane of 1-hydroxy-5-n-amyl-6,6-

dimethy 1-7 ,8,9,10-tetrah ydro-6-dibenzopyrane (XLIII) 
(12). 3,5-Dinitrophenyl urethane of tetrahydrocannabinol 

(XLIX) 
( 13). Semicarbazone of dimethoxy-butyl-valerophenone 
( 14). 1-Methoxy-3-n-amyl-6,6,9-trimethyl-7,8,9,10-tetrahydro-6-

dibenzopyrane (XL VII) 
( 1 S). l-Amyloxy-3-n-amy l-6,6,9-trimethyl-7,8,9,10-tetrahydro-6-

dibenzopyrane (XL VIII) 
(16). l-Hydroxy-3-methyl-6,6-diethyl-7,8,9,10-tetrahydro-6-

dibenzopyrane (XIV) 
( 17). l-H;ydroxy-3-methy 1-6,6-di~-propyl-7,8,9, 10-tetrahydro-6-

dibenzopyrane (XV) 
( 18). 1-Hydroxy-3-methyl-6,6-di-n-butyl-7,8,9,10-tetrahydro-6-

dibenzopyrane (XVI) 
( 19). l-Hydroxy-3-methyl-6,6-di-n-amyl-7,8,9, 10-tetrahydro-6-

dibenzopyrane (XVII) 
(20). 1-H ydrox y-3-n-amyl-6,6-diethyl-9-methy 1-7,8,9,10-itetra­

hydro-6-dibenzopyrane (L) 
(21 ). l-Hydroxy-3-n-amyl-6,6-di-n-propyl-9-methyl-7,8,9,10-

tetrahydro-6-dibenzopyrane (LI) 
(22). l-Hydroxy-3-n-amyl-6,6-di-n-butyl-9-methyl-7,8,9,10-

tetrahydro-6-dibenzopyrane ( LII) 

9 



NOMENCLATURE 

The system of nome-nclature used in this dissertation is that 
of the Chemical Abstracts. 

Roman numerals refer to compounds of the Flow Sheet. 
Arabic numerals in the text refer to bibliography. 
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DISCUSSION 

The Model Pyrane: 2,6,6-Trimethyl-6-dibenzopyrane (VIII) 

The synthesis of 2,6,6-trimethyl-dibenzopyrane was chosen as 
the first step in this work, because it is one of the pyranes pre­
pared by Kahn6 and its preparation at the outset will offer a direct 
test of the proposed synthetic method. Accordingly p-cresol was 
condensed with ethyl-cyclohexanone-2-carboxylate (III), pre­
pared from cyclohexanone and oxalic ester after the method of 
Kotz and Michelsn in the presence of sulphuric acid to give the 
2-methyl-7,8,9,10- tetrahydro-dibenzopyrone (V). This was 
smoothly dehydrogenated with sulphur to the corresponding de­
hydro-pyrone (VI), and which was in turn allowed to react with 
methyl magnesium iodide to form Kahn's 2,6,6-trimethyl-dibenzo­
pyrane (VI II) . In fact the tetrahydro-pyrone first formed could 
be converted to the tetrahydropyrane directly by treatment with 
ithe Grignard and then the tetrahydropyrane formed dehydro­
genated to Kahn's dibenzopyrane. Of the two paths opened for 
proceeding to the pyrane, it was more practical for the purposes 
of this research to proceed at once to the tetrahydro-dibenzopyrane 
and allow the dehydrogenation to be a secondary reaction, because 
the tetrahydro-<libenzopyranes are sufficiently close to cannabinol 
to warrant study themselves. 

Pyranes Derived from the Condensation of 5-Methyl-resorcinol 
with Both Ethyl- and Ethyl-5-m:ethyl~yclohexanone-2-
carboxylate 

With the success of the model experiment, and because of the 
complex types of phenols, the various substituted ethyl-cyclo­
hexanone-2-car-boxylates as well as the variation in the type of 
Grignard agents which could be used, it was at once evident that 
there was at hand a practical method for synthesizing cannabinol 
as well as a wide variety of cannabinol types. For the purpose of 
synthesizing the cannabinol types, the phenols showing the g reat­
est promise were the dihydroxy-alkyl-benzenes, because Kahn 
had already shown the phenolic ring of cannabinol to be a dihy­
droxyl-amyl-benzene in which one hydroxy group was involved 

12 



in the formation of the lactone ring. Whether the orientation of 
the phenolic ring was that of catechol or resorcinol or whether 
the alkyl was 1-2 or 1-3 in either of these systems, Kahn° was not 
able to decide on the basis of the chemical evidence accumulated. 

Upon the examination of known structures of other plant 
products, it was observed that 5-n-amyl resorcinol was a con­
stituent of the depsides olivetoric acid and physodic acid which 
are found in several species of Japanese lichens.12 The observa­
tion indicated the possibility that the dihydroxy-amyl-benzene of 
cannabinol might have the 5-n-amyl-resorcinol arrangement. 
With this suggestion the phenols chosen for the preparation of 
the pyranes were 5-methyl resorcinol ( orcinol) and 5-n-amyl­
resorcinol ( olivetol). While this work was well on its way and 
already a definite route to the synthesis of the cannabinol types 
had been established (See Bembry and Powell 9), Adams and his 
co-workers13 showed that cannabidiol, a new product recently 
isolated by them•• from the red oil of Minnesota hemp, could 
be cleaved to give olivetol (5-n-amyl-resorcinol) and p-cymene 
and that cannabidiol and cannabinol had the same orientation of 
constituents by isomerizing the former into the latter.16 This 
showed definitely, therefore, that the phenolic ring of cannabinol 
was that of 5-n-amyl-resorcinol. 

Before using 5-n-amyl resorcinol in these condensations, the 
readily available 5-methyl resorcinol (IX) was first used. This 
phenol was condensed with ethyl-cyclohexanone-2-carboxylate 
(III) primarily for the purpose of verifying the position of the 
rings in the condensation reaction, for Adams and Baker17 had 
prepared l-hydroxy-3-methyl-dibenzopyrone (XI) by a method 
which involves t he reaction of o-brombenzo.ic acid with dihydro­
orcinol, and which leaves ,no doubt as to the orientation of the 
rings, which in this case was between the two hydroxyls. Now if 
the •tetrahydro-dibenzopyrone (X) obtained in this work from 
orcinol and ethyl-cyclohexanone-2-carboxylate were dehydro­
genated, a pyrone comparable to that of Adams and Baker would 
be produced. Accordingly the orcinol condensation product was 
dehydrogenated with sulphur, and the resulting l-hydroxy-3-
methyl-dibenzopyrone (XI) was identical in every detail with 
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that prepared by Adams and Baker. Therefore, the condensation 
of the 5-alkyl resorcinols with the cyclohexanone-2-carboxylates 
takes place between the two hydroxyl groups as predicted. 

The next application of the orcinol condensation was •to test 
it in a reaction with ethyl-methyl-cyclohexanone-2-carboxylate 
(XXI), a reaction which approaches more closely the basic can­
nabinol structure by introducing a methyl group in the 9-position 
of -t-he tetrahydro-dibenzopyrone formed (XXIII). This reaction 
proceeded as readily as the unsubstituted cyclohexanone-2-car­
boxylate. 

These hydroxy-alkyl-tetrahydro-dibenzopyrones exhibit inter­
esting properties. The stability of the lactone bridge is remark­
able, being only broken by prolonged boiling with concentrated 
sodium hydroxide and immediately reformed upon acidification. 
For a somewhat detailed study of these hydroxy-alkyl-tetrahydro­
dibenzopyrones, 1-hydroxy-3,9-dimethyl-7,8,9,10-tetrahydro-di­
benzopyrone (XXIII) was used. This readily formed a mono­
methyl ether (XXIV) with dimethyl sulphate and alkali, the lac­
tone bridge being entirely undisturbed by this reaction. On the 
other hand if the lactone is refluxed with 20 per cent sodium hy­
droxide for -thirty minutes, the lactone ring was broken (XXV) 
and then on treatment with dimethyl sulphate the dimethyl ether 
(XXVI) was formed as well as the methyl ester of the carboxyl 
freed by the lactone breaking. The methyl ester of the dimethoxy­
diphenyl-carboxylic acid (XXVI) could be hydrolized to the cor­
responding acid (XXVII) by warming with dilute alkali. 

In order to convert the hydroxy-alkyl-tetrahydro-dibenzo­
pyrones (X, XXIII) into the corresponding tetrahydro-pyranes 
(XII, XXVIII) they were -treated with methyl magnesium iodide. 
If the free phenol is used the reaction is slow and an excess of 10 
to 15 moles of the Grignard must be used -and prolonged refluxing 
in benzene is necessary in order to complete the reaction. Whereas 
if •the monomethyl ether (XXIV) is used the reaction is over in a 
few hours. Although the action of the Grignard on the ether was 
much smoother than on the free phenol, this method was not used 
throughout in order to avoid complications which might present 
themselves in the subsequent splitting of the ether in order to ob-
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tain the desired free phenol. When the Grignard reacts with the 
phenolic tetrahydro-pyranes, glycols (XXlVa, XXVIIIa) were 
formed as an intermediate step. In ithis work the glycols were not 
isolated but treated directly with a dehydrating agent such as 
phosphorous pentoxide and a high boiling solvent such as xylene. 
As a matter of fact, direct distillation of these glycols was suffi­
cient to dehydrate them and form the pyrane ring, but it was ob­
served that the yield as well as the quality of the product were 
somewhat better when the glycols were dehydrated in order to 
effect ring closure before distillation. 

Synthesis of 5-n-amyl-resorcinol (Olivetol) (XL) 

With the condensation of the 5-n-alkyl resorcinol and the 
cyclohexanone carboxylates, the ready conversion of the tetra­
hydro-pyrones into the 6,6-dimethyl-tetrahydro-pyranes by treat­
ment with methyl magnesium iodide and the possible dehydro­
genation to the 6,6-dimethyl pyranes well established by the fore­
going experiments, it was now time to apply these procedures to 
the synthesis of compounds which were more closely related to 
cannabinol. For this purpose ethyl-cyclohexanone-2-carboxylate 
(III) and ethyl-5-methyl-cyclohexanone-2-carboxylate (XXI) 
were to be condensed with olivetol (XL). Olivetol was not readily 
available, having already been synthesized by two ra-ther cumber­
some methods involving a large number of steps. The first method 
by Asahina18 required gallic acid as the starting material which was 
converted into olivetol through a series of eight transformations 
(Flow Sheet 3, Series D) involving the formation of trimethyl­
gallic acid (XXXI), trimethoxy-benzoyl-chloride (XXXII), tri­
methoxy-benzoyl-acetoacetic ester (XXXJII), trimethoxy-ben­
zoyl-acetic ester (XXXIV) and trimethoxy-benzoyl-propyl-acetic 
ester (XXXV), which undergoes ketone decomposition to give 
trimethoxy-valerophenone (XXXVIII) . This was reduc,ed with 
sodium and alcohol to the hydrocarbon, losing simultaneously the 
p-methoxy group. The resulting dimethyl ether (XXXIX) was 
cleaved to olivetol. The last five steps are oily products and con­
siderable practice with the procedure was necessary before maxi-
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mum yields of 25 grams of pure olivetol could be obtained from 
500 grams of gallic acid. 

The second method by Suter and vVeston19 had the serious dis­
advantage of starting with the difficultly accessible 3,5-dihydroxy­
benzoic acid. This was converted into dimethoxy-benzamide, 
which was allowed to react with butyl magnesium bromide to give 
at once the dimethoxy-valerophenone, which in turn was reduced 
and cleaved •to give olivetol. Once the dihydroxy-benzoic acid is 
available ,there is no doubt that this method has considerable ad­
vantage over that of Asahina. 

In order -to combine the advantage of readily available start­
ing materials of the method of Asahina and the advantage of the 
more direct addition of the butyl group through the use of the 
Grignard of the method of Suter and Weston, an attempt was 
made to prepare olivetol by allowing the easily accessible tri­
methoxy-benzamide (XXXVI) to react with the butyl Grignard to 
give directly the desired trimethoxy-valerophenone (XXXVIII). 
In this reaction, however, none of the desired valerophenone was 
formed, but instead a ketone which was minus one methoxy group 
and carried an extra butyl group was isolated from the reaction 
mixture. When trimethoxy-benzonitrile (XXXVII) was substi­
tuted for the amide in this reaction the identical ketone was ob­
tained which indicates the generality of this behavior of the 3,4,5-
trimethoxy-benzo derivatives towards the butyl Grignard under 
the conditions of these experiments. An explanation of this be­
havior is possibly based on the peculiar properties of the p-meth­
oxy group between two other methoxy groups as have been 
observed in other instances.26

, 
21

, 
28 

Nor-tetrahydrocannabinol (XLII) and Tetrahydrocannabinol 
(XLV) 

The condensation of 5-n-arnyl resorcinol with ethyl- and ethyl-
5-methyl-cyclohexanone-2-carboxylate and the reaction of the 
tetrahydro-n-amyl-pyrones (XLI), (XLIV) formed with the 
methyl Grignard proceed with equal readiness as with the 5-
methyl-resorcinol reactions to give nor-tetrahydrocannabinol and 
tetrahydrocannabinol respectively as colorless viscous liquids 
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which redden on exposure to air. The oils were identified through 
their 3,5-dinitro-phenyl-urethanes (XLlII), (XLIX). 

Adams and his co-workers'5 reported the isomerization of 
cannabidiol into a tetrahydrocannabinol which possessed typical 
marihuana activity. The interest, therefore, of this investigation 
was at once centered upon the tetrahydrocannabinols as showing 
greatest promise. The methyl ether (XLVII) and then-amyl ether 
(XL VIII) of tetrahydrocannabinol were prepared for study and 
in addition the syntheses were extended to include certain homo­
logs of both the orcinol ( 5-methy I resorcinol) and the olivetol 
( 5-n-amy 1-resorcinol) series. 

Homologs of the 6,6-Dimethyl-tetrahydro-dibenzopyranes (XII, 
XLV) 

The existence of the tetrahydro-dibenzopyrones as intermedi­
ate compounds in the synthesis of the pyranes, offered at once the 
opportuni-ty for preparing homologs involving the 6-carbon atom. 
For the purpose of preparing homologs, two pyrones were used; 
l-hydroxy-3-methyl-7,8,9,10-tetrahydro-dibenzopyrone (X) as a 
type pyrone because of its availability and l-hydroxy-3-n-amyl-
9-methyl-7,8,9,10-tetrahydro-dibenzopyrone (XLIV) because of 
the marihuana activity which its 6,6-dimethyl-pyrane possessed. 
These respective pyrones were allowed to react with the appro­
priate Grignard to form homologs up to n-amyl of the corre­
sponding 6,6-dimethyl-7,8,9,10-tetrahydro-dibenzopyranes (XII), 
(XLV). Slightly longer refluxing of ·the Grignard reaction mix­
ture was necessary to complete the reaction for the higher homo­
logs. The products were all obtained as distillable liquids. See 
Tables I and II, and Flow Sheet Compounds XIV-XVII and 
L-LII. 

The Action of Bromine of the Tetrahydro-pyranes 

The action of bromine on the tetrahydro-pyranes was studied 
as a possible method by which the lower hydrogenated pyranes 
might be pr,epared. For-this purpose two tetrahydro-pyranes were 
chosen; the 1-hydroxy-3,6,6-trimethyl (XII) and the l-hydroxy-
3-n-amyl-6,6.9-trimethyl (XLV), the former pyrane (a high melt­
ing solid) was expected to give solid bromination products and 
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the latter pyrane, a physiologically active one, to study the effect 
of bromine action on marihuana activity. The respective pyranes 
were t reated with one mole of bromine in chloroform solution and 
vigorous evolution of hydrogen bromide took place. The l -hy­
droxy-3,6,6-trimethyl-tetrahydro-dibenzopyrane gave a crystal­
line product which did not contain bromine and which had a defi­
nitely lower hydrogen content. Tetrahydrocannabinol when 
treated in the same manner gave an oil which did not contain bro­
mine and had also a lower hydrogen content. The oil possessed a 
higher marihuana activity than did the original tetrahydrocan­
nabinol. 

The solid bromination product obtained from the trimethyl­
tetrahydro-dibenzopyrane has all the characteristics of a pure 
chemical individual. Although too much credence could not be 
placed in the melting point because the product melted with de­
composition, the analyses of entirely different runs substantially 
indicated the individuality of the product isolated. The nature of 
this compound is unknown, since the formation of common phen­
olic derivatives such as the acetate, benzoate and methyl ether 
could not be induced. In fact the analytical data for both products, 
the one derived from the bromine treatment of the trimethyl­
pyrane and the one derived from bromine treatment of tetrahydro­
cannabinol, indicated the possiblity that a change in the molecule 
more deep-seated than the mere loss of hydrogen may have taken 
place, as a result of the action of bromine on these pyranes. 

EXPERIMENT AL 

All melting poi,nts repor•ted by the author have been 
corrected. The analyses were performed by Mr. 
Saul Gottlieb in these laboratories. 

t . Ethyl-cyclohexanone-2-carboxylate (III) 

Two hundred grams of cyclohexanone were condensed with 
300 grams of diethyl oxalate in the presence of sodium ethylate 
and the cyclohexanone-oxalester thus formed decomposed by 
heating under reduced pressure up to 100 degrees, according to 
the method of Kotz and Michels11 to give ethyl-clclohexanone-2-
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carboxylate in 70 per cent yield. The product was obtained as a 
colorless liquid boiling at 120-123° / 23 mm. pressure. 

2. 2-Methyl-7,8,9,10-tetrahydro-dibenzopyrone (V) 

The method used for the condensation of ethyl cyclohexanone-
2-carboxylate with p-cresol is based on the procedure used by Sen 
and Basu10 for the corresponding ·carboxylate with m-cresol. To 
a mixture of 65 grams of cyclohexanone-2-carboxylate and 40 
grams of p-cresol, 35 cc. of concentrated sulphuric acid were 
added slowly, with shaking and without allowing the temperature 
to rise. The whole was allowed to stand over night at mom tem­
perature and then poured over cracked ice. The solid mass which 
separated was filtered off and taken up with ethyl alcohol from 
which the product separated as long whi,te needles, leaving a clear 
green mother liquor. Yield 60.l grams or 76 per cent. M. P. 131 °. 

Analysis: 
Calcd. for CHH140 2 C, 78.50; H, 6.58 
Found C, 78.47; H, 6.79 

3. 2,6,6-Trimethyl-7,8,9,10-tetrahydro-dibenzopyrane (VII) 
To a Grignard prepared from 2.4 grams of magnesium, 15 

grams of methyl iodide and 40 cc. of dry ether, 3.5 grams of 
2-methyl-7,8,9,10-tetrahydro-dibenzopyrone were added in small 
portions. The lactone reacted immediately. After the addition 
the reaction was completed by warming on the water bath for 2 
hours. The reaction mixture was then poured over cracked ice 
acidified with sulphuric acid, the ether layer separated, washed 
with sodium thiosulphate followed by 10 per cent sodium hydrox­
ide, the latter wash did not contai,n any of the product. The ether 
solution was then washed with dilute hydrochloric acid followed 
by a solution of sodium 'bicarbonate and finally with water. The 
ether layer after having been dried over anhydrous sodium sul­
ph~te, was evaporated leaving a thick colorless oil which soon 
solidified. The product was crystallized from ethyl alcohol giving 
white plates melting at 72-73°. Yield 3 grams or 80 per cent. 

Analysis: 
Cakd. for C1ijH200 C, 84.28; H, 8.77 
Found C, 84.24 ; H, 8.98 
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4. 2,6,6-Trimethyl-dibenzopyrane (VIII) 

Five grams of 2,6,6-trimethyl-7,8,9,10-tetrahydro-dibenzo­
pyrane were placed in a side arm test tube and heated with two 
atoms of sulphur at 200 to 240° C. in a metal bath. Vigorous evo­
lution of hydrogensulphide took place which had practically 
ceased after five hours of heating. The reaction mixture was while 
still hot poured into a mortar and allowed to solidify. It was then 
ground to a powder and the powder extracted several times with 
hot petroleum ether (b.p. 60-110°). The petroleum ether extracts 
were combined and fractionated, collecting the fraction boiling 
between 193 and 195° at 25 mm., to give an oil which on standing 
solidified. The product was recrystallized from methanol giving 
white plates which melted at 58°. Yield 1.1 grams. Kahn6 re­
ported plates melting at 58°. 

Analysis: 
Calcd. for C10 H10O C, 85.7 ; H , 7.2 
Found C, 85.92; H, 7.35 
Kahn Found C, 85.2 ; H, 7.5 

5. 2-Methyl-dibenzopyrone (VI) 

Prepared in the same manner as for 2,6,6-trimethy,l-dibenzo­
pyrone (procedure 4). The combined petroleum ether (b.p. 60-
1100) extracts ,on cooling deposited which were filtered off and re­
crystallized from ethyl alcohol giving white needles which melted 
at 133.5°-134.5°. Yield 1 gram of pure material. Kahn6 reported 
white needles melting at 134-135°. 

Analysis: 
Calcd. for C14H 10O2 C, 80.00; H, 4.78 
Found C, 80.19; H, 5.08 
Kahn found C, 79.7 ; H, 4.8 

6. 5-Methyl-2-hydroxy-2'-isopropyloxy-diphenyl (VIila) 

This compound was prepared according to the method of 
Kahn.0 The Grignard prepared from 1.6 grams of magnesium, 
10 grams of methyl iodide and 30 cc. of dry ether reacted with 
2.7 grams of 3-methyl-dibenzopyrone to give a 90 per cent yield 
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of the product in the form of long white needles which melted at 
98°. Kahn reported the melting point as 94-104° . 

Analysis : 
Calcd. for C1dH180 2 C, 79.3 ; H, 7.49 
Found C, 79.21; H, 7.49 
Kahn found C, 80.2 ; H, 7 .4 

7. 2,6,6-Trimethyl-d.ibenzopyrane (VIII) 

The ring closure of the glycol (VIIIa) obtained in experiment 
6, was effected by the method of Kahn6

• Five grams of the glycol 
were heated in xylene solution with 5 grams of phosphorous pen­
toxide for three hours. The product distilled at 195-198° at 28 
mm. with solidification. Plates from methyl alcohol mdting at 
58° were obtained in 88 per cent yield. A mixed melting point of 
this pyrane and the one synthesized in Experiment 4 showed no 
depression. Kahn6 reported the melting point of this compound 
to he 58°. 

8. Ethyl-5-methyl-cyclohexanone-2-carboxylate (XXI) 

(a) Oxidation of 5-methyl cyclohexanol 
The oxidation of 5-methyl cyclohexanol was effected 

according to the procedure of Signaigo and Cramer20 in 
70 per cent yields. The product (XIX) was obtained as a 
colorless oil boiling at 168-169°. 

(b) Condensation of the Cyclohexanone of (a) with Diethyl 
oxalate 

The condensation of 5-methyl-cyclohexanone with di­
ethyl oxalate and the subsequent decomposition of the 
oxalester formed by heating up to 220° under reduced 
pressure to form ethyl-5-methyl-cyclohexanone-2-carbox­
ylate were carried out according to the procedure of Kotz 
and Hesse.21 The product (XXI) was obtained in 30 to 40 
per cent yields as a heavy oil boiling at 134-135° at 20 mm. 
Kotz and Hesse reported 134.5° at 20 mm. 

9. 1-Hydroxy-3-methyl-7,8,9,10-tetrahydro-dibenzopyrone (X) 

To a suspension of 8 grams of orcinol and 14 grams of 
ethyl-cyclohexanone-2-carboxylate, 20 cc. of concentrated sul-
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phuric acid were added drop by drop over a period of two hours 
without allowing the temperature to rise. The orcinol dissolved 
and the solution became bright red. The whole was allowed to 
stand •Over night and then poured over cracked ice, whereupon a 
solid separated which was filtered off, washed with water and 
light petroleum ether. The product crystallized from ethyl alcohol 
in the form of white needles which melted at 242-243°. The yield 
was 12.6 grams or 74 per cent. 

Analysis: 
Calcd. for CuHuOs C, 73.04; H, 6.@ 
Found C, 73.05; H, 6.20 

10. 1-Hydroxy-3,6,6-trimethyl-7,8,9,10-tetrahydro-dibenzo­
pyrane (XII) 

To an ether solution of methyl magnesium iodide prepared 
from 4 grams of magnesium, 24 grams of methyl iodide and 70 cc. 
of dry ether, 3.5 grams of 1-hydroxy-3-methyl-7,8,9,10-tetrahy­
dro-dibenzopyrone suspended in 70 cc. of benzene were added. 
The light green precipitate which first formed soon dissolved and 
the whole was refluxed for fifteen hours in order to complete the 
reaction. The Grignard reaction product was decomposed by 
pouring i,t over cracked ice acidified with 10 cc. of concentrated 
hydrochloric acid. The benzene-ether layer was separated, wash­
ed with water, a soluti-0n of sodium bicarbonate and again with 
water, dried over anhydrous sodium sulphate, filtered and the sol­
vent distilled off leaving a brown colored oil. In order to close 
completely the ring to the pyrane before distillation, the oil was 
refluxed for two hours in xylene solution in the presence of 2 
grams of phosphorous pentoxide. The solution was filtered and 
the solvent evaporated off leaving a dark green oil which was dis­
tilled collecting the portion boiling at 145-147° / .5 mm. A por­
tion of the product sublimed along the walls of the flask during 
distillation. The reddish-brown viscous liquid collected soon 
solidified to a glass which was broken up and crystallized from 80 
per cent ethyl alcohol giving white crystals which melted at 134°-
1360. The yield was 70 per cent. 

22 



Analysis: 
Calcd. for C16H20O2 C, 78.66; H, 8.23 
Found C, 78.31; H, 8.43 

11. 1-Hydroxy-3-methyl-6-dibenzopyrone (XI) 

Five grams of 1-hydroxy-3-methyl-7,8,9,10-tetrahydro-diben­
zopyrone was heated with two atoms ( 1.4 grams) of sulphur for 
one hour at 250-270°, at the end of which time the evolution of 
hydrogen sulphide had practically ceased. The product which 
solidified on cooling was removed from -the reaction flask and 
powdered, washed twice with cold acetone and the residue purified 
by sublimation at 250° bath temperature and .5 mm. pressure. The 
white solid which was formed, was crystallized from ethyl alco­
hol from which it separated in the form of white prisms melting 
at 249-250°. Yield 3.2 grams or 65 per cent. Adams17 reported 
the melting point as 249-251 °. 

Analysis: 
Calcd. for Ci,H1 00, C, 74.31 ; H , 4.47 
Found C, 74.15; H, 4.74 

12. 1-Hydroxy-3,9-dimethyl-7,8,9,10-tetrahydro-dibenzopyrone 
(XXIII) 

The method of Sen and Basu10 was used in this preparation. 
Six grams of ethyl-5-methyl-cyclohexanone-2-carboxylate and 
4 grams of orcinol were mixed and 20 cc. of concentrated sulphuric 
acid were added drop by drop without allowing the -temperature 
to rise. The whole was allowed to stand over night and the reac­
tion product poured over cracked ·ice, from which the product 
separated as a yellow mass. This was filtered off and crystallized 
from ethyl alcohol containing a few drops of water giving white 
needles which melted at 253-254°. The yield of the pure product 
was 4.5 grams or 60 per cent. (m.p. reported by Sen and Basu 
249°.) 

Analysis: 
Calcd. for Cu,H160 3 C, 73.77; H, 6.56 
Found C, 73.99; H, 6.69 
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13. Acetate of 1-Hydroxy-3,9-dimethyl-7,8,9,10-tetrahydro­
dibenzopyrone (XXIIla) 

A solution of 0.5 gram of the lactone prepared in experiment 
12 in 4 cc. of dry pyridine was reflu~ed for 5 minutes with 3 cc. of 
acetic anhydride. The reaction product was cooled, diluted with 
water and the solid filtered off. The product separated from ethyl 
alcohol as white needles which melted at 133°. 

Analysis : 
Calcd. for C11H,sO. C, 71.33; H, 6.29 
Found C, 71.10; H, 6.46 

14. Monomethyl Ether of 1-Hydroxy-3,9-d.imethyl-7,8,9,10-
tetrahydro-dibenzopyrone (XXIV) 

To a suspension of 2 grams of the lactone from experiment 12 
and 20 cc. of methyl alcohol, 10 cc. of dimethyl sulphate were 
added and warmed on the water bath under a reflux. To the warm 
solution 20 cc. of 20 per cent solution of potassium hydroxide in 
methyl alcohol were slowly added always keeping the solution 
slightly alkaline. As the reaction proceeded solution took place. 
After the addition the reaction mixture was refluxed for 10 min­
utes on the water bath. On cooling a solid separated out. The 
mixture was diluted with water and filtered. The product was 
crystallized from methyl alcohol forming long silky needles which 
melted at 149-150°. Yield 1.75 grams. 

Analysis: 
Calcd. for C,sH,~O3 C, 74.4 ; H, 6.98 
Found C, 74.43; H, 7.13 

15. 2-(Methyl-4'-methyl-6'-cyclohexene.t-. 1r---0'-carboxylate) 1,3-
dimethoxy-5-methyl-benzene (XXVI) 

The solution obtained by heating 5 grams of the lactone from 
experiment 12 with 25 cc. of 30 per cent sodium hydroxide for 30 
minutes, was cooled and sufficient water added to dissolve any of 
the sodium salt which might have been salted out. The whole was 
then shaken for IS to 20 minut.es with 20 cc. of dimethyl sulphate, 
keeping the reaction flask in cold running water in order to take 
away the large amount of heat produced by the reaction. An oil 
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separated which was extracted with ether and after having dried 
over anhydrous sodium sulphate, the solution was filtered and the 
ether evaporated off. The viscous oil which made up the residue 
was taken up with alcohol and the alcohol solution diluted with 
water to the point of permanent turbidity and the turbidity just 
displaced by adding additional alcohol. On standing crystals sep­
arated in the form of white pearly flakes which melted at 93-94°. 
Yield 2.5 grams or 42 per cent. About one gram of an oil could be 
recovered from the acidified residue which was possibly a mix­
ture of -the monomethyl ether and the free acid. No attempt was 
made to purify this oily residue. 

Analysis : 
Calcd. for C18H 2,0. C, 71.05; H, 7.89 
Found C, 71.09; H, 7.90 

16. 2-(4'-Methyl-6'-cyclohexene.6 v-6'-carbox:ylic acid) 1,3-
dimethox:y-5-methyl-benzene ( XXVII) 

The methyl cyclohexene carboxylate obtained in procedure 15 
was hydrolized by warming 5 grams of the ester in 50 cc. of 10 
per cent aqueous sodium hydroxide on the steam bath for one 
hour or until all the ester had dissolved. The hydrolysis mixture 
was acidified whereupon a precipitate formed which was extracted 
with ether and after the ether had been evaporated off, the residue 
was crystallized from 60 per cent alcohol, from which the product 
separated in fine white needles. Yield 3.7 grams or 78 per cent. 
The product melted at 175-176°. 

Analysis: 
Calcd. for C11HnO, C, 70.34; H, 7.58 
Found C, 70.35; H, 7.62 

17. 1-Hydrox:y-3,6,6,9-tetramethyl-7 ,8,9,10-tetrahydro­
dibenzopyrane (XXVIII) 

This compound was prepared in the same manner as 1-hy­
droxy-3,6,6-trimethyl-7,8,9,10-tetrahydro-dibenzopyrane (Experi­
ment 10). The reaction of the Grignard prepared from 4 grams of 
magnesium, 24 grams of methyl iodide and 50 cc. of dry ether 
with 2 grams of l-hydroxy-3,9-dimethyl-7,8,9,10-tetarhydro-di-
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benzopyrone and after having been heated with xylene and phos­
phorous pentoxide to assure ring closure, gave a product which 
distilled at 178-180° at I mm. in a yield -of 1.5 grams or 71 per cent 
yield. The product on standing solidified to a light brown glass. 

Analysis: 
Calcd. for Ci1 H220 2 C, 79.00; H, 8.52 
Found C, 79.01; H, 8.39 

18. Acetate of 1-Hydrox:y-3,6,6,9-tetramethyl-7,8,9,10-
tetrahydro-dibenzopyrane (XXIX) 

To a solution of 0.5 gram of 1-hydroxy-3,6,6,9-tetramethyl-
7,8,9,10-tetrahydro-dibenzopyrane in 5 cc. -of dry pyridine, 4 cc. 
of acetic anhydride were added and the whole refluxed for 5 min­
utes. The reaction product was cooled, diluted with waler and the 
solid filtered off. It separated from ethyl alcohol in leaflets which 
meJ.ted at 125°. The yield was .4 gram. 

Analysis: 
Calcd. for C19H 2.03 C, 76.00; H, 8.00 
Found C, 76.21 ; H , 8.00 

19. 2-(1'-Isopropylox:y-4'-methyl-6'-cyclohexene,t. 11
- 6') 1-meth­

oxy-3-hydrox:y-5-methyl-benzene ( XX IV a) 

To methyl magnesium iodide prepared from 0.6 gram of mag­
nesium, 8 grams of methyl iodide and 25 cc. ,of dry ether, 2 grams 
of l -methoxy-3,9-dimethyl-7,8,9,10-tetrahydro-dibenzopy,rone 
suspended in 25 cc. of dry ether were slowly added. Reaction took 
place at once, the lactone dissolving as soon as it came in contact 
with the Grignard. After the addition the whole was refluxed for 
two hours and then decomposed wi-th ice acidified with 10 cc. of 
sulphuric acid. The ether layer was separated, washed with 
sodium thiosulphate. 10 per cent sodium hydroxide, dilute hydro­
chloric acid, sodium bicarbonate solution and finally with water. 
The sodium hydroxide wash contained only a small fraction of 
the product, the bulk remaining in the ether layer. The ether 
solution after having been dried over anhydrous sodium sulphate 
and filtered, was evaporated leaving an oil which solidified to a 
white mass. This was taken up with petroleum ether (b.p. 30-60°) 
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from which the product crystallized in branches of fine white 
needles which melted at 106-107°. Yield 2 grams or 84 per cent. 
Several attempts to demethylate the product resulted in alkali 
insoluble substances with the odor of terpenes. 

Analysis: 
Cakd. for C,6H 260 3 C, 74.5 ; H, 8.96 
Found C, 74.47; H, 8.98 

20. Olivetol (5-n-amyl-resorcinol) Method I 

( 1 ). Gallic acid trimethyl ether (XXXI) 

Both the methods of Perkin and Weizman22 and H ahn 
and Wassmu-th23 were tried in this preparation, and the latter 
was found to be more practical for the preparation of gallic 
acid trimethyl ether in large quantities such as are required 
in the olivetol synthesis. The product was obtained in yields 
of 70-75 per cent in the form of white needles melting at 169°. 

(2). Gally! chloride trimethyl ether (XXXII) 

This compound was prepared from trimethyl gallic acid 
and phosphorous pentoxide in almost quantitative yields ac­
cording to the method of Perkin and Weizman.22 The acid 
chloride distilled over at 188° at 20 mm. Perkin and Weiz­
man report 180° at 18 mm. The acid chloride separates from 
a mixture of benzene and petroleum ether (b.p. 60-110°) in 
colorless needles which melt at 77-78°. In this synthesis it 
was found more practicable to use the freshly distiUed ma­
terial directly in the following step, than to attempt further 
purification by recrystallization from the above solvent, be­
cause in the first place, the time required for crystallizing 
large quantities was of such length that impurities were in­
troduced through hydrolysis of the acid chloride, and in the 
second place, the yields in the following steps were much bet­
ter when the freshly distilled material was used. 

(3). Sodium Salt of Ethyl 3,4,5-trimethyl-benzoyl­
acetoacetate (XXXIII) 

Gally! chloride trimethyl ether was condensed with aceto­
acetic ester in the presence of sodium ethylate according to 
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the procedure of Perkin and \,Veizman22 to form the sodium 
salt of ethyl 3,4,5,-trimethoxy-benzoyl-acetoacetate. 

(4). Ethyl 3,4,5,-benzoyl-acetate (XXXIV) 

This procedure is an adaptation of the method of Perkin 
and Weizman.22 The crude wet sodium salt from experiment 

(3) above obtained from 138 grams of trimethyl-gallyl­
chloride was suspended in 1.5 liters of water to which was 
added 60 grams of ammonium chloride and 300 cc. of a 15 
per cent ammonium hydroxide solution. The whole was 
shaken occasionally over a period of thirty minutes, being 
careful not to keep the flask tightly stoppered. The reaction 
was then warmed up to 45 degrees and allowed to stand an 
additional thirty minutes with shaking. The solid ester which 
separated out was filtered and crystallized from methyl alco­
hol from which the ester separated in the form of colorless 
hexagonal plates which melted at 87°. Perkin and Weizman 
reported 95° and Asahina18 reported 87°. The yield of pure 
product was 66 grams or 42 per cent based on the acid 
chloride used. 

Analysis: 
Calcd. for C,.H18O" C, 59.57; H, 6.38 
Found C, 59.40; H, 6.69 

(5) . Ethyl 3,4,5,-trimethoxy-benzoyl-propyl acetate (XXXV) 

This compound was prepared according to the procedure 
of Asahina.18 

(6). 3,4,5,-Trimethoxy-valerophenone (XXXVIII) 

The preparation of this ketone is an adaptation of the pro­
cedure by Asahina.18 A solution of 150 grams of trimethoxy­
benzoylacetic ester in 1.5 liters of ethyl alcohol containing 75 
grams of potassium hydroxide. was warmed for two hours 
on a water bath at 50° . The potassium carbonate formed was 
filtered off and the alcohol recovered by distilling under re­
duced pressure never allowing the temperature of the bath 
to rise above 50°. The residue was diluted with water, ex­
tracted with ether and the ether extract washed in turn with 
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sodium carbonate solution, dilute acid and finally several 
times with water. After drying the ether solution over an­
hydrous sodium sulphate, the residue was distilled, the prod­
uct coming over as a colorless oil at 202° and 18 mm., which 
solidifies and melts at 27° and which readily forms a semi­
carbazone which melts at 145-146°. Yield of the ketone was 
100 grams. 

Asahina reported for the product; distills at 192° and 6 
mm., melts at 27° and semicarbazone melts at 145-146°. 

(7). Olivetol dimethyl ether (XXXIX) 

This compound was prepared according to the procedure 
of Asahina.18 

(8) . Olivetol (5-n-amyl-resorcinol) (XL) 

The free phenol was prepared according to the procedure 
of Asahina. 18 The product was obtained as a colorless vis­
cous liquid boiling at 140-145° at .5 mm. which darkens on 
exposure to air and solidifies to a glass on cooling. The liquid 
crystallizes from water giving needles which melted at 41 °. 
Asahina reported the melting point of this compound as 41 ° . 
The yield of olivetol from 500 grams of gallic acid was 25 
grams. 

20. Olivetol Continued, Method II 

(I). 3,4,5-Trimethoxy-benzamide (XXXVI) 

The following is an adaptation of the procedure of Graebe 
and Suter24 for the preparation of. the same compound. Thirty 
grams of the distilled acid chloride were dissolved in 200 cc. 
of benzene. Dry ammonia gas, generated by dropping am­
monium hydroxide on sodium hydroxide and dried by pass­
ing through calcium chloride, was passed in while keeping 
the flask cooled, until the precipitate formed became so thick 
as to hinder further free passing of the gas. The precipitate 
was then filtered off on a dry suction funnel and the mother 
liquor . returned for further treatment with ammonia gas. 
This was repeated until no more precipitate formed. The 
precipitates were combined shaken with water and the water 
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suspension filtered. The solid was crystallized from SO per 
cent ethyl alcohol to give white needles which melted at 176-
1770. Yield 25 grams or 86 per cent. Graebe and Suter re­
ported m.p. as 176-177°. 

(2). 3,4.5-Trimethoxy-valerophenone (XXX VI II) 

An attempt was made to prepare this compound by the 
method of Suter and Weston,'u who prepared 3,5-dimethoxy­
valerophenone. To one mole of the Grignard prepared from 
24.3 grams of magnesium, 137 grams of butyl bromide and 
500 cc. of dry ether, .25 mole (52.S grams) of trimethoxy­
benzamide was added. The whole was refluxed with stirring 
for fifty hours in an atmosphere of hydrogen. The reaction 
mixture was decomposed by pouring over cracked ice acidi­
fied with 25 cc. of concentrated sulphuric acid. The ether 
layer was separated, washed with water, sodium bicarbonate 
solution followed by water, and the ether, after having been 
dried over sodium sulphate, was distilled off and the oily 
residue was fractionated collecting the portion boiling be­
tween 200 and 220° at 25 mm. The product was a slightly 
colored oil and the yield was 50 grams. Semicarbazone for­
mation could only be induced after repeated trials and then 
in very low yields, less than 25 per cent. The above proce­
dure was varied using an ether benzene solution in equal 
volumes for the Grignard instead of ether alone, but an oil 
was always obtained distilling over the same range and of­
fering the same difficulty in semicarbazone formation. The 
oils obtained fr.om the several runs were then combined and 
refractionated. The fraction boiling between 200° and 205° 
gave a semicarbazone at once, the 205-210° fraction gave a 
semicarbazone with difficulty and in low yields and in the 
higher boiling fractions, no semicarbazone formation could 
be induced. 

(3). Semicarbazone of Compound from (2) 

One gram of the ketone from (2), fraction boiling at 200-
2050, was dissolved in alcohol and sufficient water added to 
produce cloudiness. which was just displaced by adding more 
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alcohol. A mixture of 1 gram of semicarbazide hydrochlor­
ide and 1.5 grams of sodium acetate were added and the whole 
shaken until the solids dissolved. The reaction mixture was 
then warmed on the water bath for 15 minutes and after cool­
ing, crystals of the semicarbazone separated. After being 
crystallized several times from dilute alcohol white crystals 
were obtained which had a constant melting point of 128°. 
Yield of the crude product was about .5 gram while the puri­
fied material amounted to about .1 gram. Melting point of 
trimethoxy-valerophenone was 145-146°. 

Analyses of the Semicarbazones of : 
Trimethoxy-valerophenone requires C. 58.22; H, 7.39 
Butyl-dimethoxy-valerophenone req. C, 64.48; H, 8.65 
Found C, 64.60; H, 8.43 

( 4). Reduction of the Ketone-rich Fraction from (2) 

The reduction of the ketone-rich fraction was carried out 
according to the directions of Asahina' 8 for reducing valero­
phenone. 11 grams of the crude material were dissolved in 
100 cc. of absolute alcohol and while warming intermittently 
on a calcium chloride bath, treated with large pieces of 
sodium and the alternate addition of alcohol until 60 grams 
of sodium and 600 cc. of alcohol were used. The reaction 
mixture was diluted with water, acidified, the alcohol dis­
tilled off and the residue extracted with ether. The residue 
from the ether extract gave an oil which distilled at 172-174° 
at 18 mm. (6 grams) and a high boiling residue (2 grams) 
which distilled at 188-190° at 18 mm. 

When the main fraction was demethylated with hydriodic 
acid (sp. gr. 1.7), 4 grams of a red oil boiling at 140-150° / .5 
mm., which solidified to a glass, was obtained. When this 
was condensed with ethyl-5-methyl-cyclohexanone-2-carbox­
ylate in the presence of l 5 cc. of concentrated sulphuric acid 
a crystalline solid was obtained which was crystallized from 
ethyl alcohol giving white prisms which melted at 165-166°. 
The identical product was obtained from the crude non-frac­
tionated oil. 
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Analysis: 
Olivetol condensation prod. requires: 
Butyl olivetol cond. prod. requires: 
Found Analysis No. 1 
Found Analysis No. 2 ( repeated 

preparation) 

20. Olivetol Continued Method III 

C, 76.00; H, 8.1 
C, 77.53; H, 9.00 
C, 77.74; H , 9.38 

C, 77.f:i3; H, 9.16 

(1). 3,4,5-Trimethoxy-benwnitrile (XXXVII) 

Equimolecular quantities of trimethoxy-benzamide and 
phosphorous pentachloride were mixed in the presence of a 
few cc. of benzene and heated for 2 hours on a boiling water 
bath according to the procedure of Harding.25 T he benzene 
and the phosphorous oxychloride were distilled off and the 
residue crystallized from methyl alcohol giving white crys­
tals which melted at 93°. The yield of the product was 80 
per cent. 

(2). 3,4.S-Trimethoxy-velerophenone (XXXVIII) 

An attempted preparation of this compound was made on 
trimethoxy-benzonitrile using the Grignard in the same man­
ner as for trimethoxy-benzamide. To the Grignard prepared 
from 4.84 grams of magnesium (0.2 mole), 27.4 grams of 
butyl bromide (0.2 mole) and 250 cc. of ether, was added 
9.65 grams (0.05 mole) of trimethoxy-benzonitrile and the 
whole was refluxed with stirring for 24 hours. The product 
was obtained as a light colored oil distilling from 205-210° 
at 28 mm. The yield was 9 grams. 

The product gave a semicarbazone when t1"eated with 
semicarbazide hydrochloride in the presence of sodium ace­
tate, which separated from dilute alcohol in the form of white 
crystals which melted at 127° in a yield of abou,t 70 per cent. 
A mixed melting point of this product and the semicarbazone 
obtained from the product by the action of butyl magnesium 
bromide on trimethoxy-benzamide showed no depression. 
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Analysis: 
Semicarbazone of trimethoxy-valerophenone 

requires C, 58.22; H, 7.49 
Semicarbazone of dimethoxy-butyl-valerophenone 

requires C, 64.48; H, 8.65 
Found C, 64.84; H, 8.56 

21. 1-H ydroxy-3n-amyl-7 ,8,9,10-tetrahydro-dibenzopyrone 
(XLI) 

To a mixture of 2 grams of olivetol and 2.3 grams of ethyl­
cyclohexanone-2-carboxylate, IO cc, of concentrated sulphuric 
acid were added in the same manner as for the condensations in 
experiments 9 and 12. The product separated from alcohol in the 
form of fine white needles which melted at 182-183°. The yield 
was 2.1 grams. 

Analysis: 
Calcd. for C18H 220 3 C, 75.60; H, 7.69 
Found C, 75.82; H, 7.76 

22. 1-Hydro.x:y-3-n-amyl-6,6-dimethyl-7,8,9,10-tetrahydro­
dibenzopyrane, nor-tetrahydrocannabinol (XLII) 

This compound was prepared in the same manner as the 
pyranes in experiments 10 and 17. The Grignard prepared from 2 
grams of magnesium, 5 cc. of methyl iodide and 30 cc. of dry 
ether, reacted with 1.8 grams of l-hydroxy-3-n-amyl-7,8,9,10-
tetrahydro-dibenzopyrone to give 1.9 grams of a colorless oil 
which became reddish-brown when exposed to air. The oil dis­
tilled at 175-176° at 0.5 mm. 

3,5-Dinitrophenyl urethane: 0.6 gram of nor-tetrahydro-can­
nabinol in 10 cc. of dry benzene was allowed to react with 2 grams 
of 3,5-dinitrobenzazide, prepared by the action of equivalent quan­
tities of 3,5-dinitrobenzoyl chloride and sodium azide in water 
acetone solution. The reaction mixture was refluxed for three 
hours and then an additional hour with 10 cc. of 95 per cent alco­
hol, and filtered while hot. On cooling crystals of the urethane 
separated which were filtered off and crystallized from 80 per 
cent alcohol, giving light yellow shining plates which melted at 
190-191 °. 
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Analysis : 
Calcd. for C~.H3,0;N3 C. 63.67; H, 6.09 
Found C, 64.00; H , 6.14 

23. 1-Hydroxy-3-n-amyl-9-methyl-7,8,9,10-tetrahydro-dibenzo­
pyrone (XLIV) 

P repared in the same manner as the l.actones in experiments 9 
and 12. One gram of olivetol was condensed with 1.5 grams of 
ethyl-5-methyl-cyclohexanone-2-carboxylate in the presence of 
10 cc. of sulphuric acid to give 1.1 grams of the lactone which 
separated from alcohol as fine white needles which melted at 179-
1800. 

Analysis : 
Calcd. for C10H 2,0a C, 76.00; H, 8.1 
Found C, 75.77; H, 8.24 

24. 1-Hydroxy-3-n-amyl-6,6,9-trimethyl-7 ,8,9, 10-tetrahydro­
dibenzopyrane; Tetrahydrocannabinol (XL V) 

The Grignard prepared from 2 grams of magnesium, 5 cc. of 
methyl iodide and 30 cc. of ether reacted in the same manner as 
the pyranes in experiments 10, 17. and 22 with 1.8 grams of the 
l-hydroxy-3-n-amy 1-9-methy 1-7,8,9. 10 - tetrahy_dro - dibenzopyrone 
t-0 give tetrahydro cannabinol, which distilled as a colorless vis­
cous liquid at 170° / .4 mm. and became reddish brown when ex­
posed to air. Yield 1.7 grams. 

Analysis : 
Calcd. for C21H 3 00 2 C, 80.25 ; H, 9.62 
Found C, 80.25; H, 9.40 

3,5-Dinitrophenyl urethane: Prepared in the same manner as 
for nor-tetrahydrocannabinol. Experiment 22. The product sepa­
rated from alcohol as pale yellow crystals which melted at 210-
21 20 with small evolution of a gas as the temperature was raised 
above this point. 

Analysis: 
Calcd. for C,~H3a0;N, C, 64.2 ; H, 6.35 
Found C, 64.28; H, 6.14 
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25. Tetrahydrocannabinol methyl ether (XL VII) 

One-half gram of tetrahydrocannabinol was dissolved in 10 
cc. of methyl alcohol and 5 cc. of dimethyl sulphate added. To 
this was added with shaking IO cc. of a IO per cent aqueous sodium 
hydroxide solution. After the addition, the reaction mixture was 
warmed on the water bath for 10 minutes, then cooled, diluted 
with water, extracted with ether and the ether extract dried over 
anhydrous sodium sulphate. The residue was distilled giving a 
colorless oil which came over at 200-210° / 15 mm. The yield 
was .45 gram. 

Analysis: 
Calcd. for C20H.0O2 C, 80.73; H, 9.47 
Found C, 80.50; H, 9.56 

26. Tetrahydrocannabinol amyl ether (XLVIII) 

One-half gram of tetrahydrocannabinol was dissolved in 
sodium ethylate prepared from 0.04 gram of sodium and 10 cc. 
of absolute alcohol. The solution was refluxed for 30 minutes 
with a slight excess of amyl bromide. The reaction was then 
cooled, diluted with water, extracted with ether and the ether 
extract dried over anhydrous sodium sulphate. The residue dis­
tilled to give a light yellow oil which came over at 244° / 13 mm. 
The y ield was .5 gram. 

Analysis: 

Calcd. for C20H~0O2 C, 81.25; H, 10.42 
Found C, 81.23; H, 10.58 

Homologs of the Model Pyrane: 1-Hydroxy-3,6,6-trimethyl-
7 ,8,9,10-tetrahydro-dibenzo pyrane (XIV-XVII) 

27. 1-Hydroxy-3-methyl-6,6-diethyl-7,8,9,10-tetrahydro­
dibenzopyrane (XIV) 

To the Grignard reagent prepared from 4.04 grams (0.166 
mole) of magnesium, 18.1 grams of ethyl bromide (0.166 mole) 
and 50 cc. of dry ether were added 3.4 grams (0.015 mole) of 
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l-hydroxy-3-methyl-7,8,9,10-tetrahydro-dibenzopyrone suspended 
in 50 cc. of dry benzene. The precipitate which first formed soon 
dissolved and the clear solution was refluxed for twenty hours. 
The Grignard reaction compound was decomposed with hydro­
chloric acid and ice and the benzene-ether layer separated, washed 
with water, sodium bicarbonate solution and again with water, 
dried ,over anhydrous sodium sulphate, filtered, the solvent dis­
tilled off and the residue taken up with 50 cc. of xylene. Two 
grams of phosphorous pentoxide were added and the xylene solu­
tion refluxed for two hours after which the reaction mixture was 
filtered and the solvent distilled off. The residual oil was distilled 
coming over at 160-162° / 0.5 mm. as a red viscous oil. The yield 
of the product was 2.8 grams. The propyl, butyl and amyl homo­
logs were prepared in yields ranging from 70 to 75 per cent in the 
same manner as the ethyl homolog employing the appropriate 
n-alkyl Grignard in each case. See Table I below. The oily prod­
ucts formed from the reaction of p-nitro- and 3,5-dinitro-phenyl­
isocyanates as well as the 3,5-dinitro-benzoates did not crystallize 
after several weeks standing. 

TABLE I. 

Homologs of l-hydroxy-3,6,6-trimethyl-tetrahydro-dibenzopyrane 

Homolog Description Calcd. for Found 
6,6-Diethyl Light-red vis. c 1sH2,O2 

liq. 160-2° / .5 mm. C79.41 ; H,8.82 C, 79.20; H, 8.72 
6,6-Dipropyl Red viscous c ,0H2sO2 

(n) liq. 164-5° / .5 mm. C, 79.93 ; H,9.39 C, 79.56; H, 9.65 
6,6-Dibutyl Red-brown vis. c 22Hs2°2 

(n) liq. 173-5° / .5 mm. ,c, 80.43; H,9.82 C, 80.23; H, 9.67 
6,6-Diamyl Red viscous c , .HsuO2 

(n) liq. 183-5° / .5 mm. C, 80.84; H, 10.18 C, 80.44 ; H, 10.04 

28. Homologs of Tetrahydrocannabinol (XLV) 

These homologs were prepared in exactly the same manner as 
for the 3,6,6-trimethyl pyrane above (Exp. No. 27). See Table II. 
The p-nitro- and 3,5-dinitro-phenyl urethanes of these homologs 
were also oily products. 
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TABLE II. 

Homologs of Tetrahydrocannabinol 

Homolog Description Calcd. for Found 
6,6-Diethyl Red-brown vis. CeaH3tO2 

liq. 178-80° / .5 mm. C,80.64; H, 10.01 C, 80.85; H, 9.93 
6,6-Dipropyl Red-brown vis. C2.HasO2 

(n) liq. 190-2° / .5 mm. C, 81.02; H, 10.34 C, 80.96; H, 10.54 
6,6-Dibutyl Red v.iscous C21H.2O2 

(n) liq. 198-200° / .5 mm. ,c, 81.31; H, 10.62 C, 81.19; H, 10.64 

29. Reaction of Bromine with 1-Hydroxy-3,6,6-trimethyl-
7,8,9,10-tetrahydro-dibenzopyrane (XII) 

A solution of one mole of bromine (0.7 gram) in 15 cc. of 
chloroform was added drop by drop with shaking to a solution of 
1 mole (1 gram) of the tetrahydro-pyrane in 15 cc. of chloroform 
at room temperature. No noticeable heat of reaction was pro­
duced. The reaction solu-tion changed to a deep purple in color 
and clouds of hydrogen bromide were liberated. After the addi­
tion the whole was allowed to stand over night and then the chlor­
oform solution was filtered, washed with water, sodium bicar­
bonate solution, with water again and finally dried over sodium 
sulphate. The solvent was evaporated off leaving a dark blue 
resinous material which solidified. This was ground to a powder 
and dissolved in 95 per cent alcohol. On cooling about .4 gram of 
a light gray solid separated. An additional amount of the material 
was obtained by adding a few drops of water, to the alcohol solu­
tion bringing the total yield to about .8 gram. On recrystallizing 
from 85 per cent alcohol the product was obtained as a white pow­
der which decomposed while melting when heated up to a:bout 
200 degrees. On rapid heating the decomposition point could be 
raised to 220 to 230°. The decomposition took place with vigor­
ous evolution of a gas. A test for bromine proved it to be absent. 

Analysis: 

Repeat analyses were made on different runs, not only involv­
ing the bromination step but the entire pyrane synthesis. 
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Original product requires: C1"H200 2 C, 78.66; H, 8.23 
Found for bromination prod. 1- C, 78.52; H, 6.77 

2- C, 78.76; H, 6.63 
3- C, 78.60; H, 6.72 
~ C, 78.71 ; H, 6.82 

Calcd. for C14H 140 2 C, 78.48; H, 6.59 

30. Reaction of Bromine with Tetrahydrocannabinol (XL V) 

When tetrahydrocannabinol was treated with one mole of 
bromine in the same manner as in experiment 29, exactly ,the same 
behavior was exhibited as with the 3,6,6-trimethyl-pyrane. Hy­
drogen bromide was liberated and a series of color changes rang­
ing from dark red to almost black ending up in a light red took 
place. The oily residue left after the chloroform was evaporated 
off, was distilled giving a light brown oil coming over at 174-
1750 / .4 mm. The yield was .5 gram from .82 gram of the tetra­
hydrocannabinol. 

Analysis: 
Tetrahydrocannabinol requires; C21H 300 2 

Found for bromination product 
Calculated for bromination prod. C19H200 2 
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C, 80.25; H , 9.62 
C, 79.56; H, 9.15 
C, 79.56; H, 9.11 
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APPENDIX 

TABLE III. 

Marihuana Activity of Cannabinol Types* 

Name of Compound Maxim,um 
Dibenzopyranes Activity Deviation 

l. 2,6.6-trimethyl-7,8,9,10-tctrahydro-(VII) 0 
2. l-Hydroxy-3,6,6,9-tetramethy 1-

tetrahydro-(XXVIII) 0 
3. 1-Hydroxy-3-n-amyl-6,6,9-trimethyl-

tetrahydro-(XL V) 10 ±3 
4. l-Methoxy-3-n-amyl-6,6,9-trimethyl- No marihuana 

,tetrahyd ro-( XL VII) but narcotic 
5. 1-Amy loxy-3-n-amy 1-6,6,9-trimethy I- No marihuana 

tetrahydro-(XL VIII) but narcotic 
6. Bromine product of 1-hydroxy-3-n-

amyl-6,6,9-trimethy 1-tetrahydro-(XL VI) 12 ±3 
7. 1-Hydroxy-3-methyl-6,6-diethyl- No marihuana 

tetrahydro-(XfV) but narcotic 
8. I-Hydroxy-3-methyl-6,6-dipropyl- No marihuana 

tetrahydro-(XV) but narcotic 
9. l-Hydroxy-3-methyl-6,6-dibuty 1- No marihuana 

tetrahydro-(XVI) but narcotic 
10. l-Hydroxy-3-methyl-6,6-di-amyl- No marihuana 

tetrahydro-(XVU) but narcotic 
11. l -Hydroxy-3-n-amy 1-6,6-d i ethy 1-

9-methyl-tetrahydro-(L) 
12. l-Hydroxy-3-n-amyl-6,6-dipropyl-

9-methyl-tetrahydro-(LI) 1 or less 
13. 1-Hydroxy-3-n-amyl-6,6-d·ibutyl-

9-methyl-tetrahydro-(LII) 1 or less 
14. l-Hydroxy-3-n-amyl-6,6-dimethyl- No marihuana 

tetrahydro-(XLII) but narcotic 
15. Red oil distillates 80 ±25 

• The above activities were determined by Dr. R. P. •Walton of the Uni­
versity of Mississippi, using dogs as experimental animals. The ac­
tivities are expressed in terms of a standard U. S. P. extract of 
cannabis. 
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Compounds of the Cannabinol Type. I. Synthesis of Some Compounds Related to 
Tetrahydrocannabinol1 

T. H . BEMBRY AND G. POWELL 

A convenient method for tbe preparation of 
certain tetrahydrodibcnzopyranes related to tetra­
hydrocannabinol (I) has been described. 2•

3 It 
involves the use of the substituted tetrahydro­
benzocoumarins of the type (II) as intermediates, 
which are accessible readily by the method of 
Sen and Basu. 4 As established by Adams and 
Baker, 2 the condensation of the cyclohexanone 
carboxylic esters with lhc 5-alkylresorcinols takes 
place between the two hydroxyl groups and the 
tetrahydrobenzocoumarins are unequivocally of 
constitution II. For inquiry into the relationship 
between marihuana activity and structure, since 

(l) A portion or o. tbesh, by Thomas TL Bembry submitted in par• 
tial rulfillmeut of the requirements for the de.gree of Doctor of 
PbilO$Ophy in the Faculty of Pur~ Science of Columbia University. 

(2) R. Adams and B. R. Baker. Tms JOURNAL, 62, 2405 (1940). 
(3) C. Powell aod T. 11. Bembry, ibid., 62, 2568 (1940). 
(4) Sen and Basu,/. India,. Chem . Soc., 6, 467 (1928). 
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it has been demonstrated that the tetrahydro­
cannabinols possess marihuana activity first by 
Adams• and his associates and confirmed by other 
workcrs,6•7 we have prepared a number of such 

(5) Adams, Pense, Cain and Clark, Tru,..,-JouRNAL, 62, 2402 
(1940). 

(6) Cosh, Todd and Wright,+ Chem. Soc .. 137 (1941). 
(7) Powell, Salmon, WaltonA,f>d Bembry, Scien<e, 91, 522 (1941). 

1, ?''" 
tJlf ._,, 

J 

,. 

l 
r 

~ 

r 



l 

Oct ., 1941 So~rn COMPOUNDS R ELATED TO T ETRAH VDROCANN.~AINOL 2767 

T ABLE I 

Compound, calcd. 
Ana l.,% 

found 
7 ,8,9, 10-Tet rabydro-6-dibcnzop y ra ne Description Formula C H C H 

2,6,6-Trirnethyl- White plates from ale., m. p. 72- 73° c,.H,oO 8-L28 8 . 77 84.24 8.98 
J -Hydroxy-3-11-amyl-6,6-dimethyl-" Colorless liq ., b. p. 175-6° (0.5 mm.) C"?OH,80, 79 .92 9.30 79.80 9.72 
l-I\iethoxy-3-11-amyl-6,6,9-trimethyl- Colorless liq., b. p. 200-10° (15 mm.) C,,H 3zO, 80.43 9.82 80.50 9 . 56 
l-Amyloxy-:1-n-amyl-6,6,9-trimethyl- Light yellow liq., b. p. 244 ° (I 3 mm.) C,.H,oO, 81 .25 10 .42 81.23 10.58 
I-H ydroxy-:~-met hyl-6,6-d itt hyl. Light red v is. liq., b. p. 160- 2° ((I ,r, 

mm.) C,sH,.02 79.4 l x 82 79.20 8.72 
l-Hydroxy-3-rnethyl-Ci,6-di-n-propyl- Red vis. liq., b. p. 16-1-5° (0.5 mm.) C,oH,sO, 7!-l . 9:l !l. :l~l 79.56 9.65 
1-H ydroxy-3-metbyl-u,6-di-11-butyl- Red-brown vis. liq., I>. p . 17:1- 3° (0.5 

mm.) c,,H3~0, 80. 4:1 !-l .82 80.23 9 .67 
1-H ydroxy-3-met hyl-G,6-di-11-amyl- Red vis. liq., b. p . 183- 5° (0.5 rnm.) c .. H,Go, 80 .~4 10. 18 80.44 10. 0-1 
I - Hydroxy - :~ - n - amyl - 9 - methyl- Red-browu vis. liq., b. p. 178-9° (0.5 

6,6-diethyl-" mm.) C,.Ha,O, 80. 6-1- 10.01 80.85 9.9:3 
l - Hydroxy - 3 - 11 • amyl - 9 - methyl- Red-browu vis. liq., b . p. 190- 2° (0.5 C,,.H,.O, 81.02 10.34 80.96 10. 5-! 

6,6-di-n-propyl-0 mm.) 
1 • Hydroxy - 3 - 11 - amyl - 9 - methyl- Red vis. liq., b. p. 198- 200° (0.5 mm.) C,,H.,02 8 1.31 10.62 81.19 10. G4 

6,6-di-11-butyl-

• A description of these compounds appeared in the literature' after submission of manuscript. 

tetrahydrodibenzopyranes aud their derivatives 
by this method as described below. 

The compounds listed in Table I haYc been ex­
amined for physiological activity by the me;thod of 
Walton, l\farlin and Kcller.8 The results will be 
published separalelv, but it is of interest to note 
here that many of them, particularly the hi~her 
homologs of tetrahyrlroca1111abinol, exhibit a nar­
cotic actiYity comparable to but nc,t quite typical 
of rnarihuana. 

Experimental 
The lctrahy<lrobcm:ocoumarins used in the prcparatiC>n 

of the various substituted tetrahydrodibenzopyraues were 
obtained by condensing the properly substituted cyc!o 
hexanone-2-carboxyla:e with t he rcq11in·d phenol iu the 
presence of snlfuric acid according to lhe mcthncl of Sen 
aud Basu.• 

l-Hydroxy-3-n-amyl-9-methyl-6,6-diethyl-7,8,9,10-
tetrahydro-6-dibenzopyrane.- Tlle tetrahydrodib<'nzo­
pyranes listed in Table I were prepan·d by the reaction of 
the proper alkylmagncsium halide on the correspondiug 
tetrahydrobcnzocoumarin according to the procedure given 
here for the l-hydrnxy-3-n -amyl-9-rm t hyl-u,6-diethyl de­
rivative. To the Grignard reagent prepared from 4.04 g. 
CO.WG mole) of magnesium, 18.1 g. (O. WG mole) of ethyl 
hromidc and 50 cc. of <lry ether was added 4.98 g. (0.016G 
mole) of l -bydroxy-3-n-amyl-9-methyl-7,8,9, 10-fetrahy­
dro-fi-dibcuzopyronc suspended in 50 cc. of dry benzene. 
The precipitate which first formed soon dissolved and the 
dear solution was refluxed for twenty hours. The G1·ig­
nard reaction compound was decomposed with hydro­
chloric acid and ice and the benzene-ether layer separated, 
washed with water, sodium bicarbonate solu tion aud again 
with water, dried over anhydrous sodium sulfate, filtered, 
the solvent distilled off and the residue ta.ken up with 50 

(8) Walton, M artin a nd Keller, J . Phonn . a1<d E.,p. Tl« rap., 62, 
2S9 (1938). 

(0) Adams. Smit h aud T,o•wc, Ta~• ]OUK,.~t •. U . 1973 01141). 

cc. of xyleul'. T wo grams of phosphorus pcntoxide was 
added a ud the wltole refluxed for two hours in order LO 

form completely the pyran.: ring before distillation. T he 
reaction mix ture was tillered and the solven t d istilled off. 
The residual oil was distilled, coming over at 178-179° 
and 0.5 mm. as a re;d-brown viscous liquid; y ield 71 %. 
Analytical data aud physical constants for the tctrahydro­
dibenzopyranes thus prepared are given in Table I. The 
yields of these pyranes rangcd from 70 to 75%. In the 
case of the 2,G,6-trin,~thyl-7,8,9,10-tetrahydro-6-dibcnzo­
pyranc only two hours of refluxing was needed to complete 
the reaction, since in this pyrane there is no free phcuo!ic 
group. 

Derivatives of the Tetrahydro-pyranes 

l -Methoxy-3-n-am yl-6,6, 9-trimethyl-7 ,8, 9, 10-tetra­
hydro-6-di benzopyrane t telrahyclrocanoabinol me thyl 
cthcr ).- One-balf gram or tctrahydrocannabinol was dis­
solved in 10 cc. of methyl alcohol and !\ cc. of di111ethyl 
sulfate was added. To this was arldcd with shaking 10 cc. 
of a 10% aqucous sodinrn hydroxitlc solution. After the ad­
d it io11 the react ion mixture w:is w:irmc:d 011 1 he water-bath 
for ten minutes, then cooled, diluted with water, extracted 
with ether and the ether cx1rnct dried over sodium sulfate. 
The residual product distiUed to give a colorless oil coming 
over between 200 and 210° at 1,3 111111.; yield 0.-1.j g. 

l-Amyloxy-3-11-amyl-6,6, 9-trimethyl-7 ,8, 9, 10-tetrahyd.ro-
6-di ben zopyrane ( tetrahydrocannabiuol "n1yl ether ).­
Onc-half gram of tcrrahydrocannabinol was dissolved in 
sodinm cthylate prepared from 0.04 g. of sodium and 10 cc. 
of absolute ethyl alcohol. This solution was re.fluxed for 
thirty minutes with a slight excess of amyl bromide. The 
reaction mixture was then cooled, diluted with water, 
extracted with ether and the ether extract dried over 
sodium suUate. The residue distilled to give a ligh t yellow 
oil which came over at 244 ° and 13 mm.; yield 0.5 g. 

3,5-Dinitrophenyl-urethan of 1-Hydro.xy-3-n-amyl-6,6,9-
trimethyl-7,8,9,10-tetrahydrq-6-dihenzopyr ane ( urethan 
of tetrahydrocannabinol).-'fl? a solution of 0.6 g. of tetra­
hydrocanna binol and 10 cs{ ot dry benz.eue, 2 g. of 3,5-di­
nitrobetuo.iide. pr epared 'ft tb,;:. act ion of 3,5-d initrob<'n-

l li .,, 

J 



T. 1-1. flEMilRV A:--fD C. POWELi, Vol. (i:l 

zoyl chloride on sodium azide in water acetone solution, 
was added. The reaction mixture was refluxed for three 
hours in an apparatus well protected from moisture, after 
which 10 cc. of absolute ethyl alcohol was added, the re­
fluxing continued for an additional hour, and the solution 
filtered while hot. On cooling crystals of the urethan sepa­
rated, which were filtered and recrystallized from 80% 
ethyl alcohol giving pale yellow crystals which melted at 
210-212° (cor.) with small evolution of a gas as the tem­
perature was raised above this point. 

Anal. Cakd. for 4aHi,01Na: C, 64.2-l; H. 6.35. 
Found: C, 64.28; H, 6.14. 

3,5-Dinitrophenyl-urethan of 1-H ydroxy-3-n-amyl-6,6-
dimethyl-7 ,8,9, 1 0-tetrahydro-6-dibenzopyrane.- Prcpared 
in the same manner as the 3,5-dinitrophenyluretban of 
l-bydroxy-3-11-amy 1-6,6,9-trirnethyl-7 ,8,9, IO-tetra bydro-6-
dibenzopyrane as light yellow crystals from 80% ethyl 
alcohol, which melted without decomposition at 191-192° 
(cor.). 

Anal. Calcd. for ~H310 7N,: C, 63.67; H, 6.09. 
Found: C, 64.00; H, 6.1-!. 

Dehydro Derivative of 2,6,6-Trimethyl-7,8,9,10-tetra­
hydr o-6-dibenzoypyrane.-Five grams of 2,6,6-trimethyl-
7,8,910-tetrahydro-6-dibenzopyrane was placed in a side­
arm test-tube and heated with two gram atoms of sulfur 
at 200 to 240° in a metal bath. Vigorous evolution of 
hydrogen sulfide took place which had practically ceased 

aftc:r five hours of lieating. Tlie reaction mixture whilr 
still hot was poured into a mortar and allowed to solidjfy_ 
It was then ground to a powder and extracted several times 
with hot petroleum ether {b. p . 60-110°). The petroleum 
ether extracts were combined and fractionated, collecting 
the fraction boiling between 193- 195° at 25 mm. The oily 
product which was obtained soon solirli6ed and was crys­
tallized from methanol giviug white plates which melted 
at 58° in agreement with the report of Caha.10 The yield 
of pure product was 1.1 g. 

Anal. Calcd for C10HrnO: C, 85.71; H, 7.14. Found: 
C, 83.92; H, 7.35. 

Acknowledgment-The authors wish to ex­
press their thanks to Smith, Kline and French 
and to the Rosenwald Fund for financial assist­
ance in this work. The authors also wish to ex­
press their appreciation to Mr. Saul Gottlieb of 
this Laboratory for making the microanalyses. 

Summary 

Compounds related to tetrahydrocannabinol 
have been prepared from the tetrahydrobenzo­
coumarins for physiological study. 

(10) C<lbo, J. Chem. Soc. , 1400 (1933). 
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B. Jewett, president of the National Academy of Sci­
ences; Alfred N. Richards, professor of phannacol­
ogy, University of Pennsylvania; William J. Rob­
bins, director of the New York Botanical Garden; 
Harlow Shapley, director of the Harvard College 
Oh~e,·vatory, n.nd Tom l{. Smith, p1·csidcnt, the Boat­
men's National Bank, St. Louis. Members of the ex­
ecutive committee are Winthrop W. Aldrich, Albert 
F. Blakeslee, Frank B. Jewett, William J. Robbins • 
and Harlow Shapley. 

for the purpose, the Royal Society is in a position 
to give some assistance to scientific societies and asso­
ciations which, as a result of war conditions, are ex­
periencing financial difficulties in the publication of 
scientific journals." 

THE Pharmaceutical Society of Great Britain 
celebrated in London on May 15 the centenary of its 
foundation. A thanksgiving service was held in the 
morning in the parish church of St. Pancras, and a 
commemoration meeting at Conway Hall was fol­
lowed by a play, "Jacob Bell and Some Others," 
which recalled scenes surrounding the actual founda­
tion of the society. The society .received congratula­
tions on its century of useful work from many medical 
associations, learned bodies, manufacturing and trad­
ing organizations in Great Britain and from pharma­
ceutical societies in all parts of the Empire and in the 
United States. 

THE Carnegie Corporation has renewed the grant to 
finance the Committee of Private Research of Western 
Reserve Unive1·sity for another year. Established a 
year ago as the outgrowth of the work of the late Dr. 
Robert C. Binkley, the committee encourages 1·esearch 
and private scholarship. Dr. Harold A. Blaine ,vill 
continue as director of the committee, and William S. 
Dicks as research associate. 

AN Associated Press dispatch reports that the build­
ing of the Royal College of Surgeons in London was 
among the places damaged in recent air rnids. It 
rnads: "Valuable museum specimens were lost when 
the structure, twice slightly damaged in earlier raids, 
was hit by high explosive and fire bombs. The bulk 
of the famous Hunterian collection made by Dr. John 
Hunter, known as the founder of modern surgery, 
was buried under a pile of fire-swept debris. This col­
lection was bought by the Government for £15,000 
two years after Dr. Hunter's death in 1793." 

Nature writes: "Owing to the generosity of the 
Rockefeller Foundation, which bas provided a grant 

THE general meetings of the Linnean Society of 
London, according to Nature, were resumed, begin­
ning on March 6. The centenary of the Royal Bo­
tanic Gardens, Kew, as a Government institution, oc­
curred on April 1, and at the meeting on April 3, Sir 
Arthur W. Hill, director of the Royal Gardens, gave 
some account of the work of Kew during the past hun­
dred yeal's. At the meeting on May 1, the society ob­
served the tercentenary of the birth of Nehemiah 
Grew, when Dr. Agnes Arber gave an account of his 
work and that of Marcellus Malpighi. The anniver­
sary meeting was held on May 24, when the president 
addressed the society. The council is considering the 
possibility of prolonging the session into July. 

DISCUSSION 
IS EVOLUTION INSCRUTABLE? 

THE undeniable importance of Professor Gold­
scbmidt's recent volume on evolution,1 and the weight 
which its author's name justly carries, make it doubly 
needful that certain of its implications be fully recog­
nized. Dobzhansky's assertion2 that the acceptance of 
Goldschmidt's central theory demands a "belief in 
miracles" seems to me to be literally true, though the 
statement deserves some amplification. 

The difficulties which beset the Darwinian theory of 
evolution through the natural selection of small varia.­
tions were recognized by many of Darwin's contem­
poraries, and were discussed at great length by Darwin 
himself. Alternative theories of "saltation" or prog­
ress through large, discontinuous "jumps" were pro­
posed by contemporary critics, notably by St. George 

1 "The Material Basis of Evolution." Yale University 
Press, 1940. 

2 SCIENCE, October 18, 1940. 

Mivart.3 Indeed, the rudiments of this idea long 
antedated Darwin, as witness Geoffroy St. Hilaire. 

Mivart's evolutionism, as is well known, was strongly 
tinged with theology. The continuous intervention of 
the Creator in the evolutionary drama was fundamen­
tal in his world outlook. There was nothing disturb­
ing to him in the notion that complex, adaptive struc­
tures could arise abruptly, since all this happened 
under divine guidance. The "innate tendency" to vary 
he conceived to be "an harmonious one, calculated to 
simultaneously adjust the various parts of the organ­
ism to their new relations." 

It is needless to say that Professor Goldschmidt 
entertains no such theological interpretation of natural 
phenomena. Nor can we suspect him of sympathy 
with "vitalism " "teleology," "innate tendencies" or 
other forms of biological mysticism. Indeed, Gold­
scbmidt's position would perhaps be more understand-

s '' The Genesis of Species:1 f ¥,aemillan and Company, 
1871. /, 
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able if he did cherish such views. For he contends 
that "macroevolution" (i.e., real evolution) comes to 
pass through single, abrupt genetic changes ("macro­
mutations"), capable of bringing about phenotypic 
alterations of specific, generic or even much greater 
magnitude. The role of selection is limited to the "im­
mediate acceptance or rejection" of the finished prod­
uct. Even St. Hilaire's suggested origin of the first 
bird from a reptile's egg, as repeated by a recent 
paleontologist, is cited by Goldschmidt with seeming 
approval. 

We should surely need the guiding hand of an 
entelechy here, if not the direct intervention of the 
Creator himself. That a single, small, genetic change 
can produce varied and far-reaching somatic changes 
no one is better qualified to tell us than Professor 
Goldschmidt. That somatic changes produced in this 
way have any necessary tendency to be functionally 
integrated he has not, however, shown to be probable. 
Yet the most casual examination of any complex organ 
shows that it is made up of innumerable interrelated 
parts, harmoniously adjusted to one another. Con­
sider the structure of even a bird's feather! Only the 
wave of a magician's wand could have transformed the 
scales of a reptile forthright into the plumage of a 
bird. 

The trouble here is not so much that we are con­
cerned with very great changes, structural and func­
tional, but that these changes must involve the har­
monious modification of parts which are to a large 
extent independent of one another genetically. Gold­
schmidt's assurance that "a simple shift in the velocity 
of one of the integmting processes relative to the 
others will account for the primary change with all 
the later unavoidable consequences during subsequent 
development" may suggest a partial solution of some 
of the difficulties. It can hardly apply, however, to 
cases involving the simultaneous though not necessarily 
parallel, modification of diJierent organ-systems, and 
particula1·ly to the appearance of fundamentally new 
structures in some of these. Mivart realized the diffi­
culty of accounting for such functional integration in 
a theory of evolution by "jumps" and called in a super­
natural agent to help him out. 

Recent biology has sometimes shown itself so un­
sympathetic toward the conception of "adaptation" 
that it has even tended to overlook the facts to which 
this term is applied. Darwin was largely concerned 
with the endeavor to explain these facts. We can not, 
indeed, take them for granted, unless we are prepared 
to abandon the search for a naturalistic explanation. 

It is significant that Goldschmidt's most voluminous 
line of evidence for the production of major bodily 
changes through single genetic steps is drawn from the 
field of rudimentation. Under this head, he has as-

< ( J , 
sembled a mass of highly interesting £a/ ts~ It has 
long been known that even a single gene mutation 
may result in the degradation or loss of such important 
structures as an insect's wings or eyes. It is, however, 
easy to misinterpret such facts. :M:ay I repeat a doubt­
less unoriginal utterance of my own 011 this subject : 
"That a single and exh·emely simple alteration may 
effect a radical change in an object, even to its com­
plete anniliilation, proves nothing as to the degree of 
complexity of the object itself or of the processes 
necessary to bring it into existence."• 

If Professor Goldschmidt can point to auy one case 
in which a new, complex, adaptive structure has arisen 
through a single genetic change, and if this same 
genetic change is shown to have involved the necessary 
correlative changes in many other parts of the body, 
he will have gone a long way toward proving his main 
contention. But he will, at the same time, have left 
naturalist.ic biology in a most embarrassing position. 

F. B. SUMNER 

SCRIPPS INSTITUTION OF OCEANOOR-APHY 

THE ACTIVE PRINCIPLE OF MARIHUANA 

FRoM red oil distillates, Haagen-Smith et al.,1 have 
reported the isolation of a crystalline product having 
marihuana activity. No other unmodified products 
possessing such activity have been isolated directly 
from the red oil, though it is known that synthetic 
tetrahydro-cannabinol possesses such activity,2 that 
cannabidiol can be converted into active products by 
ring closure,S and that hydrogenated cannabinol 
acetate giv.es physiologically active products.• 

We have subjected red oil distillates of high physio­
logical activity to distribut.ion between petroleum ether 
and methanol. This was followed by exh·action re­

·peatedly with alkali and distillation of the residues 
at 175-210° C (0.2 mm). Chromatographic adsorp­
tion on alumina gives a fraction (reddish-blue in ultra 
violet light) which yields about 30 per cent. of a 
crystalline 3,5-dinito-phenyl urethane. This urethane 
on hydrolysis gives an active product. Activities are 
expressed below in terms of a standard U.S.P. extract 
of cannabis, Parke Davis, according to procedures 
previously described.5 

Potency Max. DeY. 
Tctrahydro-cannabinol (synthetic) 10 ± 3 
Hydrolysate from urethane ....................... 25 ± 10 
A potent red qi! fraction . . ........................ 85 ± 10 

• .,l.1nerican Naturalist, March- April, 1934. 
1 Haagcn-Smith et al., SCIENCE, 91: 602, 1940. 
2 Adams and Baker, Jour. A11i. Chen1. Soc., 62 : 2405, 

1940. 
3 Adams, Pease, Cain and Clark, Jo11r. Am. Chew . Soc., 

62: 2402, 1940. 
• Berge! and Wagner, .4nn, 482: 55, 1930. 
6 Walton, Martin and 'fielle1·, Jo11r. Pliarni. and E xp. 

Therap., 62: 239, 1938. /, 
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The urethane resembles the corresponding urethane 
of synthetic tetrahydro-cannabinol in solubilities, but 
was a higher melting point (about 216° C with red­
dening and gas evolution compared with that of tetra­
hydro-cannabinol at about 208° C with reddening and 
gas evolution). The analysis suggests a derivative of 
methyl cannabinol: C 65.12; H 6.00. The preparation 
could be repeated. A derivative of an active product 
which is possibly a teh·ahydro-cannabinol has been 
obtained directly from the red oil. 
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R. P. WALTOX 

DESIGNATION OF LOCATIONS ON MAPS 
AND PHOTOGRAPH_S 

IN recent issues of SCIENCE, two methods of location 
designation have been described. One of these is a 
"gridiron" system, 1 the other employs "latitudes and 
departures."2 Both are entirely workable within 
reasonable limits; neither is suitable, without some or 
much modification, for use with maps or photographs 
which are to be reproduced on a scale dift'ering from 
that of the original. 

A thu:d method, which may be called a method of 
intersection, in which . the designation remains un­
changed regardless of the enlargement or reduction of 
the original, is here presented. Through the point to 
be designated and the lower left corner of the map, 
draw a line. Record the angle between this line and 
the lower margin of the map. Repeat the process with 
a line through the point and the lower right corner. 
A typical actual designation, using this system, is : 
Lake Nokoni, Rocky Mountain National Park Quad­
rangle, L 51½0

, R 56½0
• The letters R and L before 

the angles 1·efer to the right and left corner angles, 
respectively. 

It will be noted that these designations are unaltered 
by any change in scale of the map, through reproduc­
tion or otherwise, and that they may be used with 
equa.l facility on photographs or sketches. 

BOULDER, Coto. 
RoNALD L. IVES 

KARL FRIEDRICH GAUSS AND HIS FAMILY 
RELATIVES 

IN this crisis of civilization the reflections of one 

t C. F. Reed, SCIENCE, 93: 68, 1941. 
2 L. Hubrecht and R. 0. Erickson, SCIENCE, 93: 288, 

1941. 

too old for active service turn toward the history of 
the human progress that is now at stake. The appear­
ance of a familiar name in the American news is a 
reminder of the great achievements coming from the 
classic ground of the Georgia Augusta at Gottingen, 
the famous foundation of King George the Second. 
In the early years of the last century a young assistant 
at the observatory, already a great mathematician, 
directed his . attention to the philosophy of geodesy. 
He recognized that an observer at station A could 
make his survey of his neighborhood by use of the 
fixed stars as a frame of reference; while an observer 
at a distant terrestrial station B could likewise make a 
local survey, by aid of the same framework of stars 
now however in quite different relative position. The 
two observers or any set of such pairs could know 
nothing more about their mutual relations if they 
were outside each other's range of vision owing to the 
protuberai1ce of the earth's curvature; unless they had 
the property of locomotion, and could carry measur­
ing chains about with them. The philosophical ques­
tion of the relation of the results of survey by astro­
nomical angular observations to the results of a chain 
triangulation of the non-spherical surface, and the 
foundations required to express their mutual consis­
tency in a single scheme impressed the attention of 
Gauss so far as even to entice him to undertake a 
practical survey in the kingdom of Hanover with that 
end in view. This was the beginning from which the 
famous mathematical theory of a surface, like that of 
the earth, arose, considered as a self-contained region 
standing by itself without any support from a frame 
of space such as the stars had provided in the practical 
geodesic problem. Building on his foundation Rie­
mann, also at Gottingen, extended it far beyond this 
self-contained surface of two dimensions to cognate 
loci · of many dimensions, in results which were made 
available to the public only many years later, after 
his premature death. And more recently tlie Italian 
geometers Ricci and Levi-Civika condensed its compli­
cations into a very remarkable system of general classi­
fication of a system of related abstract concepts. This 
in turn has been annexed during the last gi-eat war as 
a foundation for a universe of mathematical relativity, 
which by abolishing time and space and evading all 
dependence of expression of results on frames of ref­
erence, has presented a mathematical model of a concise 
new physical world free from observational imperfec­
tions that insisted on arising from the fact ()f the 
delay in time of transmission of influences, which is 
in fact necessary if there is to be any analyzable 
medium of tmnsmission at al . 

This digression leads to my query. Long ago the 
great mathematician Felix' Klein, well known in 
America, mentionea to Jlle that he understood that 

----
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descendants of Gauss were still alive in America; and 
the recent occurrence of this unusual name in diplo­
macy has suggested that exploration in this direction 
would be of interest as relating to a conspicuous illus-

tration of the dispersal of Central European centers 
of learning. 

J OSEPR LARMOR 
liOLYWOOD, NORTBERN IRELAND 

SCIENTIFIC BOOKS 
T HE COMPARATIVE PHYSIOLOGY OF 

RESPIRATORY MECHANISMS 
The Comparative Physiology of Respiratory Mecha­

nisms. By AUGUST Knoon. vii+ 172 pp. 84 fig­
ures. University of P ennsylvania P1·ess. $3.00. 
IN the spring of 1939, Professor Krogh delivered a 

series of lectures on "The Comparntive Physiology of 
Respiratory Mechanisms" nt Swarthmore College, and 
these lectures have now been prepared by him in a 
publication of about one hundred and fifty pages. 
Tho principal theme is shown by the title. It is ap­
proached through a discussion of the quantity of 
oxygen needed by vru·ious organisms at rest and in 
activity. The maximum steady metabolism indicates 
the maximum capacity of the animal's 1·espiratory 
apparatus. Oxygen is available in the air and water 
at tensions differing according to the pa1ticular envir­
onment, and it is the difference between the tension in 
the environment and at the metabolizing tissues which 
determines the force available for diffusion in the res­
piratory exchange. 

The external exchange is effected in special devices 
like gills and lungs, which secure the exchange in 
many different structures suited to the various ani­
mals, their habitat and activity. Special requirements, 
like heavy work or the 1·estricted supply of oxygen 
dul'ing diving, show the adjustments of 1'8Spiration 
under stress. 

The blood of animals shows that there are severnl 
different chemical mechanisms utilized to facilitate 
transfer to the respiring tissues. The final transfer 
of oxygen and carbon dioxide between blood and tis­
sues is related to the distribution and regulation of 
the capillary circulation, but the details for this last 
step in the respiratory exchange are still obscure. 

The tracheal 1·espiration .of insects bas particularly 
interested Professor Krogh. He develops this subject 
in detail, presenting many descriptions of analyses of 
the mechanisms involved which originate from his own 
laboratory, or as a result of his suggestions. There 
are so many intricate variations in the organs and 
methods of tracheal respiration, and Professor Krogh's 
knowleclge and appreciation of them is so precise that 
this is one of the most intet-esting chapters of the book. 

The book is written in a very succinct style, and the 
examples and illush"ations are clear and appropriate. 
Printing, illustration and arrangement have been very 
nicely done. Each detail of the exposition is presented 

separately and distinctly, but the order of material and 
the brief conclusions always lead toward the complete 
picture of respiration suited to maintain the animal at 
its own level of activity and in its own environment. 

LAURENCE IRVING 
SW ARTIIMORE COLLEGE 

ULTRAVIOLET RAYS 

1'he Chemical Actio,i of Ultraviolet Rays. By CARLE­

TON ELLIS and AU'RED A. WELLS. ix+ 961 pp. 
Illus. New York: Reinhold Publishing Corporation. 
1941. $12.00 

PnoTOCBEMISTRY, more than most branches of phys­
ical chemistry, has suffered from the fact that guiding 
principles and accurate experimental methods have 
been slow in their development. This is due partly to 
the fact thnt many chemists have been inadequately 
trained in the use of the physical methods necessary 
for prosecution of souud research work in this field 
and paitly because of the very complexity of the sub­
ject itself. During recent years, however, much prog­
ress has been made, nud to-day there is a growing ap­
preciation of the importance of the study of the effects 
of electromagnetic 1·adiation both from the standpoint 
of the pure chemist and of the biologist. 

"The Chemical Action of Ultraviolet Rays" is nn 
attempt to provide a comprehensive survey of the 
effects of visible and ultraviolet light on chemical 
systems. A glance at the chapter beadings will indi­
cate the breadth of the subject covered. Experimentnl 
methods, quantum theory, spectroscopy, photochemical 
reactions, applications to industrial products and ap­
plications in biology are all h·eated. The number of 
literature references runs into the thousands. 

Any book which attempts to cover as much ground 
as this one will necessarily be open to several criti­
cisms. The uninitiated would have some difficulty in 
learning much about theories of spectroscopy and of 
reaction kinetics from a treatment as brief as the one 
given, but the list of references on experimental meth­
ods is very valuable. 

The authors have done a real service to photochem­
ists in covering the literature very thoroughly. One 
will find cited all the important references on nearly 
all reactions which have been shown to be light sensi­
tive. The reader will thus be able to ascertain many 
of the facts in this fiel<l. It would be much more diffi­
cult for him to o tain a clear idea of the mechanisms 
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To 
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Payment Voucher No. 9293 

Date 

Appropri■tioo No. Debit Credit 

40-ll 1200. 00 

Comptroller 



April 13, 1942 

.Dettr Air . Bembry, Vie shc..11 oo tla.c1 to 

ext. L'. ... ~ o., Lo .,oui· .r~llo .. hip (!.I't.ll t. i..1 two 

April 8. A chock for ;;co ui1.l co uo11t you 

on :u.~ 1, aud ouv r or i225 on June 1. 

Very truly your , 

Ur. rl1omas H. '!3el!lbr,-
446 s-c-. ·~l'!''!f'l'l~ltlalil--­
A[Jt. .3 B 
No~ York Cit;y 

L. 



446 st. Nicholas Ave. 
Apt. 3 B 
New York, N. Y. 
April 8, 1942 

Miss Dorotby ·A. Elvidge, Comptroller 
J,ul1 us Rosenwald Fund /() c; 
4901 Ellis Ave. u<t? 
Chicago, Ill. 

Dear Miss Elvidge: 

In accordance wl th Mr. Haygood's request that I wrl t,e 

you to arrange a plan of payment of the $425 extension to 

my Fellowship, I would like to say that, since I am alread.y 

obligated to the amount of thi s extension, the payments be 

made a s soon a s possible and I would like to suggest that 

a payment of $200 be made May 1 and $225 on June 1. I ti~us t 

rt-~::}( 
1v_y§ truly yours / 
~ Al ~ 
Thomas H. Be~bry d -

that this arrangement will be satisfactory to you. 



-· t:LLOVVSH I I-"'~ 

April 21 1942 

Dear Mr. Bembry: I have your letter 
of March Jl, 

accepting the Coll1Pl1ttee 1s award or a 
$425 extension to your fellowship. 
Please ,,rite Lliss 1"1.vidge and arrange 
a plan of pe.ymen t, ni th her . 

Sincerely yours, 

WILLIAM C. HAYGOOD 
WCH:McK 

Mr . Thomee tt Bembry 
446 st. Ni chola s Avenue 

4 

Apt. J B 
New York City 

J 

' . 



Mr. Willian C. Haygood 
Director of Fellowshi ps 
Julius Rosenwald Fund 
Chicago, Ill. 

Dear Mr. Haygood: 

FELLOWSHiPS 
446 st. Nicholas Ave • . 
Apt. 3 B 
New York, N. Y. 
March 31, 1942 

-~ \_!/!_ l~\-2:-\ 
I \ ___ \ -\- -\ ---\--1· \ 

--l--\ 
I I I 

I received your letter of March 27th. s t ating that the 

Committee could not grant my request for .full renewal of 

Fellowship but i t would grant me an extension of $425. 

I realize that- the Committee has many new and worthy appli­

cants for consideration and it is difficult to comply with 

r equests for renewals irrespective of the indespens ibility 

in the mind of the applicant for his part icular project. 

However , I am deeply appreciative of the concerned interest 

which the Committee has shown in my work as well as for the 

invaluable material aid which was g iven and I do trust that 

in time the Committee will be well pleased as a result of 

having fostered a research program which has proven to be 

so valuable to the well-being of society . 

Although I shall not be able to expand my activities in 

reference to my research as hoped, the $425 will be of inval­

uable service and I shall be very pleased to accept it. 



FELLOWSHIPS 

Novruaber 29, 1941 

l)enr Ju-. Belllbry-: Your rsport of t he \:Ork dooe 

under ~ou.r .fellowship g.r·-ant acd 

v.b-s~r~ce frc1:.1 the off ice, but I st..all tie gloo to 

t~ring them t o hin attention when he returns next 

r.eek. 

Bequest.a for renewal of fell.o•­

~hi.P gi-ante are 111.&.d& ln brief fora, and are due 

around the aiddle of l"e !lriuu-y. I shall be glad 

to·::tand you a set. of l>l..ii.nks as soon as they are 

r&.dj' f or dlstdbutio11. 

Sincerely yours , 

llr. Thomas J1 s '-'9a; 
411, st: fttcholas Avenue, Apt:• 3 B 
flew York, N. Y. 



¥.r . William c. Haygood 
Director of Fellowships 
Julius Rosenwald Fund 
4901 Ellis Avenue 
Chicago , Illinoise 

Dear~~ . Haygood: -

FELLOVVSHIPS 
446 St . Nichol as Avenue 
Apt . 3 B 
New Yor k , N. Y. 
November 27, 1941 

'OfA > •"'J I J-t. 
Wei/- Iv/I (J)~ \l 
/Jt ~ 0 --~ 
~~ ,1~'1u(_ 

May I expres s again my deep a pprec i a tion to you and the 

Commi ttee on Fellowships for the grant from the Rosenwald Fund 

to do research on the Marihuana Problem, which grant has jus t 

terminated . Through it ' s use , very definite accomplishments of 

great· value towar ds the total e luc i dation of this problem as 

s tated in the outset have been realized. I am outlining , herewith, 

t he specific accomplishments together with published results to 

subst antiate them, also what yet remains to be done on the 

problem as well as my future plans . 

I have divided t he wor k on the Marlhuana Prob lem into four 

s t ages : 

1- The synthesis of compounds posse ssing marihuana activity 

2- The study of t he r e lationshi p between phys i ological 

ac tiv i ty and chemi cal constitution 

3- The s t endardizatl on , localization and interpretation 
of the. physiolog i cal effects 

4- To find useful a pnlication in the f ield of medic ine 
for t h e compounds thus prepared and studied 

I a m haupy to state that the first t wo stages of thi s research 

urogram have·been completed as a r esult of the a pplication of 

the grant from the Rosenwald Fund . Det a ils of t hese results are 

to be found in the publications which I am enclosing. The third 
J, 

and fourth s t ages , which r epresent t he ultimate aim of t he work 

in thi s field, r e ma in ye t to be done . necause I woul d like to 



2 

realize , at least to some degree , the full aim of this work, I 

have availed myself for another years work on this problem. To 

start the work for next year Smith, Kline and French have made 

available fifteen- hundred dollars , however , the work is not only 

time consuming but very expensive to carry on and there is no 

doubt t hat this fund will be exhausted in the firs t six or seven 

months of work even with greatait conservation . In order , there­

fore , to be able to do a full years work additional funds will be 

necessary and it is for this reason that I would like to apply to 

the Rosenwald Fund for a second grant of one- thousand dollars to 

begin in the suring of 1942 so that the research can be carried 

through the entire year without interruption until the following 

October. I trust that you will find it possible to consider this 

request favorably . 

In reference to your letter of November 17, in which you 

r equested my co- ooer ation in hel ping to locate individuals of 

promi s ing fe l lowship material for 1942 , I must say that I consider 

it a great honor to do this and you may be assured that you will 

have my full suoport 1n urging scholars of superior calabre to 

anply. 

~ Y:JJ./3~---
Thomas H. Bembry - d 



Mr . George M. Reynol ds 
Director of Fe llowshi ps 
Jul ius Rosenwald Fund 
Chicago , Ill. 

Dear Yr. Reynolds: 

FELLOv\fSH \ PS 

446 St .Nicholas Avenue 
Apt . 3 B 
New York , N. Y. 
October 4 , 1941 

I have just received the final install ment on the grant 

of nine-hundred dollars which you and your Commi t tee were so 

generous to make . I want to expr ess my deep appreciation and 

to assure you, at this earl y date, that much has been accom­

plished through it's use. 

I am preparing a detailed account of accomplishments 

together with published results and will be able to complete 

it within the next 3C to 60 days. · I shall forward this report 

to you within this t i me . 

Thanking the Committee again for this Fellowship, I am, 

Sincerely yours 

Thomas H. Bembry 



To 

Accounts 

Prepared by Checked by 

A)( 

Julius Rosenwald Fund 
4901 Ellis Avenue 

CHICAGO FEI_I __ C\J\' ';H \ P 
Payment Voucher No. 3505 

Date S?ptember 30, l94l 

Appropriation No. Dc~bit Credit 

Posted by 

Comptroller 
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~~~l~sAA~e~e FELLOW~3HIPS 
Payment Voucher No • .3,:,S9 

446 St . Ni chol as Avenue - Apt • .3 B 

Bew York City 

Accounts 

Negro Felloweb.ipa 

Prepared by Checked by Posted by 

Ital -

Date 

Appropriation No. 

39-7 

,--. dA~, 
I '~Llffl' l)JJ , 

- -

Credit 

$140.00 

l 
-- / \ 

) 
~ ~ Comptroller 



Julius Rosenwald Fund 
4901 Ellis Avenue 

CHICAGO FELLOv~Sf-llPS 
To Payment Voucher No. 3269 

Mr. nomaa a. Be 

446 St. Nicholas Avenue - Apt. 3-B 
Date July , 1. 1941 

Fourth pe:yment on t ellowahip grant - - - - - - - - - - - IJ.40,,00 

Accounts Appropriation No. Dc~bit Credit 

• gro Fellowship• $1.4(1.00 

Prepared by Checked by Posted by 

All 
Comptroller 



FELLOWSHIPS 
446 St Nicholas Ave. 
Apt. 3 B 
New York, N. Y. 
July 21, 1941 

Miss Dorothy A. Elvidge , Comptroller 
Julius Rosenwald Fund 
4901 Ellis Avenue ~ cl 
Chicago, Ill. 

Dear Miss Elvidge: 

My address has been changed from 210 w. 133rd. r"' 
Street to 446 St Nicholas Ave. , Apt. 3 B, New York, N. Y. \'\ 

Will you kindl y send my installment checks and other ~ 
/\-

communications to this new address • 

• 



Julius Rosenwald Fund WSU\PS 
4901 Ellis Avenue c~ \ LO 11 

CHICAGO l -~ • 

To Payment Voucher No. 8210 
llr. Thou.a H. Beabt7 

.... 
tlO lest l8&rd St~eet 

Date July l , 194-1 

Third in•\allMnt on tellowabip arant - - - - - - - - - - - - - tl40.00 

Ac-counts Appt'opriatioo No. Debit Credit 

legro Felloqhip• t1,o.oo 

Prepared by Checked by Posted by 

All 
Comptroller 



To 
Ir .~ou I B. Berabr., 

110 WHt l !Srd St r eet. 

lew York Cit J 

Julius Rosenwald Fund 
4901 Ellis Avenue r--t-LLO N H \ PS 

CHICAGO r _ 
Payment Voucher No. 2995 

- Date 

8e~nd p&.71NDt on tallowahip crant - - - - - - - - - - - - - - - , 1,0. 00 

Accounts Appropriation No. Debit Credit 

l egro rellowahipa 19-7 

7 
Checked by Posted by 

Comptroller 



Julius Rosenwald Fund 
49~~~l~sAA~e~ue FELLO\J\J SH\ PS 

To Payment Voucher No. L84 .. 

Date A~ril io, 1941 

No,. York City 

First puyc:cnt on f<>llowship gr ant - - - - - - - - - - - ~- - - - ttov.00 

Gk. f, 24901 

Accounts Appropriation No. Debit Credit 

Negro Fellowships 59- '7 i200.ac 

Prepared by Checked by Posted by 

Ail Comptroller 



FELLO\A/SHIPS 

April 29, 1941 

Dear llr. Beabry1 The payoont plan which 

7ou have outlined is 

ent1rel7 agreeable to ua. The llay let in-

atal.lmant ,of $200 ia enclosed with thie 

letter. I e~.l contlnue to send the J10nthly 

checks tot.his addres s until I am notified to 

the contrary. 

DilaRI 

~Thomae!.~ 
210 lest I!SR ~ f 
lew York City 

Yer, truly ;roure, 

DOROTHY A. ELVIOGf 



FELLO\/\/Sf-1, PS 
2IO w. 133rd. Street 
New York, N. Y. 
April 25, I94I 

Miss Dorothy A. Elvidge, Comptroller 
Julius Rosenwald Fund 
4901 Ellis Avenue 
Chicago, Ill. 

1~& '·\,,( I z;x: >--1 
!Alu.1 111l& 

Dear Miss Elvidge: 

- - -
Work is already in progress on the 

proposed project and I am eagerly awaiting the 

expansion of activities in my research program 

which the Fellowship award will afford me. 

-

In accordance with the request iB your 

letter of April 22, I am submitting the following 

oayment plan which I believe will meet my needs 

very well: 

() 

_,,..__. 

An 1n1t1al payment of$ 200.00 May I, I94l 

The balance to be divided into five equal 
payments to be paid on the first of 
each following month. 

~y)l~~-
Thomas H. Be~b;y---r 

j • t ••• 

I 
I 
I 



Dear llr. Bembrys 

April 22, 1941 

'lhen you a.re ready to 

begin work under ·.; our 

fellowshi? gr ont, kindly submit a payment plan 

that will meet your needs. It is cu3toaary 

for Fellows to pref er payment either in monthl,y 

or qua!'terly insUt.ll.lllonts , but if another plan 

is 1.'lore ogreea.ble to you do not heui ta te to 

suggest it. 

Very t~ yours , 

DAE:RH Oor-mnw A. E,"mAf 

Kr. Thor.ias H. BembF _ a: 1 Iii'' ~ 
~-ID ft. I3~ra ~tree 
New York City 



I l7v f&v 
I rrrJtJ 
l-1--1---

-1- -1--, 
Mr. George M. Reynolds ~ 
Director or Fellowships 
Julius Rosenwald Fund 
4901 Ellis Avenue 
Chicago, Ill. 

Dear Mr. Reynolds: 

FELLOWS f~1 JPS 
' 

2IO w. 133rd. Street 
New York, N. Y. 
April I7, I94I 

I am deeply grateful ror the favorable 

consideration given my application by the Committee 

to the Rosemwald Fund for aid to continue my 

researches on the marihuana problem. · 

I do readily accept the grant under the 

terms stated and I am certain, that, since through it 

work on this important problem can be continued, 

such results will be obtained which will represent 

an important contribution to society. 

~IJ respectfully yours 

~~N.7ci~. 
Thomas H. Bembry 

1 
O 

'-,q . I 5 £jg_.. / J 



\r 
iJ 

~ ~\'-0 

FE1_LOWSHIPS 
2 I O ~ . 133rd. ::s~reet 
New York , New York 
1-'ebruary 8 , I 94I 

''r . ~eor5e :i,, . ~eynolds 
Director of ~e11owships 
Julius q osenwald ~und 
'.Jhicago , Ill . 

Dear T,:r . Reynolds 

I am g l a d to lnclose additional references as 

Der your s u ~gestion in your letter of January 3I . 

T~ey are as follows : 

I. 

~-

-3 . 

Dr . '7arston T . Bogert, "rofes sor or Organic ::!he mi s try 
Chandler Laboratories 
'.Jolumvia uni versity , New ·ork , N. Y. 

.Jr . M. L . Cal dwell, -Pr ofessor of -::hemis t ry 
~hemistry Depart~ent 
".:!olumbi a Uni vers ity , ~{ew ' orlc , N. Y. . 

Dr . Rober t -;:i . .. alton , -Professor of ?harrnaco106y 
DeDart .ent of '~aroacology 
School of ·.:edic ine 
Univer sity of ~i ssiss i ppi, Un i versity , ~iss . 

I 8m inclosing t h e na-ne of Dr . 'ialton of the l n i ver sity 

of . ' i ss i ss i np i because he "'nd :r have worked i n close 

collaboration and he is quite familiar 1~it h the pro6ress 

end i m""'orta>1ce of my ,.ork. ::Since he is the l eading author ity 

in the United St ates in the f i eld in which I am working, 1 

feel that a state .ent fro r.i h i m wlLL nave s ome weight . 



FELLOWSHIP~~ 

January 51, 1941 

Dear Mr . Bembry• I h E,ve just been going over 
your ~pplica tion for a fel­

lowship. It seems to be in good o-rder except 
for the number of references which you have 
given. It has been our experience that three 
are hardly enough to give our Committee a well 
rounded i dea of a. candidate a.nd his plan, and 
I am wondering, theref'ore, if you would not like 
to send me the name of at least one more person 
at Columbia University who is f'amiliar •1th the 
work you did there. If' you can suggest t.wo per­
sons, all t.he better. 

Vary truly yours, 

li~~~- -210 lest 3 Street 
Bew York, N. I. 



Yr . '3-e or ge :~. qeynolds 
Di~e ctor of Fe Llowsh i ps 
J ul i us ·Rosenwald Fund 
4901 E.:lli s Ave . 
Ch ica go ' Ill . 

Dear : r . Reyn 0l ds : 

t=ELLOV'✓SHl?S 

8he i str y De~a r t ent 
~olumbi a Cn iversity 
New York , }I . Y. 
o/ o --:>owe1..1 
De ce mber 30, 1940 . 

I n ref ere nce t o y our letter of Decembe r 9 to Dr . nowe l l 

a nd me , I a m gl ad t o say t hat t h e S .i t h , Kl i ne end Fr enc h 

Labora tori e s have graciously consented to exte nd t he i r 

fe l lows h i p t o me unt i l ' ray I , 1940 , t h er ef or e i t wi l l not be 

necessary t o int errupt t h e wor k a t t h i s present da te . 

I a m enclos ing an applica t ion for t he I94 I f und and 

wi l l a ppr ec i a te throu gh you t he k ind as we l l as favo r abl e 

ccnsiderati on of t h e '.:'!o.•1mi t t e e . 



FELLO\VSHIPS 

December 9, 1940 

Dear P.r. Bembry, I run enclosing a copy of a letter 
which I have just sent to 

Kr. Powell. I vecy much hope that there will be 
no interruption in your work during the next fn 

, months. I ar,1 sorry that it will be impossible for 
us to be of assistance in this emergency. 

I am also enclosing a set .of ap­
plication blanks for the 1941 competition, which 
you may use if you wish to npp]¥ :for one of our 
regular fellowships. There is no way of predicting 
the action of the Commit.tee on aey application, but 
I can assure you that i.f you apply you will receive 
the careful consideration of our group. 

Very truly yours, 

G EORGE M. REYNOLDS 

Mr. Thomas Heg~u--Re s«· sG· ~ii'! of emistey ~ 
Columbia UniversitJ 
New York,. N. Y. 



December 15 ';----;;19"",3,i'f8____ - -

if_ 

I-
Mr . George M. Reynolds, 
Julius Rosenwald Fund 
4901 Ellis Avenue 
Chicago , Illinois 

- _--1_-1 
Director /of Fellowsj'lips / j 

--1...-----~.--li 

Dear Mr . Reynolds: 

Professor Thgrqa~ B• &JPRt who has t he Ohair of Chemistry 
~nd Physi dt at i vifigsone College, is making application 
to the Rosenwald Fund for a fellowship to complet e his work 
for the doctorate in t he fi eld of chemistry. Mr. Bembry is 
a very fine student and an excellent teacher. For the past 
six years he has been int erested in heart stimulants and 
has been ma.king a ppecial study in that particul ar field . 

Mr. Bembry has the ability to do an out standing piece of work 
i n research. I am recommending him, and am happy to do so , 
to you for consideration. Th"",_s fu r ther s tudy would further 
equi p -him to render greater service in hi s wor k here at 
Li vingstone College . Whatever considerat ion you may be 
able to give h im wi l l be more than appreciated by not 
only the President and Faculty, but also by the Trustees 
of Li v ingstone College . 

Your s very truly, 

~Z--------

President 

WJT:nw 



Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr. Thomas Henry Bembry 

Professor Marston T. Bogert 

Chemistry Department, Columbia University, New York City 

The above.-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence:. 

Director for 

REPORT February 17 i, 1941 

As to the candidate's qualifications , Mr. Bembry is, in my 
opinion, an exceptionally able and well trained organic chemist. 
In fact, he is, I think, the ablest negro chemist with whom I 
have ever had any professional relations, in a r ather long career. 
My judgment of him is based- upon his performances in classes I 
have b een directing for gradw.te students. 

The plan of work he suggests is intelligently d rav.-n, covers an 
exceptionally important field, and he has already obtained successful 
results in its early stages . I believe, t herefore, that there is an 
excellent chance of his making a notewort hy contribution to our 
knowledge of the subject. In other \Jords, I regard him as an 
exceptionally worthy candidate for the· a ward of the fellowship for 
which he is an applicant. 

OVER 



r 

Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? 

I know of no such handi caps, unless his b ei ng a negro con­
stit utes such a one. 

~ -

&gned 21tv~,f ~r =-= 
Position or Title Professor of o~amcChemis try 

Address-----=C~o=l=u=m=b~i~a"'-U~n=i~v~e~r~s~i~t~y- --- --------- --- ---,-- --

New York, N. Y. Date.Februar y 1 7, 1942 

Please return to the Director for Fellowships, Julius R.ose~J al,d Fund, 
4901 Ellis Avenue, Chicago, Illinois. Addressed, stamped envelbRe is enclosed. 

7 ...... ;.; J .,, 



FELLO\\'Sl1 I PS 

December 9, 1940 

De.hr Y.r. Powellr I have re d with intores t your let,... 
tar or December 4 regarding 

Mr. Tuer as H i , .. .,., I ~l-\ • could consider giving 
hi.l?l assist.a.nee, but since eJ.J. e.-,.-ards for this academi c 
year ~ere made last April, it is upossibla for us to 
do anything for him now. 

Should Mr. Bembry fioo it poaaible 
to carry on for the mxt few IJ10nths, and should he 
wish to ba considered for a 19,l grant, I shall be 
glad to see tht1.t his application receives the careful 
coDSider.!ltio11 of the Commi ttee. Unfortu.De.tel¥ f or 
Mr. Be:ibry, the 1941 :tollows will not be selected until 
Ap1--il, £.nd paymants uJlder om of the new II"ant e do mt 
begin until !lay. I realize that eTen 11' he ia auccass­
tul ill hie applic:it.ion this year he is left with a 
period of months UDprovided f orJ I am sorry th~t I can 
suggest mthing helpful. 

G~ 
CC lir. Bembry 

Mr. Garfield Powe11 
Department of Cheaist1"7 
Columbia Uninrsity 
le• York, N. I. 

Very ~ yours, 

F I . n 



.. FELLOVvSr-1 I PS 
<!olumbia ~ni'.lltrsitp 

m 11Jr\1itpof])ltttr!ork 
DEPARTM ENT OF CHE M ISTRY 

Decemb "r 4 , 940 
' ..1. 

Mr . George~ - Reynolds , 
Director of Fellowships, 
Julius Rosenwald Fund 
4901 Ellis Avenue 
Chicago , Illinois 

Dear Mr. Reynolds : 

-

-

I 0 
I 

I 

- -
~ ~ 

I 
' I 
I 

For the past ye ar I have been engaged in Cheoical re­
search at Columbia University on a phase of the marihuana 
problem, in which I am synthesizing compounds possessing 
marihuana activity, ~:i th the view t o learning more about the 
physiological effect of the natural drug . Through the 
generous aid of the Smith, Kline fell owship , I have reached 
such a point in the research, where definite results are 
assured , as will be indicated from an enclosed reprint of 
a preliminary report illade l ast August . 

The Smith-Kline fellowship ha.s been exhausted and there 
yet remains six or eight more months of work before the com­
pletion of this most important problem . I am, therefore , in 
urgent need of additional fund s to continue and complete this 
work . This is to apply for aid from the Rosenwal d fund and 
I do trust that you will find it poss ible to extend me the 
help of this fund in order that this Vvork so nearly co,npleted , 
will not have to be curtailed . 

I am working under t he d irection of Dr . Garfield Powell . 
I believe you should have on file 2. forma l application made 
to this fund in 1939, fro~ which you may get whatever per ­
sonal information you may need . 

I am , Sir , 

Very truly yours , 

THB:vb Thomas H. Bembry 
.. ~ , n •• ·•v n m a 2nm Wttt:::i1Mt11.._... 



Qtoluntbia ~niutrsitp 
in tlJt Qtitp oflJ\tttJ J!,ork 

DEPARTMENT OF CHEMISTRY 

December 4, 1940 

Mr . George~ - Reynolds , 
Director of Fellowships , 
Julius Rosenwald Fund 
4901 Ellis Avenue 
Chicago , Illinois 

Dear Mr. Reynolds: 

ft; 

I would beg your consideration of this appltcation for a 
temporary fellowship for 1Jlr. 'Nloma;~-~Bembry of Columbia Uni­
versity who is now working with me %r~ 4P~Or ganic 
C hetJis try . / 

Mr. Bembry, aged 32, r ace Negro , is married and has t wo 
small children . He is a teacher at Livingston College , Salis­
bury, North Carolina, now on leave of absenc e to do research 
work i n Or ganic Chemistry. In September of this year he wa s 
well on with a problem on tnarihuana (see enclosed publication) 
which involves a t this time competitive activity in publication. 
He had completed one year of work and was due to return to 
Livingston College in order to earn enough money to complete 
his Ph.Dat a l a ter time. 

In view of the i mportance of the work I persuaded Mr . 
Bembry to carry on with it as f ast as possible and gave to his 
use the Smith, Kline and French fellowship under my c.irection . 
This, at the r a te of $150 . a month, is unf ortunately r u1Lni ng 
out a t the end of December and I am very much concerned to get 
him enough money to live till next J ur1e when he sho1;.ld have com­
pleted his Ph . D and also a very creditable piece of work . I 
wish to say, a t this time , tha t I consider Bembry to be a very 
good example of the k ind of man and student to whom I would 
give support: he is hard workin g, generous in mind , and trust­
worthy . 

I am enclosing his personal application and I would be very 
gra teful for any help that could be extended to him to complete 
the work. I am glad to refer you to ?rofessor J . M. Nels on or 
Professor Mars ton T. Bogert of this universi ty for comments if 
desired . These Professors are outstanding Organic Chemis t s who 
are well acquainted with Bembry personally and with the importance 
of his wo!'k . 

GP :vb 
Garfiel Powell, 
Assistant Pr bf essor of-Chemistry 
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[Reprinted from the Journal of the American Chemical Society, 63, 2668 (1940), J 

SYNTHESIS OF CANNABINOL 

Sir: 
We note in a recent communication (THIS 

JOURNAL, 62, 2245 (1940)) that Adams and his co­
workers have reported a method for the prepara­
tion of compounds analogous to cannabinol which 
involves the condensation of 5-methylcyclohexa­
none-2-carboxylate with orcinol in the presence of 
phosphorous oxychloride, followed by treatment 
with methylmagnesium iodide. One instance of 
the use of this method was reported to give a 
tetrahydropyran. 

We wish to report that we have been using this 
method for some time in the synthesis of com­
pounds analogous to cannabinol with the view to 
the synthesis of cannabinol itself. The condensa­
tion of cyclohexanone-2-carboxylate as well as 5-
methylcyclohexanone-2-carboxylate with p-cresol, 
orcinol and olivetol in the presence of sulfuric acid 
have been carried out with subsequent treatment 
with methylmagnesium iodide to give the tetra­
hydropyran I (plates from alcohol, m. p. 69°, 
found: C, 84.24; H, 8.98; calcd.: C, 84.2; 
H, 8.77) and the g'ycol III (white crystals, m. p. 
105- 106°, found: C, 74.47; H, 8.98; calcd.: C, 
74.5; H, 8.98). 

Some of these tetrahydropyrans have been de­
hydrogenated (II, white plates, m. p. 58°, found: 
C, 85.9; H, 7.35; calcd.: C, 85.7; H, 7.2) to estab­
lish the feasibility of passing from these to the 
pyrans of the cannabinol type. The condensation 
with orcinol has been carried out and the mono­
methyl ether of the condensation product treated 
with methylmagnesium iodide to give the glycol 
III. which was dehydrogenated, after the loss of 
the elements of water to close the pyran ring, to 
give a cannabinol type of compound, IV. 

This route to cannabinol having been thus fairly 
well examined, we condensed 5-methylcyclohexa­
none-2-carbox-ylate with olivetol, giving a com-
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pound which we believe to be V (light brown 
crystals, m. p. 172-173°, found: C, 75.77; H, 
8.2; calcd.: C, 76.0; H, 8.1). Work is now in 
progress in the treatment of pyrone V or its methyl 
ether with rnethylmagnesium iodide with the 
view of dehydrogenating it to cannabinol. 

Isomerism is not excluded in these condensa­
tions with the dihydroxybenzenes, and we have 
refrained from reporting our results. The publi­
cation of the note by Adams and his co-workers 
makes it desirable to point out what has already 
been done in this type of condensation in these 
Laboratories. 
CHEMISTRY LABORATORIES GARFIBLD PQWELL 
COLUMBIA UNIVERSITY THOMAS H. BEMBRY 
NEW YORK, N. Y. . 

I 
REC!j:IVED AUGUJ>,T 12, 1940 
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€olumbia mtniurrsitp 
in t~r'ltitp of ]lw ! ork 

DEPARTMENT OF CHEMISTRY 

January 29, 1942. 

Dr. William C. Haygood, 
Di rector of Fellowships, 
Julius Rosenwald Foundation 
4901 Ellis Avenue 
Chicago, Illinois 

Dear Doctor Haygood: 

I beg to support the application of Thgma~ H. Be~tl 
for a Rosenwald Foundation Fund to enable him to comp e e~ 
this year of advanced research work with me. As you may 
remember, the Rosenwald Foundat i on helped him last year 
and enabled him to carry on research work on the important 
marihuana problem. Because of thi s support he has completed 
a lot of good work and you will now find that he has been a 
co-author of four papers on the subject. For 1941-42 I was 
enabled to get $1500. for him and on this he ha s continued · 
the research work up to this time. From now on until Sep­
tember, when I hope to have him fixed in a college, there 
is something of a financial problem. Having a wife and two 
children he cannot neglect a responsibility for t heir main­
tenance and I have, therefore, arranged that, if the worst 
comes he would be paid out of my own salary to the extent 
of $425. 

If the Rosenwald Foundation can again help him out this 
year, he will not have to draw on rny personal salary for 
maintenance and I believe tha t he would be the happier for 
such an arrangement. I beg, t herefore, to support hi s appli­
cation for a fellowship from May 1 to October 1. At t hat time 
undoubtedly he will be established in some college and have 
completed more research work on the problem of marihuana. 

I believe t hat the work t hat Mr. Bembry has done while 
being supported by the Rosenwald Foundation is very creditable. 
With the work now in progress added to what he has already done, 
I am sure t hat D~ will be established a s a chemist of repute 
and worthy to take up univers i ty research work anywhere. I 
shall be glad to give deta ils of his work or publications or 
to give reference to other chemists. In particular I would 
name Professor John M. Nelson of Columbia University, well-known 
for his research work in enzymes. He is well acqua inted with 
Bembry. j 

'f,J \71 
r yo s, 1 

--'; J -·~~ 
GP:vb nt Pro es1or of Chemistry 



Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr. Thomas H. Bembry 

Dr. Percy L. Julian 

Glidden Company, 5165 West Moffat Street, Chicago, Illinois 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

Director for 

REPORT 

Dr , Thomas H. Bembry was under my tutelage as an unde r graduate at Howard 
University some yea.r s a.go . He ma.de a creditable r ecor d as an under graduate . 
I have since observed his teaching wo rk and am pleased to say that he did 
an excellent job under very discour aging conditions . I found him doing 
r esearch where few would have done anything but gr umble over their la.ck of 
iJa.cili ties. 

In obvious personality he has never been too strong and shoulc, ther efore , 
find his future in pure r es ear ch, if possible . He gr ows on one as acquaintance 
lengthens . 

His work on Ma.r ihuana is sound and his r esults up to the p resent show progress 
as I glean from his dissertation , copv of which he kindly sent me s ometime a.go . 

The so- called "Plan of Work" which is presented i n indeed poor. No r eputable 
s cientist would award a man aid fo r so important a iece of work on this 
" l a yman" pr esentation. His plan sounds almost like a r equest for aid to 
discover, 

"A New Method for Synthesizing Rubber ' • 
OVER 



It is entirely too general , and were I not familiar with his work , I should 
r eply by saying that there is nothing to be j udged . It would appear to me 
that the Rosenwald Fund in such cases 3hould have competen~ scientists examine 
the data. accumulated by the applicant . 

Indeed in this particular case it would be very pertinent to have the opinion 
of Dr . Roger Adams of the Universit~ of Illinois who is doing a.t present the 
most outstanding work on W.ar i huana in this country. 

Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? 

~rfr,Jr 51 , 
V V /CW,"' 1 }CQ_ • I Date J-{ I I f f -I .,__, 

lease return to the Director for Fellowships, Julius Rosenw~lcl Fund, 
4901 Ellis Avenue, Chicago, Illinois. Addressed, stamped envelop~ is enclosed. 

IL 
{'" ' 



Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr. Thomas H. Bembry 

Dr. M. L. Cal dwell 

Department of Chemistr y, Columbi a Univer si ty, New York 

The above,named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

Director for Fellowships 

REPORT 

Your request for a confidential report on Mr . Tbomas H. 
Bembr y , addressed to Dr . M. L. Caldwell, has been referred to 
me for reply . I can give you the foll.owing info r mation: I have 
the hi ghest regard for Mr . Bembry., both in a personal sense and 
for his ability as an organic chemist , and have no doubt whatso­
ever t hat he i s capable of prosecuting a problem of the diff iculty 
of t he one in mind . 

The only question in my mind concerning the proposed work 
i s whether the competition in this field , which is coming from the 
Universi ty of Illinois , will r esult i n the Illinois people out­
stripping Mr . Bembr y . I have followed this work casually and my 
impression at present is that the probl em is well on the way to 
being solved through the efforts of the latter group . I hope that 
this wi ll not be taken in any way as a reflection on Mr . Bembr y 
but merely as my opinion concerning the problem. 

OVER 



Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? r- · 

Address - -----=C--=o~l:...::u=m=-=b:...:i:..::a::........::U:...:nc=..:i=--v.:....e=--r=-=s=--=-1ty.,__ _____________ _____ _ 

New York , N. Y. Date Maren 5 , 1 941 

Please return to the Director for Fellowships, Julius Rosend atd Fund, 
4901 Ellis Avenue, Chicago, Illinois. Addressed, stamped env~of,f' is enclosed. 

(1 J 
-✓ 



JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Name of Candidate Mr . Thomas H. Bembry 

Report Requested of Dr. VT. J. Trent , President 

Livingstone College, Sali sbury , N. C. 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

REPORT 

~-»- -~ 
Director for Fellowships 

Dear Mr . Reynolds : I have no additions or subtractions to make 
in connection with the attached recommendation, 

which I sent you f or 11.ir , Bembry last year. I heartily reaffirm the 
stateroonts ms de in same . 

J 
OVER 



Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to·utilize his abilities? Yes. 

Signed _ ___ N_. _J_._ T_r_e_n_t _____________________ ____ _ 

Position or Title _ ____ ""'"P"""r-"-e-'-s=id_e"""n.c...t~o-=-f_L==-i v-'--'1~· n=g=s~t=o=n~e~C=o=l~l~e..,.g=e _ _________ _ 

Address ____________ S_al_is_b_u~r~y~1_N~o~r~t~h~C~a=r=o=l1=·n=a~-----------

-------- -------------------'- Date. .January 28 , J 941 

Please return to the Director for Fellowships, Julius Rosen{iJt11 Fund, 
4901 Ellis Avenue, Chicago, Illinois. Addressed, stamped envelope is enclosed. 

. ll . .,,. 



Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr . Thomas H. Bembry 

Dr. Robert P. Walton 

School of Medicine, University of Mississippi 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and. of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

Director for Fellowships 

REPORT 

Mr . Bembry has been associated for more than a year with 
our project directed toward the study of marihuana . His accomplisbrnertt 
to date has de!l'l.onstrated excepti onal ability as a synthetic oreanic 
chemist . He has synthesized and turned over to me a material which 
has typical marihuana activity . The product is less active on a 
we i ght basis than some of the most concentrated extracts which we 
have obtained . Nevertheless , its physiolog ica l effects appear to 
be entirely character istic . This synthesis followed by one or two 
montr.s a r eport of synt hesis froo a group working at the University 
of Illinois and Cornell University. Their V10rk will no doubt be 
recorded as the first synthetic preparation of this important compound . 
The me t hods of synthesis, however, were developed by I.ir . Bembry 
independently and prior to the Illinois work. This , I believe , 
is a good demonstration of l,1r . Bembry' s ability to accomplish 
difficult invest i gative work and indicates good prospects of 
s ubsequent productiveness. 

J 
OVER 



1.~r. Bembry is in process of prepar ing further compounds and we have 
good expectation that his work will l ead to important new information. 
Since he bas made such excellent pr ogres s up to ttis point , I believe 
any scholarship subsidy which enables the c ontinuation of this work will 
be exceptionally VJell pleced . As he points out , the information being 
developed by this prO[:r am is fundamental lmowledge with potentialities of 
very real usefulness in several diffe rent fields . As a soc iological 
problem , the physiol ogical basis of the a:erihuana effects should be 
known as fully as possible , as an entirely n ew fiel d of correlati on 
between chemical consti t ution and pharmacological action this work is 
significant and as a direction of exper imentation which ntiY devel op new 
therapeutic agents it has definite promise . We hope to continue 
collaboration alol'l€· these lines for an indefinite per iod . 

Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? 

I am acquainted with r.1r . Bembry onl y through the correspondence of 
this collaboration . He has done this work as a graduate student with 
Dr. Garf i eld Pov,ell, who was a class-mate of mine at Columbia. such 
i.c1press ions as may be obtained thr ough such collaborative work b:rve 
indicated that Mr . Bembry' s personal qualifications were satisfac to ry. 

Signed ~@~-:<._< ___ "'!'.)Robt. P . Walton 

Position or Title _ _ _______ ~ P=-r=-o=-f=-e=-s=s=-o=r:........;o=f'---"-P""'ha=rm=a;..;:c"""o..ccl""'o ..... gy,.,_ ___________ _ 

Address ------ - ------ ~Un_iv_e_r_s_i_t~y~,<-.,;;.f.~U_s_s_i~~-s_i~P~P_i~•--------- - - ­

- --- ---- ------- ---------- --=t- Date. _2-~l~3~-~4~I --...,...,...---

Please return to the Director for Fellowships, Julius Rosen~ ald Fund, 
4901 Ellis A venue, Chicago, Illinois. Addressed, stamped envdff is enclosed. 

-✓ 



Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr. Thomas H. Bembry 

Dr. Marston T. Bogert 

Columbia University, New York, N. Y. 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

Director for Fellowships 

REPORT February 24 , 1941 

I have had experience with Mr. Bembry in my organic 
Seminar during the current a cademic year, and h~ve formed a 
very favorable opinion indeed of his ability, energy and 
r esourcefulness. He has already done some fine work in the field 
which he wishes to follow, namely that of compounds possessing 
marihuana activity , and t he problem he outlines is, in my opinion, 
a very important one . He is, I think, the ablest colored boy 
who ha s come under my personal observation here at Columbia, and 
I believe he t horoughly merits whatever support you may find it 
possible to accord him. 

J 
OVER 



. , .. 

Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? Yes. 

Signed $---'!:..-..!:~::........:....ll!:::.~~~2--~'........:..._~~~~...-.::..--------- --------­

Position or Title Professor Emeri Or anic Chemistr in Residence 

Address _ C_o_l_u_m_b_i _a_U_n_i_v_e_r_s_i_t~y ______________________ _ 

New Yark, N. y _ Date. Feb. 24, 1841 

Please return to the Director for Fellowships, Julius Rosed~ ald Fund, 
4901 Ellis Avenue, Chicago, Illinois. Addressed, stamped en.v.eloDe is enclosed 

II. 
✓ 



JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Name of Candidate Mr. Thomas H. Bembry 

Report Requested of Dr. Garfiel d Powell 

Columbia University , New Yor k Ci ty 

µ. 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

~~.~ 
Director for Fellowships 

REPORT 



Is the candidate free from personality handicaps which would make it difficult to obtain and old 
a position giving him opportunity to utilize his abilities? 

f 



JULIUS ROSENWALD FUND 

4901 ELLIS A VENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

A 

Name of Candidate __ M_r_. _T_h_o_m_a_s_H_. _B_e_m_b_ry ___________________ _ 

Dr. Percy Julian, Glidden Company, 5865 West Moffat Street Report Requested of ____________________________ _ 

Chicago, Illinoi s 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's abilities and personal characteristics, and 
an appraisal of his plan of work. An early reply to this inquiry will be of great assistance in allowing the 
Fellowship Committee sufficient time for an adequate review of the large number of candidates who apply 
for grants. 

Your reply will be held in strictest confidence. 

~7J<-- ~ 
Director for Fellowships 

REPORT 
~Tbe--<wmd~dat~ Mr . Bembry, was under my tutelage as an under- graduate f or four years -
at Howard University. He proved to be an excellent student and a conscientious worker. 
:t.a-ter he NC.,i:'Ye·crhi~e:§'ter's7te-gre'E111t~eolrU1Bbi-&..Universi :QC and I had the privilege 
of visiting him at Livingstone College during the school years, 193~ and 1936. It was 
an inspiration to see how he was keeping a live, chemically, in the midst of handicaps 
which would have discouraged a chemist with leas determination t o forge ahead. I think 
that of all men of the Negro race who are chemists, I am in a position to point out 
possibilities as far as creative l'tork i s conQerned. During the past f'ew years I have 
called upon possibl y 40 or 50 chemistry teachers in the Southern Negro Colleges, and 
I have yet to find more than 2 or 3 who are trying to do some research work even with 
handicaps in the same manner in which Bembry is doing at Livingstone !ollege. The 
Rosenwald Fund v,ill make no mistake in granting him the year's study he is asking for; 
in fact it would do well to enable him to finish his wrk for the Doctor's Degree if such 
is possible. There is a dearth of talent among Negroes in the chemical f ield. It ha.a 
been my experience that the teachers of these young Negroes are inclined to evaluate 
them in a separate category from their white students . From the recoJ'd of my researches, 
published under grants from the Rosenwal d F1md, I believ~ it will be evident that I am 
anxious to avoid this type of evaluation in the case of1young Bembry. I believe hi will 
be a good research worker and that he has the type of imagirG:i}on suited to chemical re-
search. I would like to add that he is happily married and ' 119is a beautiful family life. 
I should ~reatly a ppreciate it if you would i nform me of your..Jiecision with reference to 

0 -~ OVER 
him. 



Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? 

Signed-~......:02.'--"'CA""""-tr,_[-'-.-t~+----' ~'------------------
Q ~ 

Positi(!n or Title _ ___.D.._.i._.r....,.e=o...,,t_,,.orL...---'of~-=-R:.,-e:.:.s_,._e=ar"-'c=h.._. ___________________ _ 

Address __ T_h_e_G_l_i_d_d_en_ic_o_m-"p,._n~y~, _S_o""""ya _ _ P_ro_d_u_c_t_s....;.._ D_i v_1._· s_i_o_n....;.._5...,.~6_5_, _f ._M_o_f_fa_t_S_t_r_e_e_t_---,--_ 

Chi ca go. Illinois • Date...,..,...-------------,,--,( 
• ff I 

(Please return to the Director for Fellowships, Julius Rosinwald Fund, 
4901 Ellis Avenue, Chicago, Illinois. Addressed, stamped envelope is enclosed.) 



Thomas H. Bembry 

[Reprinted lrom the Journal or the Alllerican Chemical Society, 62, 2568 (1040). ) 

SYNTHESIS OF CANNABINOL 

Sir: 
We note in a recent communication (THIS 

JOURNAL, 62, 2245 (1940)) that Adams and his co­
workers have reported a method for the prepara­
tion of compounds analogous to cannabinol which 
involves the condensation of 5-methylcyclohexa­
none-2-carboxylate with orcinol in the presence of 
phosphorous oxychloride, followed by treatment 
with methylmagnesium iodide. One instance of 
the use of this method was reported to give a 
tetrahydropyran. 

We wish to report that we have been using this 
method for some time in the synthesis of com­
pounds analogous to cannabinol with the view to 
the synthesis of cannabinol itself. The condensa­
tion of cyclohexanone-2-carboxylate as well as 5-
methylcyclohexanone-2-carboxylate with p-cresol, 
orcinol and olivetol in the presence of sulfuric acid 
have been carried out with subsequent treatment 
with methylmagnesium iodide to give the tetra­
hydropyran I (plates from alcohol, m. p. 69°, 
found: C, 84.24; H, 8.98; calcd.: C, 84.2; 
H, 8.77) and the g'ycol III (white crystals, m. p. 
105- 106°, found: C, 74.47; H, 8.98; calcd.: C, 
74.5; H, 8.98). 

Some of these tetrahydropyrans have been de­
hydrogenated (II, white plates, m. p. 58°, found: 
C, 85.9; H, 7.35; calcd.: C, 85.7; H, 7.2) to estab­
lish the feasibility of passing from these to the 
pyrans of the cannabinol type. The condensation 
with orcinol has been carried out and the mono­
methyl ether of the condensation product treated 
with methylmagnesium iodide to give the glycol 
III which was dehydrogenated, after the loss of 
the elements of water to close the pyran ring, to 
give a cannabinol type of compound, IV. 

This route to cannabinol having been thus fairly 
well examined, we condensed 5-methylcyclohexa­
none-2-carboxylate with olivetol, giving a com-
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pound which we believe to be V (light brown 
crystals, m. p. 172-173°, found: C, 75.77; H, 
8.2; calcd.: C, 76.0; H, 8.1). Work is now in 
progress in the treatment of pyrone V or its methyl 
ether with methylmagnesium iodide with the 
view of dehydrogenating it to cannabinol. 

Isomerism is not excluded in these condensa­
tions with the dihydroxybenzenes, and we have 
refrained from reporting our results. The publi­
cation of the note by Adams and his co-workers 
makes it desirable to point out what has already 
been done in this type of condensation in these 
Laboratories. 
CHEMISTRY ABORATORIES GARFIELD POWELL 
COLUMBIA 'UNIVERSITY THOMAS H. BEMBRY 
NEW YORK) N. Y. l 

RECEIVED /6: Gll'ST 12, 1940 
/, 
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1942 

JULIUS ROSENWALD FUND 

.. APPLICATlctJ FOR REl'.'EWAL OF __ FEI.LOWSH~_! 

Application for reappointment should be filed by February 16, 1942. 

Please attach seven copies of a report of progress under your grant, and of your 
plan of work for the coming year. 

Name in full Thomas Hen~r B~e __ m_b~r~y _ __________ _ _ _ __ _ 

446 St. Nicholas Avenue, Apt. 3 B 
New York, N. Y. Present address ------- - -------- - - -----

928 w. Monroe Street 
Permanent address _ __ s_a_l_i_s_b_ur_ y, North Carolina _______________ _ 

FIELD OF INIEREST Che.:::m=1:.::s....;:t:.;:.r .... y ___ _ 

Concise statement of plan of work To continue work on the Marihuana 

nroblem with particular emphasis now on_.t.lm....JLt&.ndard1zat1on, local­

ization and interpretation of the physiolo~~cal activity of marihuana 

with t he view of finding useful applications for 1t in the field of 

medicine. 

Institution you wish to atten£9.1J!!Al;>....1a_l1_ll.ivers1.ti!+-.N.ellL York 

Under whose supervision will you workff'rofes_sor G~'-'l~d- P~o~ww.e ... 1..,1 _ _ ______ _ 

Will any time be spent in field work? . If so, how much, and where?_ ~N~o~-----

If you do not plan t o have an institutional connection, how do you propose to spend 

your time? 

J ( 



t. 

For what period are you requesting a renewal?~~Lh_.12.42 to October 1, 194.a__ 

Present status of work toward your degree . Ph.D. alre~__gyo .C..-"-b-'t'""a'""1=n""""ec...d=---- ----

- ·--- ------------
Are you applying elsewhere for a fellowshipl If so , please give details, ____ _ 

At present in possession of Smith, Kline and FrenQh_Fellowship 
since Oct.1,1942 and will be exhausted by March 1,1942 

Publications since you were awarded a fellowship. (Title, date, place of publication) 

Compounds of t he Cannabinol Type, Columbia Dissertation, June 1941 

Synthe sis of Compounds Related to Tetrahydrocannabinol, Jour. of the 
American Chemical Society, 63, 2766 (1941) 

The Active Principle of Marihuana, Science 93, 522, 1941 

Yes, if available. Necessary to 
Do you plan to return to your former positionl r e sign to continue this research 

Refe,enoe,d f1eld Powell, Chemistry Dept. Columbia University, N, Y, 

Professor Marston T. Bogert, Chemistry Department 
Columbia University, N. Y. 

---------- ---
Dr. ?ercy L. Julian, Director of Re search, Gl1dden Compahy 

5165 w. ~offat Street, Chicago, 111. 
---·-----------·---·- ·- ------ --------

Budget estimate 

Room and boa rd ............................................... ·-··············· ············ $ 500 
Clothing ............................................ ............................................ ..... ,... .. 75 
Insuran ce .......................................................................................................... 50 
Tuition ... .C.Al.lo.we.d ... to ... .w .. or..k .... at .. .. C.o.l umbia with out 

Chemicals 1ransportation.................................................................. .......... .. 25 
Special apparat iscellaneous ..................................................................... .... .. 600 
Publ1cations 

Total amount n e eded ... ................. ..... T..... .. 1250 / 
Amount applicant can prov i d e ....... -2~n// -,;z t, 

1000'1 r:-1. Jlf Amount requested from Fun~ .. - ····· 

tuition) 

J 
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Name Thomas Henry Bembry REAPPOINTMENT Field: Chemistr y 

Student, Col umbi a Universi ty _ 
446 St. Nicholas Avenue , Apt. JB, New York Ci ty 

Plan of Work 

To cont inue work on the Marihuana Problem wit h particular emphasis now on 
the ste.ndardization, local izati on ~d int erpretation of the physi ol ogi cal activi ty of 
marihuana wi th the view of f inding useful applications for i t i n the f ield of medi cine . 

Wi shes to ffor k at Columbi a Uni ver si t y under Prof essor Gar fiel d Powell, f or 
five mont hs beginning May l, 1942. 

Personal Data Born Hawkinsvil le, Georgi a , December 1907. 
Marri ed, two children . 

Age: 34 

Undergraduate Work Howard University, B. s., 1929. 

Graduate Work 

Experience 

Accomplishments 

References 

Col umbia Univer sity, M. A. 19.32; Ph. D. 1941. 

Science t eacher, Spencer High School, North Carol ina , 1931- 32, i s10; 
head, department of chemistry, Livingstone Col l ege, 1932-, $1,620 . 

Articles in J ournal of the American Chemical Society , and in Science . 

Doctor' s Di seertati on i "Compounds of the Cs.nnabinol Type11 

Smith, Kl ine and French Fellowship, Col umbi a Uni ver s i ty, 1940- 41, 
1941-42-

Julius Rosenwald Fund Fellowshi p, 1941, $900. 

Dr, Garfiel d Powell, Columbia Uni versi t y 
Professor Marston T. Bogert, Col umbia. University 
Dr. Perey L. Julian, Director of Research, Budget Summary 

Glidden Company, Chi cago 
Total Amount Needed f l,250 
From Applicant 250 
From Fund il,000 

AMOUNT GRANTED 



RepoPt of Progress and Plan of Work for the Future 

Thomas H. Bembry 

Subject: The Study of the Nature of the Active Principle of 

Xarihuana with the View of Finding for !t useful Appli-

cations in the Field of Medicine 

Report of Progress: I 
PLEASE RSTUql\j I 

- JULIUS ROS;~'f/Alf FUND -- --
I have divided the work on the Marihuana Problem into the 

following four stages: 

I. The synthesis of compounds possessing marihuana activity 

in order to determine the chemical nature of the principle in 

marihuana responsible for it's peculiar physiological and 

psychological properties. 

II. The study of the relationship between physiological 

activity and chemical constitution in an attempt to find the 

particular part of the chemical molecule r esponsible for 

what particular physiological or paychological effect. 

III. The standardization, local ization and interpretation 

of the physiological and psychological effects. 

IV. To find useful applications in the field of medicine 

for marihuana. 

I am happy to say that t he basic work for the fir s t two 

stages has already been completed through the use of the first 

Rosenwald grant of $ 900.00. Details of this study are to be 

found in published results which are attached. 
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Plan-of Future Work: 

The third and fourth stages, which indeed represent the 

ultimate aim of the whole study, constitute the object of future 

work on the marihuana problem. In order to realize the success-

ful completion of the third stage one main problem must be solved; 

and that is, the synthetic compounds of definite constitution 

and capable of being reproduced at will as obtained in stage I, , 

must now be so transformed_ that they can be used as a standard 

in the interpretation and locallzation of the physiological and 

psychological effects. These compounds must retain not only their 

original marihuana activity, but also must be soluble in water 

so that they will be readily absorbed by the cellUlar fluids of 

the body. In addition they must produce always the same effect 

when given to a standard test animal under prescribed conditions • . 

The necessary transformations in order to procure such compounds 

are already well under way, as a result of the use of a Smith, 

n1ae and French Fellowship which I have been using since Octobe~~ 

1941 and is now about to be exhausted. I can say with confidence 

that the work on this stage has reached such a point in it's develop~ 

ment that success is definitely assured by October~. 1942. 

The realization of the objectives of the fourth stage can· 

come only as a result of the materials and information obtained 

through the previous steps, particularly the third stage. Even 

with the information obtained already, there is suggested the 

possibility of using these marihuana possessing compounds in the 

field of obstetrics • . There is one thing, however, I am certain 

of and that is, once the information d ma,ter!~is of the first 
1~A 

three stages are available there will be no lag1}Jn interest in1 
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testing the compounds thus standardized in all branches of 

medicine, for already the medical schools of three universities, 

Temple University, the University of Mississippi and the 

University of Chicago, have expressed their desire to collaborate 

on the problem of finding useful applications for marihuana in 

the field of medicine • . 



" . -

LETTERS OF REFERENCE 

Thomas H. Bembry 

Mr. Garfi el d Powell, Assi stant Professor of Chem11try, Col umbia Universi ty 

I wish to support the application of Thomas H. Bembry 

f or a Rosenwal d Fund Fellowship to enable him to coaplete this year of ad­

Tanced research work with•• As you may reaeaber, the Ro1enn.ld Fund helped 

him last year and enabled him to carry- on re1earch work on the important 

marihuana probl em. Becuase of thia support he has compl eted a l ot of good. 

work and you will now find that he has been a oo-author of f our paper s on 

the subj ect. For 1941-42 I was enabled to get $1 , 500 for him and on thie he 

has continued the research work up to this time. From now on until September, 

when I hope to have him fixed in a college, there 1s so•t hi ng of a financial 

probl em. Having a wife and two children he cannot negl ect a responsibi l i ty 

for their maintenance and I have, therefor e , arranged that , i f the worst comes, 

he woul.d be pai d out of my own salary to the extent of '425. 

I f the Rosenwald J'und can again hel p hi m out this year, 

he will not have to draw on my personal salary for -.intenance and I believe 

that he would be the happier for such an arrangement. I beg, ther ef or e , to 

eupport his application for a f ellowship from May 1 to October l . At that 

time undoubtedl y he will be established in some college and haTe compl e ted 

more research work on the probl em of marihuana. 

I bellen that the work that Ir. Bembry has done while 

being supported by the Rosenwald Fund i a Tery cred1 table. With the work now 

in progress added to what he has already done , I am sure that he will be 

establi shed as a chemi st of r epute and worthy to take up uni versi ty r esearch 

wor k anywhere. I shall be gl ad to gi ve de tai l s of bis wor~ or publica i ona , 

or to gi ve reference to other chemist s. In particular !J would name Prof essor 
, L '1, 

f(WJr 
✓ 



Thomas H. Bembry 

John II. Nelson of Columbia Uni versity, well-known for his r esearch wor k 

in enzymes. He i s well acquainted with Bembry. 

- 2-

Professor Maret.on T. Bogert, Instructor of Organic Chemistry, Col umbi a Uni ver si ty 

As to the candidate ' s qual ifications, Mr. Bembry is, in 

113' opinion, an exceptionally able and well trained organic chemis t . In faot, 

he is, I think, the abl est ~chemist with whom I have ever had any profeeaional 

relations, in a rather long career. My judgment of him is based upon his perform­

ances in classes I have been directing for graduate student, . 

The plan of work he auggeste is intel ligently drawn, covers 

an excepti onally important tiel d, and he has already obtained 1ucces sf'ul. results 

in i ts early stages. I believe, therefore, that ther e is an excellent chance 

of his uldng a noteworthy contribution to our knowl edge of the subj ect. In 

other words, I regard him as an exceptionally worthy candidate f or the award of 

the fellowship for which he is an applicant. 



Name 

Plan of Work 

Thomas Henry Bembry 

Head, Department of Chemistry (on leave) 
Living stone College , Salisbury, Horti1 Carolina 
210 nest 133rd Street, New York City 

Field: Chemistry 

Synthesis of compounds possessing marihuana activity witn tne view of 
ascertaining the nature of the physiologically active natural product . 

Wishes to attend Colu~bia Univers ity , working for Ph. D. undeY 
Dr . Garfield Pov1ell. Has been admitted . Probable duration of study five months , 
beginning i,lay, 1941. Will return to present position. 

Applied in 1939. 

Personal Data Born Ha,<l<insville , Georgia, December, 1907 . 
Married, two children. 

Age: 35 

Undergraduate Work 

Graduate Work 

Howard Univer sity, B. S. , 1929 . 

Colu~bia University, M. A. , 1932. 

Columbia University, 1937-38, 1939 -

Experience Science teacher, Spencer High School, North Car olina , 
1931-32 , $810; head, department of chemistry, 

Livingstone College , 1932 - , ~1620 . 

Accomplishments Article in Journal of the American Chemical Society . 

Smith-Kline and French Fello'l'rship, Columbia University, 
1940-41, $1000; extended to May 1, 1941, $750 . 

References 

Garfield Powell , Colu~bia University 
W. J . Trent, Li vingstone College 
Percy Julian, Glidden Com:p3,ny, Chicago 
Uarston T. Bofert, Columbia University 
;A . L. Caldwell, Columbia University 
Robert P. Wal ton, Uni ver si ty of rH s si ssi ppi 

, 

Budget Swnmary 

Total Amount Needed $ 900 
From Applicant 
From Fund $ 900 

AMOUNT GRANTED 





Synthesis of ~ompounds nossessing 

"'P l an or· w or K 

PLEh.51: RETURN 
:.-tarihur na Activi,td 

JULIUS ROS!:NWALD FUND 
I 

There has been i~ t he l nited St a t es with in the past 
fifteen years a r eni d increase in the use of he:np extracts , 
k~own as marihuana , as a narcotic . ihe widesprea d use of 
mar i nuana nas given rise to a very serious social problem 
i n t h is countr y . An unders~and ing of the nature of t h i s drug 
whi ch is resoonsible for pecul i a r ps ychical. d.e- arrange nents 
in human belne;s i s hig..r1l y desir abl e , both in ref erence to its 
phys iol o3ica l acti vity a nd chemi cal constitution . Through such 
i nfor:J1ation , not onl y '1, i .,_l a ·nore inte.L.Ligent and effective 
bas i s f or t he control of t he use of t h9 drug be gained , but 
also t here will be the possib i l i ty of d i s0overin3 ways by whi ch 
the drug itself ma· be turned t o special bene r it. of man , 
as f or exa~)le , i n 'he contol or cure of certain diseases . 

It is wit.ht.his v iew in mind , tha t I have undertaken to 
s f nthesize com"'ounds ryossess ing marlnuana acti vity in order to 
5ain inf ormat ion concer n ing the par t icular ::onstituent of t he 
drug whi ch is respons i ble for its pe culi ar phys iolo ; i cal effect . 
I ha e b ~en engaged in t h i s phase of the ~arihuana problem s ince 
October I939 , here a t '"'olumbi a Univer sity . ~r egress of the 
wor k u ~ t o ~usust I 940 can oe s een from the att ached preliminary 
reoort made in the ·ournal of the A.;1erican '"'hemi cal Society . 
~ince August , I have actual l y succeeded i n synthesizing a 
comnound wh ich ocssesses mar i huana activity a ccording to an 
assay made by Dr . Robert -P . · .. al-:..on of t he Univers ity of 
' i ssiss1nn1. 1'he r e sults of thi s assay are now in .'.)reparation 

"'·or pu··11cation . 

Tr ere 'et remains the problem of finding out t he 
structura l relationshi p of this syntheti c co&pound to the actual 
constituent of t he natural product . Tt.i s I i ntend to do by 
vary in3 the s t r ~c ture of t he s yn t het ic mat erial a nd comparing 
t he a ctivity of t he d i ffer ~n t synthetic substances with the 
acti v i ty of the natural Droduc t. Since I .\'.nO\v the structure 
of t hese s rn thet i c ,.., ompotmds , t he natvre of t he naturall y 
occurring subst ance c ~n be p~edicted . 

Through the kindne~s of the s~ith , Kline and ~r ench 
r aborator ies, tneir rei Lowshi p t o me has been extended t o ~ay 
I 9~ I . ~rom thi s date about f ive or s i x additional ~onths 
work wi ll be required t o conc.Luae t.he prooi e m. The res ults of 
thi s work will be ""'ubli shed in the Jou'~nal of the A. erican 
;he:nica l Society , and the find i n gs , a .L tinou.:;h wi thin themselves 
-na.ke a coritribut ion to t he - reviously stated purpose of the 
research , wi .Ll for :n the basis of much rurtiner wor k in tn1s 
r- 11:1 ..1.a, \vhich I intend to ca~ry on when I re turn t o :..i vingstone 
,..ol l ege where I am the -1ead of the '.)epar t :nenti of ..,he:ni stry . 

Tho:11as H. OOmbry 
r,-. 



Thomas H. Bembry 

[Re printed from t he Journa l o r the American C hemical Societ y, 62, 2568 (1940).) 

SYNTHESIS OF CANNABINOL 

Sir: 
We note in a recent communication (THIS 

JOURNAL, 62, 2245 (1940)) that Adams and his co­
workers have reported a method for the prepara­
tion of compounds analogous to cannabinol which 
involves the condensation of 5-methylcyclohexa­
none-2-carboxylate with orcinol in the presence of 
phosphorous oxychloride, followed by treatment 
with methylmagnesium iodide. One instance of 
the use of this method was reported to give a 
tetrahydropyran. 

We wish to report that we have been using this 
method for some time in the synthesis of com­
pounds analogous to cannabinol with the view to 
the synthesis of cannabinol itself. The condensa­
tion of cyclohexanone-2-carboxylate as well as 5-
methylcyclohexanone-2-carboxylate with p-cresol, 
orcinol and olivetol in the presence of sulfuric acid 
have been carried out with subsequent treatment 
with methylmagnesium iodide to give the tetra­
hydropyran I (plates from alcohol, m. p. 69°, 
found : C, 84.24 ; H, 8.98; calcd.: C, 84.2; 
H, 8.77) and the g'ycol III (white crystals, m. p. 
105- 106°, found: C, 74.47; H, 8.98 ; calcd.: C, 
74.5; H, 8.98). 

Some of these tetrahydropyrans have been de­
hydrogenated (II, white plates, m. p. 58°, found: 
C, 8,5.9; H, 7.35; calcd.: C, 85.7; H, 7.2) to estab­
lish the feasibility of passing from these to the 
pyrans of the cannabinol type. The condensation 
with orcinol has been carried out and the mono­
methyl ether of the condensation product treated 
with methylmagnesium iodide to give the glycol 
III which was dehydrogenated, after the loss of 
the elements of water to close the pyran ring, to 
give a cannabinol type of compound, IV. 

This route to cannabinol having been thus fairly 
well examined, we condensed 5-methylcyclohexa­
none-2-carboxylate with olivetol, giving a com-

CH, 

o d 
"'-c-o/ 
/"'-. 

CH, CH, 
II 

OCH, 
CH, - '-'- "-

>( )-0-CH, 

~C-OH / . 

/ "- OH 
CH, CH, 

III 

pound which we believe to be V (light browii 
crystals, m. p. 172-173°, found: C, 75.77; H, 
8.2; calcd.: C, 76.0; H, 8.1). Work is now in 
progress in the treatment of pyrone V or its methyl 
ether with methylmagnesium iodide with the 
view of dehydrogenating it to cannabinol. 

Isomerism is not excluded in these condensa­
tions with the dihydroxybenzenes, and we have 
refrained from reporting our results. The publi­
cation of the note by Adams and his co-workers 
makes it desirable to point out what has already 
been done in this type of condensation in these 
Laboratories. 
CHEMISTRY LABORATORIES 
COLUMBIA UNIVERSITY 
N EW YORK, N. Y. 

GftRFIELD POWELL 
THOMAS H. BEMBRY 

RECEIVED l,1UGUST 12, 1940 

7 ! 1-

lW .,_ 



for ,xplanation oj all ltrm, uud ,u rht l:,ui ,,, tlri, ,1,.,,. 

ijomarlt llutuersitg 
WASHINGTON, D. C. 

OFFICE OF THE REGISTRAR 

Official Transcript of the Record of­

Bembry, Thomas nenr,: in the College ot Liberal Arte 
·---·- ·----atia. --Graduate-scnool --- -

__ ]lQlm.rd University, Washington,D. c. 

I. Attendance. Admitted September 2S, 1925 _____ [ Attended ______ semesters 118 weeks) 

Graduaced ..... ~'.'.'.!.1.~.?-~---·· Degree ...... --~-~-~-•-----··········- Withdrew1;!~-~~(:>_-·. I . ------------- . .. 4uart1:rs (12 week) l and ________ summer sessions rs weeks) 

II. Status _ .B,eceived degree of s .B. August 14, 1929 
' - - ·---·--·-· ---·--- ... -... - . - - - - . -· - .. -

Ill. Entrance Credits. Sour1:es of credits: (1) 

(2) 

Georgia State· C_~!~~~!... Sa_!Snnah, __ ~ • ________ _ _________ •{, _ .. 
(3) _ ___ _ 

[Numbers in the tt,ird column ( 0 Sout1;e•·) l,dow refer to thtse numbers.] 

-
Subjt ct~ ,:;";'~" Snr,rce Subj,ct• Units ' Source I Subject• l711it• i So,,"" Sub/tel• i u,.1,,,. S01trc1 f 

- ·· 
Enilish 3 German Physiology 

- 1.l. ---- ------- · 
Algebra 

~--
Histor.v 3 Genera.I Science 

l½ - - -----
Geometry Civic;; Com'rcial Subjects 

-- --
Trigonometry Physics l Dra.wing 

Greek (.;hemistry 
- - --.--

l Shop Work 

I~ 
- - --

Latin Physiography 1 Home Economics 
--

J,'rench Botany Agricult.ure Tl - - -- --
Spanish Zoolol,!y Other Subjs. lfl Total 

How admitted ________ u...;.n...,;c;,,,.o...,;n_d::.;i::.;t;..;i::.;o...,;n::.;e,..;d;;,_ _______________________ _ 

IV. College Credits. 

Term 
Course Number 

D escriptive Title of Course No. ~Hours per week Grade!Unit 
m Catalog Wk. Rec. Lab. I 

= - = 
Autumn Q,r. Phy. Ed. .Physical Education 12 5 0 B 

1925 .l:)Ot. l General Botany 12 3 6 C l 

1.rerm. 1 Elementary tierman 12 5 0 C l 

...... Eng. l Composition 12 5 0 C 1 

Winter Q.r . Phy. Ed. .t>hysical Education 12 5 0 C 
1926 Math. 3 Flane Trigonometry 12 5 0 C l 

Eng. 2 Composition 12 5 0 D 1 

• •••• • Germ. 2 Elementary German 12 5 0 B l 

Spring Q.r. Phy. Ed. Physical Education 12 5 0 B 

1926 Zoo. 9 General Zool ogy 12 3 6 B Jw l 
. tierm. 5 Scientific German .t'rose 12 5 0 B ..... , l 

Econ. l The Principles of Economics 12 5 0 B l • 

... ... li". L. Freshman ~ectures s 
Autumn Q.r. .t>hy • .t!:d. Physical Education 12 5 0 A 

1926 Chem. 1 General inorganic Chemistry 12 4 6 B 1 
Math. 5 Analytic Geometry 12 5 0 D 1 ...... Rom. 1 Elementary trench 12 5 0 Jj 1 

I 

Continued on page 2 

1;1' I 
I 

I I 

I 
• Counted for Ifotrnnce Credit. 



EXPLANATION 

Status 

An undergraduate student who withdraws from the University is eith~r­

( a) In good standing; or-

(b) On probation; or-

( c) Dropped, for poor scholarship or excessive absence; or­

( d) Under suspension; or-

( e) Dismissed. 

(a) A student in good standing is entitled to honorable. dismissal in every sense of the term. No separate letter 
is 11ecessary. • 

( b) A student is on probation either for poor scholarship or for disciplinary reasons. If for the former, the Uni­
versity will interpose no objection to his admission to any other school subject to his record here; if for the 
l::tier-!. ti)~ nature of the offence will determine the action. 

(c) A ·student is dropped for poor scholarship by rule following an unsuccessful probationary period or by special 
• · · ·1rcti<1n of -the Faculty at anv time. · · · · 

(d) A student may be under suspension for cause. Such a student must be reinstated before being honorably dis-
missed. ·· · ~ ~ 

( e) A student is dismissed only for disciplinary reasons. 

Entrance Credits 

The tl'rm unit as applying to secondary worlc is used in its usual sense-the work: in a sub'.iect covering 36 wcek:s of 
four or five periods each, a period running not less than 40 minuus, with two periods in laboratory, shop or other 
practice counting as one in recitation. 

A. stu_d<"nt is adlJ)itted-:- , . .,." . • . .· 

(a) 
. (bf 

Unconditioned. When 15 units. are pres:nted. 

Vncl,mi/iid. - To be admitted as unclassified a student must be . at ·least twenty-one y~ars of aa;e and 
must show preparation for the branches of study chosen, 

"College Credits- . . . ·- . . 
. ' 

A semester hour is the work: of a class meeting-one hour a wee~ for eighteen wee/r..s or the equivalent in laboratory, 
, shop or .. other practice. . ,. .. . .. 

A rolle_qe unit as used in this transcript is the work: of a class met'tine; five hours a week for twe1ve weds. · It is 
equivalent to 3 1-3 semester hours and to 5 quarter hours. 

Marking System-

Prior to September 1919 when the semester plan was in operation, .e:rades on the scale 100 were used, tht' passing 
mark hcinir 6o. From ~9 to w indicated a condition which could be removed by examination. Below 50 indi-
cated failure which could be removed only by repeating the course. · 

From Septemher 1919 to June 1933 the quarter plan was in operation and the following grades. were 10 use with 
significance as indicated: 

A-90- 100, Excellent; B-80-89. Good; C-70-79, Fair; D-60-69, Poor; E-50-59, Conditionrd (Beginning 
with the Autumn Quarter, 1928, E became a degree of failure); F-less than .50, Failure; WP-Withdrew 
while passing; WF-Withdrew while failing. 

Since Srptember 1933, when the semester plan went into operation the following grades have been in use: 
A, B. C, D,-Passing; E, F,-Failure; I-Incomplete; WP-Withdrew while passing; WF-Withdrew while 

failing. 

Graduate School: 

$-Satisfactory l 
U-UnSatisfactory J Since February, 1934 



Term 
Course Number 

Descriptive Title of Course No. Hours per week 
in Catalog Wks. Rec. Lab. 

Grade Units 

--
.Oembry, '.l.'homas H. p.2. 

Winter Qr. Phy.Ed. Physical Education 12 5 0 B 
1927 Rom. 2 lUementary 1''rench 12 5 0 A l 

~hem. 2 General inorganic .Chemistry 12 4 6 C l 
•••••• Phys. 1 General .l:'hysics 12 3 4 .Ir' -
Spring Qr. .Phy. Ed. .Physical Education 12 5 0 • 1927 Phys. 1 General .Physics 12 3 4 B 1 

Chem. 3 Qualitative Analysis 12 4 6 A 1 
•••••• Germ. 3 intermediate Germm 12 5 0 B 1 
Autumn Qr. !'hy. Ed. .Physical Education 12 5 0 B 
1927 Chea. 125 urganic Chemistry 12· 4 6 B 1 

.Eng. 3 Composition 12 5 0 D 1 
Eng. 11 The Elements of Expressi on 12 5 0 C 1 

•••••• ROTC R. o.T. c. 12 5 0 B .5 
riinter Q,r. .t:'hy. Ed. .t:'hysical .l!:ducation 12 5 0 A 
1928 Chem. 126 organic Chemistry 12 4 6 B 1 

!'sy. l General .Psychology 12 5 0 B 1 
Rom. 3 intermediate J!'rench 12 5 0 D l . ROTC R. u. T • C. 12 5 0 A .5 ...... 

Spring~. .t:>hy. Ed. .Physical Education 12 5 0 B 
1928 Chem. 125.1. organic Chemistry 12 4 6 B 1 

Rom. 4 intermediate branch 12 5 0 C 1 
P.S . 1 '.I.be .Principles or .t'olitical Science 12 5 0 B 1 
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1929 

Graduate 
Autumn Q.r . Chem. 203 .1.'\.esearch in urganic Chemistry 12 4 6 B 1 
1929 
Winter Q.r. Uhem. 200 Conference of Chemiscal Literature 12 1 0 - -
1930 
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LETTERS OF REFERENCE 

Thomas H. Bembry 

W. J. Trent, President, Livingstone College, Salisbury, North Carolina. 

1939 Mr. Bembry is a very fine student and an excellent teacher . 

For the past six years he has been interested in heart stinrulants and 

hae been making a. special study in tha,t particular field. 

Mr . Bembry has the ability to do an outstanding piece of work 

in research . I am recommending him, and am happy to do so, to you for 

consideration. This further study would further equip him to render greater 

service in his work here at Livingstone College. Whatever consideration 

you may be able to give him will be more than appreciated by not only the 

President end faculty , but also by the Trustees of Livingstone College. 

1941: I heartily reaffirm the statements mad,e two years ago .. 

Robert P . Walton, Professor of Pharmacology, University of Mississippi. 

Mr. Bembry has been associated for more than a year with 

our project directed toward the study of marihuana. His accomplishment to 

date has demonstrated exceptional ability as a synthetic organic chemist. 

He has synthesized and turned over to me a material which has typii:::el 

marihuana activity. The product is less active on a weight basis than some 

of the most concentrated extre.cts which we have obtained. Neverth1eless, 

its physiological effects appear to be entirely characteristic . This 

synthesis followed by one or two months a report of synthesis from a group 

working at the Univerdty of Illinois and Cornell University. Their work 

will no doubt be recorded as the first synthetic preparation of this important 
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compound. The methods of synthesis, however, were developed by Mr ., Bembry 

independently and prior to the Illinois work . This , I believe, is a good 

demonstr ation of Mr. Bembry's ability to accomplish difficult investigat ive 

work and indicates good prospectr. of subsequent productiveness . 

Mr. Bembry is in process of preparing further compounds_ 

and we have good expectation that his work will lead to important new informa­

tion . Since he has made such excellent progress up to this point, I believe 

any scholarship subsidy which enables the continuation of this work rill be 

exceptionally well placed . As he points out, the information being de­

veloped by this program is fundamental knowledge with potentialitieis of very 

real usefulness in several different fields . As a sociological problem, the 

physiological basis of the r:iarihuana effects should be known as fu1.ly as 

possible, as an entirely new field of correlation between chemical con5titu­

tion and pharmacological section this work is significant and as a dir ection 

of experimentation which may develop new therapeutic agents it has definite 

promise . Vfe hope to continue collaboration along these lines for am indefinite 

period. 

I am acquainted with Mr . Bembry only through the correspond-

ence of this collaboration. 

Marston T. Bogert, Professor Emeritus of Organic Chemistry in Residence, 
Columbia University . 

I have had experience ~~th Mr . Bembry in my organic 

seminar during the current academic year, and have formed a very fnvora.ble 

opinion indeed of his ability, ener gy and resourcefulness . He has already 

done some fine work in the field which he wishes to follow, namely that of 
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compounds possessing rrarihue.na a.cti vi ty, e.nd the problem he outlines is, in 

my opinion, a very important one. He is , I think, the ablest colored boy 

who has come under my personal observation here at Columbia, and I believe 

he thoroughly merits whatever support you may find it possible t o accord 

him. 

Garfield Powell , Assistant Professor of Chemistry, Columbia Univers.ity. 

Bembry is a good worker . He has been trained here for re­

search work and has been able to go ahead with a minimum of supervision 

after some months of ,1ork. 

The work now in progress competes with tha.t of a full staff 

of gr aduate Ph. D. workers in I llinois who sta.rted some two years be,fore us. 

That he anticipated the best synthetic for cannabriol types and worked on 

it before the people in I llinois . Shows good sense, care , and some: 

imagination . 

He has ideas which he ought to be allov:ed to try out. I 

have obtained a Smith Kline Fellowship to May bef specie.l adva~nce from next 

year , but after that he nrust depend on him~elf. 

He is a good research worker . He should be a credit to 

his race and locality and I believe he should be given every opportunity to 

continue his research and to hold responsibilit y . 

Percy Julian, Glidden Company , Chicago, I llinoi s . 

1939: Mr. Bembry was under my tutelage as an undergraduate for 

f t H d U 1. versity He proved to be an excellent student and our years a owar n • 
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a conscientious worker. I had the privilege of visiting him at Livingstone 

College during the school years, 1955 and 1956. It was an inspiration to 

see how he was keeping alive, chemically, in the midst of handicaps which 

would have discouraged a chemist with less determination to forgea1ead. 

I think that of dl men of the Negro race who are chemists, I am in a posi­

tion to point out possibilities as far as creative work is concerned . During 

the past few years I have called upon possibly 40 or 50 chemistry teachers in 

the Southern Negro colleges , and I have yet to find more than two or three 

who are trying to do some research work even with handicaps in the seme 

manner in which Bembry is doing at Livingstone College. The Rosenwald Fund 

will make no mistake in granting him the year ' s study he is asking for ; 

in fact it would do V!ell to enable him to finish his wor k for the doctor ' s 

degree if such is possible. There is a dearth of talent among Neg1roes in 

the chemical field. I t has been my experience that the teachers o:f these 

young Negroes are incli ned to evaluate t hem in a separate categor y from their 

white students. From the record of my researches , publiehed under grants 

from the Rosenwald Fund, I believe it will be evident that I am anxious to 

avoid this type of evaluation i n the case of young Bembry. I beli1eve he will 

be a good research worker and that he has t he type of imagination :suited 

to chemical research. I would l i ke to add that he is happily married and 

has a beautiful family life. 

RW 
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STATEMENT OF OFFER 

ltCH to Mr , Be111m-y J l;J,':J, I Ji,l, I ~, EKt.ee181l 
"A+, 11 recent 1.1eet:ing or tbe Fell~sblp C~1111itta", ~~ applic111:t1® £0~ a I 

renewal Qf rour f§llQ~~hip na aisau.saed. The Ccimm:2 :ttee did na:t. f:aal 
, I 

that it could grant iour ~uaat fw: a. full renaial, hut did il'.allt ~ 
an extension of li.='5 !to llf!l~ yo:u ·tg ll,;f&intain ;J[Our pz:eaent l2Z:0iZ:a.l!l gf 

I 

r1lile~~b1" 

-

AMOUNT OF OFFER "25 PAYMENT DATE'-' 
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FELLO'NSH\PS 
ACCOUNT APPROPRIATION No. 59- 7 

NAME OF STUDENT T~~=•~:B!Zlemmz 4A, 

ADORES" 

Iru;titution .Attending - Columbia Universitl 

INSTITUTIONal. Pc3itian - Haad cf Dapax::tmeD±, cf Cbem:i s~. Livi~stone Qollege l 

-~if;M'i,j11i~~ - Chemista 

STATEMENT OF OFFER 
GMR to Mr. Bembry - 4L~L41 
"It is a 12lea.S\lr'a to inform :YOU that ;you hav~ b~!2n se.lected b~ the Committee I 

on Fellonshi~s of th~ JYliu~ BQ~em!eld Fund to re~§iV~ a grant of nint 
I 
I 

hundred dollars ~i900) to aosist zou in car rYine foruard ~ur studi es in 

chemist!7 at Columbin Universit~ for a minimur.: 2~riod of five months1 bedn- . 
ni~ in Maz of 1941. 11 

AMOUNT OF OFFER $900 PAYMENT DATrc, 

CHECKS PAY ABLE TO 

TIME PERIOD OF OFFER Not less than five 
months1 beginning in Ma;l of 1941. 

APPROVED BY AUTHORIZED BY 

PAYMENTS 
DATE EXPLANATION AMOUNT DATE EXPLANATION AMOUNT 
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llarch 27, 1942 

Dear Mr. Benbry: At a recent .meeting of the 
Fellowship Committee, your 

application for a renewal of your fellowship r:ca 
discussed. The Coilllllittee dict not feel that it 
couJ..d grant your reque&t for a full rer.owal , but 
did erant you an extension of $~5 to help you 
to mr..intnin your pre$ont progrn~ of rocearch .~ If 
you decide to E~ccept thi:; offer, f1ill you please 
l ot ne koot1 as ooon £.S you convenientl y ctn'? 

Mr. Thomas H. Bombry -= 
446 m_. lhdilblas funue, Apt. JD 
New York City 

Sinceroly yours, 

~/ILLIAM C. HAYGOOD 



FELLO'v\'SH lF'~ ' 

April ll, 1941 

My dear Mr. Bembr;ya It is a pleasure to in.f'ol'JI 
you that you have been se­

lected b7 the Committee on Fellowships of the 
Julius Rosenwald Fund to receive a. grant ot niDI 
hundred dollars (1900) to assist you in carr,i.Dg 
forward your studies in chemistry- at Columbia 
University for a minimum period of five months, 
beginning in llq of 1941. 

Will you pl.ease let us know 
at once whether or not you can accept this grant? 
.ln official announcement of the Committee's selec­
tions will be made soon and it can include only 
those from whom acceptallces have been received. 

GMRsW.U 

llr. Thomas Heney Bembry 
210 fest. l3bM 1":IWt61• ::r:ca • 

New York, I. I. 

Very truly yours, 

G~rP~F ~f RFYNOLDS 

p. _J : --------
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